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Abstract
Accessibility evaluation is an important equity-oriented step in assessing the
effectiveness and usefulness of online learning materials for users with disabilities.
The popular uptake of blended and online learning warrants an assessment of the
accessibility of university web-based systems. Previous studies indicated that such
systems have become gradually inaccessible as the complexity of their content
increases, yet higher education institutions continue to pay minimal attention to this
issue. Administrators of university websites and companies that develop learning
management systems usually focus on conforming to specific accessibility standards,
such as the Web Content Accessibility Guidelines (WCAG) 2.1. The problem is that
the systems of these institutions extensively feature media and document files, thereby
necessitating more than mere adherence to common principles for users with
disabilities to efficiently interact with the systems.
The development of an efficient accessibility evaluation method for dynamic webbased systems poses a significant challenge to researchers. In this regard, the main
shortcomings that were addressed in this thesis are as follows: (1) The creation of
accessible and usable questionnaire statements to be answered by disabled groups. (2)
The limitations of accessibility evaluations carried out through automated and humandirected approaches. (3) The assignment of fixed weights to accessibility problems
without consideration for the prioritisation of each problem encountered by disabled
populations. (4) The lack of a technique for validating the results of human and
automated assessments. (5) The occurrence of false negative and false positive
accessibility problems during evaluations performed by automated tools. (6) The
insufficient quality of descriptive texts or captions for non-textual elements. (7) The
absence of accessibility values for uploaded files, such as Word, PowerPoint, PDF,
image and video files, in a quantitative metric. (8) The shortage of initiatives in
highlighting potential influencing factors for accessibility evaluation by users. (9) The
failure of current standards to categorise accessibility issues on the basis of disability
characteristics and system features.
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The outcomes of this research are expected to influence the types of information
incorporated into evaluated systems and the development plans formulated for such
platforms. They should also drive universities to institute adequate mechanisms that
increase accessibility awareness among developers and educators. All the data
collected through the multi-evaluation method put forward in this work can serve as
reference in the design of a quantitative metric intended to identify accessibility values
for users with visual and hearing disabilities. The ultimate goal of the proposed
approach is to enable the construction of fully accessible systems that simultaneously
facilitate the creation of accessible content by end-users, such as educators.
To the above-mentioned ends, this study involved measuring and analysing the
accessibility of university web-based systems used by visually and hearing-impaired
groups. The measurement and analysis, which covered the accessibility of image,
video and document files, were aimed at casting light on the influence of university
web-based systems on content accessibility for vision-, hearing- and vision–hearingimpaired individuals. They were also meant to elucidate how developers, educators
and universities implement accessibility principles with respect to the usability of
system webpages and uploaded files. A model for accessibility evaluation was
developed in accordance with a multi-method approach, the characteristics of disabled
groups and the features of university systems. The model considers subjective and
objective measurements. The subjective evaluation conforms to user-centred design
(UCD) theory and embodies a design informed by usability and accessibility
statements derived from state-of-the-art questionnaires and standards. The specific
foundational materials for this evaluation are WCAG 2.0, the Software Usability
Measurement Inventory, the IBM Usability Evaluation, Section 508 and PDF and MS
Office standards. The objective evaluation entails the use of automated tools, human
judgement and a quantitative metric (A3). Mining techniques (NaiveBayes, BayesNet,
JRip and J48) were likewise carried out in developing the evaluation.
The core end-products of this thesis are strategies for ranking and prioritising
accessibility problems, a UCD theory-grounded estimation approach to the weighing
of each accessibility problem by system users with visual and hearing impairments
(subjective evaluation), a list of accessibility problems for each checkpoint for
webpages as well as image, video, Word, PowerPoint and PDF files and a list of
accessible and inaccessible files. Additional insights were drawn from the comparison
ii

of the outputs of the automated and human evaluations and the comparison of the
number of accessible and inaccessible instances identified via data mining techniques
as validation for the results of the human evaluations and vice versa. In the end,
accessibility values for visually and hearing-impaired groups were determined by
integrating all the evaluation findings as regards webpages, images, videos and Word,
PowerPoint and PDF files and then by computing the developed Accessibility Metric
of Web-based system including uploaded files (AMWSUF) (objective evaluation).
The results showed that the overall accessibility values of university web-based
systems were low. The accessibility value for the visually impaired users was 0.88,
indicating that 88% of the examined university webpages (including uploaded files)
were inaccessible for this population. The accessibility value for the hearing-impaired
users was 0.42, denoting that 42% of the webpages (including uploaded files) were
inaccessible for this group. The group with visual disabilities faced web access
challenges in interacting with such critical systems, while the hearing-impaired group
was confronted with difficulties relating to videos and audio files, which are popular
content replete with usability problems.
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Chapter 1: Introduction
“The best and most beautiful things in the world
cannot be seen or even touched - they must be
felt with the heart”
………………………………………………...
_By Helen Keller, Deaf-Blind Educator,
Political Adviser and Writer

1.1

OVERVIEW
The idea of recognising users with disabilities as part of a dramatically growing

Web community took root in 1996, when the World Wide Web consortium (W3C)
began acknowledging the need to include these groups in advancements concerning
the Internet. After a few years, the W3C realised that HTML 4.0 contains new elements
and attributes that enable developers to create accessible content. Attempting to
increase awareness of accessibility and accordingly improve the situation, the W3C
collaborated with the Web Accessibility Initiative (WAI) in 1999 to set Web content
accessibility guidelines (WCAG 1.0)—an endeavour that initiated moves towards
addressing accessibility issues (W3C, 2019).
Web-based information resources or Web-based systems have changed from
being platforms with basic text interfaces to ones characterised by dynamic and
interactive designs. Even as this shift has provided users with a more attractive and
flexible experience, however, it has excluded groups with disabilities from equitable
access to online content. The fact that accessibility approaches are unincorporated into
the new technologies that emerge in Web-based systems has increased the digital
divide between non-disabled and disabled populations. Research showed that
accessibility remains an inadequately addressed problem in all Web-based systems,
such as online banking and learning management systems (LMSs) (Bundrick, Goette,
Humphries &Young, 2015).
Along with the increased use of e-learning systems, distance learning and LMSs
have become means of distributing information. Although developers have instituted
measures to facilitate accessibility and have incorporated corresponding tools and
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features into Web application systems, these continue to suffer from limitations. The
number of university students with disabilities has dramatically increased, yet access
to online content and Web-based resources has become a complicated process for these
individuals. The socially ideal vision for university Web-based system accessibility is
equity, wherein every student, not only learners who can easily navigate standard
hardware and software, is guaranteed full access.
Accessibility and usability are strongly related (Nielsen, 1999; Davis, 1989).
Considering usability as a subcomponent of accessibility may open up prospects for
logical solutions that ensure usability as an integrated part of each accessibility
programme. The challenge that confronts university webpage design is the exploration
of user interfaces that offer technological variety and promote the development of user
knowledge and user diversity in lieu of a one-size-fits-all solution. Accessibility and
usability are therefore key to enabling excellent user experiences with Web-based
system interaction.
Accessibility is a complicated matter that involves the consideration of many
aspects, including the features of systems, the characteristics of disabled groups, the
effects of embedded or uploaded files and the roles of assistive technologies. The need
to examine these varied aspects highlights that a multi-method evaluation scheme is
well-matched to the measurement of accessibility and the design of development plans
for specific Web-based systems, such as university information systems. Aware that a
single approach cannot accurately measure accessibility, numerous scholars (Biswas,
Duarte, Langdon, Almeida & Jung, 2013) have underscored the vital contribution of
combining methods to the achievement of favourable results.
1.2

RESEARCH AREA
In the literature review, around 1,128 academic resources were evaluated to

identify the main issue(s) for investigation. The broad aim of this research was to solve
the accessibility and usability problems encountered in Web-based systems (university
Web-based systems) for hearing- and visually impaired users. The corresponding areas
for exploration are accessibility measurement (objective and subjective), usability
evaluation, user-centred design (UCD), LMS architecture, adaptive content and
interface, media content quality, data mining techniques, accessibility evaluation tools
(AETs) and guidelines, assistive technologies, Web science, human–computer
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interaction, Web design, software engineering, software quality measurement and data
quality measurement. Figure 1-1 shows the areas of convergence among studies
published in journals and presented in conferences.
Various research endeavours and approaches have been carried out to evaluate
the accessibility and usability of university Web-based systems—a highly complex
issue. The above-mentioned research areas were pursued because this thesis was
intended to create a multi-method model for assessing the accessibility and usability
of university systems and determining the features of systems that are accessible to
and usable by hearing- and visually impaired users. In this work, the term ‘university
Web-based systems’ covers LMSs and educational information systems, which are
viewed as typifying the same idea of an avenue through which online learning courses
and content are delivered.

Figure 1-1. Research fields.
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1.3

BACKGROUND OF THE PROBLEM
Disability is part of human life and experience. Among the Australian

population, disabled groups account for 20%—a figure that corresponds to around 4
million people. The Survey of Disability, Ageing and Carers (2012) showed that in
2012, 1.5 million disabled individuals in Australia needed formal assistance from an
organised service provider in completing at least one daily activity, including
communication. The number of students with disabilities in the country has been
increasing in recent years; in 2014, the percentage of these groups in Australian
universities was around 10% (Department of Education and Training, 2019).
Students with disabilities in Australia continue to be disadvantaged in terms of
access to and participation in higher education. Among disabled individuals aged 15
to 65 years, 15% have a bachelor’s degree or higher, whereas among non-disabled
individuals of the same age bracket, 26% hold such educational qualifications
(ADCET, 2019). Increasing access to university Web-based systems through policy
formulation, practice, system design and implementation that is specific to disabled
users is aimed at advancing their achievement in higher education institutions.
Figure 1-2 shows the number of hearing- and visually impaired students at one
University in Australia from 2011 to 2014. The figure highlights the effects of current
university solutions and support services on disabled students. A slight increase in the
number of individuals with visual and hearing impairments and a decrease in the
number of visually–hearing-impaired individuals can be observed (Planning, Statistics
Business Intelligence, 2015).
Figure 1-3 indicates a considerable rise in the percentage of visually impaired
students who successfully completed their degree programmes from 2011 to 2014.
Since 2014, this figure has slightly increased, with around 21% of visually impaired
students acquiring their degrees. From 2011 to 2013, the percentage of attriting blind
students rose considerably but decreased to approximately 21% in 2014. These
percentages and ADCET (2019) national data suggest that the solutions and support
provided by higher education institutions to visually impaired students do not satisfy
the performance requirements of the population (Planning, Statistics Business
Intelligence, 2015).

4
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As illustrated in Figure 1-4, the trend of student performance among the deaf
and hard-of-hearing differs from that shown in Figure 1-3. The percentage of achievers
gradually increased from 2011 to 2013 and then slowly declined from 2013 to 2014.
The percentage of retreating deaf and hard-of-hearing students gradually rose from
22% in 2011 to 30% in 2014. Overall, these percentages showed that in 2014, the
proportions of achieving and retreating students were almost equal, whereas in 2013,
the number of high-achieving students was higher than that of retreating students
(Planning, Statistics & Business Intelligence, 2015). Figure 1-5 illustrates the
performance of visually–hearing-impaired students in 2011 to 2014. In 2012, the
percentage of retreating students was 66%, which decreased to 50% in 2013. The year
2014 saw no achievers and retreating deaf-blind students. From 2011 to 2014, no
members of these groups completed their programmes. Overall, students afflicted with
visual-hearing impairments faced considerable challenges to their academic
performance, suggesting that current solutions fail to satisfy their needs (Planning,
Statistics & Business Intelligence, 2015).
Committed attention should be paid to implementing more effective support
measures for disabled learners, with the principal goal of such measures being to
ensure the accessibility of online content and learning materials. Student achievement
and interaction over university Web-based systems, including LMSs, are strongly
interrelated. Educational data mining studies exhibited that the time of login to online
resources and sites that offer digital content influences student achievement (Jo, Yu,
Lee & Kim, 2015). Analytical studies of LMS databases confirmed that students who
interact regularly with LMS components achieve higher grades than those who do not
(Baker & Inventado, 2014; Peyala, 2014).
A university Web-based system contains numerous webpages linked to
subsystems, such as LMS, online library and scientific repository, as well as general
webpages, including those on news and campus information. Creating accessible
content is a required consideration in webpage design, regardless of the purpose of a
page. An evaluation conducted by Hackett and Parmanto (2005) verified the necessity
of increasing accessibility rates in higher education websites given the rising
complexity of Web content. Ringlaben, Bray and Packard (2014) used AChecker and
Bobby to evaluate 51 special education department websites in the US. They found
that 97% of the pages examined suffer from accessibility problems and argued that
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39% of these problems are high-priority issues that require urgent resolution. In the
interval between these two studies, no remarkable improvement in accessibility
occurred. Meanwhile, Zap and Montgomerie (2013) revealed that only 0.7% of 383
Canadian post-secondary websites received ‘Free of Priority 1 Errors’ and ‘Free of
Priority 2 Errors’ ratings from the Bobby evaluation tool. Harper and DeWaters (2008)
showed that one-third (33%) of all the college websites that they investigated do not
comply with the priorities identified by Bobby and that university homepages do not
adhere to W3C guidelines.
An empirical study (Alahmadi & Drew, 2016) that assessed the websites of 60
top universities in the world and in Oceania and Arab regions revealed that 27,308
home page errors were found in 180 evaluated pages. The study discovered no
significant improvement in the accessibility of university websites between 2005 and
2015. During this period as well, access to media and document files were the most
critical accessibility errors. Finally, no significant difference in accessibility among
top-ranking universities in developed or developing countries was found.
The lack of awareness and attention to accessibility among universities,
educational organisations, developers, content authors and educators negatively
affects endeavours to provide accessible content and smart solutions. This problem
also impedes efforts to reduce accessibility barriers.

Students with vision and hearing
impairments
160
140

Total number of vision
impairments

120
100

Total number of deaf
hard-of-hearing
impairments

80
60
40

Total number of visual–
hearing impairments.

20
0
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2012
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2014

Figure 1-2. Number of students with vision, hearing and visual-hearing impairments
(2011–2014).
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Figure 1-3. Performance of students with visual impairments (2011–2014).
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Figure 1-4. Performance of hearing-impaired students (2011–2014).
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Figure 1-5. Performance of vision–hearing-impaired students (2011–2014).
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Regulating Web accessibility is not an internationally recognised practice. Most
organisations or companies develop Web-based systems or applications without
referring to accessibility concepts, and many developers have little to no awareness of
accessibility issues (Moreno, Castillo, Williams & Menez, 2015). Such disregard is
attributable primarily to knowledge and cost. Companies regard accessibility
development plans as expensive. Perhaps part of a mission of a university website and
LMS developer is to create accessible content. The developer’s knowledge of and
beliefs regarding accessibility affect the quality of accessible content (Spyridonis,
Moschonas, Touliou, Tsakiris & Ghinea, 2014). In Web 2.0 (and subsequent versions,
namely, Web 3.0, 4.0 and 5.0), users engage in authoring and publication, but LMS
authoring tools, such as Blackboard, do not provide smart solutions that facilitate the
achievement of the aforementioned mission. These issues are solved by accessibility
evaluation.
Assessing the accessibility of university websites can enhance the creation of
accessible content in the future. Such content, in turn, can support disabled students in
their endeavours to accomplish their academic goals. The first step in a development
plan for a Web-based system is evaluating the current system. Research on
accessibility evaluation is presently in its infancy, with most of the proposed
evaluation solutions anchored in WCAG guidelines on automated tools, standards,
human judgement and quantitative metrics. As discussed in Chapter 3, WCAG 2.0
principles, automated tools, quantitative metrics and all other accessibility evaluation
measures present advantages and disadvantages. Overcoming the limitations of
existing solutions necessitate the use of multi-method accessibility evaluation, which
more seamlessly corresponds with data quality concepts.
Data quality in university websites is an essential influencing factor for the
learning process, and one way to measure such quality is determining whether
accessibility is ensured for all, including students with disabilities. Pipino, Lee and
Wang (2002) underscored the importance of using subjective and objective assessment
methods in improving data quality; a principal requirement is to measure current
accessibility rates based on data quality concepts.
Leacock and Nesbit (2007) designed a framework for evaluating the quality of
multi-media learning resources. Parts of the framework demonstrate the effects of
media resources and student characteristics on achievement. Accordingly, the authors
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recommended a manual assessment of learning courses that contain Flash, Java and
media content, such as audio and video files. Bühler and Pelka (2014) discussed
significant issues related to digital media on the basis of three dimensions and
limitations in current accessibility assessments. In university websites, the priority in
guaranteeing media content quality is high accessibility during measurement.
Ascertaining the accessibility of media content is a principal component of
evaluating the accessibility of educational Web-based systems. Source code mining
can effectively measure the quality of uploaded and downloaded media components.
In the literature, no attention is given to the accuracy of descriptive texts, the use of
rate of appearance of null values instead of descriptive texts and the accurate updating
of descriptive text when media elements are revised; no analysis is conducted on
whether a publisher or developer has considered in-text explanations for media
components, whether the explanations correctly describe the components, whether
synchronicity exists between descriptive texts and audio or video captions and whether
captions, sign language elements or subtitles are accurate (Bajracharya, Ossher &
Lopes, 2014).
With respect to PDF documents, most are inaccessible to disabled users and fail
to meet PDF accessibility standards [e.g. PDF/UA (ISO 14289-1)], thus compelling
individuals with impairments to use assistive software, such as screen readers
(Drümmer, 2012). Most of the PDF files uploaded into university systems consist of
MS Word and PowerPoint documents. Given these problems, a seemingly appropriate
strategy is to make sure that PDF accessibility is incorporated into evaluation plans to
measure not only the accessibility of university systems but also that of the Word and
PowerPoint files that are uploaded to these platforms. The failure rate of such files
affects the total rate of accessibility, yet no researchers have thus far developed an
evaluation accessibility metric that determines the failure rate of uploaded media,
Word and PDF files.
Assistive technologies, such as braille output systems, keyboard modifications,
screen enlargement utilities and voice output utilities, afford disabled students
increased access to information on university websites. At the same time, however, the
complexity of the content and resources found in many systems has increased,
especially with the emergence of Web 2.0 (and subsequent versions 3.0, 4.0 and 5.0)
innovations, such as blogs, multi-media sites and wikis. The problem presented by the
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rapid development of digital technologies is that information cannot be adequately
accessed using assistive technologies alone. Evidence suggested that universities have
failed to keep pace with technological developments and have been unable to solve
accessibility problems, whether related to assistive technologies, multi-media content
or document files (Puckett, 2004; Coughlan, Ullmann & Lister, 2017).
Another important challenge in developing an accessible system is determining
what standards to conform to, what methods to deploy and what changes to apply in
current systems (Bundrick et al., 2015). Addressing these issues might be advanced
using UCD-based instruments, such as the Software Usability Measurement Inventory
(SUMI) and IBM’s computer usability satisfaction questionnaires. These instruments
help developers prioritise standards and issues for resolution on the basis of feedback
provided by core users; decide on initial and succeeding changes to systems; and select
the standards or guidelines, evaluation tools, learning resources, system functions and
tasks that are most suited to the needs and characteristics of disabled students (Villena,
Ramos, Fortes & Goularte, 2014). Applying a quantitative metric that is based on
priority variables may also augment the reliability of accessibility measurement.
AChecker, the Web Accessibility Visual Evaluator (WAVE), the Accessibility
Management Platform (AMP) and Siteimprove are common state-of-the-art AETs that
facilitate the measurement of accessibility and the identification and resolution of
errors that constitute a violation of accessibility standards, such as Section 508 and
WCAG 2.0 (Section 508, 2019; W3C, 2019). Despite the sophistication of these tools,
however, they exhibit deficiencies that affect the evaluation of university websites. For
example, less attention is devoted to voice recognition functionality than screen
reading features (Avila, 2014). The initial experiment conducted under the current
research also indicated that most AETs do not flag inaccessible PDF, Word and
PowerPoint links as webpage errors. In such cases, evaluation results yield reports that
state no accessibility issues are present on an evaluated page. The design of methods
for developing and measuring the accessibility and usability features of university
Web-based systems would benefit from the consideration of specific system attributes.
The purpose of all AETs and guidelines is to facilitate the evaluation of Web-based
systems. A valuable component, therefore, is a framework and tool that measure the
accessibility and usability of university websites. Such measurement instruments are
necessary because the features of learning systems differ from those of other online
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platforms. They vary, for instance, in terms of data type and features, publishing
authors, type of disabled users, information organisation, media elements and
document file types and effects.
1.4

HYPOTHESIS
On the basis of the problems discussed in the preceding section, this research

focused on measurement of the accessibility of university websites (with LMSs) and
their content, including media and document files, for each disabled group. The
intention was to advance the understanding of the influence of university Web-based
systems on content accessibility for students with vision, hearing and vision-hearing
impairments. The research was also designed to determine how developers, educators
and universities implement accessibility standards with respect to the usability of
system webpages and uploaded files. The hypothesis formulated is as follows:
A Web-based system accessibility evaluation grounded in a multi-method
approach and considers disability characteristics and system features increases the
accuracy with which overall accessibility value is determined for sensorily disabled
users.
To confirm the validity of the hypothesis, a literature review was carried out, and
a model was designed and examined. A set of experimental studies were then
conducted, and a survey questionnaire was administered to participants.
1.5

RESEARCH QUESTIONS
Main question: How can a multi-method evaluation model based on the

characteristics of sensory disabilities and the roles of system features (media and
document files) be used to effectively evaluate the accessibility of Web-based
systems?
Subquestions:
• How can a UCD theory be used to measure the accessibility and usability of
university systems?
• How do influencing factors affect the subjective evaluations of users?
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• How can the participants’ rankings be used as bases for assigning low,
moderate and high priority to the accessibility problems encountered by visually and
hearing-impaired populations?
• How are webpages, images, videos (quality of descriptive texts or captions)
and Word, PDF and PowerPoint documents effectively evaluated?
• How can a multi-method accessibility evaluation model be constructed in a
way that minimises false negative and false positive results on accessibility problems?
• How are data mining techniques effectively used as accessibility evaluation
methods?
• How can multi-method strategies be used to develop an approach to validating
human and data mining assessments?
• How can a metric formula that considers the accessibility values of uploaded
media and document files be created as part of a multi-method approach to improving
accessibility measurement for visually and hearing-impaired groups?
• How can system features (sampling method), disability characteristics
(checkpoint priority) and multi-method evaluation increase the accuracy with which
overall accessibility values are derived?
1.6

RESEARCH AIMS
The main aim of this research was to evaluate university Web-based systems,

with a multi-method approach, disability characteristics and system features used as
bases for creating a comprehensive testing model. The proposed evaluation model can
be used by developers and educators to assess, test and implement accessibility
standards in university Web-based systems. The study was likewise intended to
address the shortcomings discussed in the succeeding sections.
1.6.1 Shortcomings
The key issues identified in the literature review and addressed in this thesis were
classified into four categories, namely, standard and automated tools, questionnaires,
mining and metrics. In the matter of standards and automated tools, the following
observations were made: (1) Current standards do not categorise accessibility issues
on the basis of disability characteristics and system features. These important factors
served as basis in the development of the multi-method evaluation model. (2) The
12
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quality of evaluations of descriptive texts or captions for non-textual elements, such as
videos and images, is insufficient. Accordingly, a set of rules and considerations were
established in this work to enhance the quality with which such important accessibility
solutions for media content are assessed. (3) Current standards lack consideration of
accessibility problems related to voice recognition and document files. In this thesis,
therefore, such issues were included in the assessments. (4) Previous studies, even
standards or automated tools, neglected to make provisions for the requirements of
each disability group. This research was thus geared towards the application of the
multi-method evaluation model identifying the challenges encountered by specific
disability groups. (5) False negative and false positive accessibility problems occur in
evaluations via automated tools. To solve this issue, the multi-method accessibility
evaluation model was constructed to increase the accuracy with which the number of
absolute problems is identified. Human judgement figured importantly in all the
evaluation phases.
Meaningful issues associated with the questionnaire category were also detected:
(1) The creation of accessibility and usability questionnaire statements is disregarded.
As a solution, this work created a subjective evaluation model that maps the
relationship between accessibility and usability on the basis of UCD theory. This
model was then applied on the basis of WCAG 2.0, SUMI, IBM standards, Section
508 and PDF and MS Office standards. (2) No set of accessibility guidelines that are
designed specifically for use in evaluating university Web-based systems have been
produced. A set of statements were designed for incorporation into the subjective
evaluation, and checkpoints were formulated for inclusion in the objective assessment
to cover any issues missed in existing checkpoints or standards. (3) There is a lack of
emphasis on influencing factors that might impact accessibility evaluations by users.
In this research, such determinants were identified, and their effectiveness in
influencing user assessment was tested.
In the same vein, shortcomings were also identified in respect of the mining
category: (1) Accessibility evaluation through automated and human methods is
limited. To expand opportunities to implement advanced and intelligent solutions, data
mining techniques were applied as accessibility evaluation methods using
classification algorithms. (2) Validation methods for human and automated
assessments are lacking, thus prompting this research to adopt triangulation so that one
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evaluation method (i.e. data mining, in this work) can be used to validate the other
(human evaluation, in this research) and vice versa. (3) Ambiguity characterises the
interpretation and analysis of a number of accessibility problems on webpages or
uploaded files. In this research, state-of-the-art statistics were applied to clarify the
interpretations of results derived from accessibility evaluations by humans, automated
tools, mining techniques and metrics.
Lastly, the deficiencies related to the metric category are as follows: (1) A fixed
weight is assigned to all accessibility problems, without evaluators considering which
problems are regarded as priorities by visually and hearing-impaired groups. This flaw
was addressed in this research through the ranking of accessibility problems on the
basis of the priority levels that the participants accorded to such problems. This
prioritisation was coursed through the questionnaire, in which the participants were
instructed to assign a weight to each accessibility problem (i.e. high, middle or low
priority). (2) Accessibility scores of uploaded files, such as Word, PowerPoint and
PDF documents, as well as images and videos, are not incorporated into quantitative
metrics. The A3 formula was improved to ascertain the influence of uploaded files on
the overall accessibility score determined for each sensory disability group. (3) Stateof-the-art accessibility metrics are designed to measure all types of Web-based systems
without consideration for the differences between system features or the effects of
embedded files, such as documents and media materials, on webpages. In this study,
the modelling of subjective and objective evaluations was designed on the basis of the
effects of system features and embedded or uploaded files.
The proposed research models were intended to solve the theoretical and
practical shortcomings of the methods discussed in the literature. This research
presents value in that it provided the best practical testing models that can be used by
developers and educators to create accessible content. The principal beneficiaries of
this project are students with visual, hearing and visual-hearing impairments. The
contributions can also be expanded to other stakeholders (see Chapter 4, Stakeholder
section).
1.7

RESEARCH CONTRIBUTIONS
This research contributes to theory and practice in two ways. First, it enhanced

the theoretical approaches to evaluating the accessibility of educational Web-based
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systems and used data quality as basis in experimentally determining the accessibility
of such platforms, as well as that of ancillary tools and resources. Second, the research
promoted the regulation of accessibility and advanced the understanding of the
academic lives of students with visual and hearing impairments. The recommendations
proffered in the current work are expected to support the insights derived from peerreviewed scientific publications and conferences.
1.7.1 Theoretical contributions
This thesis was motivated by the desire to identify a method by which to
effectively evaluate the accessibility of university Web-based systems (including
related components, such as media and document files) to different groups grappling
with sensory disabilities. The specific theoretical contributions arising from this
project are as follows:
_ The development of a multi-method approach to accessibility evaluation, with
the design grounded in the characteristics of disabled populations and the roles played
by media and document files in accessibility
_ The shaping of video and image accessibility rules using HTML 5 attributes
and elements, as well as standards for the quality of captions and descriptive texts
_ The application of UCD as a subjective measurement of accessibility with
respect to usability
_ The reformulation of an accessibility evaluation metric so that evaluation
assessment covers an analysis of the accessibility of document and media files
_ The elucidation of how accessibility knowledge can be mined and compared
through the examination of linked data collected from subjective and objective
evaluations
_ The delineation of how the outcomes of accessibility evaluation can be used
as reference in designing a set of accessibility guidelines for educational systems and
creating a foundation for developing an adaptive and accessible quality content model
for such vital systems
_ The expansion of the scope of accessibility evaluation methodologies, from
conventional standards and boundaries imposed in automated tools to the adoption of
artificially intelligent data mining algorithms
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_ The comprehensive explanation of how information gathered through the
proposed evaluation method can be employed in designing a quantitative metric that
provides accurate outcomes for the overall accessibility scores ascertain for visually
and hearing-impaired groups
_ The expansion of validation through the stratification of triangulation to reduce
human evaluation bias, false negative or false positive problems from automated or
mining techniques
1.7.2 Practical contributions
In terms of contribution to practice, the proposed method serves as a novel
practical solution to fostering accessibility in educational Web-based systems. The
specific practical contributions are as follows:
_ The study involved the evaluation of priority accessibility problems for users
with vision, hearing and vision-hearing impairments through survey administration. It
mapped the relationship between usability and accessibility statements to create
accessible and usable questionnaire statements.
_ It identified the correlation between variations in accessibility between the
learning materials (documents and media files) and webpage content found in
university websites. The complexity of the content in such systems was referred to in
the identification. The experimental design also considered uploaded file components
to ensure the accuracy of overall accessibility values.
_ The study discussed the lack of compliance with standards (e.g. providing alt
texts for non-text elements) that are designed to address the most frequently
encountered accessibility problems.
_ It adopted mining techniques as evaluation methods that can advance the
detection of behaviours related to accessibility attributes for images, videos,
PowerPoint, Word, PDF documents and general webpages.
_ The study maintained the accuracy of accessibility evaluation by adhering
closely to sampling criteria.
_ It illustrated how common statistical solutions can be applied in accessibility
evaluation studies using a variety of methods.
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1.7.3 Tools and data
The findings reported in this thesis can be used to support the development of
specific tools for evaluating the accessibility of educational Web-based systems. The
presented outcomes derived from the generation of different datasets that are related
to the accessibility evaluation variables used in this research.
1.7.4 Regulation and knowledge
This work can stimulate the design of guidelines that can be adopted by
educational organisations as standards of accessibility. It can also serve as reference
in the design of courses or programmes by developers who have a comprehensive
awareness of accessibility issues.
1.7.5 Academic lives of students, educators and staff with visual, hearing and
vision-hearing impairments
Another contribution of this research is that it motivates the design of solutions
that favourably influence the university lives of students with sensory disabilities.
Specific contributions in this regard are listed below:
_ Reducing the amount of effort and time that users spend in interacting with
university websites
_ Increasing the satisfaction of users with sensory disabilities by identifying
accessibility problem values intended to minimise such issues
_ Identifying accessibility values, which can aid the improvement of student
independence in interacting with university systems
_ Serving as a foundation for developing student-appropriate workshops on
interacting with educational systems, ultimately enhancing student satisfaction with
their experience in interacting with university websites
_ Ensuring the quality of online content, such as metadata, in order to benefits
users without disabilities
1.8

THESIS STRUCTURE
The rest of the thesis is organised as follows.
Chapter 2 presents a background of accessibility concepts, with emphasis on

the accessibility of educational Web-based systems.

Chapter 1: Introduction

17

Chapter 3 reviews accessibility evaluation methods and provides an overview
of adaptive and innovative technologies as accessibility solutions.
Chapter 4 comprehensively describes the construction of the main model (i.e.
the multi-method accessibility evaluation method) and the modelling of sub-methods,
namely, the subjective and objective evaluations. The chapter covers the mapping of
the relationship between accessibility and usability in the subjective evaluation, after
which it discusses the concepts underlying the questionnaire design. It also explains
the equation used to rank the accessibility problems and the objective evaluation,
including the human and automated methodologies for the examination of four
datasets (general, image, video and document datasets). The chapter likewise presents
the application of data mining as an accessibility evaluation method for the four
datasets. Finally, the chapter details the development of the AMWSUF metric on the
basis of the A3 formula, the data interpretation, analysis and validation and the
stakeholders and ethical considerations.
Chapter 5 discusses the outcomes of the subjective evaluation through the
questionnaire. Emphasis is given to the possible influencing factors for the
accessibility ratings of the participants. The chapter also illustrates the main output of
the subjective assessment, which as the ranking and prioritising of accessibility
problems by the participants for implementation in the AMWSUF.
Chapter 6 describes the outcomes of the objective evaluation and the findings
of the assessments conducted through human-directed, automated and mining
techniques, as well as the findings obtained using the quantitative AMWSUF metric.
Chapter 7 presents the study’s contributions to knowledge and highlights the
core and unexpected findings of the research. It also expounds on the theoretical,
methodological and practical implications of the work, as well as the limitations
confronting the study.
Chapter 8 provides a summary and recommendations for further research.
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Chapter 2: Background on Accessibility
Concepts
"All that counts in life is intention"
……………………………………...
_ By Andrea Bocelli, Blind Musician

2.1

INTRODUCTION
As stated in Chapter 1, this thesis probes the accessibility of university websites

and their effectiveness in meeting the needs of users with sensory disabilities. This
chapter details background knowledge and corresponding concepts about the
architecture of web-based educational systems and their accessibility, features, use of
the semantic web, common evaluation approaches and what factors and challenges
confront accessibility stakeholders.
2.2

WEB-BASED SYSTEMS
Users interact with Web-based systems by navigating from one link to another

for specific purposes. Web-based systems development involves a broad range of
concepts development generally and especially characterised by the different
requirements of client- and server-side applications. The common internet
development platforms which are HTML5, the LAMP stack (Linux, Apache, MySQL,
and PHP), CSS3 and JavaScript (Connolly, 2015).
The basic interaction between user agent (web browser) and web server depends
on the consecutive HTTP (Fielding & Taylor, 1998) Request-Response messages
interchange between a User agent and a Web server (figure 2-1). Each request received
from a web server is processed, and HTTP response is sent back to the user agent based
on the semantics determined by the platform processing on the Web server. This basic
client-server interaction design is a core characteristic of all HTTP user agents. The
web browser is the most important agent. Web crawlers are agents used for search
engines. (Connolly, 2015).
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Figure 2-1. Simple user agent/web server architecture (Connolly, 2015).

2.2.1 Semantic Web
W3C is supporting the effort to create a technology stack to create a “Web of
data,” in order to access web content in the same way that users access data stored in
databases. The main aim of the Web of data is to provide universal searching across
the web and to develop web-based systems that can interact meaningful over the entire
world wide web. The definition of Semantic Web refers to W3C’s view of the Web
linked and organised by its metadata. Semantic Web techniques enable users to build
data stores on the world wide Web. For example, it allows data architects to create
vocabularies, and develop protocols for handling data. Technologies such as RDF,
SPARQL, OWL, and SKOS empower Linked data (Berners-Lee, Hendler & Lassila,
2001; W3C, 2019).
The provision of this accessibility to web content needs semantic information
about widgets, structures, and behaviours, in order to support assistive technologies to
relocate adequate information to users with disabilities (W3C, 2019). This
specification gives an ontology of roles, states, and properties that perceive accessible
user interface components (Maedche & Staab, 2001). The semantics are delineation to
permit an author to precisely define user interface behaviours and structural
information to assistive software’s in document-level mark-up (W3C, 2019).
The field of web or digital accessibility is dedicated to making web content
accessible by users with disabilities (Petrie, Savva & Power, 2015). Users with specific
disabilities use assistive technologies (AETs) to interact with web content. AETs have
ability to transform the presentation of web content into a suitable format for the users
with disabilities and facilitate the user’s interaction with a variety of methods (W3C,
2019). For example, the visual impaired user can interact with a slider widget using
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arrow keys, as an alternative to dragging and dropping with a mouse. In order to fulfil
this efficiently, the AET is required to recognize the semantics of the web content.
Semantics is the science of meaning.: In this example, it assists the designer to assign
roles, states, attributes and properties that deploy content elements and create a user
interface that allows a user to perceive the meaning. (W3C, 2019).
With the use of Rich Internet Application (RIA) the semantic web becomes more
accessible to users with disabilities. RIA relates to “a heterogeneous family of
solutions, characterized by a common goal of adding new capabilities to the
conventional hypertext-based Web. RIAs combine the Web's lightweight distribution
architecture with desktop applications' interface interactivity and computation power,
and the resulting combination improves all the elements of a Web application (data,
business logic, communication, and presentation)” (Fraternali, Rossi & SánchezFigueroa, 2010, p 2).
2.3

ACCESSIBILITY AND USABILITY
Organisations and companies around the world currently attempt to create

straightforward systems that involve only a few transactions for completing a task. For
this purpose, developers design electronic systems that are easy to use, using terms
such as ’user friendly’ and ’ease of use’ as primary reference points for guaranteeing
the presence of such features. The common technical term for these is ’usability’,
which pertains to the effectiveness, efficiency and user’s satisfaction with the
interface. Finally, a product is employed by users in their endeavours to realise desired
goals in a determined context of use (ISO 9241-154: 2013 International
standardization organization, 2019; Petrie, Bevan & 2009). Given that the coverage of
usability varies depending on individual experiences and needs, developers may create
usable systems that suit the requirements and characteristics of high- to low-experience
users. Most importantly, Researchers agree that organisations are best served by a
system that is usable by all groups, including users with disabilities (Yesilada, Brajnik,
Vigo & Harper, 2015). Like ‘usability’, ‘accessibility’ is a term for which many
definitions have been put forward. It is usually related to a technology’s effectiveness
in fostering interaction between users with special needs (e.g. blind and deaf users)
and web-based systems (Petrie et al., 2009). The WAI, which was founded by the W3C
to enhance Web accessibility, provides one of the most definitive descriptions of
accessibility, which is defined by the organisation as affordances which means
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perceivable action possibilities by a system design (Norman, 1999; Gibson,1977). That
is the key to accessibility, particularly for vision impaired users. Thus, people with
disabilities can recognise, observe, navigate, manipulate and interact with the Web
(W3C, 2019). From the definitions above, it can be inferred that there is a strong
relationship between accessibility and usability. Some organisations and guidelines
consider accessibility a subcomponent of usability, whereas others regard the latter as
a subcomponent of the former. Figure 2-2 illustrates the accessibility-usability
relationships that have been presented in the literature. For example, the WAI (W3C,
2019) suggests that accessibility is a part of usability for older and people with
disabilities, whereas the ISO recognises usability as a subcomponent of accessibility
because the organisation views accessibility as an issue that encompasses a larger
variety of users that include old and individuals with disabilities. Sullivan and Matson
(2000) used quantitative and qualitative metrics to determine the accessibility-usability
relationships reflected in 50 of the most popular websites around the globe. The
quantitative metric indicates a certain relationship between the two variables, whereas
the qualitative metric points to a definitive association. The authors concluded their
work by referring to the need for a User Centred Design (UCD) approach to increasing
accessibility and usability rates.

Figure 2-2. Relationship between accessibility and usability, as presented in the
literature (Yesilada et al., 2015; Waddell & Burks, 2002).
Note, however, that Sullivan and Matson (2000) quantitatively measured
accessibility and usability separately on each of the examined sites. An efficient
approach would have been to treat one variable as a subcomponent of the other because
dealing with a single variable contradicts the ideal vision for accessibility. Whatever
the assumption espoused by a researcher or developer-that is, that accessibility is a
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subcomponent of usability or the opposite- the range of evidence (Petrie & Kheir ,
2007) suggests that evaluation and development of web-based systems would be
improved by being directed towards reaching a high accessibility rate through ease of
use (i.e. usability). In respect to the association between ease of use and usability,
“Usability is a quality attribute that assesses how easy user interfaces are to use. The
word ‘usability’ also refers to methods for improving ease-of-use during the design
process.” (Nielsen, J., 1999). Theofanos and Redish (2003) argued that improvements
to accessibility translate to enhancements to usability for all users. The authors
developed guidelines for unifying accessibility and usability on the basis of visually
impaired users’ experiences with observation, listening and discussion over websites
and with assistance from screen reader software. The research provides valuable
insights, although it offers no evidence regarding benefits to other populations with
disabilities, such as deaf and blind-deaf groups. Waddell and Burks (2002)
demonstrated that accessibility is a subcomponent of usability, with the authors
perceiving accessibility issues as specific types of usability issues. The authors claim
that focusing on accessibility guarantees equity whereas a focus on usability
disadvantages those with sensory disability. In either case, one without the other is not
optimal. In the end, their research prompted them to amend their initial perspective. In
that, the authors suggest comprehensively analysing the relationship between
accessibility and usability rather than treating accessibility as a subcomponent of
usability. Logically, accessibility is not a subset but a precursor to usability. A user
must be able to access the entirety of a system needed to complete a task (like learn a
concept) before they can use it and gauge its usability.
Petrie and Kheir (2007) illustrated that non-disabled users are not the only
groups who overcome usability issues. Therefore, both disabled and non-disabled
groups can overcome that both usability and accessibility issues. The authors believed
that accessibility and usability issues can be categorised as two overlapping classes
that encompass three parts: issues that influence only disabled users (’pure
accessibility’), issues that affect only non-disabled users (’pure usability’) and issues
that influence both disabled and non-disabled users (universal usability). The results
derived by Kushalnagar, Naturale, Paludneviciene, Smith and Werfel (2015)
suggested that simply following accessibility standards is insufficient for the health
context. A design that guarantees the accessibility of health sites is one that
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incorporates user-friendly concepts in a development plan. Notwithstanding the
emphasis of accessibility guidelines on creating accessible web-based systems for all
users, implementation rarely translates to usability for certain users with disabilities.
For instance, an online task may be accessible to a particular disabled group but may
not necessarily be usable by such group.
In sum, treating accessibility and usability as positioned in a certain hierarchy is
an unfavourable decision that delays the resolution of accessibility problems. Users
with particularities in their disabilities should be regarded as separate groups because
the problems surmounted by different populations with disabilities may cover usability
accessibility relationships. These relationships highlight useful aspects of accessibility
and enable the formulation of significant solutions given adequate attention to the
needs that are unique to a given group with disabilities. Comparing disabled and nondisabled users to identify the associations between accessibility and usability may
further complicate the issue because these groups inherently differ with respect to level
of interaction with web-based systems. The differing needs of disabled and nondisabled groups necessitate an explicit analysis of their dissimilarities. Nevertheless,
developing web-based systems in accordance with accessibility and usability
principles may still benefit all types of users; the higher the number of criteria and tests
applied by developers, the greater the number of solutions that they will find for all
users.
Based on the discussion in this section, this thesis regards accessibility and
usability as typically associated with each other but covering somewhat different
issues. Accessibility is intended to increase the number of users who can interact with
a system while simultaneously reducing the number of technical barriers to content for
users with disabilities. By contrast, usability is driven by the purposes of influencing
and changing user interaction and behaviour so that such interaction is more effective,
helpful, controllable, efficient, learnable and satisfactory. Given this difference, a
necessary approach is to integrate these two variables for developers to provide
interactive services that can be accessed and used by all users, including groups with
disabilities (Leporini, Paternorcia, 2006).
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2.4

WEB-BASED SYSTEM ACCESSIBILITY
As previously indicated, Web-based information resources or web-based

systems have evolved from platforms with basic text interfaces to ones with dynamic
and interactive designs. Nevertheless, this change has failed to address the exclusion
of users with disabilities from equitable access to online content. Without the
application of accessibility principles in new web-based system technologies, the
digital divide between the disabled and non-disabled will continue to increase. Indeed,
today’s web-based systems (e.g. online banking systems, LMS, health systems and
travel systems) continue to exhibit accessibility problems. Providing practical
solutions that align with the rapid development of technologies is expected to benefit
a variety of domains.
Banking sector innovations, such as mobile and Internet banking, have
dramatically changed the manner by which banking services are delivered. Lorca,
Andrés and Martínez (2015) inquired into this issue by using a quantitative metric,
WCAG 2.0 standards and an automated evaluation tool. The authors found that out of
31 analysed commercial banks in Spain, 18% (58.06 %) achieve an accessibility
evaluation rate below 5.5 (measured on a scale of 1-10).
Borchard, Biondo, Kutay, Morck and Weiss (2015) examined 21 individual
webpages from the Open Journal Systems to determine overall Web accessibility and
compliance with the standards stipulated in Section 508 of the Rehabilitation Act. The
authors used the automated WAVE, Fangs and Functional Accessibility Evaluator as
tools for evaluation. The total number of accessibility errors found across the examined
webpages was 202, indicating that the pages fail to satisfy the minimum requirements
for accessibility.
In the health sector, web-based systems for health care are a serviceable resource
of health information. Ow, Wetherell, Papa, Bolton and Lawrentschuk (2015)
quantitatively evaluated medical and surgical society websites for content quality. A
total of 100 websites were selected from 20 specialty health associations in the UK,
Australia, Canada, US and Europe. The authors found that most of the examined
websites do not adequately comply with accessibility standards for the presentation of
information and that half of the sites are inaccessible to patients.
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Lazar et al. (2010) argued that the inaccessibility of airline web-based systems
demonstrates serious accessibility issues for users with disabilities. The authors tested
10 airline systems equipped with screen reader software and evaluated the home page,
links making sense out of context and detailed flight information. The most notable
observation was that flight information, which is presented as a pop-up, is inaccessible.
Among the challenges encountered by social network developers, navigation is
the most critical because of the multi-layer interface of social networking sites (Wentz
& Lazar, 2011). Another essential requirement in implementing accessibility over
social networking sites is source code language. Facebook’s source code, for example,
is implemented using JavaScript and AJAX. Using these dynamic applications without
considering assistive software issues increases the problems experienced by users with
disabilities in navigating social networking sites (Babu, 2015).
2.5

EDUCATIONAL WEB-BASED SYSTEM ACCESSIBILITY
Online learning has developed substantially over the past two decades. Using an

equity perspective determines the satisfaction of students with disabilities and users
who interact with online educational systems, whether they are satisfied with system
accessibility and compliance and whether such systems provide them the support
essential to academic success. An important task in this respect is to identify the
strategies that educational organisations can implement to satisfy accessibility
guidelines and the needs of their stakeholders. Intuitively, such a task might be
accomplished through the incorporation of feedback mechanisms through which
students with disabilities can evaluate current web-based systems and on whose basis
accessibility development plans can be created.
University web-based systems consist of a set of software programs and
interacting systems used by students. These systems support easy and remote
completion of online tasks and are distinguished by their objectives and role within
institutional organisations. A student portal is an example of an educational
information system. It is a Web portal designed to provide knowledge and manage
tasks related to the academic lives of students; these include information on course
registration, financial tasks, class schedules, final exam schedules and student grades.
Another example is a scientific repository, which is intended for the archiving of
documents related to the research activities of universities; such repository provide
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information regarding book chapters, journal articles and dissertations. A Learning
Management System (LMS) is an educational system through which educators can
create, implement and assess performance in blended learning where face to face and
electronic channels are used in tandem to facilitate learning (Reis, Barroso &
Gonçalves, 2013). Table 2-1 lists the systems used by students and their purposes in
universities. As can be seen, university web-based systems constitute a set of multiple
systems. When university administrators measure accessibility to such complex
systems, they consider all the subsystems in a core system. Accessibility is therefore
not exclusive to LMS (for example) but applicable to an entire system.
Table 2-1. Web-based systems and the purposes for which they are used by students.
Purpose

System

General information

Website

Learning and student management

SIDE and PeopleSoft

Library

Portable

E-learning

Blackboard, Edmodo, Moodle and Brightspace

Scientific repository

DSpace, Evergreen, Invenio and EPrints

Educators and students have used the media components of Web 2.0, 3.0, 4.0
and 5.0 as aids in understanding the context necessary to carry out learning tasks and
improve learning outcomes. They use social networks, for example, as a means of
engaging in online learning environments. These tools affect the manner by which
learning progresses and are the primary drivers of changes to teaching practice (Mott
& Wiley, 2009). Nonetheless, Web 2.0 and its subsequent versions have not achieved
the success that they were expected to accomplish in learning systems. Although most
representative technologies are adopted in learning contexts, LMSs are exploited
primarily to satisfy educational institution and course requirements rather than meeting
student needs; such usage therefore neglects an important group of stakeholders,
including users with disabilities (Conde et al., 2014). The availability of digital
learning resources in a variety of media content gives rise to the possibility of making
a significant difference in educational web-based systems. Littlejohn, Falconer and
McGill (2008) put forward 12 learning resource features that influence change in elearning practice. Some of these features ensured usability by using metadata so that
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media content might be easily sourced by educators and providing accessible content
to target user groups over an accessible format (Littlejohn et al., 2008). Accessibility
guidelines and standards are designed to cover all web-based systems or websites.
Thus, no guidelines exist that are specific to system features. No research has been
devoted to the formulation of principles that are specific to the context of educational
web-based systems, including LMSs that support the higher education, high school
and primary sectors. Some studies have been conducted on guideline development, but
these revolve around supporting initiatives to create accessible educational websites
for children (Albalawi, Algosaibi & Aljohani, 2011). Such development is also limited
to a specific group of educators and does not support a variety of evaluation methods
and criteria that can influence the interaction of students with disabilities with
educational web-based systems.
In accessibility of university LMSs, most software companies and educational
institutions (e.g. universities) have recently implemented efforts to attend to
accessibility problems, but in many parts of the world, this issue is only an emerging
topic. The majority of educational institutions allocate only limited manpower to
ensuring the accessibility of the applications or products that they create and use. A
substantial proportion of the population is typically unaware of the daily accessibility
and technological challenges that confront students with disabilities. LMS is an
integral component of a university web-based system. No student and educator can
forgo the use of such system, even in traditional classes. The importance of LMSs has
increased with the advent of distance learning and online open universities. The
majority of students with disabilities prefer online courses because they facilitate
study, reduce transportation costs and effort and relatively suit their needs (Conde et
al., 2014). Despite the benefits presented by these classes, however, many accessibility
issues continue to plague current LMSs. Developing accessible university web-based
systems with LMSs is therefore necessary for students with disabilities who favour
these avenues as learning environments. Blackboard, Moodle, ATutor, dotLRN and
Absorb are LMSs that are widely used in universities. The companies that produce
these applications employ specific strategies for ensuring accessibility. They adhere to
the same guidelines and standards for evaluating and rectifying accessibility problems
in their software. The accessibility of most common LMSs have been extensively
evaluated, and studies show that accessibility levels and problems differ across
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systems (Horvat, Dobrota, Krsmanovic & Cudanov, 2015). All typical LMSs are
designed and developed in conformity with WCAG guidelines; thus, these systems all
adhere to the same accessibility criteria and checkpoints.
2.6

EVALUATION OF EDUCATIONAL WEB-BASED SYSTEM
ACCESSIBILITY
Most of studies used objective and subjective evaluation to test educational web-

based system accessibility. Objective evaluation is measuring accessibility of
webpages using standards, automated tools or human evaluators. Subjective evaluation
based on UCD is the evaluation of accessibility checkpoints by participants using for
example survey tool.
Example of objective evaluation study, Calvo, Iglesias and Moreno (2014)
evaluated three open-source LMSs, namely, Moodle, ATutor and Sakai. They used
HERA and Test Accessibility Web (TAW) as automated accessibility evaluation tools
and referred to ATAG 2.0 and WCAG 1.0 as accessibility standards. The evaluation
process was based on four parameters: (1) the effectiveness of accessible templates
and themes in supporting authors, (2) the accessibility of the content editor, (3) the
effectiveness of invasive JavaScript and (4) the provision of tables for layouts that
ensure structured content for logical reading. The qualitative analysis results show that
ATutor satisfies all the parameter 1 checkpoints and that Moodle and Sakai meet the
enabled editing and template creation checkpoints in parameter 1. ATutor and Moodle
offer users the alternative to employ JavaScript, whereas Sakai does not provide such
option. All the LMSs satisfy the layout checkpoints in parameter 4. The content editors
of all the LMSs clearly exhibit accessibility effects. The editors require JavaScript, but
those of Sakai and Moodle do not allow for the provision of accessible content in the
editing process. The creation of accessible content on user knowledge of WCAG
standards and similar principles is restricted to the administrators of the two LMSs.
The parameters designed by Calvo et al. (2014) are considered crucial checkpoints for
ensuring the accessibility of LMSs because they are associated with the mechanisms
used in online learning environments. However, the authors did not explain the factors
that drove them to develop the parameters. Such explanation is useful because it
clarifies the effects of the parameters on online learning systems. The study also failed
to identify the stakeholders with disabilities who can benefit from the explanation of
such checkpoints and disregarded the use of UCD theory as basis in evaluating the
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examined LMSs from the perspective of users with disabilities. Other limitations of
the designed parameters are worth noting. For instance, they do not cover the
accessibility of attached files (e.g. PDF) and their effect on LMSs. Additionally, the
parameters do not encompass the accessibility of media content as a spatial checkpoint.
An example of a subjective evaluation study is the online survey by Roberts,
Crittenden and Crittenden (2011) involving 2366 respondents with disabilities, among
whom more than 58% are 18 to 25 years old. More than 52% of the respondents were
enrolled in 1 to 10 online courses, and 28% of were enrolled in an online degree
program. Among the participants, 27% reported that their documented disability
negatively affected their decision to enrol in online courses. Of the participants who
participated in online courses, 46% stated that their disability unfavourably influences
their academic achievement in an online setting. Some of the students indicated that
they require assistive technologies that magnify or enlarge onscreen text, whereas
others identified the need for larger monitors. The other assistive technologies
predominantly discussed by the participants were speech recognition software,
oversized or braille keyboards, special mouse technologies and screen reader software.
students with disabilities cannot interact with university web-based systems and LMSs
without extensive use of assistive technologies.
2.6.1 Comparison of evaluation of educational website studied
Researchers evaluate website accessibility using automated tools (AETs) based
on common standards like WCAG 2.0 and UCD theory or surveys and questionnaires.
Increasingly, automated tools are the more common approach among accessibility
evaluation studies.
Automated tools-based studies
Accessibility evaluation for educational websites using AETs has attracted
researchers since 2005. Table 2-2 illustrates the comparison of evaluation of
educational websites accessibility studies from 2005 and 2018. The automated tool in
all studies was the main evaluation method. A checker tool was the common tool. The
results combined results of studies from regions or countries around the world and
included developing and non-developing countries.
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Table 2-2. Comparison of AETs-based studied conducted 2005–2018.
Study by

year

case

Country/region

method

Key findings

Hackett &

2005

Educational

USA

Bobby

(85%) of educational

Parmanto

and

Websites considered to

government

be inaccessible

websites
Harper &

2008

DeWaters

Educational

Not specified

Bobby

websites

(33%) of all websites
were not compliant
with priorities

Zap &

2013

Montgomerie

Post-

Canada

Bobby

(0.7%) of 383

secondary

websites received

websites

‘Free of Priority 1
Errors’ and ‘Free
of Priority 2 Errors’

Ringlaben,

2014

Special

Bray &

education

Packard

websites

Ahmi &

2015

Mohamad

Public

USA

AChecker

(97%) of the pages

& Bobby

examined had
accessibility errors

Malaysia

university

AChecker

198 known problems

& Wave

were found on a

websites
Acosta-

2016

Vargas et al.

Universities

university webpage
Global

TAW

website

None of the analysed
websites accomplished
accessibility guidelines

Patra, Dash &

2017

Mishra

Educational

India

web portals

AChecker

Most of the websites

and other

do not conform to all
the criteria

Ismail &
Kuppusamy

2018

University

India

Website

AChecker

73% of the homepages
fall guidelines

Homepages

The findings of these studies are that there has been no noticeable improvement
in the accessibility of educational websites between 2005 and 2018 (Table 2-2). This
finding indicates that the accessibility of educational websites remains inadequate for
users with disabilities. This is despite several research endeavours, standards and
approaches that have been implemented to increase accessibility and usability. Clearly,
the accessibility of educational website needs more attention by organisations,
developers, designers and even end-users.
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These types of studies provide a general view of low accessibility to educational
websites, but limitations of these studies may impact their degree of influence on the
field of website accessibility evaluation. The main limitation of these studies was the
evaluation method, namely accessibility automated tools (AETs) which was the
common evaluation method. It is a convenient toolset that provides a general idea of
accessibility problems on websites but also provide false positive and true negative
results. In addition, there are many checkpoints that cannot be tested by AETs, which
needs human experts to test them. Researchers who want to make a strong case to
prove the shortage of website accessibility, need to apply multi evaluation approach,
in order to solve the limitation of AETs. AETs are a good method to provide initial
data about the accessibility level across disability types for any web-based systems,
but they cannot provide a 100% accurate result, and they cannot provide details of
accessibility levels for each specific disability group. Also, most of AETs cannot
evaluate uploaded documents on webpages, uploaded video/image on host service
websites. They also cannot evaluate the quality of accessibility solutions on webpages,
including appropriate use of HTML 5 attribute and elements. Finally, an automated
tool evaluates webpages against common standard like WCAG, although, this standard
does not cover all disability groups’ needs. A multi-method approach is needed to
overcome the shortcomings of Automated evaluation tools.
User centered design-based studies
There were limitations in a number of studies of accessibility for educational or
general websites using UCD. Table 2-3 shows the comparison of evaluation of
educational websites accessibility studies in 2011 and 2017. The UCD approach was
the main evaluation method. The studies were conducted around the world, or
specifically in the UK.
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Table 2-3. Comparison of UCD-based studied conducted in 2011 and 2017.
Study by

year

case

Country

Method

Power et al.

2012

vary

UK

Four-point scale
rating

Key findings
16.7% of websites applied
techniques illustrated in
WCAG 2.0

Yesilada et al.

2015

Vary

Global

Survey

Participants agree that
accessibility should be
grounded on UCD theory

Coughlan,

2017

Educational

UK

Survey

Screen reader issues, time

Ullmann &

learning

limit and assistive tools

Lister

platforms

impact user interaction

Power, Freire, Petrie & Swallow (2012) conducted an empirical study of the
problems counted by 32 users with visual impairment on variety of websites. Their
findings showed that only 50.4% of the accessibility problems counted by users were
included by Success Criteria in WCAG 2.0. For user problems that were included by
WCAG 2.0, 16.7% of websites applied techniques recommended in WCAG 2.0 but
the techniques did not resolve the problems. These findings illustrate that few
developers are implementing WCAG guidelines. Their findings prove the need to
develop accessibility implementation away from a problem-based approach towards a
design principle approach for web accessibility.
Yesilada, Brajnik, Vigo & Harper (2015) evaluated the response of around 300
participants, who were familiar with web accessibility and who answered 33 questions.
They found that participants believe that accessibility and usability are strongly
related. Also, participants agree that accessibility should be grounded on UCD theory.
Coughlan, Ullmann and Lister (2017) analysed feedback from students with
disabilities on the basis of their open-ended evaluative comments regarding online and
distance learning platforms. The authors found that feedback can be effectively
embedded into organisational processes for accessibility development.
The UCD-based studies for accessibility evaluation are limited. The above
studies did not focus on specific disability groups, like those with a sensory, cognitive
or mobility disability. Some studies focus on usability problems more than
accessibility problems; for example, the Coughlan, Ullmann and Lister (2017) study.
Also, according to the Power, Freire, Petrie & Swallow (2012) study, there were
accessibility problems that were not covered in WCAG 2.0, in that the accessibility
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evaluation is effective when designed for specific web-based system but struggles
when the system features are different across the systems studied. Also, number of
participants on UCD-based studies were low compared to real population of people
with disabilities. Moreover, some studies did not provide an approach of designing
survey statements. Also, they lacked the ability to take a ‘pilot test’ approach to design
and shape the survey statements. Some studies focused on usability and others on
accessibility problems. Thus, there were no capacity to design statements
differentiating accessibility and usability or even to include open questions. Finally,
there was no consideration of possible factors that impact accessibility evaluation by
participants.
The succeeding section highlights the challenges that are faced by students with
disabilities as they interact with university websites and LMSs. The discussion focuses
on individuals with visual, hearing and visual hearing impairments.
2.7

CHALLENGES POSED BY UNIVERSITY WEB-BASED SYSTEMS TO
STUDENTS WITH DISABILITIES
Educational web-based systems advance academic success among the users with

disabilities as long as the systems are designed for accessibility (Coughlan, Ullmann
and Lister, 2017). Online courses provide enhanced solutions for students who
experience barriers to attending traditional courses because of sensory or physical
disability (Paciello, 2000). Visually impaired individuals constitute the group with
disabilities who is most strongly affected by inaccessible educational systems
(Paciello, 2000). A study that evaluates accessibility for students with disabilities
indicates that almost half of the population declare more than one disability-a finding
that is consistent with the literature, which shows that a fundamental number of
students who have double impairments (Fichten, Jorgensen, Havel & Barile, 2006).
Most students indicate that they need adaptive assistive technologies to effectively
interact with a university system. Examples of such innovations are improved writing
software (WYNN and TextHelp), software that reads text on a screen (ReadPlease and
Jaws). Numerous students who use adaptive technologies confirm using more than one
type of technology; these individuals are usually concerned about compatibility
requirements and the availability of voice recognition software (VRS), such as Dragon
Naturally Speaking (Fichten et al., 2009).
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With respect to visual impairment, Paciello (2000) determined that this condition
is the most overwhelmingly noted disability in relation to Web accessibility. The
author also indicated that this impairment is the most frequently highlighted in the
literature given the fact that the majority of websites extensively feature graphic and
media content. In these sites, written text was often presented in a disorderly fashion.
Developers of university systems generally consider three types of visual impairment
in content creation: full blindness, low vision and colour blindness (Harper & Yesilada,
2008).
Blind users and users with low vision typically rely on screen reader software
(e.g. Jaws), VRS (e.g. Dragon Naturally Speaking) and braille note-taking devices and
keyboards when interacting with university systems. A screen reader is characterised
by a simple mechanism that scans a screen for text, then audibly reads the content for
a user to hear. Screen readers offer accessibility solutions and provide blind users a
sense of independence, but like other programs, they also suffer from certain
limitations. First, screen readers can read only text; they cannot read other media
content, such as images, graphs, banners, Flash animations, videos, navigational
buttons and document files. Second, they are often designed on the basis of logical
reading and therefore present difficulties when users attempt to read tables and forms
(Crow, 2008). Third, users of screen readers encounter sound quality problems. Jaws,
for example, features a robotic, instead of a more human-like, voice. Lazar, Allen,
Kleinman & Malarkey (2007) mention that students spend a significant amount of time
learning and using screen readers because of the complications presented by shortcuts.
The challenges that confront visually impaired students in their quest to acquire a
degree partly stem from the steep learning curve that they encounter when they use
assistive technologies to accomplish learning tasks. Visually impaired learners waste,
on average, 30.4% of their time because of screen readers' shortcomings in terms of
inaccessible content. With regard to independent learning, a considerable proportion
of blind students cannot independently interact with systems without assistance from
nondisabled individuals (Lazar, Allen, Kleinman & Malarkey, 2007). A system
comprising content that is both accessible and compatible with screen reader
requirements reduces the disadvantages experienced with screen reading devices and
programs (Chandrashekar, 2010).
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Students with hearing impairment or total deafness require access to audio
elements for them to understand the information presented in these files. This
accessibility issue often occurs as developers formulate solutions that ensure
accessible audio or video content. Developers of learning materials and teachers who
use them to provide real-time text captioning, descriptive text and sign language
interpretation for all audio, video and multi-media presentations that are uploaded into
university systems (Crow, 2008). Despite the simplicity of this approach, the
developers of most university systems do not implement such strategy in their designs.
The availability, accuracy and quality of accessible audio elements are important
requirements for a university system to address the needs of hearing-impaired students.
With reference to students who have both blindness and deafness, the
accessibility of learning materials can be guaranteed through the provision of alt texts
for all non-text elements and text-only webpages. These features enable students to
print site elements by using a braille code printer. The problem is that the literature
and existing accessibility guidelines do not provide specific regulations and standards
for this population with disabilities. Current accessibility solutions for blind-deaf
students may not eliminate the need for the students to ask for assistance from a nondisabled individual as they interact with university websites and LMSs. However, such
solutions can reduce the effort and time devoted to converting Web content into
accessible materials that are suited to the needs of blind-deaf learners. These solutions
can ensure that all online elements, including multi-media content, are accessible to
students as text format.
Fichten et al. (2009) explored the educational web-based system issues reported
by 223 students with disabilities, 58 campus disability service providers, 28 professors
and 33 web-based system professionals from Canadian universities. Online
questionnaires were administered to the participants. The results show that the
principal accessibility problems exhibited by university websites with LMSs are lack
of accessible digital audio and video materials, inflexible time limits for online exams,
lack of accessible PowerPoint slides, extensive use of inaccessible PDF-based course
materials and lack of necessary adaptive technologies. The students highlighted
technical difficulties, such as problems downloading and opening files, webpages that
do not load and slow downloading of videos. The educators commented on their own
lack of knowledge about working with LMSs, and the disability service providers
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identified educators' lack of practice in using educational web-based systems and the
lack of accessible digital course materials. The educational professionals also
discussed the inaccessibility of digital course materials, and the professors identified
the problems already raised by the other groups.
The most important steps in evaluation are to understand the characteristics of
users with disabilities, underscore the challenges that they encounter as they interact
with web-based systems and consider user experience and evaluation in the entire life
cycle of an web-based system (Cooper, Sloan, Kelly & Lewthwaite, 2012). A thorough
understanding of disability characteristics enhances the quality of content published in
university systems. Traditional software development plans are insufficient for the
development of effective and accessible Web-based systems (Dias, Pontin de Mattos
Fortes & Masiero, 2012). Current university systems can benefit from the use of User
Centred Design and adaptive theories as design foundations and the consideration of
user characteristics and needs. To ensure accessibility and usability, developers should
also take into account the requirements for assistive technologies, as well as the
attributes and needs of blind, deaf and blind deaf students, when designing an entire
university system (including LMSs) and creating media and documents files (Puckett,
2004). Adaptive content and new technologies, including assistive technology
hardware and software, is used in educational web-based systems to reduce obstacles
to accessibility for students with disabilities. Among the population with disabilities,
visually impaired individuals face more considerably from accessibility issues related
to technology. Current solutions include legislation that mandates universities to
implement equity principles in providing learning opportunities to students with
disabilities. The most noteworthy are the Americans with Disabilities Act and Section
508. Although these regulations and other laws have not engendered a barrier-free
learning environment for students with disabilities (Green, Jones, Pearson &
Gkatzidou, 2013), they have served as effective measures for regulating how
universities behave towards students with disabilities. University leaders now resort to
dealing with issues in a way that prevents court action. For instance, some universities
incorporate requirements for the acceptance of students, especially those with visual
impairment; for example, acceptance forms indicate that only students who can use
screen readers, braille note-taking devices or e-readers are admitted to higher
education institutions (Lee, 2014). Moreover, students with disabilities face significant
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challenges while doing administrative processes. The most common challenges found
were on level of stress, missing availability of support in a timely fashion and losing
study time (Coughlan & Lister, 2018).
To sum up, the current accessibility and usability of university systems challenge
students with disabilities which, by extension, will unfavourably affect their learning
outcomes. A more accessible and usable educational web-based systems is expected
to advance academic success among learners with disabilities.
2.8

THE SOCIAL ASPECTS OF PEOPLE WITH DISABILITIES
Every person benefits from developing an understanding of the characteristics

that typify the lives of people with disabilities and the difficulties with which they
contend. These individuals encounter tremendous challenges from day to day, with
such problems sometimes exacerbated by their occupations (Brown & Hollier, 2015).
Certain difficulties that strongly influence these people’s lives are common to all
disability types (Leiter, 2019). Firstly, societies create boundaries between people with
disabilities and those without (Leiter, 2019). For example, acceptance of people with
disabilities in workplace, trust their abilities to achieve their tasks, negative
assumptions toward people with disabilities, and prevent them from studying certain
disciplines. Secondly, many organisations, such as educational institutions or
workplaces, isolate people with disabilities from an early age through deficiencies in
accessible facilities (Leiter, 2019). Thirdly, individuals with disabilities enjoy limited
equity rights and regulations in most countries (McEwin & Santow, 2018). Fourthly,
people who have no disabilities have a low awareness of the needs and attributes of
the disabled population (Phipps, Sutherland & Seale, 2002). Finally, accessible social,
physical and digital products and environments are scarce (Phipps et al., 2002), thereby
resulting in the marginalisation of disabled groups. For example, certain architectural
barriers prevent the use of wheelchairs, and students with disabilities encounter digital
accessibility obstacles that impede interaction with educational Web-based systems.
In this decade, digital inaccessibility, similar to any other barrier, is an important aspect
that exerts a noticeable impact on everyday living among people with disabilities
(Brown & Hollier,2015).
Digital or Web accessibility remains inadequately explored in the broader
research community (Abou-Zahra, Brewer & Cooper, 2017). Correspondingly,
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people’s comprehension of disability is restricted to issues relevant to physical
impairment, such as accessible parking, toilets and theatre seats and the availability of
braille signs on wall notices and ramps for entry into buildings (Brown & Hollier,
2015). Behaviours towards the understanding of accessibility, particularly the digital
kind, might influence the development of accessible technologies (Brown & Hollier,
2015). More specifically, a comprehensive grasp of the social and cultural dimensions
of the lives of disabled populations, particularly how they interact with digital
materials, may initiate the reduction of accessibility barriers and the improvement of
overall accessibility, especially Web accessibility (Brown & Hollier, 2015).
Living with disability is a life adjustment that is best considered by the
community in all its dimensions, including the physical and the technical. The
technology affords to the individuals significant enhancements in their daily life.
people with disabilities face challenges while using technologies due to the neglect of
digital accessibility in research and the sluggish creation of accessible digital products
(Valencia, Rusu, Quiñones & Jamet, 2019). Since the first WCAG guidelines were
published in 1999 (W3C, 2019), the goal in 2019 remains to be the application of level
A standards in the improvement of Web accessibility in infrastructure such as
university Web-based systems (Brajnik & Graca, 2018). For instance, students with
impairments face challenges at the beginning of each term, during which they have to
contend with a university Web-based system that is inaccessible in terms of enrolment
or course withdrawal, navigation, information search, access to course materials and
online tests and access to online databases for searching and reading journal articles
(Phipps et al., 2002; Coughlan & Lister, 2018). As can be seen, the technological
constraints that surround people with disabilities, including students, are as numerous
as physical limitations (Hollier, 2016).
One of the technical measures that can be very beneficial in supporting people
with disabilities is the use of assistive technologies (ATs) (McEwin, 2017), albeit these
innovations would be ineffective within an inaccessible system (Desmond et al., 2018).
Mastering the use of ATs, such as screen reader software, is difficult, requiring
considerable practise (Hollier, 2016; Redford, 2019) from an early age. Thus,
understanding the challenges and characteristics of people with disabilities can
facilitate the implementation of accessibility supportive tools, such as ATs, and
reducing constraints that affect daily engagement with accessibility.
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Reducing the innate prejudices that society perpetuates in design might also
elevate the quality of digital accessibility. Fostering a culture oriented towards such
accessibility can encourage designers, developers and end-users to consider the
requirements of users with disabilities; even if they believe that few or no individuals
with impairments use digital systems, these creators and adopters should still create
accessible content (Bailey & Gkatzidou, 2017). Cultivating and observing a digital
accessibility culture throughout organisations, including universities, involves
stimulating change (Coughlan, Ullmann & Lister, 2017; Bailey & Gkatzidou, 2017).
This change might be faced with resistance in contexts where digital accessibility has
not been considered for many years (Bailey & Gkatzidou, 2017). Because such
modification is critical, a helpful strategy is to employ change models, such as Kotter’s
eight-step model (Kotter & Schlesinger, 1989) and Lewin’s model (Hussain et al.,
2018). It must be borne in mind, however, that consideration for accessibility begins
with the modification of personal believes and then moving on to changing regulations
and laws to illuminate why accessibility is essential in ensuring equity for all (McEwin
& Santow, 2018).
2.9

IMPORTANCE OF ACCESSABILITY
Accessibility affects individual lives and organisations, and it factors

importantly among people with disabilities as this would mean living a better life in
societies unencumbered by boundaries (Leiter, 2019). Observations regarding the
effects of the Disability Discrimination Act (DDA) during its 25th anniversary in
Australia on the lives of people with disabilities revealed acceptable progress in
changing society’s view about people with impairments. Nevertheless, room for
improvement still exists because disabled populations in the country still grapple with
the same challenges and barriers in almost every aspect of their lives, and progress in
eliminating disability discrimination in employment has been limited (McEwin, 2018).
Accessibility is equally vital to organisations in efforts to ensure equity, legality,
customer satisfaction, increased income, enhanced usability for all consumers
(including aging and temporarily injured individuals) and competitive opportunities
(Biswas et al., 2013). For example, the provision of accessible learning systems by
universities might increase these institutions’ reputations, rankings and competition
for students as well as help them avoid legal issues and increase the satisfaction of
existing disabled students or staff (Coughlan & Lister, 2018).
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Despite the visible advantages and need for accessibility, however, its
enhancement and implementation remain optional measures possibly because of
matters related to time, finances, businesses, people’s awareness and legislation
(Bailey & Gkatzidou, 2017; Brown & Hollier, 2015). These factors have prevented
accessibility endeavours from keeping pace with technological development
(Desmond et al., 2018). The flawed and incomplete nature of current accessibility
enhancement approaches has been confirmed in the literature (Ismail & Kuppusamy,
2018; Patra, Dash & Mishra,2017; Coughlan et al., 2017). It is not sufficient, for
instance, that a developer applies accessibility features; he/she must also guarantee
excellent quality in application. Taking alternative texts for images as an example;
even when available, these elements are useless if they are incorrect (Abou-Zahra,
Brewer & Cooper).
2.10 FACTORS AFFECTING THE IMPLEMENTATION OF
ACCESSIBILITY IN EDUCATIONAL SYSTEMS
Increasing awareness, knowledge and implementation of accessibility is
influenced by many factors (Figure 2-3). In this section, the factors that affect the
accessibility of web-based systems to users with disabilities are analysed.

Figure 2-3. Factors affecting the implementation of accessibility in educational
systems.
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2.10.1 Author effects
An author is responsible for creating accessible content on web-based systems
or websites. The author can be an educator, student, customer, doctor or developer. As
stated earlier, an author’s knowledge and beliefs regarding accessibility affect the
quality of created accessible content. Web 2.0 and subsequent versions, the secondgeneration World Wide Web, enables users to participate in authoring and publishing
processes. However, because Web 2.0 is an emerging innovation rather than an
established set of technologies, no regulatory authority guarantees facilitated
accessibility as regards associated technologies and practices (Cooper, 2007). An
author’s capacity to affect accessibility varies by web-based system. In university
websites with LMSs, for instance, an educator highly influences content accessibility.
The authoring tool that is implemented in a web-based system to create Web content
also contributes to author-induced effects (Harrison, 2002). Organisations use various
authoring or content creation tools (ATAG, 2019). For example, TinyMCE is used to
create content over Blackboard. A noticeable shortcoming of most of these tools is that
they do not facilitate the creation of accessible content and therefore do not provide
smart features. They lack, for example, built-in functionalities that enable users to
verify whether site elements satisfy core accessibility criteria, such as logical
structures. They also lack functionalities for auto-captioning for video or audio files.
The direct relationship between author-induced effects and content creation/editing
tools highly influences the enforcement of content accessibility principles. The lack of
supportive authoring tools, awareness and understanding of disability characteristics
and the importance of accessibility lead to the creation of inaccessible content. This
problem also arises from the use of authoring tools with no features that support the
production of accessible content for educational Web-based systems. These issues
diminish the development of accessible digital materials, consequently preventing
progress in digital accessibility over the past years.
2.10.2 Content effects: Metadata, updates and features
Metadata play a crucial role in establishing accessible web-based system
environments. Such data have expanded from being simple, alternative texts for
diagrams to empowering diverse types of user interface widgets embedded in dynamic
content. The lack of structured metadata on both the client (external content) and server
(internal content) sides, negatively affects the accessibility of web-based system
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content. A structured set of metadata for a document improves the navigation of
learning materials. Sufficiently accessible metadata should be incorporated into Web
content. This task can be accomplished through the provision of alt texts for non-text
elements and structural metadata; headings, subheadings and lists are key to creating
content that is logically navigable by blind users and other groups with disabilities.
Current metadata are typically deficient in terms of availability, accuracy and quantity
(Kawanaka, Kobayashi, Takagi & Asakawa, 2009). Contrastingly, unstructured
metadata render tasks intended to search for necessary information very difficult for
users with disabilities. For example, inaccurate metadata on PDF files prevent disabled
users from finding the PDF files that they require. The lack of structured metadata
therefore impedes accessibility progress (Beyene & Godwin, 2018).
2.10.3 Regulatory effects
Regulating Web accessibility is not an internationally recognised practice. The
most common standards are WCAG, which is applicable internationally, and Section
508, which is the federal regulation enacted in the US, although its effects extend to
regions outside America. In Australia, accessibility requirements for websites are
covered by government legislation. In 2009, the Online and Communications Council
began enforcing WCAG 2.0, which mandates that all Australian government websites
conform to the guidelines stipulated in the Level A standards of WCAG 2.0 by 2012;
the Secretaries ICT Governance Board extended this coverage to include compliance
with Level AA standards by 2014 (Australian Government Web Guide, 2019). The
problem that now confronts enforcement is that WCAG 2.0 was published in 2008,
and legal enforcement began in 2012 only for Level A, in that the standards is outdated,
and is enforcement inconsistent. Furthermore, although adherence to accessibility
guidelines is obligatory for government web-based systems and websites, no such
enforcement is applied to the banking, travel, health and educational sectors. Research
undertaken by (Abanumy, Al-Badi & Mayhew, 2005) in the context of Saudi and
Omani websites, indicates that improvements would be made if work was undertaken
on addressing accessibility issues and establishing regulations that compel compliance
with accessibility principles for all sectors, starting with government web-based
systems, which are currently inaccessible. In the UK, the Equality Act 2010 is an
amendment to the provisions of the Disability Discrimination Act 1995. The UK
government aimed to produce new equality legislation to ensure equal opportunity for
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everyone. Although equitable access to web-based systems has yet to be accomplished,
it is considered a policy priority in the UK, and achievement of accessibility is
gradually being advanced (Easton, 2012). As clearly indicated in Web accessibility
laws, there is a need for people to understand the digital accessibility rights of users
with disabilities and for regulatory bodies to provide accessible content (Lazar, 2019).
In higher education, however, no explicit legislation has been enacted to support
student/staff with disabilities and ensure equal opportunities to interact with
educational Web-based systems (Dinc, 2017). These enduring problems mean that
efforts to guarantee digital accessibility have unsatisfactorily progressed owing to the
failure to apply common Web accessibility laws, such as the Stanca Act (Barricelli,
Sciarelli, Valtolina & Rizzi, 2018).
2.10.4 Organisational effects
Most organisations or companies develop web-based systems or applications
without referring to accessibility and usability concepts because of deterrents such as
limited knowledge, misaligned interests and high costs. Moreno, Castillo, Williams
and Menez (2015) conducted a questionnaire survey to investigate 13 companies or
organisations whose transaction reflect problems related to software development. The
authors probed into the problems based on the Process of Engineering Usability and
Accessibility model, in which all companies are treated as software development
enterprises. The results show that 75% of the companies do not enforce usability
evaluation. Some of the developers employed in the companies studied believe that
such evaluation is unnecessary, whereas others deem it a costly process. Few
companies or organisations consider how accessible their systems are, and few
developers possess knowledge on how to apply accessibility concepts in systems or
applications. Out of the companies studied by Moreno et al., 19% stated that they
evaluate the accessibility of their systems themselves and specified that they use W3C
HTML and W3C CSS validator tools to do so. Applying accessibility measures in
organisations is a critical task, but people can also achieve good results over a short
horizon. The presence of Web accessibility experts, writing clear accessibility audit
reports, comprehending the effects of accessibility in third-party applications, timerelated issues and financial matters all influence progress in establishing Web
accessibility (Lazar, 2019).
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2.10.5 Developer effects
As web-based systems or websites continue to dramatically evolve, they become
increasingly exclusionary. The universal design of such systems has placed users with
disabilities at a disadvantage. Web-based system developers urgently need to act on
this problem. Geoff Freed, the director of the Web Access Project for Boston-based
WGBH-TV, stated in 1998 that perhaps only 1% of Web developers have taken any
action to make their sites more accessible to the users with disabilities (Carter &
Markel, 2001, p. 226). Some developers view accessibility issues as uninteresting
because they associate it with the creation of text-only pages. Others believe that
ensuring system accessibility involves tremendous effort, time and money (Spyridonis
et al., 2014).
Organisations consider technology acceptance and innovation diffusion theory
as a means by which they can encourage developers to incorporate accessibility as a
goal in the development stage of an web-based system or website life cycle (Zhang,
Yoo, Wattal, Zhang & Kulathinal, 2014; Spyridonis, Moschonas, Touliou, Tsakiris &
Ghinea, 2014). Developers can initiate significant steps towards enforcing
accessibility and usability principles if they receive significant organisational support;
perceive the usefulness, ease of use and compatibility benefits derived from
accessibility measures; and apply subjective norms. Awareness and training,
resources, salaries, regulations, recognising the importance of accessibility and
understanding the needs of many users with disabilities (Antonelli, Rodrigues,
Watanabe & de Mattos Fortes, 2018) bear on the advancement of Web accessibility.
2.11 SUMMARY
In this Chapter, background concepts around interface design, specifically
usability and accessibility, were introduced to form the foundation of this thesis. The
limitations of research into this area were discussed in the context of the relationship
between accessibility and usability, accessibility of web-based systems, accessibility
of educational web-based systems, comparison of UCD-based studies and automated
tools-based studies, challenges posed to students with disabilities by university webbased systems and LMSs and factors affecting the implementation of accessibility in
educational systems. Developing web-based systems in accordance with accessibility
and usability principles might benefit users with disabilities or without disabilities.
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This chapter highlights the background concepts of current accessibility level on
educational web-based systems. This provides an overview to Chapter 3, which
presents the examination and assessment of state-of-the-art practical and theoretical
approaches to evaluating accessibility.
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Chapter 3: State-of-the-art Approaches to
Accessibility Evaluation
“Nothing is more intolerable than to have to
admit to yourself your own errors”
………………………………………………..
_By Ludwig van Beethoven, Deaf Musician

3.1

INTRODUCTION
The previous chapter explains the main concepts of accessibility and their effects

on web-based systems, particularly university websites including Learning
Management Systems (LMSs). This chapter discusses advanced theoretical and
practical work that has been conducted in the realm of accessibility evaluation.
3.2

ACCESSIBILITY EVALUATION METHODS
Creating fully accessible and inclusive web-based systems continues to emerge

as a priority for developers, practitioners and researchers. Developing HTML pages
that are accessible to users with disabilities is a key issue in conforming to the
principles of equitable access. Identifying the practical tasks related to the evaluation
of web-based systems is a principal step in effectively and efficiently addressing
accessibility barriers during the development process. Software quality models
(Fenton & Bieman, 2014) and the ISO 9126 Software Product Evaluation Standard
(Febrero, Calero & Moraga, 2016) highlight the key factors and criteria for evaluating
the quality of web-based systems. In these standards, quality encompasses
accessibility. The accessibility evaluation process for any web-based system is
typically based on guidelines and standards. It entails the use of automated evaluation
tools (AETs) and can take the form of expert evaluation, assessment based on the
experience of users with disabilities, relationship to user center design (UCD) theory,
quality evaluation of main content and evaluation of source code and quantitative
evaluation metrics. The process also considers disability characteristics and web-based
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system features. All these attributes ensure the reliability and efficiency of accessibility
evaluation.
The main goals of accessibility evaluation are to determine and report
accessibility problems so they can be resolved and thus improve the online experience
of users with disabilities. Several accessibility evaluation methods are available and
may be categorised as accessibility inspection methods and user tests (Dias et al.,
2012). Inspection methods often feature tests that are evaluated by a human expert;
users do not participate in this process. Examples of inspection methods are heuristic
evaluation, guideline review and cognitive walk (Bühler & Pelka, 2014). User tests
involve experiments in which the actual interactions of end-users with a system are
investigated. Examples of evaluations based on user experiences are IBM's computer
usability satisfaction questionnaires and SUMI (Baxter, Courage & Caine, 2015).
3.3

STANDARDS AND GUIDELINES
The standards that are most commonly used in international and university

contexts are WCAG 2.0 and Section 508 Self-evaluation. This section discusses the
mechanisms, guidelines, usage and shortcomings of these two standards.
3.3.1 WCAG 2.0
WCAG 2.0 stipulates guidelines for producing Web content that is accessible to
users with disabilities, including blind, deaf, hard-of-hearing and low vision
individuals; people with motor, language, cognitive, learning and neurological
disabilities; and the elderly. The guidelines generally address the key issues associated
with the disabilities described above. (W3C, 2019). WCAG 2.0 is designed through
the W3C process and deals with organisations and individuals in different locations. It
is aimed at the collaborative development of Web content accessibility standards that
meet the needs of a single user or organisations. The guidelines are intended for
international regulation and are an amendment to WCAG 1.0. WCAG 2.0 covers the
regulation of Web 2.0, such as mobile communication and social networks, and was
developed for application to current and future Web technologies and for testing with
a variety of automated testing and manual evaluation tools. Web accessibility not only
revolves around accessible content, but also encompasses accessible Web browsers,
user agents and authoring tools. WCAG 2.0 comprises three guidance categories.
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The first consists of principles that cover four concepts: perceivability, which
means that users must be able to perceive presented information; operability, which
means that users must be able to operate interfaces; understandability, which means
that users must be able to comprehend information and the operation of user interfaces;
and robustness, which denotes continued access to content with advanced
technologies, including assistive software and devices (W3C, 2019).
The second category contains 12 guidelines that cover an accessibility overview
that content creators should understand before publishing online content. This category
is a framework that is non-testable and regarded as an introduction to the third category
of guidelines. Success criteria indicate that each guideline should be testable; they
provide guidance as to the application of WCAG 2.0 to any web-based system for
which conformance testing is required. Three levels of conformance are tested: A
(lowest), AA (modest) and AAA (highest). Level AAA standards require the
satisfaction of all success criteria for a webpage to pass accessibility requirements for
individuals with disabilities (W3C, 2019).
The third category is comprised of techniques that are of a ‘sufficient’ and/or
‘advisory’ nature, which were developed and published by the WCAG working group.
The techniques are documented and organised into two categories: sufficient
techniques, which are intended to satisfy success criteria, and advisory techniques,
which go beyond what is required by individual success criteria and allow authors to
more effectively measure the guidelines (W3C, 2019).
WCAG 2.0 significantly influences the implementation of accessibility
principles and the realisation of best practices. Its effects are discussed in the academic
literature that covers system design architecture, Web design, measuring Web content
quality (including metadata), adaptive content design, subjective and objective
accessibility evaluation, authoring tool design and assistive technology development.
The implementation of WCAG 2.0 can be implemented based on practical experience
and on theory.
In practical implementation, WCAG 2.0 plays a significant role in identifying
initial system concepts and developing system plans and requirements for achieving
accessibility throughout design or system development (Power, Sharda & Burstein,
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2015). Most system development companies view WCAG 2.0 guidelines as target
criteria for accessibility and usability that should be applied in their systems.
However, The WCAG 2.0 standards were published in 2008, but numerous
software companies (e.g. Blackboard Inc. and Adobe Captivate) are still developing
plans that can help them conform to the Levels A and AA criteria of the standards
(Blackboard, 2019; Adobe Accessibility, 2019). Nevertheless, some enterprises (e.g.
Microsoft) have mentioned about the significance of levels A, AA and AAA criteria
for any enterprise (Microsoft Accessibility, 2019). WCAG 2.0 is also considered a
core standard in most AETs, such as AChecker (AChecker Adaptive Technology
Resource Centre, 2019) and Siteimprove, which helps web-based system developers
prioritise and manage the accessibility compliance of pages, including uploaded PDF
files (Accessibility, 2019). Auto evaluation methods are comprehensively discussed
later in the document.
In terms of theory-oriented implementation, WCAG 2.0 has been used as
reference in the design of system frameworks that are based on UCD and user
experience (Lowdermilk, 2013) and as an evaluation standard for recommendations
on adaptive user profiles and interfaces for people with disabilities (Akiki, Bandara &
Yu , 2015). Model-driven architecture (MDA) is combined with WCAG 2.0 in the
design of accessible web-based systems (Jemni, Laabidi & Ayed, 2014). Finally, the
guidelines are applied as part of quantitative metrics for measuring accessibility (Vigo,
Arrue, Brajnik, Lomuscio & Abascal, 2007). WCAG 2.0 is used in in the same way
that Section 508 (discussed in the following section) is generally adopted, but the
WCAG 2.0 exerts a stronger effect than Section 5.08 on theoretical and practical
implementation. WCAG 2.0 encompasses a wide range of accessibility issues, but it is
a deficient standard for examining the needs of people on the basis of their specific
disabilities, including combined disabilities (Kelly et al., 2009). It is also designed as
a universal standard that applies to all web-based systems or websites, yet the reality
is that accessibility priorities should vary from one system to another. In an educational
system, for instance, the priority of developers might be the development of accessible
authoring tools that also support the creation of accessible content, as well as the
accessibility of important educational files, such as PowerPoint, PDF and Word.
Conversely, in a commercial system, these components may be of lower priority.
Moreover, each web-based system is designed with functions that are specific to that
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system. To illustrate, the functions in an e-banking system considerably differ from
those in an LMS. A beneficial approach would be to amend WCAG 2.0 to include subcriteria based on the type of system and so measure accurately the accessibility of each
web-based system’s features and functions.
WCAG 2.0 has not been updated for more than 10 years. In the meantime,
organisations have been developing progressively complex web-based systems with a
variety of technologies. WCAG 2.0 is very HTML specific. Insufficient attention is
paid to common gateway interface (CGI), cascading style sheets (CSS) and JavaScript.
Misalignment therefore exists between newly emerging technologies and WCAG 2.0
standards. In addition, the W3C updated WCAG 2.0 in June 2018 to WCAG 2.1, the
main difference in the new version is improvement of accessibility for three prime
groups: users with low vision, users with cognitive or learning disabilities, and users
with disabilities on mobile devices (WCAG 2.1, 2018). This thesis focuses on users
with sensory disabilities, vision and hearing of which only the low vision group has
been considered. The new additions to WCAG2.1, including those that relate to low
vision group have been reviewed and some of the issues raised in this thesis have been
already taken into account. Regardless, most of the Automated Tests in use, were
created under WCAG 2.0 and so its limitations remain an important consideration of
our evaluation.
Moreover, each group with disabilities has specific characteristics and needs.
For example, blind users need descriptive text for an image, whereas deaf users require
descriptive titles for audio files. Accessibility standards would be more inclusive if
they contained success criteria and guidelines that are organised around disability
types. Consider the example of the criteria and guidelines in WCAG 2.0 that refer to
requirements for assistive technology and software, such as screen readers and braille
keyboards. Classifying these issues under relevant user categories is expected to
increase the application of WCAG 2.0. The guidelines also provide an imbalanced
treatment of individuals who commonly use assistive software and hardware. For
instance, they do not cover the principal accessibility issues encountered by voice
recognition software (VRS) users; one such problem is that these users cannot navigate
control buttons through direct voice commands. Finally, because WCAG 2.0 has been
a predominant standard for accessibility practice and theories, software companies,
developers and organisations tend to formulate plans only in accordance with this set
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of guidelines. They disregard the possibilities offered by other smart solutions, and fail
to consider stakeholder characteristics, WCAG 2.0 shortcomings and other
accessibility issues.
3.3.2 Section 508
The second most prevalent standard is Section 508 self-evaluation, which is the
US standard used to evaluate the accessibility of government and non-government
web-based systems or websites; it is based on a subset of WCAG 1.0 (Bradbard &
Peters, 2010). Section 508 comprises guidelines, checklists and supported documents.
Included in the standard is a questionnaire survey that consists of 25 closed-ended
questions with multiple-choice answers and 2 open-ended questions, totalling 27
questions. An evaluator can note down on the questionnaire the URL of the webpage
for which responses are collected. Data collection for the multiple-choice section
begins with gathering information about the purpose and location of a page, as well as
time of visit. This questionnaire highlights specific checkpoints, such as the evaluation
of alt text and the availability of captions for multi-media content, ease of navigation
within a page, the effects of JavaScript and CSS on page loading and browser speed.
Other checkpoints include the conflict between server- and client-side images, the
availability of descriptive texts and the evaluation of PDF accessibility.
The practical and theoretical implementation of Section 508 is briefly discussed
as follows. Section 508 has been used as reference in ensuring the accessibility of US
federal and public web-based systems or websites. Usage of the standard is expanded
to include implementation in many AETs, such as Accessibility Management Platform
(AMP) (Accessibility On Demand, 2019) and WAVE (Kasday, 2000). Section 508 is
also used as a development standard for numerous web-based systems, such as
Blackboard (Accessibility in Learn SaaS, 2018), and geographical information
systems, such as Esri (Esri and Section 508, 2019). Finally, it is used as a material for
training developers to design an accessible webpage (Ellis, 2014).
In terms of theoretical usage, Section 508 is used to design accessibility
frameworks for online banking, online reservations, mobile learning and social
networking (Barton, Bradbrook & Broome, 2015). It is likewise employed in the
design of quantitative metrics that numerally measure the accessibility of web-based
systems or websites (Vigo et al., 2007). Moreover, the standard is considered a basic
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step in the incorporating UCD theory into the design of new web-based systems or in
developing existing systems (Baxter et al., 2015).
Like any standard, Section 508 suffers from certain disadvantages. The selfevaluation questionnaire is written in technical language, and some terms may affect
the assessments conducted by evaluators with limited software knowledge and skills.
Insufficient attention is also devoted to VRS issues; as is the case with WCAG 2.0,
Section 508 focuses on screen reader issues. The questions do not cover the evaluation
of social network elements, which serve an important function in web-based systems.
Furthermore, a specific question is intended to assess the accessibility of PDF files on
a page, but none are devoted to frequently uploaded document files, such as Word,
Excel and PowerPoint files. The questionnaire is designed to evaluate a single page
rather than an entire web-based system or website. Examining an entire system and
determining whether accessibility compliance differs across system pages are
important aspects of evaluation. Additionally, the latest update to Section 508 was
carried out in 1998, thus resulting in misalignment between the coverage of the
questionnaire and rapidly developing web-based system technologies. Another
favourable approach to enhancing Section 508 is to organise the questions by
component type to facilitate end user evaluation. For example, questions related to
multi-media components and plug-ins can be arranged in separate sections. Finally,
incorporating open-ended questions in each section is advantageous because these
allow users to freely express their opinions regarding the accessibility of multi-media
content, navigation and other similar aspects.
3.4

AUTOMATED ACCESSIBILITY EVALUATION TOOLS (AETS)
The use of Web AETs or accessibility platforms is a popular practice. AETs are

heavily employed by evaluators because they facilitate the elimination of accessibility
barriers. These tools are automatic versions of accessibility standards, such as WCAG
2.0 and Section 508, and facilitate the conversion of paper-based guidelines to
automated formats. With the publishing of WCAG 2.0 and other standards, automated
tools have been even more extensively employed. This prevalence is attributed
primarily to the fact that adherence to the latest standards (e.g. WCAG 2.0) is meant
to be verified manually. In the absence of professional evaluators, organisations turn
to automated tools as essential indicators of web-based system accessibility (Vigo,
Brown & Conway, 2013). The acceptance of automated tools is rising because vendors
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commonly use the outcomes of these innovations as proof of compliance with
accessibility standards for customers who include accessibility in their consideration
of applications for purchase. Many AETs provide the necessary support to developers
through self-activated discovery and reporting of guideline violations; some of these
tools even provide recommendations on addressing violations or operating automated
resolution procedures (Leporini et al., 2006).
AETs are based on Evaluation and Report Language (EARL), which is a
machine-readable, platform-independent and vendor-neutral format that is grounded
in Semantic Web technologies; it serves as a robust data model for communicating test
outcomes (Abou-Zahra, 2006) and an absolute syntax that constructs test outcomes in
a standardised manner. These features enable users to employ AETs as a means of
alternating data in a vendor-neutral and platform-independent environment among
AETs, authoring tools, browsers or search engines. A usable syntax also provides
automatable outcomes for collection, collation and comparison for the purpose of
achieving potentially excellent performance (Mart & Yelmo, 2014). EARL facilitates
the use of well-established Semantic Web technologies because it is implemented as
an RDF schema that adds up to formal syntax. The vocabulary determined by EARL
in characterising test outcomes is a rich framework that provides inferences, queries
and mappings for incorporation into reports. Ontologies and rules can analyse and
prioritise test outcomes and possibly indicate additional evaluation outcomes in
different ways by running queries on reports. Moreover, EARL promotes automated
accessibility examination by providing tools for alternating data in open form. It
organises outcomes within different types of tools, thereby enhancing their
combination into an impeccably organised collection of massive data. EARL can be
processed with reference to ontological languages, such as DAML or OWL. It also
inherits the compatibility components of powerful RDF query languages, such as
RDQL or SPARQL. Given these remarkable properties, EARL is commonly expanded
in a way that enables users to apply generic quality assurance requirements to many
other domains (Abou- Zahra, 2006). Figure 3-1 shows a UML view of the core domain
model of AETs (Mart & Yelmo, 2014).
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Figure 3-1. Activity diagram showing the business process model for accessibility
evaluation (Mart & Yelmo, 2014).
An AET can be operated in accordance with or independently of WCAG 2.0 or
other standards; some tools support the application of diverse accessibility guidelines
and standards, whereas others are created with reference to specific guidelines (Mart
& Yelmo, 2014). Furthermore, the evaluation of accessibility can be done for a single
webpage, an entire Web-based system or website or a single document file. On this
basis, evaluation can be grouped into three categories: entire website or web-based
system evaluation, single-page evaluation and document file evaluation. Entire
website evaluation entails the use of a Web-based platform or software suite that is
designed to examine an entire web-based system. Evaluation results are presented in
report form, wherein recommendations on addressing the identified accessibility
issues are provided. This type of evaluation is commonly carried out by organisations
and companies and not by individual evaluators because it is a costly process. Its main
advantage is its provision of a custom progress report identifying accessibility issues
in a targeted system during a certain period so that the report satisfies an organisation’s
goal. Another advantage is that it provides details that support an organisation’s
initiative for designing an accessibility improvement plan and collecting data that
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increase developer awareness of accessibility problems. Some of the tools used in this
type of evaluation are AMP and Siteimprove. Single-page evaluation involves four
steps: selecting required guidelines or standards, providing the page URL or HTML
code as required by the respective evaluation tool, analysing webpage code against the
selected standards and generating an accessibility evaluation report. End-users can use
many single-page evaluation tools, each having distinct features but with mechanisms
similar to those of AChecker and WAVE. Table 3-1 provides a summary for
characteristics of a taxonomy of AETs.
However, an important requirement is to highlight the role of AETs and EARL
in accessibility evaluation. As mentioned above, these tools are remarkable methods
of testing accessibility, but they can generate results that include false positives or false
negatives, thereby failing to guarantee the accuracy of accessibility evaluation reports.
These tools are therefore highly practical only in initial evaluations and cannot be used
without an expert who can verify (for example) the accessibility of new digital
products or third-party applications (Acosta-Vargas, Luján-Mora, Acosta & SalvadorUllauri, 2018).
Table 3-1. Characteristics of a taxonomy of AETs.
Characteristics

A

B

C

D

E

AMP

√

√

√

Siteimprove

√

√

√

AChecker

√

WAVE

√

F

G

H

√
√
√

Characteristics:
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A.

Evaluate Single webpage

B.

Evaluate Entire website.

C.

Evaluate all uploaded documents on website

D.

Evaluate uploaded PDF documents on website

E.

Provide custom progress report for the entire website

F.

Provide instant report for single webpage

G.

Evaluate based on content quality assurance

H.

Provide attractive representation view of accessibility problems
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3.4.1 Accessibility Management Platform (AMP)
Accessibility Management Platform (AMP) is an example of a web-based
evaluation platform and was designed by SSB BART Group for the purpose of helping
organisations guarantee that the accessibility of web-based systems to users with
disabilities (SSB BART Group Mission, 2018). AMP reports enable organisations to
understand current accessibility status and compliance percentages, as well as develop
priority project plans for determining accessibility issues. The reports include
compliance level reporting, which delivers data on high-level conformance to project
stakeholders, such as product managers and Web administrators. At this level, data can
be used to easily identify key areas wherein an organisation lacks conformance. AMP
reports also include page-level diagnostic reporting, which provides detailed page-bypage reporting of issues that have been discovered during the testing process.
Additionally, AMP offers guidelines on how to address issues in-line, complete with
diagnostic details. Intelligent violation modelling is another component of an AMP
report. The model presents different perspectives regarding the overall list of
accessibility issues identified in a report. Finally, AMP can be used to evaluate the
accessibility of PDF files that are uploaded and published on web-based systems and
websites (Figure 3-2).
Figure 3-2. Example evaluation using AMP (SSB BART Group Mission, 2018).

3.4.2 Siteimprove
Like AMP, Siteimprove supplies organisations with a complete overview of
accessibility issues in web-based systems or websites. Added to the overview are clear
explanations of the effects of the issues on users and detailed recommendations on
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resolution strategies. Siteimprove not only diagnoses accessibility issues but also
extensively monitors an entire system to identify errors that are identified in the initial
analysis performed under the first suite of the Siteimprove service. This suite revolves
around content quality assurance and offers such solutions as finding and fixing broken
links and misspellings, aligning system content with policy standards and managing
search engine optimisation to attract visitors (Content Suite, 2019). Another suite is
the Web Governance Suite, which monitors and checks URL response times,
prioritises activities through insightful information on the individual webpages in a
web-based system, evaluates PDF files and identifies the popularly used documents in
a system (Figure 3-3) (Web Governance Suite, 2018).

Figure 3-3. Example of evaluation using Siteimprove (Content Suite, 2018).
3.4.3 AChecker
AChecker (AChecker Adaptive Technology Resource Centre, 2019) is a
software tool that analyses individual webpages for accessibility. It produces an
HTML, PDF, CSV or EARL report on all accessibility problems that are identified
using the guidelines selected by the tester. It detects three types of problems: known,
likely and potential errors. Known errors are those accessibility barriers that are
identified with certainty. Likely errors are ones that are classified as probable barriers
but require human intervention to make a definitive decision. Potential problems are
ones that AChecker cannot identify in terms of effect, thus necessitating human
intervention in decision making. The AChecker evaluation process is illustrated in
Figure 3-4.
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Figure 3-4. Example evaluation using AChecker (AChecker Adaptive Technology
Resource Centre, 2019).
3.4.4 WAVE
WAVE is a tool for single-page automated evaluation that helps users exercise
the human judgement essential in determining whether a webpage is universally
accessible to people with and without disabilities. It incorporates information accessed
by people who are blind (e.g. alt text, structural markup, reading order) into a
representation viewed by sighted people, flags audio content that requires equivalents
for the deaf and flags objects that require continuous motor control and equivalent
discrete access for people with motor disabilities (Kasday, 2000). These functions help
a user evaluate whether access by people with and without disabilities is functionally
equivalent (Figure 3-5) (Kasday, 2000).

Figure 3-5. Example evaluation using WAVE (Kasday, 2000).
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3.5

DOCUMENT FILE ACCESSIBILITY STANDARDS AND TOOLS
Document files are the learning materials most commonly used as a medium

through which teachers advance student achievement. At the same time, these files are
considerable influencing factors for the accessibility of educational web-based
systems, specifically LMSs. In what follows, we discuss the accessibility of PDF,
Word, Excel and PowerPoint files and the evaluation methods used to determine such
accessibility.
3.5.1 PDF accessibility tools and standards
The Portable Document Format (PDF) is the core file format of the Adobe
Acrobat suite of products. It enables users to interchange and revise automated
documents conveniently and reliably, as well as independently of the software in
which they were created. PDF files are created through a range of methods and
software programs and for a variety of objectives. Achieving the required accessibility
for a single PDF file necessitates understanding the features of PDF and its proposed
use. Adobe Acrobat XI Pro provides several tools designed to assist authors in
evaluating and resolving issues that affect accessibility. Examples are the Make
Accessible Action Wizard and Accessibility Checker. Accessibility checkpoints can
be implemented on existing or newly created PDF files. On an existing file, the
evaluation process begins with ensuring that a native document (e.g. Word) is
accessible. Many checkpoints can be applied as reference in determining whether the
software that underlies a native document supports accessibility. These checkpoints
include adding descriptive texts for images, defining structural headings, adding lists
and data tables and determining document language and titles. Converting a native
document into an accessible one involves little effort when changes are made to the
native document and the PDF document is revised. If, for any reason, an author cannot
modify a native document, compliance with accessibility can be enforced, but this
process requires more manual work.
The characteristics of PDF files vary depending whether they are determined in
line with WCAG 2.0, ISO/IEC 40500: 2012 or PDF/UA (ISO 14289-1). Acrobat's
security settings can be set to protect document content (preventing cut and paste for
example) while refraining from interfering with a screen reader’s function of
converting onscreen text to speech or braille format. Document structure tags in a PDF
file define reading order and identify headings, paragraphs, sections, tables, alt text
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descriptions for non-text elements and other page components. The accessibility
features in Adobe Acrobat and Adobe Reader can be categorised into two sets: One
set of features increases accessibility during the reading of PDF documents; examples
include read-aloud text-to-speech (TTS) conversion and support for screen readers and
screen magnifiers. The other set of features supports the creation of accessible PDF
documents, such as tools for creating accessible PDF forms and tagged PDFs from
authoring applications (Moore, 2009; PDF Accessibility Overview, 2019).
The PDF Accessibility Checker (PAC 2.0) facilitates the verification of PDF
accessibility. It is the first innovation that allows automatic testing under 108 test
conditions, which can also be evaluated automatically. The tool produces a detailed
report of a document and offers many evaluation facilitating features, such as visual
inspection of standard violations. A PAC 2.0 report contains three types of
checkpoints: passes, warnings and failed checkpoints (PDF Accessibility Checker
PAC 2.0, 2019). Although it is useful for evaluating single PDF files against standard
requirements, it is a basic tool that cannot automatically test remaining failure criteria.
The upshot is that evaluation will still require intervention from human experts. In
common with all AETs, PAC 2.0 cannot substitute an expert assessment of document
accessibility (Figure 3-6).

Figure 3-6. Example evaluation using PAC 2.0 (PAC 2.0, 2019).
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Given that most PDF documents are inaccessible to the community with
disabilities and do not adhere to PDF accessibility standards, such as PDF/UA (ISO
14289-1), members of those communities’ resort to assistive technologies (Drümmer,
2012). Experience with the Blackboard LMS confirms that one of the top complaints
from visually impaired students is the insufficiency of converting uploaded PDF files
into comprehensible formats. Uploaded documents should come with appropriate
headings and logical text organisation to ensure they can be adequately detected by
screen readers (Accessibility Features, 2018).
Numerous solutions are available for ensuring or maintaining the accessibility
of PDF documents; content creators can use WCAG 2.0, PDF/UA guidelines, Adobe
accessibility features, Siteimprove, AMP or PAC 2.0 Nevertheless, accessibility on
such documents remains a problem. From 2010 to 2012, Oswal (2014) tested 2000
PDF documents created for environmental science, sociology and computer software
design by using the JAWS screen reader. The author found that 90% of the documents
are inaccessible because of the extensive use of image-only PDFs, the failure to
formally identify the document language and the presence of security issues (Oswal,
2014). Nganji (2015) examined 50 articles each from Taylor & Francis Disability &
Society, Springer's Journal of Developmental and Physical Disabilities, Hammill
Institutes Disabilities / SAGEs Journal of Learning Disabilities and Elseviers Research
in Developmental Disabilities, which are all ISI Web of Science indexed journals
published from 2009 to 2013. The author evaluated the articles manually,
automatically and with screen reader software. He found that 97% of the articles are
missing alt texts for images, 95.5% do not include tags, only 13.5% present meaningful
titles, 67% use identifiable document language and 50% include bookmarks for
navigation (Nganji, 2015). Additionally, all the articles feature accessibility
permission, thereby enabling assistive technologies to interact with them, but 99.5%
do not support a logical reading order through heading structures (Nganji, 2015).
3.5.2 Microsoft Office accessibility features
The accessibility features and options in Microsoft Office 2013 are intended to
enable compliance with accessibility for Word and PowerPoint files so that individuals
with disabilities can easily use these files and content authors can create accessible
documents, presentations and spreadsheets. Office 2013 programs have an embedded
accessibility checker that scans entire documents or presentations to detect potential
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problem areas for users with disabilities. Authors can evaluate and fix their content
before finalising it. Another Office accessibility feature is the new Read Mode, which
enables a distraction-free reading experience. This functionality hides most of the
buttons and tools in Office documents so that authors can ensure logical reading
without distractions. A ribbon is provided in Office so that individuals do not have to
be dependent on a mouse and instead use a keyboard to quickly access all commands
in Microsoft Office programs. Equally beneficial is the “hear text read aloud”
command, which directs a computer to play back written text as spoken text; this
command is similar to the “Text to Speech” (TTS) function (Accessibility in Microsoft
Office 2013, 2016). Figure 3-7 highlights the most practical accessibility features in
Microsoft Office 2013.

Figure 3-7. The most practical accessibility features in Microsoft Office 2013
(Accessibility in Microsoft Office 2013, 2016).
The accessibility checker in Word and PowerPoint categorises accessibility
issues into three types: errors, warning and tips (Rules used by the Accessibility
Checker, 2019). However, MS Office accessibility features do not cover the needs of
all groups with disabilities. The features are oriented towards blind and deaf users
through screen reader and voice recognition functionalities. These features are built on
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basic rules for simple documents, spreadsheets and PowerPoint files, and no
consideration has been made of complex content that contains many objects, such as
labels and functions. The accessibility features of MS Office can be enhanced by
incorporating rules that check errors against assistive software requirements. MS
Office includes a feature that creates tags for producing accessible PDFs, but PDF files
have many other checkpoints that should be satisfied for such documents to be fully
accessible. Furthermore, most of the accessibility features and rules align with Word
files; there is a need to incorporate features and rules that are specific to Excel and
Power- Point functions. The Microsoft Office package contains many applications that
advance accessibility, but it requires improvement in applications other than Word and
PowerPoint. Some features are compatible only with Windows, specifically Windows
8 and 10. The accessibility features in the OS and Microsoft Office package indicate
that inadequate attention development is paid to compliance with international
standards, such as WCAG 2.0.
3.6

SUBJECTIVE EVALUATION
A comprehensive approach to ensuring the reliability and efficiency of

accessibility evaluation is one grounded in both subjective and objective methods
(Pipino et al., 2002), guidelines and standards, AETs, expert evaluation, users with
disabilities characteristics, UCD for communities with disabilities, web-based system
features, quality evaluation of main content, source code mining and quantitative
evaluation metrics. The following sections discuss sophisticated approaches that may
be used to conduct subjective accessibility evaluation.
3.6.1 Data quality assessment
Data quality assessment is a core step in any accessibility development plan.
Ensuring data quality in web-based systems or websites for all users affects the
implementation of accessibility and usability standards. Research has demonstrated
that data quality is a multi-dimensional concept, it follows that there are one or more
tests relating to each dimension that might be combined to gain a comprehensive view
of quality. (Otto, 2015). The best way to measure the quality of data or content is to
deal with both the subjective perceptions of web-based system users and objective
measurements (Pipino et al., 2002). Subjective data quality assessment is based on the
needs, characteristics and experiences of principal stakeholders as they interact with a
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web-based system. Questionnaires and observations are the most frequently adopted
methods of measuring stakeholder perceptions regarding data quality dimensions.
These methods are used in practical and theoretical projects (Pipino et al., 2002).
Pipino et al. (2002) considered accessibility a part of the data quality dimensions that
they proposed (figure 3-8). The authors define accessibility by data quality assessment
as “the extent to which data is available, or easily and quickly retrievable” (Pipino et
al., 2002, p. 2). The availability of data in a form that is accessible to all users is the
core dimension that affects the quality of data in a web-based system.

Figure 3-8. Data quality dimensions (Pipino et al., 2002).
Practical evaluation involves the application of subjective and objective metrics
in improving the quality of data in web-based systems. Pipino et al. (2002) presented
three main steps in such evaluation (Figure 3-9):
1. Implementing subjective and objective data quality evaluations
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2. Comparing the outcomes of the evaluations, distinguishing discrepancies and
locating the sources of discrepancies
3. Identifying and taking necessary actions for improvement
Analysis should proceed with a separate evaluation for the subjective and
objective phases of a specific dimension. Results are then generated from the
comparison of the two phases. Figure 3-10 illustrates the organisation of evaluation
outcomes (quadrant form). The practice advocated by Pipino et al. (2002) confirm that
a one-size-fits-all set of metrics is not an ideal solution to accessibility problems.
Evaluating data quality is an ongoing process that necessitates awareness of the
essential principles that are implicit in the evolution of subjective and objective data
quality metrics. The Pepino et al (2002) model is an effective approach that unifies
user needs with objective evaluation metrics.

Figure 3-9. Data quality assessment in practice (Pipino etal., 2002).

66

Chapter 3: State-of-the-art Approaches to Accessibility Evaluation

Figure 3-10. Subjective and objective evaluations (Pipino et al., 2002).
User Centred Design (UCD)
Another evaluation requirement for a web-based system is that it must determine
whether the system satisfies both the provisions of a contract or standard and whether
it satisfies user needs. To understand the requirements for a system, evaluators should
involve end-users, including those with disabilities, in assessment. These needs are
identified by data collection from questionnaires, interviews, prototype testing,
ethnographic studies, case studies and observable experiments (Dias et al., 2012). An
approach that focuses on user needs is the user centred design (UCD) method, it is
primarily directed towards designing systems that optimise user satisfaction. It just so
happens that the elements of quality in the framework can be used as a design (before
building) or evaluation (after building) tool. This orientation was introduced in
research on human computer interaction and experience design. User experience is
generally defined as centring on all aspects of the user's interaction with the product:
how it is perceived, learned, and used (Norman, 1998).
UCD is a term of broad scope that encompasses the design process, in which
the needs, limitations and demands of end-users for an interface are extensively
considered throughout the entire design development (Abras, Maloney-Krichmar
Preece, 2004). Significantly, UCD combines the needs of systems and end-users, then
determines strategies that can be employed to satisfy all objectives. A range of
strategies emerges when user needs and system objectives are translated into specific
requirements for the content and functionality that a system presents to end-users
(Garrett, 2010).
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ISO 9241-110: 2010 (Clause 2.15) defines user experience as an individual’s
perceptions, which are delivered as feedback on the usage of and/or interaction with a
product, system or service. This formal specification is supplemented by other
explanations: an examination of user experience determines how a person feels about
using a product, that is, the experiential, affective, significant, usable and valuable
aspects of usage (ISO DIS 9241-210: 2010). UCD effectively solves accessibility
problems and highlights system issues from a user’s viewpoint. Many studies illustrate
the importance of employing a user satisfaction method in developing, evaluating and
testing software or systems. To measure accessibility, Jaeger (2006) used multidimensional methods, such as automated testing, policy analysis, user testing and a
Web developer survey. The author demonstrated that a user-centred method or user
testing is the most influential approach to measuring the depth of accessibility issues
in websites. User testing also addresses some of the shortcomings of auto-testing
evaluation via (for example) an AET. It measures the effects of accessibility solutions
on a system and thereby ensures full accessibility and usability. Villena (2014) used
the UCD method to evaluate barriers to video accessibility on the Web and designed a
solution that reduces these obstacles and improves video viewing tasks in terms of
usability. Significantly, an evaluation of the effects of learning systems on the learning
process differs from an assessment conducted on other systems, such as e-commerce
or banking systems. Scientific rigor and curricula are considerably more important
than other domains; thus, a central requirement for UCD is that quantitative outcomes
and reliability are often emphasised in the learning context (Roto, Obrist & Vn-VainioMattila, 2009).
Adopting a combination of evaluation methods is essential because no single
method detects all accessibility problems. Such combination increases the accuracy of
measurement and might identify previously undetected accessibility issues (Pipino et
al., 2002). The UCD method underscores the significance of a multimethod approach,
which enables a researcher or developer to decide what accessibility measurement
methods work well together and how data from different sources are effectively
collected, measured and analysed. According to Vermeeren et al. (2010), a researcher
or developer can compare the results derived from the data gathered through multiple
evaluation methods, identify discrepancies and determine the root causes of the
discrepancies (Pipino et al., 2002).
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An equally important challenge in developing an accessible system is
determining what standards to comply with, what methods to deploy and what changes
to apply (Bundrick et al., 2015). Using the UCD method will help a developer prioritise
standards and issues on the basis of feedback provided by core users, decide on
important initial and subsequent changes and select the standards or guidelines and
evaluation tools that best address issues that are associated with users with disabilities
characteristics and needs, learning resources, system functions and tasks. Usability
evaluation methods that are designed to measure usability from a user perspective in
the form of a survey questionnaire are analysed in the following sections.
The software usability measurement inventory (SUMI)

Figure 3-11. SUMI subscales.
The SUMI questionnaire is the de facto industry standard for analysing user
responses to software applications delivered via the Internet or desktop software. IT
solutions have been used to measure the perceived quality of use for software, the
performance of newly produced software during evaluation, compare software
programs or their versions and to establish targets for future software development.
SUMI is grounded in a usability concept whose definition is drawn from IS0 9241. It
is used to evaluate many software packages and systems, such as word processors,
spreadsheets, CAD and graphics, travel reservation systems and onscreen help systems
(Kirakowski, 1996). The SUMI questionnaire consists of 50 statements and five
general questions, some of which are open ended in nature. The SUMI analysis process
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is based on a key global scale and five other subscales, namely, efficiency, effect,
helpfulness, control and learnability (Figure 3-11) (Background Notes on the SUMI
Questionnaire, 2016). The questionnaire highlights numerous criteria, including time
limitation, ease of use, information organisation, clarity of error massages, easy of
recovery after mistakes, quality of interface and general satisfaction. SUMI has been
used to measure the usability of accessibility solutions for e-learning systems (Debevc,
Povalej, Verlic & Stjepanovic, 2007) and the development of adaptive accessible
learning materials (Debevc, Stjepanovic, Povalej, Verlic & Kokol, 2007). The
drawback to the instrument is the presence of leading negative and positive statements;
that is, the statements are phrased in a way that may encourage agreement,
disagreement or undecided responses, instead of motivating truthful responses to
questions. SUMI also focuses on evaluating usability and minimally regards
accessibility as a criterion. Nevertheless, if we consider usability a component of
accessibility, some SUMI attributes may be useful in measuring the usability of
accessible solutions to the content accessibility problems experienced by users with
disabilities.
IBM’s computer usability satisfaction questionnaires
IBM’s computer usability satisfaction questionnaires are subjective usability
instruments. The IBM group developed the questionnaires to measure user satisfaction
with system usability through the application of psychometric methods (Lewis, 1995).
A questionnaire consists of 19 statements, which are rated by participants on a 7-point
scale. The questionnaire covers many important usability issues, such as general
satisfaction, effective task completion, clarity of online help, ease of learning, ease of
navigation and comprehensibility of information. SUMI and IBM statements are
similar in that they measure the usability of systems, but the IBM questionnaires lack
some aspects that are considered in SUMI. These include user needs, an in-depth
exploration of users’ perceptions and the quality of imported and exported files. The
extensive use of IBM questionnaires to measure the usability of accessible systems is
well-documented in the literature (Ntoa, Savidis & Stephanidis, 2004; Kartakis &
Stephanidis, 2010; Hersh & Leporini, 2012). Despite their value, however, IBM
questionnaire concepts alone cannot cover all usability issues that decrease the
accessibility of specific systems to target groups with disabilities.
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3.7

HUMAN EVALUATION
WCAG 2.0 guidelines were created under the assumption that expert evaluation

is completed by developers in the process of complying with the requirements
stipulated by checkpoints. Consequently, the evaluation and accuracy of developed
accessible webpages are directly associated with a developer’s level of experience.
Understanding known and potential accessibility problems is expected to enable
developers to create web-based system webpages that are characterised by enhanced
accessibility and data quality.
Bailey, Pearson and Gkatzidou (2014) compared the reliability of accessibility
evaluations that are carried out by novices and experts. Their findings indicate that
expert evaluations are 76% reliable, whereas novice assessments are 65% reliable. The
study partially supports the importance of expert evaluations in resolving the
shortcomings of AETs.
Expertise is considered a high priority in accessibility evaluations; it is
paramount to the successful verification and application of WCAG-based techniques
because the involvement of experts ensures thorough knowledge of accessibility issues
(Yesilada, Brajnik & Harper, 2009). Nonetheless, expert evaluation may contain
inaccurate assessments or miss accessibility problems in webpage analysis and thereby
cause ambiguity in human evaluation (Brajnik, Yesilada & Harper, 2010). A possible
solution to reducing inaccuracies from human evaluation and reducing time and effort
would appear to be supporting it with AETs (Luján-Mora& Masri, 2013). The use of
AETs can be carried out as an initial stage of assessment.
3.8

OBJECTIVE EVALUATION
AETs, WCAG 2.0 standards, quantitative metrics and source code mining are

categorised under objective evaluation. This section is devoted to a review of the
literature on these methods and the application of related concepts.
3.8.1 Quantitative metrics
The web and software engineering field use specific methodologies, models and
techniques for web-based system development, whose chief goal is to create highquality products within any web-based system or website. A quality assurance process
is therefore fundamental to such development. The necessity of quality assurance gives
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rise to the need to design and implement metrics, methods and quality models
throughout web-based system development. Web accessibility is typically treated as a
sub-attribute in many development plans, but it needs to be carefully measured to
guarantee usability for all stakeholders. For this purpose, quantitative metrics are
required so that usability and accessibility attributes can be accurately and reliably
evaluated. Both variables are prerequisites to quality assurance development plans.
Web-based system or website usability and accessibility should be guaranteed across
the different phases of the Web application life cycle. Ranking the accessibility of the
webpages in a web-based system may also advance the examination of the effects of
changes or updates to system functions and content. Quantitative metrics are beneficial
standards for measuring and ranking webpage accessibility (Vigo et al., 2007).
Functionality, reliability, usability, efficiency, maintainability and portability are
the core software quality characteristics indicated in ISO 9126 (Febrero et al., 2016).
As shown in Figure 3-12, usability and efficiency factors consist of accessibility
attributes as subcomponents. Any accessibility barriers to specific system functions
are regarded as corresponding to system failure, as indicated in the formal definition
of software failure. Developers or authors may introduce accessibility problems, which
then cause system failure. For most accessibility problems, resolution will not lead to
an instantly improved system accessibility rate. High accessibility can be said to have
been accomplished when a small proportion of accessibility problems that lead to
frequent failures are eliminated. For example, the absence of alt texts for non-text
elements is the most frequently encountered accessibility problem in web-based
systems, including educational systems; finding efficient solutions to eliminating this
issue will increase accessibility rates (Fenton & Bieman, 2014).
Accessibility problems are contributory to system failure. Defect density
measurement is widely used to determine system quality. Considering defect density
measurement while evaluating the accessibility of the webpages in a web-based system
is importance because it involves calculating the number of accessibility errors and
dividing this by the number of evaluated webpages; such feature increases the accuracy
of accessibility evaluation (Fenton & Neil, 1999).
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Figure 3-12.Software quality model (Fenton & Bieman, 2014).
Increasing attention has been paid to designing and implementing metrics in the
measurement of web-based system accessibility. Guidelines and standards serve as
important sources of knowledge that advance the design, implementation and
evaluation of webpage content, with consideration for elements such as the
presentation of images, videos and audio files. Quantitative evaluations of web-based
system accessibility involve the use of metrics, and different metric-based studies have
been performed to illuminate barriers to use and potential problems, among other
topics (Dias et al., 2012). As previously stated, web-based system accessibility
evaluations may be regarded as quality attributes for core development plans. Every
web-based system accessibility development project is characterised by particularities,
and the design of web-based system accessibility metrics is best carefully aligned with
projects aims and requirements (Dias et al., 2012). Moreover, accessibility
measurement is helps to recognise, observe, predict and control the accessibility
development for a system (Asakawa, 2005). The goal of measurement is to employ a
set of metrics based on guidelines, standards and procedures for collecting and
analysing data on accessibility attributes (Freire, Russo & Fortes, 2008). When done
correctly, continuous measurements of a system's quality attributes and functions can
provide a fundamental baseline for improvement plans. Table 3-2 shows symbol
standards used in below metric formulas.
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Table 3-2. Symbol of Metric formulas (Freire, Fortes, Turine & Paiva, 2008).
Symbol

Definition

M

Number of accessibility problems on a webpage

P

Number of potential problems on a webpage

W

Accessibility problem weight

NG

Number of evaluated webpages

NT

Number of tests

FR

Failure rate

Sullivan and Matson (2000) were the first to propose continuous accessibility
measurement as and advanced approach, in which accessibility is evaluated on the
basis of grading instead of a dichotomous method, which is grounded in conformance.
In this measurement, the ratio between potential and actual points of failure is
calculated. The benefit of such a metric lies in its simplicity; easy interpretation; and
normalised, quantitative and absolute results (Brajnik & Lomuscio, 2007). The
formula used in the metric is
𝑓𝑟𝑝 =

𝑀𝑃
𝑃𝑝

The problem with Sullivan and Matsons’ (2000) work is that it did not discuss a
detailed calculation of continuous metrics. Instead, the authors ranked web-based
systems or websites under four accessibility levels: highly accessible, mostly
accessible, partly accessible and inaccessible. This approach does not differentiate
error types. Furthermore, under a large set of checkpoints, the formula is aimed at
obtaining a 0 value, which reduces an evaluator’s ability to discriminate among webbased systems that are fully accessible. A numerical metric with continuous values
would provide better discriminating power and promote a scientific approach to
accessibility issues.
Parmanto and Zeng (2005) developed a quantitative metric based on WCAG
checkpoints and used that metric to evaluate Web pages on a large-scale. The authors
evaluated top medical journal websites and compared the Web accessibility of the sites
in a longitudinal study. The validity of their metric was examined using a significant
number of webpages and with consideration for the different levels of compliance with
WCAG 2.0. In their formula, the input parameters are the total number of pages in a
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web-based system, the total number of accessibility problems, potential errors on a
page and error priority. Using these features, the metric created a predetermined,
simple weighting scheme similar to the complex C5.0 machine learning algorithm,
which breaks down website accessibility into different rating classes. This metric is
beneficial only in ranking webpages according to accessibility. A high Web
Accessibility Barrier (WAB) score corresponds to low accessibility, but WAB yields
complete quantitative values that are not normalised. Additionally, Parmanto and
Zengs metric is based on conformance and considers the priority level of checkpoints;
higher priorities alleviate corresponding failure results. Another shortcoming of the
metric is that it examines the accessibility output for one webpage; it cannot be used
as an accessibility reference because it does not specify boundaries for valid or invalid
accessibility levels (Vigo et al., 2007). Furthermore, the metric was not taken into
account the characteristics of groups with disabilities or prioritise checkpoints on the
basis of their needs. The WAB score in Parmanto and Zeng's work is calculated thus:

𝑊𝐴𝐵 =

𝑀
∑𝑗=1 𝑁𝐺 ∑𝑖=1 𝑛 ( 𝑖𝑗 ) (𝑊𝑖 )
𝑃𝑖𝑗
𝑁𝐺

Nietzio, Strobbe and Velleman (2008) developed the Unified Web Evaluation
Methodology (UWEM), which is based on WCAG and covers checkpoints under
priority 1. UWEM provides a collection of test procedures with viability criteria and
recommendations on the size of evaluation samples, sampling methods and reporting
options that are adapted to meet evaluation aims. This approach enables the calculation
of assessments for different disability groups, with specific focus on how severity
values for the groups can be rated. It likewise presents good interpretability,
repeatability and comparability of results within a range of values instead of restricting
ratings from 0 (inaccessible) to 1 (accessible). The limitation of UWEM lies in its
neglect of the scalable complexity of an evaluated e-system resource. The aggregation
includes only one error for each checkpoint, and no option is available for displaying
how an error is determined in cases wherein many errors are associated with one
checkpoint. The equation used in UWEM evaluation is
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𝑛

𝑀𝑝𝑗
1
𝑈𝑊𝐸𝑀 = ∑ 1 − ∏(1 −
𝑊)
𝑛
𝑃𝑝𝑗 𝑏
𝑗=1

𝑏

Bühler, Heck, Perlick, Nietzio and Ulltveit-Moe (2006) combined different
methods of interpreting and aggregating the outcomes generated by AETs. They
developed a novel aggregation method that is based on UWEM 0.5 for evaluators to
be able to handle large-scale results on webpages. They used a continuous range of
values with a discriminative power higher than that exhibited by a binary pass-fail
value. They also considered the size and complexity of a web-based system. Their
approach presents unique interpretability, repeatability and comparability of results,
which cover the circumstances specific to different groups with disabilities.
Additionally, it assesses accessibility through combined manual and automatic
evaluations. The authors designed an estimation severity method, simple heuristics and
a user model, all involving people with disabilities to ensure that evaluations cover the
requirements of people with different disabilities. Its disadvantages are that it does not
offer suggestions on how to reliably assess error rates and effects on users. The authors
assigned a fixed value to severity weight, but a more efficient approach would be to
ascribe a scalable weight that is based on user opinion. The equation used by Bühler
et al. are as follows:
𝑛

𝐴3 = 1 − ∏(1 − 𝑊𝑖 )((𝑀𝑖 /𝑃𝑖 )+ (𝑀𝑖 /𝑀𝑝 ))
𝑖=1

Vigo et al. (2007) created the Web Accessibility Quantitative Metric (WAQM),
which is automatically acquired from the reports generated by AETs. The goal of
validation is to demonstrate the independence of metric results from the output of
different tools. The authors designed the metric to solve critical accessibility metric
issues through strategies such as covering all aspects of Web accessibility. This
coverage was motivated by the fact that certain metrics are designed for a given
disability group or compatible only with some guidelines. Other metrics cannot be
used in empirical validation that is carried out in conjunction with human manual
evaluation. In developing WAQM, Vigo et al. used WACG 1.0 guidelines and two
automated tools, namely, LIFT and EvalAccess, but the authors did not explain
whether the validity of the metric was assessed against another set of guidelines.
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Unlike UCD evaluation, their approach does not involve user engagement in the
assessment process. The metric is also universally applicable to all web-based systems
or websites, a feature that disregards the effects of system functions and features on
accessibility results. Additionally, the metric is deigned to evaluate all groups with
disabilities in a uniform manner, which ignores the different priorities given to
different accessibility attributes from one group to another. Such effects, in turn,
influence evaluation results. The authors use of two different automated tools to
evaluate the same checkpoints, which produces a considerable quantitative difference
between variables, thereby casting doubt on the reliability of accessibility results. They
did not indicate the error rate of the automated tools that they used or provide a means
to integrate automated and manual evaluation methods.
Brajnik and Lomuscio (2007) presented the Semi-automatic Method for
Measuring Barriers of Accessibility (SAMBA), a new methodology and metric
associated with accessibility evaluation that combines expert testing with automated
web-based system assessment. The method facilitates understanding of how accessible
a web-based system is to a specific disability category. They used LIFT as the AET
and WCAG 1.0 as the evaluation guideline. The authors examined their metric and
methodology over 1500 webpages on various web-based systems, and their outcomes
are concentrated on accessibility rather than conformance. The method enables
integration between automatic evaluations of large and dynamic websites and human
judgement. The purposes of human judgement are to identify the error rate of
automated tools and allocate severity scores to sampled barriers. An issue of concern
in the study is that it did not investigate the effects of changes to automated tools on
accessibility indexes. SAMBA considers only false positives as an error committed by
a tool, thereby providing incomplete data (e.g. missed problems during evaluation).
The weighted accessibility index method put forward by the authors has not been
evaluated against a web-based system with known accessibility.
The goal of using quantitative metrics is to accurately measure the accessibility
of web-based systems or websites. The quantitative nature of such measurement is
significant for a number of reasons. First, it can promote user perception of webpages
in general. Second, it allows evaluators to measure current Web accessibility for
specific web-based systems, compare this with the accessibility of different web-based
systems and document the accessibility rates of a specific web-based system in a
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predefined period. Third, a persistent numerical measure can serve as an excellent
alternative to current dichotomous measurements of accessibility; quantitative metrics
also serve as a foundation for more advanced statistical analyses intended to measure
the overall accessibility of large-scale web-based system pages (Bühler et al., 2006;
Freire, Fortes, Turine & Paiva, 2008). A precise measurement scale for accessibility,
as opposed to using only decline-and-accept validation, is important (Vigo et al.,
2007). Defining quantitative metrics is a significant step towards overcoming the
problems in accessibility evaluation (Olsina & Rossi, 2002).
Freire et al. (2009) discussed the effects of various aggregation approaches on
the range of rates generated by metrics and rankings of web-based system pages. The
authors observed that the approaches yield different results that can be used for
comparison purposes. Probing the manner in which user data is employed is important
because this increases the accuracy of accessibility evaluation. Using a UCD approach
as support for quantitative metric-based assessment, for example, involves the
application of user-derived weights to determine the effects of the overall behaviour
of a metric.
Certain drawbacks that are common to state-of-the-art accessibility evaluation
metrics should be examined by researchers and developers. First, such metrics exhibit
a deficiency in normalisation (e.g. method of webpage selection). Second, they
inaccurately determine accessibility goals. Third, they highlight the role of each
evaluation method used, thereby giving rise to the need for human intervention to
minimise AET errors. The lack of a method for converting numerical data into valuable
conclusions regarding accessibility issues further constrains the application of metrics.
Fourth, the evaluation of web-based systems with accessibility evaluation metrics is
geared towards a specific group with disabilities. Fifth, such metrics diminish the
effects of conformance on measurements of accessibility because other criteria that are
based on system features and user needs are adopted. Sixth, using metrics in evaluation
necessitates the identification of the best method for determining the validity of the
metrics used; such validation is conducted by comparing the results of a metric within
different algorithms or datasets. Finally, metric-based evaluation requires finding a
superior method of prioritising accessibility issues on the basis of user needs and
system features (Brajnik & Lomuscio, 2007).
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In many software and system evaluation fields, researchers confirm that no
single set of metrics fits all types of projects (Nagappan, Ball & Zeller, 2006), but
designing quantitative metrics to measure accessibility is a significant foundational
step. Metric results can be compared with the outcomes derived from subjective
evaluation methods. The findings can then be used as basis in developing the best
method for assessing content accessibility.
3.8.2 Applying Data mining techniques on accessibility
Mining HTML attributes in HTML code is a key technique that enables
developers to map problems for later resolution of accessibility problems (Williams &
Hollingsworth, 2005). Capitalising on this technique as a means of evaluating webpage
accessibility may decrease accessibility problems. Moreover, mining techniques of
Source code attributes and elements involve the evaluation of source codes and the
improvement of code quality by reducing the number of bugs or failures in a code
(Williams & Hollingsworth, 2005). Nagappan et al. (2006) put forward an approach
that identifies the software or system components that are most likely to fail and
therefore require developer attention. The authors applied a combination approach to
creating accurate failure predictors, mined the archives of the major software systems
in Microsoft and mapped their post-release failures back to individual entities. They
then calculated standard complexity metrics for these entities. Through principal
component analysis, they determined the combination of metrics that best predicts the
failure probability of new entities within their project. Finally, the authors delved into
whether such metrics, developed on the basis of previously identified failures,
effectively predict problems in the entities of other projects, including those without a
failure history. Source code mining is a key technique that enables developers to map
problems for later resolution in a code. Capitalising on this technique as a means of
evaluating web-based system or webpage accessibility may increase accessibility
rates.
Machine learning and data mining techniques are viewed as promising
approaches to evaluating and improving accessibility (Bigham, Kaminsky, Ladner,
Danielsson & Hempton, 2006). Accordingly, Bahram, Sen and Amant (2011)
presented a Web content evaluation approach that is based on data mining algorithms.
The authors examined three datasets: academic pages, mostly non-academic pages and
commercial pages that contain features accessible to visually impaired users. They
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used three classifiers, namely, a decision tree, a Bayesian network and a support vector
machine, to categorise examined webpages as accessible or inaccessible. They then
created classifiers for each of the datasets by using the accessibility category of the
webpages as the target. The Bayesian network classifier averaged a true positive rate
of 80% for the academic dataset. The authors devised a foundation for implementing
source code mining using machine learning algorithms to evaluate the accessibility of
Web content in web-based systems. Similar to the previously discussed studies,
however, the work of Bahram et al. has noticeable limitations. They examined a small
sample of webpages and did not detail the criteria that they used to categories
webpages as accessible or inaccessible. Finally, they limited their method to a specific
classifier, which may have negatively affected the selection of accessibility features
(Bahram et al., 2011).
Moreover, Zhang, et al (2017) applied Active-prediction casts using building
learning models for each checkpoint in accessibility evaluation. They used the SVM
classification only to predict the accessibility outcome. (Zhang, et al,2017). Although,
they used one mining algorithm which is the SVM classification. Their prediction
outcomes were based on binary numbers 0 and 1 only. They applied each model for
each type of checkpoint. It would be interesting to apply a model to predict the
outcomes of all kind’s types of checkpoints. Despite these shortcomings, using source
code mining as a means of evaluating accessibility may nonetheless raise accessibility
rates, specifically when it is adopted as a validation to other accessibility evaluation
methods.
3.9

MULTI-METHOD ACCESSIBILITY EVALUATION
As previously asserted, considering the limitations of various individual

methods, improvements can be realised through multi-method accessibility evaluation
to measure accessibility and design development plans for specific web-based systems,
such as university systems, because accessibility is a complex, multi-faceted issue. A
single method cannot guarantee an improvement in accessibility rate, and many studies
indicate the essentiality of combining methods to achieve excellent results. Some
studies, however, advocate the combination of only qualitative methods, thus
disregarding the remarkable possibilities that metrics offer to ensure objective results
and enable the performance of multiple tasks.
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Masri and LujMora (2011) proposed a systematic, combined agile-accessibilityevaluation method based on both qualitative and quantitative evaluation approaches.
They generated analytical evaluation and empirical user test methods, and their chosen
metric (i.e. WAB) was used to objectively summarise findings and enable the use of
the method to highlight all evaluation stages, namely, validation, certification and
comparison. The analytical methods are organised by their effectiveness in identifying
a range of different issues for diverse groups with disabilities. The method is, however,
criticised for the impositions that it exerts on skilled evaluators and for failing to
discriminate between influential and uninfluential accessibility issues (Brajnik, 2008).
The analytical methods also exhibit methodological shortcomings in cases wherein the
riskiness of specified accessibility issues is qualified (Petrie & Kheir, 2007). A
comparison of automatic tools yields irreconcilable outcomes (Thatcher et al., 2006).
Experimental methods are similar to analytical methods in that they are designed
to evaluate the accessibility of web-based systems, but the experimental methods are
oriented towards hidden accessibility errors during real-time evaluation (Masri &
Lujan, 2011; Fernandes, Batista, Costa, Duarte & Carri 2013). Many studies (G-Martz
Linaje et al., 2015) have shown that experimental methods and UCD tests provide a
unique direction in revealing inaccuracies and rectifying the most critical problems
faced by users with disabilities during their interaction with systems. Using UCD as
an evaluation method may pose a challenge because it requires an appropriate number
of participants with disabilities (Babu, 2015). Meanwhile, quantitative metrics, such
as WAB, UWEM, A3 and WAQM metrics, are used in large-scale evaluation
processes and have yielded strong correlation between results (Masri & LujMora,
2011). Nevertheless, no single metric can comprehensively match the evaluation
requirements of all web-based systems; one metric that is effective in one case may be
ineffective in another (Vigo et al., 2007). The needs of users with disabilities and
system features both affect the design of evaluation metrics.
In the light of the arguments above, it makes sense that human expert evaluation
alone, also cannot constitute consistently accurate evaluation. One way of obtaining
reliable results is to gain an overview of the accessibility status of numerous webbased systems or websites through manual evaluation by evaluators or users with
disabilities, although this approach is often deemed excessively time-consuming and
costly (Bühler et al., 2006). In this case, human judgement is important but requires
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supplementation by AETs. Human evaluation also efficiently probes into a specific
component of accessibility barriers for specific system functions.
Just as human expert evaluation by itself is inefficient, using AETs without
support from other evaluation approaches yields inaccurate findings. Automated
evaluation is sufficient if the purpose of evaluation is acquiring a general idea about
web-based systems accessibility. Automated tools assess a web-based system or
website against common guidelines, and delivers a report on accessibility issues and
recommendations on solutions. Some tools provide auto-fix options, as discussed in
the previous section. However, the evaluation reports generated by AETs present
limited value to users with disabilities or to regulation makers. Regulation makers are
specifically concerned with issues such as how accessible a web-based system is for a
certain group with disabilities, how accessible it is compared with previous versions
or with other web-based systems, how content type and the main features of an webbased system affect accessibility rate, how the availability and accuracy of
accessibility solutions affect the accessibility of web-based systems and the lives of
users with disabilities and also how files that are uploaded into web-based systems
influence accessibility rate. An approach that epitomises conformance, such as
methods based on WCAG 2.0 (Level A, AA or AAA standards), cannot address these
issues. A useful strategy therefore is to evaluate a specific web-based system instead
of using a quality measure that is oriented towards comparison and grading (Bühler et
al., 2006). AETs and guidelines cannot resolve the lack of user validation without
supporting evaluation approaches, such as source code mining (Bahram et al., 2011).
The ideal outcome would be for an evaluation metric to lead to minimised
inaccuracies in results a goal that can be achieved by using superior sampling methods
in the selection of systems for measurement. Considering the number of checkpoints
that web-based systems must satisfy to comply with accessibility principles, studies
show that most web-based systems are inaccessible even with respect to priority 1
checkpoints. The violation of one checkpoint on a single page bears negatively on the
accessibility of an entire web-based system. For example, if a page lacks alt text for
an audio file, accessibility diminishes. Most accessibility studies follow the
dichotomous measurement of accessible versus inaccessible systems. Such
measurement also increases inaccurate accessibility labelling for systems as the result
of one type of error being counted multiple times. Parmanto and Zeng (2005) found
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that dichotomous measurement based on number of problems on one webpage leads
to inaccuracies in the accessibility outcome, that is why the majority of websites that
should have been classified as fully accessible are evaluated as being in violation of
the guidelines against which they are assessed. The study reveals that only 8.81% of
websites or web-based systems conform to the Level AAA standards of WCAG 2.0.
Automated tools present advantages in terms of productivity and rely on
heuristics in detecting guideline violations (Brajnik, 2008). However, many automated
tools, such as AChecker and WAVE, fail to evaluate Rich Internet Applications (RIA)
requirements that are stipulated as mandatory to Web 2.0, 3.0, 4.0 and 5.0 applications;
this deficiency is attributed to the fact that they exhibit restricted crawling capabilities,
evaluate only static generated HTML content and fail to verify dynamically created
Document Object Model (DOM) elements that are critical to rich Internet applications,
Also, there are some false negative and false positive outputs. (Watanabe, Fortes &
Dias, 2017; Velasco, Denev, Stegemann & Mohamad, 2008).
3.10 EVALUATION OF IMAGE ACCESSIBILITY
The accessibility of website images is influenced by the availability and accuracy
of descriptive text and its compatibility with image complexity and purpose. Image
accessibility evaluation cannot be fully affected through applying one method and can
be enhanced by inclusion of processes that consider the quality of image descriptive
text. The evaluation of descriptive text quality may initially involve human evaluation,
then use an automated evaluation tool to provide a counterpoint.
Evaluation of image accessibility is very important step to enhance overall
accessibility rate for visual group. The accessibility of website images is influenced by
the availability and accuracy of descriptive text and its compatibility with the images’
complexity and purpose. The inherent complexity suggests that image accessibility
evaluation might require more than one method to complete successfully. Processes
that consider the quality descriptive text and its appropriateness to the image content
will enhance the accessibility outcome (Bigham, 2007).
Most accessibility standards, such as WCAG 2.0 (W3C, 2019), BITV 1.0
(Bundesministerium, 2011), Stanca Act (Parliament, 2004) and section 508 (Section
508, 2019) demand alternative text for non-text elements such as images, Table 3-3
illustrates a summary for the standard checkpoints/guidelines numbers that relate to

Chapter 3: State-of-the-art Approaches to Accessibility Evaluation

83

the criteria which ‘all image elements have an alt attribute’. Moreover, Section 508
gives guideline that requested long descriptive text for complex image ( Section 508 /
A - text equivalents/ checkpoint ID 3), all non-decorative images should have
descriptive text (Section 508 / A - text equivalents/ checkpoint ID 4), substantial
images must not have spacer descriptive text (Section 508 / A - text equivalents/
checkpoint ID 5) and alternative text for all images includes alt text in the image except
if the image is decorative or appears elsewhere in text on the webpage (Section 508 /
A - text equivalents/ checkpoint ID 11).
Table 3-3. Summary of Standards Checkpoints/guidelines numbers for criteria ‘All
image elements have an alt attribute’ (Alahmadi & drew, 2018).
Standards

Guidelines

Checkpoints No

WCAG 2.0

1.1 Text Alternatives

Success Criteria 1.1.1

BITV1.0

Group Level 1

Checkpoint 1.1

Section 508

A-text equivalents

Checkpoint ID 1

Stanca Act

Text Equivalents

Requirement 3

Providing alternative text for media content ameliorates accessibility (W3C,
2019), but such settlement is effective only if the text is readily available and highly
accurate. Web localisers can bridge the knowledge hiatus and provide high-quality text
alternatives when developers integrate specialised web accessibility evaluation tools
(Vázquez, 2015). Splendiani and Ribera (2014) illustrated that a fundamental solution
to image accessibility problems is the including of alternative text created by using
decision trees. Multi-method evaluations of alternative text for images are also able to
lead the detection of website weaknesses that prohibit the provision of accessible
images.
3.10.1 Descriptive Text for Users with vision disability
Individuals describe objects through spoken, written or typed language. A
considerable amount of this language describes all objects in our lives, especially those
that are visually based, such as images and videos. This language is likely a wealthy
source of knowledge about visual objects and methods for how individuals build
natural language to describe visual objects (Kulkarni et al. 2013). Necessarily, then, a
description of an image should contain a sufficient number of words to highlight
principal image features. A complex image will require longer descriptions that reflect
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the main idea carried by the image (W3C Images Concepts, 2018). This requirement
indicates a relationship between the number of words in a description and the
complexity of an image (figure 3-13).
Although, there is a need of how image complexity measured or represented
appropriately in a meaningful quantitative sense in the context of relating content to
purpose. To describe objects to a visually impaired user one might need to start with
the objects or actors and their relationship that is demonstrated in the image. For
example, setting or context of the actors or objects, the purpose of the image and what
it is demonstrating or illustrating. The W3C Images Concepts (2018) seems reasonable
as a heuristic but is limited of measuring the quality of description.

Figure 3-13. The relationship between image complexity and number of words for
descriptive text (W3C, 2019).
Descriptive text for images is necessary for visually impaired users (Connor,
2012). A simple textual description is not enough to convey the correct meaning of a
graphic (Fitzpatrick, Godfrey & Sorge, 2017), Automatically or human-generated
descriptive text should lead to high-quality and accurate descriptions that reflect the
main features of images. A deficiency in this regard diminishes the effectiveness of
university web-based systems (to which our model was applied). For instance, when
an educator uploads a complex diagram, uses only two words to describe it, and
neglects in-text explanations, visually impaired users will experience difficulty in
understanding such important learning content.
University web-based systems are characterised by a variety of images with
equally varying purposes (Rice, 2012). An example is an image that is intended to
deliver learning content (Figure 3-14). Each type of image needs a specific method of
description, depending on image purpose; there are complex or simple images, some
images are used as learning contents and other images are used as informative. HTML
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5 (Connor, 2012) provides necessary attributes and elements to add descriptive image
for an image based on image purpose and type. Alt attribute is widely used to add
alternative (description) text for non-text elements. In-text description also other
method to describe an image by add text around the image on a webpage. Null alt
attribute is adding null value instead of text in alt attribute, table 3-4 provides a
summary for these attributes and its usages.
Table 3-4. Summary of HTML attributes and elements to describe images (W3C
Images Concepts, 2018; Alahmadi & Drew, 2018).
Image category

Example

Attribute/elements

Function

Number of

Complex

Diagrams,

Longdesc attribute, area

Add long text

characters
more than 100

graphs, maps,

attributes, and figure

description

characters

and charts

elements

Informative

Alt attribute

Add short text

less than or

descriptions

equal 100

Simple

image

characters
Simple

Decorative

null alt attribute value

images

Add null value

Null word only

instead of text
description

Simple

functional

Alt attribute

images

Add short text

less than or

descriptions

equal 100
characters

Moreover, Diagrams, graphs, maps, and charts, which are deemed complex
images and used as learning contents on university web-based systems, necessitate
long descriptions (more than 100 characters) that are placed under the images by using
longdesc or area attributes, and figure elements. Also, MathML, for instance, is used
to convert mathematical formulas into text in the absence of in-text description or alt
attributes (Connor, 2012). Text images, such as a scan of a book chapter, require
equivalent text files. Non-learning images, such as those related to school
administration, student accommodation, and alumni records, do not include learning
content. Examples include campus maps, images of boards of directors and related
staff hierarchy, and diagrams of university pathways.
More image types are available under W3C classifications (W3C Images
Concepts 2018). Examples are images used to label information, such as telephone
86

Chapter 3: State-of-the-art Approaches to Accessibility Evaluation

icons and file formats (Figure 3-15), which usually require only one to two words of
descriptions. Other examples are images used to supplement information, such as a
picture of a set of books (Figure 3-16) placed next to a textual announcement of exam
periods, and images reflecting emotion, such as those featuring triumphant student
faces. These images need short text descriptions (around 10 characters). Decorative
images, such as a partial rendering of page design or text link, provide appeal to a
webpage. These images can be described using a null alt attribute value. Finally,
functional images, such as logos and icons, require descriptive text that accurately
convey the function represented by each image (around 5 words) (W3C Images
Concepts 2018).

Figure 3-14. Example of mathematical formula image.

Figure 3-15. Example of Informative image conveying file format.

Figure 3-16. Example of Informative image used to supplement information (e.g.,
exam period).
3.11 EVALUATION VIDEO ACCESSIBILITY
Evaluation of video accessibility provides a real view of hearing groups
challenge while interact with such common content on websites. Ascertaining the
accessibility of video files is a principal component of evaluating the accessibility of
educational web-based systems. Leacock and Nesbit (2007) recommend a manual
assessment of learning courses that contain Flash, Java and media content, such as
audio and video files. It is significant to evaluate the availability and accuracy of
captions that transfer videos content to text for hearing group as well as for visual
group for textual based videos. In providing caption or script for video, the main
consideration that developers should consider are the video filetypes. Currently, Video
files are extensively used on webpages, these files have great impact on hearing
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affected users and better choice of filetypes to allow features such as closed captions
should influence overall accessibility rates for the hearing group.
Moreover, captions are a text equivalent of audio information in video. This
provides the all words that are spoken, the speaking person when it is not evident, and
remarkable sounds like music, movement, crying, nature and noises. The most
important condition is the captions should be synchronized with the visual data to
contextualize them (WAI, 2019). In addition, captions should be made obtainable with
pre-recorded and live video content. Voice recognition software based on STT
technique may support create captions for some type of videos. Although,
automatically generated captions often need editing. For many languages there are
captioning services, often also remote services (WAI, 2019). It is essential to provide
transcript for textual image-based video to be accessible by vision group.
Table 3-5 illustrates list of Success Criteria that related specifically for video and
audio by WCAG 2.0 guideline “1.2 Time-based Media: Provide alternatives for timebased media”. Although, in this research the evaluation was for pre-recorded videos
that uploaded on webpages.
Table 3-5. Summary of WCAG success Criterion Numbers for the guideline “1.2
Time-based Media: Provide alternatives for time-based media”.
Checkpoint no.
Success Criteria 1.2.1 Audio-only and Video-only
Success Criteria 1.2.2 Captions (pre-recorded)
Success Criteria 1.2.3 Audio Description or Media Alternative (pre-recorded)
Success Criteria 1.2.4 Captions (Live)
Success Criteria 1.2.5 Audio Description (Pre-recorded)
Success Criteria 1.2.6 Sign Language (Pre-recorded)
Success Criteria 1.2.7 Extended Audio Description (Pre-recorded)
Success Criteria 1.2.8 Media Alternative (Pre-recorded)
Success Criteria 1.2.9 Audio-only (Live)

3.12 SAMPLING METHODS
Generally, examining all web-based systems or website pages against all
evaluation criteria is impractical (Nietzio et al., 2008). In the current research, many
foundational steps will be considered before sample pages from web-based systems
are chosen. The first step is defining evaluation goals, and the second is determining
system features and functions. The third step is to highlight the characteristics and
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needs of users with disabilities, and the fourth is to determine the types and effects of
content found in the selected systems. Finally, the type of pages that affect web-based
system accessibility to the selected groups of users with disabilities are determined and
prioritised in the formulation of solutions. After the foundation process, evaluation can
then be carried out on a sample of pages from the selected web-based systems or
websites. Uniform random sampling is necessary for a replicable evaluation that
enables synchronous or asynchronous comparisons. The sampling process is usually
based on an ad hoc procedure, such as page type selection, random walk and uniform
random sampling (Brajnik, 2008).
The choice of sampling method affects metric design, which should consider the
size and complexity of a website during evaluation (Parmanto & Zeng, 2005). If a
system is considerably large and complex, a strong possibility is that the system will
receive a low accessibility score. Considering the complexity of such systems, which
contain thousands of pages and functions, can provide more accurate accessibility
score.
3.13 INNOVATIVE, ASSISTIVE AND ADAPTIVE TECHNOLOGIES
Adaptive approaches have been adopted to guarantee optimal accessibility to
users with particular disability characteristics. Employing adaptability and adaptive
content that is tailored to the abilities and characteristics of hearing- and visually
impaired users enhances accessibility as users interact with a system (Stephanidis et
al.,1998). One-size-fits-all user interfaces and content can be a source of inequity, but
methodical differentiation diminishes the likelihood that users with disabilities will
benefit from media content (Gajos, 2014). Providing descriptive texts or captions for
media content improves accessibility (W3C, 2019). However, the effects of the
availability and accuracy of descriptive texts or captions render the such solutions
ineffective. Moreover, a good application of this principle is reflected in a researcher’s
use of automatic alt-text (AAT) in Facebook (Wu et al., 2017). AAT is a technique
that applies vision technologies to recognise faces, objects, and themes in images and
thereby generate image alt-texts for screen reader users. AAT demonstrates that
artificial intelligence techniques can be used to enhance the online experiences of
visually impaired users (Wu et al., 2017). Finally, designing an accessibility
framework that considers adaptive content enhances accessibility and usability.
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The limited accessibility of the webpages in a university system means that the
system fails to ensure the stable establishment of a powerful framework that is resistant
to future problems. System developers disregard the advantageous effects of new smart
technologies and technological practices in employing and improving accessible
content (Kelly et al., 2009).

Figure 3-17. Web adaptability factors.
Kelly et al. (2009) introduced six factors (Figure 3-17) that should be considered
in creating accessible and adaptable webpages:
1. Audience: Audience characteristics that align with system resources are
identified.
2. Use: Different approaches that may be needed for a variety of informational
services are determined.
3. Resources: Assets are thought of as resources in their own right and
characterised in a way that makes alternative resources available during and after the
development of original resources, including third party services.
4. Definitions: Decisions related to methods of improving accessibility are
affected by definitions of accessibility and disability.
5. Innovation: Web adaptability approaches are applied in innovations that
facilitate the provision of a range of services and enable the use of support resources
through new technologies, such as social networking sites and Semantic Web.
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6. Policies: Organisational policies may focus solely on conformance with
WCAG guidelines, but these will be more beneficial if they involve usability issues
and revolve around organisational priorities, such as examining accessibility in wider
contexts, including real-world accessibility that encompasses usability issues. All
these factors serve as foundational boundaries that shape the formulation of
requirements for accessible and adaptable systems. The most important determinant in
such initiative is the use of innovative technologies that facilitate accessibility.

Figure 3-18. Image uploaded into the Monash University website (News and Events,
2016).

Figure 3-19. HTML code of image (News and Events,2016).
Automatically generated image descriptions may reduce the effort needed to
craft descriptive texts for images, and emotion symbols (Ordonez, Kulkarni & Berg,
2011; Gupta, Verma & Jawahar, 2012). Figure 3-18 shows an image published in
Monash University news. The title of the news report is food processing linked to an
increase in type 2 diabetes'. The image contains a descriptive text (diabetes) and is thus
considered an accessible element for visually impaired students because it contains an
alt attribute, as indicated in the HTML code in Figure 3-19. However, the quality and
accuracy of the description is low. An accurate description may be constructed as
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follows: ’image of someone’s hands during use of a device that detects sugar in blood;
the sugar level displayed on the measuring device is 120’.
Auto-generated video descriptions also positively contribute to the provision of
descriptive texts for video files. The current solutions available in most web-based
systems, specifically universities websites and LMSs, are manually incorporated
descriptive texts, subtitles or captions that are incorporated using external applications
and tools and equivalent sign language clips that feature a sign language interpreter.
The generation of text descriptions for videos is widely applied in the field of human
computer interaction, the production of summary descriptions for web videos and the
provision of automated movie descriptions for visually impaired users (Rohrbach et
al., 2013). The idea behind auto-generated description is the adoption of video
information that is used by a processor to create auto-descriptive text for a video (Paek
et al., 2006). Here, auto-descriptive text denotes automated captions. YouTube texts
are the most representative examples of innovative and exciting machine-generated
captions. These texts also facilitate the manual incorporation of captions by providing
automatic caption timing. They integrate Google’s automatic voice recognition (AVR)
technique and YouTube’s caption system to provide automated captions. These
techniques enable the use of multiple caption tracks, increase search functionality and
allow for automated translation. Individuals with hearing and visual impairments deem
these innovations a gateway to effective interaction with video files (Harrenstien,
2009).
Figure 3-20 illustrates a caption for a video uploaded into the University of
Queensland website. The video explains university life and was embedded using the
institution's YouTube account. The figure presents an instance during which the
caption was off and auto generated by the YouTube system. The university can update
auto-generated captions to overcome accuracy problems in the current automated
caption system of YouTube, as recommended by Harrenstien (2009). Full descriptive
text that can be detected by a screen reader is unavailable in the video, which was last
updated on March 23, 2015. The number of errors found by AChecker on the page is
260, with the first error being ’embed element missing noembed element’. This error
violates WCAG success criteria 1.1.1 non-text content (A). Another example, Figure
3-21, presents a video that was embedded onto the Melbourne University website
through an external server. The video lacks captions or descriptive texts in HTML
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code, making it inaccessible to users with visual and hearing impairments. AChecker
evaluated the link that directs users to the video and identified three known problems:
’image used as anchor is missing valid alt text’, ’anchor contains no text’ and ’header
nesting-header following h1 is incorrect’. The tool detected four likely problems and
225 potential problems. In Figure 3-22, a video that was uploaded using an LMS
requires downloading onto a student’s computer but does not come with descriptive
texts or captions. When effectively applied in university systems and LMSs, autogenerated captions for video and audio materials and descriptive texts can result in
adaptive content that suits the needs of students with disabilities. Implementing these
innovations as part of the authoring tools of university systems and LMSs may also
significantly decrease the obstacles to the creation of video captions by educators,
developers and students who have limited time, technological skills or resources for
creating professional caption tracks.

Figure 3-20. Video embedded using YouTube and without customised captions on the
University of Queensland (UQ Videos, 2016) website.

Figure 3-21. Video embedded using external server without captions and descriptive
texts on the University of Melbourne website (Aikuma Presentation, 2016).
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Alt texts for non-text elements are components of a metadata repository.
Providing quality metadata not only improves navigation over a webpage and
functions that are executed through a search engine but also enhances accessibility
rates (Kawanaka et al., 2009). In the literature, completeness, accuracy and consistency
are the most exhaustively used criteria in evaluating metadata quality. Metadata
standards and partially automated metadata generation tools may be the most
frequently applied methods in practical quality assurance (Park, 2009). The promotion
of metadata usage in many systems, such as library discovery systems, is confronted
with many obstacles; technological enhancements are typically necessary to improve
data quality and provide solutions to data problems that are difficult to resolve
(Calarco, Conrad, Kessler & Vandenburg, 2015). Many studies have discussed
advanced metadata quality frameworks. Bruce and Hillman (2004), for instance,
presented completeness, accuracy, provenance, conformance to expectation, logical
consistency, coherence, timeliness and accessibility as criteria for evaluating metadata
quality. In this sense, accessibility and accuracy are part of a metadata framework
because accessibility issues and metadata problems are interrelated and affect each
other. Providing innovative technologies, such as auto-generated descriptive text,
voice recognition and TTS software advances the creation of high-quality adaptive
content and simultaneously improves the accessibility of content and metadata.

Figure 3-22. Uploaded video file without captions and descriptive texts on course
page in the Blackboard LMS (Course Content, 2016).
TTS techniques are the foundation of screen reader software, which is important
to visually impaired users. Content should be created in a way that is understandable
by users with disabilities. Screen reader software, such as Jaws, is categorised as
assistive technology. To ensure that screen reader software can deliver adaptive and
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accessible content, university websites and LMSs should provide adaptive templates
that align with screen reader requirements. Voice recognition is another assistive
technology that enhances accessibility (Wald, 2008); an example is Dragon
NaturallySpeaking. Voice recognition is currently used as an input method not only
for visually impaired students but for all users who work away from a keyboard.
The above-mentioned innovations, which are based on artificial intelligence
principles, may complete the vision of an adaptive and accessible system for all users.
Although new web-based systems and applications continue to emerge, their ad hoc
adaptation has become less viable given the universality in the accessibility standards
that are applied in new approaches and technologies to ensure universal accessibility.
The recent study by Abou-Zahra, Brewer & Cooper (2018) showed that a significant
shortcoming of artificial intelligence for digital accessibility currently is its low of
precision and accuracy. Because and auto-generated caption or descriptive text is not
sensible enough to completely replace the need for manual caption or descriptive text.
Universal design is a valid and inclusive implementation methodology and is
based on the concept of automatic adaptation [adaptability at run time according to a
user profile and real time adaptivity to current user activities (Stephanidis, 2009)]. This
design can be achieved by combining an adaptive approach with innovative
technologies that solve the accessibility barriers formalised by UCD methods and
quantitative evaluations.
3.14 SUMMARY
This chapter has presented various approaches that widely influence
accessibility evaluation of Web based systems. Subjective approaches using User
Centred Design as the primary data quality assessment method and objective
evaluation approaches using Automated Tests, human evaluation, mining techniques
and quantitative metric have been discussed. There are many research studies that have
shown that evaluating web-based systems using one method did not show accurate
outcomes. For example, Automated evaluation tools (AETs) produce a large number
of false negative and false positive accessibility problems. Also, the human evaluation
needs a practical selection method like mining to avoid bias. As a result of this wide
range of inconsistencies, web accessibility is still an emergent practice, the rate of
progress in development of accessible web-based systems is unsatisfactory. This is

Chapter 3: State-of-the-art Approaches to Accessibility Evaluation

95

especially so when comparing the outcome of studies in period from 2008 to 2018.
The literature review process was found that the same accessibility problems have
existed over the decade and, overall, most webpages are still reported as inaccessible.
Consequently, more specific analysis of accessibility problems that affect a particular
system and disability group is needed to ensure better results.
Subjective and objective evaluation are considered together in next chapter to
generate an optimal multi-evaluation method based on characteristics of users with
sensory disabilities and on the system features to achieve a high accuracy accessibility
score for each disability group.
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Chapter 4: Multi-methods Accessibility
Evaluation Model
“The first requisite for success is the ability to
apply your physical and mental energies to one
problem incessantly without growing weary”
……………………………………………………
_By Thomas Edison, Deaf Inventor

4.1

INTRODUCTION
The accessibility evaluation of Web-based systems, particularly educational

ones, remains a nascent research agenda (Coughlan, Ullmann & Lister, 2017).
Educators, developers and educational organisations are mostly unaware of
accessibility practices (Whiting, 2018) despite efforts to increase awareness with the
publication of guidelines such as WCAG 2.1. When learning content and materials
serve as a key resource for students (e.g. assessment details, administration pages and
lecture captions), more solutions and initiatives are required to ensure that all learning
and non-learning content is accessible to users with sensory disabilities (visual and
hearing impairments).
On the basis of the literature review (Chapter 3), there was a need to augment
the coverage of the research model developed in this chapter. Automated evaluation
tools (AETs) alone provide unbalanced or incomplete analysis or results, and the same
can be said of human judgement. By contrast, using these methods in tandem enhances
assessment and balance in data, thereby generating meaningful evidence. This
combination is further reinforced through validation via a data mining approach.
Another favourable strategy is to evaluate different disability groups as this captures a
broader picture of issues, although it is impractical. For this reason, using a single but
specific disability group as grounding in creating an evaluation method is more
reasonable. Moreover, because concentrating only on webpages in evaluation is
inadequate, assessing uploaded files, such as images, videos and documents, enables
equitable and valid results. Finally, instead of gauging the truthfulness of systems,

Chapter 4: Multi-methods Accessibility Evaluation Model

97

which is a non-functional approach, focusing on one type of system allows for the
embodiment of system features and purposes.
The above-mentioned criteria can be satisfied through mixed methods research,
wherein the combination of approaches produces desired effects. In the context of this
study, this would involve the use of AETs to identify potential accessibility problem
areas (quantitative), the subsequent adoption of human-directed assessment to
determine the actual effects of the AET-identified issues on groups with sensory
disabilities (qualitative and quantitative) and the carrying out of data mining to validate
the human evaluation. These procedures are followed by the triangulation of
methodologies to create filter threshold values for evaluated content. Finally, outcomes
are examined to determine the overall accessibility value for each disability group
using a quantitative metric. In light of these requirements, a multi-method evaluation
model that entails subjective and objective evaluations was developed in this research.
The construction of the model is covered in detail in the following sections.
4.2

RESEARCH DESIGN
This thesis adhered to a deductive approach (Creswell, 2013). The literature

review was carried out over the entire span of the study to ensure that the project was
up to date and that the most current technologies and methods were applied. The
theoretical grounding and research questions were developed by constructing
knowledge related to evaluating the accessibility of university Web-based systems,
including LMSs. The study design was then refined in a way that enabled the
validation and corroboration or refutation of the research hypotheses (Järvinen, 2004).
The deductive method was appropriate for this endeavour because using all
possible methods in evaluating accessibility is important in elevating the quality and
accuracy of findings (Masri & LujMora, 2011); such solutions encompass the use of
guidelines, automated tools, quantitative metrics, mining techniques and user-centred
design (UCD) (Cairns & Cox, 2008). The approach facilitated the data collection and
consequently permitted the substantiation of the theoretical position espoused in this
work (Zaphiris & Kurniawan, 2007). It also supported the argumentation, clearing the
way for confirming whether the hypotheses were plausible or not. Additionally, the
method advanced the characterisation and demonstration of the patterns underlying the
interrelationships and interactions between the research variables in terms of
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accessibility and usability. The primary assumption guiding this research, which was
crafted from the beginning of the work, was that multi-method accessibility evaluation
enhances the accessibility of university Web-based systems (Creswell, 2013; Jones,
1998). The five sequential stages of the deductive orientation underlying this work are
presented in Figure 4-1.

Figure 4-1. Five sequential stages of the deductive approach adopted in this thesis
(Creswell, 2013).

Figure 4-2. Positivist view of the research process (Peffers et al., 2007).
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The anchoring of this thesis on the deductive approach is likewise evident from
its adherence to the principles of scientific realism and fact measurement (Creswell,
2013; Järvinen, 2004). Using the right methods helps researchers capture truth. The
experimental results of the current work are generalisable to and replicable on any
Web-based system. Given that this research explained the processes, not the meanings,
of the methods as well as the observations and experiments used to collect data, its
governing paradigm was positivist in nature (Figure 4-2). Under this perspective,
knowledge was conjectural, and hypotheses were either supported or rejected. The
research also involved formulating and refining claims to test theory and featured
statements that explain the phenomenon of interest. Triangulation induced by the use
of multi-method evaluation was performed, with each method employed to validate
the other and vice versa. All methods and outcomes were explored and corrected for
bias, after which conclusions were drawn (Creswell, 2013).
The quantitative phase of the thesis was supported by a qualitative approach
(Figure 4-3). A quantitative direction was suitable for realising the main objectives of
this research, in which the core activities were counting, measuring, comparing and
evaluating (Jones, 1998). Qualitative support came in the form of responses to the
open-ended questions, which were intended to add depth of meaning to the subjective
evaluation and the findings derived from the data mining techniques.

Figure 4-3. Method adopted in the research (Creswell, 2013).
The next section comprehensively discusses the development of the multimethod accessibility evaluation, including the subjective and objective assessment
approaches, data mining techniques and quantitative metrics.
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4.3

MULTI-METHOD ACCESSIBILITY EVALUATION MODEL
Achievement among students with visual, hearing and visual–hearing

impairments, as well as educators and other users, is highly influenced by webpages,
the media content (images and videos) and document files uploaded onto them and the
compatibility of assistive software with a system. These factors also affect interaction
with university Web-based systems. In this work, evaluation proceeded in two major
phases, namely, the objective and subjective stages. The multi-method evaluation was
developed to support methodological triangulation, which involves the integration of
more than one method in the investigation of a research problem (Bekhet &
Zauszniewski, 2012). This decision was made on the basis of the literature review
(Pipino et al., 2002), which indicated that assessment involving multiple approaches
strengthens the confirmation of findings, enables the acquisition of comprehensive
data, strengthens validity and promotes the conception of an examined research
problem (Bekhet & Zauszniewski, 2012). A multi-method evaluation may thus
minimise the disadvantages of separately applied, singular approaches and improve
the quality of assessment.
The subjective accessibility measurements in this research were designed to
evaluate the interactions between the target users (visually and hearing-impaired
groups) and the examined educational Web-based systems as a form of UCD approach.
The subjective evaluation was carried out with a questionnaire survey that contains
statements on the following categories: general system interaction, assistive software
problems, media content interaction and document file interaction. Each survey
category consists of statements that measure accessibility and usability. SUMI and
IBM usability measurements were referred to in combination with WCAG 2.0 and
Section 508 principles in the design of the accessible and usable questionnaire. The
subjective evaluation also served as a supplement through which each of the disability
groups were instructed to rank accessibility problems for the purpose of identifying
the weight of each accessibility priority, as determined using the developed metric.
The subjective evaluation also functioned as a method of validating the overall
accessibility rate calculated for the visually and hearing-impaired groups. The
outcomes of both the subjective and objective evaluation stages were analysed and
compared to pinpoint distinguishing discrepancies; the final findings were then
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adopted as basis for implementing necessary actions intended to enrich future work
(Pipino et al., 2002).
The objective accessibility measurements began with the use of automated tools
that generate accessibility reports on all the accessibility errors detected on university
webpages and then proceeded to the human-directed evaluation of these reports and
source codes for the purpose of recording absolute accessibility problems only. For
images and videos, however, human evaluation was first conducted before assessment
via automated tools. The human-administered evaluation was carried out to probe into
four content categories, namely, images, videos, documents (PowerPoint, PDF and
Word) and general webpages. The image category was analysed against WCAG 2.0
and Section 508, including principles regarding HTML 5 image accessibility attributes
and elements and the checkpoints developed in this thesis. The video category was
evaluated also against WCAG 2.0 and Section 508, including standards for HTML 5
video accessibility attributes and elements. For the document category, testing was
performed using PDF and Microsoft Office standards. Because the three document
types share certain checkpoints, they could be assessed with reference to the same
dataset. Lastly, the general category was assessed on the basis of the checkpoints stated
in WCAG 2.0, Section 508 and this research’s checkpoints, covering those related to
evaluations of assistive technology, such as, Screen readers (e.g. Jaws) and voice
recognition programmes (e.g. Dragon NaturallySpeaking) are most commonly used by
individuals with visual impairment and are the most frequently recommended
innovations by universities. After the subjective and objective evaluations, data mining
was conducted as a means of accessibility assessment for all the datasets generated
from the human evaluation phase. The data mining assessment was intended to verify
the findings of the first two stages of evaluation and open up the opportunity to activate
an advanced smart technology-based accessibility evaluation approach. In addition to
objective evaluation methods, quantitative metrics can be applied in the efficient use
of data collected from previous evaluation stages. The quantitative metric employed
in this work was designed on the basis of the priority features of university systems
and the characteristics of students with visual and hearing impairments. The metric,
called the accessibility metric for Web-based systems including uploaded files
(AMWSUF), was deployed on the basis of the A3 formula (Bühler et al., 2006) to
calculate the final accessibility scores of university Web-based systems.
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WCAG 2.0 (and draft standard WCAG 2.1) was the main standard used in this
research because of the advantages that it presents, such as its primary use in most
higher education institutions and its coverage of extensive checkpoints associated with
the circumstances of people with sensory disabilities. The AETs used in this work,
namely, AChecker, Microsoft Office Checker and PAC 2.0, are all anchored in WCAG
2.0. Another standard applied in this project was Section 508 (see Chapter 3 for the
appraisal of this standard). Notwithstanding the value provided by these standards,
however, they still suffer from certain deficiencies. Accordingly, data mining was
carried out on image, video, document and general datasets. Mining is a new
accessibility evaluation method that may advance the discovery of important hidden
issues that affect the efforts of disabled users, educators, developers and organisations
to create accessible content, including learning materials. However, it has not been
discussed in the literature as a means of measuring the accessibility of files uploaded
on webpages (e.g. documents, images and videos), even with its potential to engender
solutions to the shortcomings of automated tools and standards. To fill this void, the
current thesis leveraged data mining techniques as a means of validating the human
evaluations and vice versa for the purpose of avoiding bias.
Evaluation initiated by a human expert resolves the shortcomings of automated
tools and guidelines. The guidelines (e.g. WCAG 2.0) and automated tools focus on
evaluating screen readers and therefore disregard voice recognition technologies.
Theoretical and practical solutions confirmed the importance of human evaluation
(Chapter 3) in ensuring the reliability and validity of other approaches. Moreover,
single-webpage evaluation using automated tools cannot enable the scrutiny of pages
that contain PDF files or identify related accessibility errors. Guidelines and standards
do not delineate a specific set of criteria that measure the accessibility of document
files. For these reasons, documents were evaluated by a human expert using Microsoft
Office accessibility tools and PDF PAC 2.0 as essential instruments (semihuman/automated evaluation).
As stated above, the methods adopted fall under experimental or nonexperimental strategies (Creswell, 2013). The sections that follow explain the
subjective evaluation (survey design) carried out in this work; the subjective stage of
the research, which involved the administration of a usability accessibility
questionnaire; and the objective evaluation approach (experiment design), which
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entailed objective evaluation modelling, metric formula and mining technique design,
and data sampling and collection in each evaluation stage. The succeeding sections
also discuss the development of the subjective evaluation model, including the
establishment of accessibility and usability statements, the mapping of the relationship
between accessibility and usability and the design of the questionnaire.
4.4

SUBJECTIVE EVALUATION
Achieving effectiveness, efficiency and satisfaction is insufficient to guarantee

meaningful interaction between users with sensory disabilities and university Webbased systems (Roberts, Crittenden & Crittenden, 2011). The contributions of industry
to the evolution of user experience are broad, extending beyond traditional assessment
that involves the collection of data that support designs that underscore user encounters
with systems. The accuracy with which the accessibility of university Web-based
systems is measured can be increased by optimising the experiences of users with
sensory disabilities; satisfying their expectations from real-world interactions with
media content, document files and assistive software; and eliciting their reflections on
their general experiences (Bevan, 2009; Pipino et al., 2002).
Accessibility and usability are strongly related (Nielsen, 1999). Considering the
former as a precondition to the latter may uncover prospects for logical solutions that
ensure usability as an integrated part of each accessibility programme. The challenge
that confronts university webpage design is the exploration of user interfaces that offer
technological variety (such as social media components and graphical interfaces) and
promote the development of user knowledge and user diversity in lieu of a one-sizefits-all solution. Accessibility and usability are therefore key components in cultivating
excellent user interactions with Web-based systems.
An effective framework for ensuring the reliability and efficiency of
accessibility evaluations can be founded on an analysis of subjective appraisals from
a sample of users (Pipino et al., 2002). Subjective assessment is based on the needs,
characteristics and experiences of principal stakeholders as they engage with a Webbased system. A disability-specific subjective accessibility and usability evaluation
tool can be enhanced by understanding the characteristics of users with disabilities and
the features and functions of e-learning systems and then mapping the relationship of
these attributes with state-of-the-art accessibility and usability guidelines and
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standards using relevant questionnaires (e.g. WCAG 2.0, SUMI, Section 508 and
IBM). This tool can be used by stakeholders (learners, etc.) to appraise Web-based
systems, such as university websites, in a subjective manner. A subjective orientation
was incorporated into the multi-method evaluation in this research given the insights
drawn from the literature review (Chapter 3). The principal problems encountered in
such addition were the ranking and prioritising of accessibility problems on the basis
of the participants’ points of view and extracting factors that possibly affect their
ratings of systems. Other issues included the mapping of the relationship between
accessibility and usability for the creation of comprehensive questionnaire statements.
This matter was addressed through a survey approach.
In what follows, details regarding the development of the novel subjective
evaluation model are provided. The model was applied to evaluations of university
Web-based systems from the perspectives of users with sensory disabilities.
4.4.1 Development of accessibility and usability statements
An important goal of this project was to devise an evaluation method for
accessibility and usability. The assessment of the experiences of sensorially disabled
users was designed on the basis of a combination of methods presented in the literature.
The combination adopted in the present work comprised WCAG 2.0 as the main set of
guidelines, the Section 508 self-evaluation questionnaire as the source of accessibility
statements and SUMI and IBM items as the references for usability statements. The
end product of this combination was an accessibility and usability questionnaire
(Figure 4-4). SUMI is a rigorously examined instrument for measuring system quality
from the point of view of core users. Its main statements served as important criteria
that were adopted in conjunction with accessibility benchmarks to create the
accessibility and usability statements employed in this study. SUMI (Chapter 3)
supports the usability-related assumption that underpins this thesis; that is, because
ensuring the accessibility of university Web-based systems is inadequate, usability
may be integral to achieving accessibility. Furthermore, the satisfaction of users with
sensory disabilities is the top priority in ensuring accessibility. The design of IBM’s
user satisfaction questionnaires is based on psychometric methods, thus driving the
use of these instruments to determine the sentiments of students with disabilities
regarding their interactions with university systems.
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Figure 4-4. Creation of accessibility and usability statements.
The Section 508 self-evaluation questionnaire was examined to ensure that it
covers important accessibility issues that affect the performance of users with sensory
disabilities. These issues are the accessibility evaluation of non-text elements, the
existence of descriptive texts, the availability of text captions, the ease of navigation,
the existence of server-side images, the semantics of information, the accessibility of
PDF files and forms, response time and the accuracy of alternative text-only pages
(Section 508, 2019). Although the Section 508 questionnaire addresses important
accessibility concerns that are faced by sensorially disabled users, the statements focus
on certain matters that conflict with those related to the needs of screen reader users.
The statements also disregard significant problems that unfavourably affect the
experiences of voice recognition users. The shortcomings of Section 508 extend to
regulations, which downplay the importance of the availability of alt texts for non-text
elements (e.g. videos and images) and captions for video and audio content (Section
508, 2019). No attention is given to the accuracy and quality of descriptive texts, the
rate of appearance of null values in lieu of descriptive texts, the accurate revision of
descriptive texts when media elements are updated, whether a publisher or developer
has considered in-text explanations of media elements, whether such explanations
correctly describe the elements, whether synchronicity exists between descriptive texts
and audio or video captions and whether captions and sign language components or
subtitles are accurate (Bajracharya et al., 2014). Additionally, the comprehensibility
of media content, such as video and audio materials, images, graphs, photos and charts,
influences student learning. In today’s educational environment, therefore, it follows
that course content would rely on media materials. A guarantee of equity might be
secured through an in-depth evaluation of descriptive texts or captions that accompany
audio and video content.
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Given that fewer effacements are found in document files, which are prevalent
components of LMS interaction and learning content, specific sections were evaluated
to ascertain which document files exert the strongest influence on student performance
or interaction. These file types exhibit similarities in accessibility issues, but some are
evident in certain document files and not in others. A case in point is slide titles, which
are a common accessibility issue in PowerPoint files but not in Word documents
(Accessibility in Microsoft Office 2013, 2016). The Section 508 questionnaire
includes a general question that is intended to verify the accessibility of PDF files,
without the standard directing attention to specific issues that may exist in such
documents. As determined in the experiment conducted in this work and the literature
review, most AETs do not flag the inaccessibility of links that direct a user to a PDF
file as an error. Evaluation results thus indicate no accessibility issues on a webpage.
University Web-based systems contain numerous uploaded PDF files, some of which
are created originally in the PDF platform, whereas others are converted from Word
or PowerPoint files (Adobe Acrobat XI Accessibility, 2012). Blackboard Inc. stated
that disabled students identify the accessibility of document files as their top complaint
(Chapter 1). Because the current state of accessibility in university Web-based systems
was measured in a general manner in this research and because these files strongly
influenced student learning, performance and final achievement, the accessibility
issues that are common to all document files were exhaustively analysed.
With the above-mentioned considerations as guidance, the questionnaire
statements were classified under four sections: general system interaction, assistive
software issues, media file (videos and images) interaction, document file interaction
(Figure 4-5) and the process of checkpoint design (Figure 4-6). In each section,
usability is considered a subcomponent of accessibility. Each statement is followed by
a definition of a problem category; for instance, the statement on information
organisation was categorised as a semantic problem. The structure of information on
a webpage is critical to students who use screen reader software; therefore, correctly
presenting information increases accessibility. The survey design combined practical
concepts with theoretical ones, and the SUMI and IBM instruments were adopted to
ascertain usability as well as the satisfaction and sentiments of users with sensory
disabilities. As indicated earlier, Section 508 regulations were used as valuable
technical standards, but to address the limitations of these yardsticks, practical
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technical concepts from experimental observations of voice recognition, Microsoft
Office and Adobe software were employed.

Figure 4-5. Categories of research questionnaire statements (Alahmadi & Drew,
2017).

Figure 4-6. Process of checkpoint design (Alahmadi & Drew, 2017).
4.4.2 Mapping the relationship between accessibility and usability
The WCAG 2.0 guidelines and its shortcomings, the factors that drove its
selection and each of the principles advocated in it are explained in Chapter 3. The
four principles are understandability, operability, perceivability and robustness (Figure
4-7). These principles can constitute a core method of classifying accessibility issues
to map the relationship between usability and accessibility for the ultimate purpose of
crafting statements on these two criteria.
Mapping the relationship between IBM statements and WCAG 2.0 principles
Figure 4-8 maps the WCAG principles and IBM statements and illustrates how
the latter’s usability statements can be clearly allocated under each of the WCAG 2.0
principles (see Appendix A). Such mapping delineates the strong relationship between
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accessibility and usability and indicates that solving accessibility issues may
simultaneously increase usability. For example, the IBM statement ‘the system gave
error messages that clearly told me how to fix problems’ is categorised as an
understandability principle, as dictated by criterion 3.3 (W3C, 2018), which suggests
that system content helps users avoid and correct mistakes. The statement is also
classified as a perceivability principle because the clarity of messages demands
perceivability by all users. The IBM statement ‘I could effectively complete the tasks
and scenarios using this system’ is categorised under operability given that a system
should be navigable through functions that can be performed by users.

Figure 4-7. WCAG 2.0 principles as bridge to creating a possible relationship
among Section 508, SUMI and IBM (Alahmadi & Drew, 2017).
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Figure 4-8. Mapping of the relationship between IBM statements and WCAG 2.0
principles (See Appendix A for statements on readability).
Mapping the relationship between Section 508 statements and WCAG 2.0
principles
As stated earlier, Section 508 has been regarded as containing statements that
focus purely on accessibility evaluation (see Appendix B). Mapping the association
between the survey statements in Section 508 (Section 508, 2018; Subpart B –
Technical Standards, 1194.22 ‘Web-based intranet and Internet information and
applications’) and the principles of WCAG 2.0. The statements and principles are
related because both measure accessibility. Nevertheless, an evaluation may benefit
from incorporating the categorised statements of Section 508 into the WCAG 2.0
principles given that this serves as a bridge that identifies the relationship between
Section 508 and the usability statements of SUMI and IBM (Figure 4-9).
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Figure 4-9. Mapping of the relationship between the core statements of Section 508
and WCAG 2.0 principles (See Appendix B for statements on readability).
Mapping the interrelationships among WCAG 2.0 principles, SUMI and
IBM usability statements
Mapping the WCAG 2.0 principles, SUMI usability statements and IBM
usability declarations shows the possible implicit relationships between the IBM and
SUMI statements and the key assertions in Section 508 (Figure 4-10).
Figure 4-10 implies a strong relationship between usability and accessibility.
Increasing an accessibility aspect positively influences one or more usability features;
similarly, augmenting a usability component favourably affects one or more
accessibility aspects. In this thesis, usability was viewed as a component of
accessibility, and all the survey statements were designed with this consideration in
mind. Identifying the possible relationships among Section 508, SUMI and IBM and
the combinations that produce accessibility and usability statements creates a balance
in voices among the technical, stakeholder and experimental domains. This balance
was a significant requirement in effectively and efficiently applying the UCD method
put forward in the subjective model of this thesis as involving students with disabilities
in evaluation presents potential benefits (see Appendix C).
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(A) Understandable (B) Operable (C) Robust (D) Perceivable
Figure 4-10. Mapping of the possible interrelationships among WCAG 2.0
principles, SUMI usability statements and IBM usability statements (See Appendix C
for statements on readability).
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4.4.3 Constructing the subjective evaluation model

Figure 4-11. Proposed subjective evaluation model (Alahmadi & Drew, 2017).
The process underlying the proposed subjective evaluation model was divided
into five phases (Figure 4-11). The preparatory phase consisted of three parts, which
effectively determined and therefore favourably affected the quality of the final results
because they functioned as pathways to data selection. In the model, these three parts
were designed as a means of evaluating university Web-based systems, but they can
also be used to assess other websites (e.g. banking). This applicability justifies the
inclusion of assessment features such as types of Web content, main goals and
participant characteristics. The model’s primary objective was to have such assessment
carried out from the perspectives of the end users, who were instructed to prioritise the
checkpoints to be used objectively, rate their satisfaction over a Likert scale (agree,
neutral, disagree and unable to evaluate) and find the most effective checkpoints for
their study/work. Visually impaired and deaf users, including those afflicted with both
deafness and blindness, were the target participants in this thesis. University website
features are designed to deliver learning and general materials, such as videos, PDF
files, text and images. These files, which are important elements of university systems,
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are uploaded onto different types of webpages, such as the home, course content,
administration and news pages. Visually impaired individuals typically use screen
reader and voice recognition software to interact with websites. These issues led to the
categorisation of statements into general, media, document and assistive software
categories in the second-phase classification. The third phase was related to
accessibility and included engagement with a range of sources to evaluate accessibility
guidelines that suit each category. Human expertise was involved to cover any criteria
missed in the accessibility guidelines. The fourth phase entailed analysis grounded in
the usability criteria that align with those employed in the previous phases. The final
stage was the mapping of the relationship between the usability and accessibility
statements to determine the assertions for inclusion in the accessibility and usability
questionnaire.
The following sections describe the subjective evaluation conducted through
questionnaire administration.
4.4.4 Questionnaire design
The purpose of the survey was to subjectively measure the accessibility of
university Web-based systems to the selected users with sensory disabilities. It
uncovered the interaction experiences of the target users with systems in accordance
with UCD theory. The survey contains statements on problems of interaction with each
of the following categories: general systems, assistive software, media (video and
image) content and document files (Word, PowerPoint and PDF). The survey results
were analysed and compared with the data generated from the objective accessibility
measurements. The respondents spent 20 to 60 minutes completing the survey,
evaluating each statement and rating them on a Likert scale (Likert, 1932). The specific
duration of completion was expected to vary across the core stakeholders; it also
depended on the mode of questionnaire delivery (i.e. whether administered online or
printed) and the software skills and knowledge of the participants. As shown in the
ethics application process, this project was one of minimal risk.
Survey sample and sample size
It was important to identify the sample population and determine the final sample
size for the survey. Given that up-to-date data on the number of students with sensory
disabilities was not readily available, this study used those available from one
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university in AU and two institutions in SA to estimate the sample population. In 2014,
a university in Queensland had 106 blind students, 139 deaf students and 2 blind–deaf
students (total = 247 students). In 2015, one of the institutes in SA had 120 blind
students, whereas the other had 150 deaf students (total = 270 students). The initial
total sample size for the research was 517 individuals with disabilities.
Table 4-1. Standards for the z-score (Saris & Gallhofer, 2007).
Desired confidence level

z-score

80%

1.28

85%

1.44

90%

1.65

95%

1.96

99%

2.58

The population was stratified by first identifying the visually and hearingimpaired groups among individuals using educational websites and then randomly
selecting participants from the overall population of users with sensory disabilities.
The required number of students with sensory disabilities in the random sample was a
minimum of 60 individuals each from the visually and hearing-impaired groups. This
size was chosen on the basis of the calculation of the sample size that covers population
size, margin of error and confidence level. The margin of error is a percentage that
demonstrates the approximations of a sample’s responses to the accuracy determined
for a selected population. The smaller the margin of error, the less likely that an
accurate answer that corresponds to a given confidence level is received. The
confidence level is a measure of how certain a researcher is that a sample adequately
represents the population across the calculated margin of error. Most researchers use
commonly adopted percentages, such as 90%, 95% and 99%, but this thesis used the
z-score in the formula (which contains the number of standard deviations) provided
that the proportion was far from the mean. Table 4-1 shows the z-score and its
equivalent desired confidence level (Saris & Gallhofer, 2014). The formula used to
calculate sample size was as follows:
Sample size = (

𝑧 2 −𝑝(1−𝑝)

𝑧 2 −𝑝(1−𝑝)

𝑒2

𝑒2𝑁

)/(1 + (

))

where N denotes the population size, e refers to the margin of error and z is the
z-score.
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Because approximately 500 sensorily disabled users were potential participants,
60 respondents were needed as the minimum for the research to obtain a 90%
confidence level at a 10% margin of error.
4.4.5 Design of the questionnaire scale
The survey design process usually involves considerations aimed at enhancing
design (Nardi, 2018). In this work, one such consideration was allowing the
participants to skip any question, except for those related to demographic data. The
other considerations were as follows: Positive statements were created to avoid the
effect of a negative orientation on the participants, and a pilot test was conducted with
visually and hearing-impaired users. The questionnaire was incorporated with
multiple-choice questions to ensure accessibility for the participants who use screen
readers. This component enabled the hearing-impaired participants to answer
accessibility problems that are typically more relevant to the visually impaired group;
some of the participants were assistants of the visually and hearing-impaired
individuals, and a number of the hearing-impaired respondents worked as assistants of
the visually impaired group. More specific examples are the hard-of-hearing/deaf
participants who worked at disability service departments to assist other students with
disabilities, including those with visual impairments. There were also participants who
had dual disabilities, such as being hard of hearing and blind. Because the participants
had sensory disabilities, they were in a unique position to share information on and
understand the challenges that they encounter while they interact with non-accessible
Web-based systems.
The scale used by the respondents to rate items covered four points, among
which three denote agreement, neutrality and disagreement, and the fourth indicates
the inability to evaluate, which serves as the null response. These points were used to
facilitate the tasks to be completed by the visual participants as they engaged with
screen reader software. The pilot test confirmed that adding ‘strongly agree/disagree’
points to the scale would complicate the evaluation of each statement. Thus, four
points was regarded as the optimal scale (Power et al., 2012) for the current survey.
‘Agree’ was the low level of the scale, indicating that an accessibility problem is
mostly non-existent. ‘Neutral’ was the middle level, which denotes that an
accessibility problem exists to an extent of 50%. ‘Disagree’ was the third point, which
illustrates the high level of the scale, meaning that an accessibility problem mostly
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exists. Finally, ‘unable to evaluate’ points to how a given accessibility problem cannot
be ranked by participants for certain reasons, such as the technical tone with which the
accessibility problem is described (statement) or the irrelevance (non-impact) of the
problem to their disability. The three Likert scale points—'agree’, ‘neutral’ and
‘disagree’— used in the ranking process of accessibility problems in the present work
(Jacoby & Matell, 1971).
Analysing Likert-scale questions is aligned with a study’s goals (Boone &
Boone, 2012). The primary goal of the Likert-type subjective evaluation in the present
research was for all the participants, then for each of the disability groups, to rank each
statement. Non-parametric statistics were verified through the Mann–Whitney U,
Wilcoxon signed‐rank and Kruskal–Wallis (Field, 2013) tests, but the output did not
reflect the accurate ranking assigned by the participants to each statement. For this
reason, a ranking formula was applied on the basis of range test (Jamieson, 2004; Field,
2013) concepts used in analysing the Likert scale. The application covered converting
the Likert scale responses into numerical figures using scores that summarise the
responses’ deviation from each statement. The points in the scale were assigned the
following weights:
Agree = 1 point
Neutral = 2 points
Disagree = 3 points
The weight is the number equivalent to each scale for the conversion of data into
a single number, which provides a way to compare and contrast the rankings of the
visually and hearing-impaired groups and to rank each statement (accessibility
problem) in each survey category (i.e. general, media, document and assistive
software). Consequently, the total number of participants responding to each statement
was reported to demonstrate how reliable the outcome is; this involved calculating the
statement score (Jamieson, 2004; Field, 2013), which signifies the average agreement
with a statement. The specific equation applied is presented below:
Statement Score = ((agree * 1) + (neutral * 2) + (disagree * 3))/number of
participants
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The equation above was applied to each survey statement, after which all the
statements were ranked on the basis of their scores and classified under three
categories: high priority, middle priority and low priority. The ranking and
prioritisation of these statements were integrated in the quantitative metric to validate
the final overall accessibility scores that the visually and hearing-impaired groups
granted to the examined university Web-based systems.
The subjective evaluation of university website accessibility raises several
challenges when considering users with hearing and vision impairments, yet the extant
literature did not adequately delineate the factors that influence accessibility for these
users. This gap was addressed in the current research, with a UCD-based subjective
evaluation method trialled using a newly established model and a survey instrument.
An essential requirement was to shed light on whether the identified factors
significantly affect users’ accessibility evaluation of educational websites as these
determinants figure importantly in the interaction between Web-based systems and
users. The analysis of the survey outcomes indicated key differences in the subjective
evaluations of the sensory disability groups. The contributions of this stage of the study
are new findings from the exploration of accessibility evaluation by users with visual
and hearing impairments. These results present implications for the design of
accessible educational websites that cater to these user groups.
The following sub-section thoroughly explains the identified factors and how
they possibly affect subjective evaluation.
4.4.6 Extraction of influencing factors for the subjective evaluation (survey)
The significant factors that might influence the opinions of users with sensory
disabilities as they evaluate the accessibility of university websites were categorised.
Those exerting primary effects were accessibility problems (general, embedded media
or documents), software skills, educational level, assistive software (usage and
number) and independence (Figure 4-12).
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Figure 4-12.Influencing factors (Alahmadi & Drew, 2018).
The multi-method evaluation developed in this thesis distinguished problems
related to general system effects and problems associated with media content, such as
videos and images, document files and assistive software. Levin and Gordon (1989)
demonstrated that users with high levels of experience with software possess stronger
software skills than those with low computer experience. The authors organised
software skills thus: (1) ‘very experienced and technical’, (2) ‘good but not very
technical’, (3) ‘capable of coping with most software’ and (4) ‘find most software
difficult to use’ (Lewis, 1995). These levels potentially affect agreement among users
who evaluate the accessibility of educational websites.
The independence of people with disabilities is a key element in the development
of assistive technologies and accessibility solutions (Helal, Mokhtari & Abdulrazak,
2008). That is, developers of educational websites are obligated to advance autonomy
among disabled populations as they interact with systems (Darcy, Green & Maxwell,
2017) because such independence may affect their rating of educational website
accessibility. Assistive software programmes have been adopted to guarantee optimal
accessibility for users with disabilities. These programmes, in conjunction with
accessible websites, serve as the best practical solutions for individuals grappling with
impairments, especially those associated with vision (Holzberg & O’Brien, 2016). The
higher the number of accessibility problems encountered in assistive software, the less
effective the interaction between users and Web-based systems (Zhang et al., 2017).
Moreover, the use of assistive software involves additional tasks that are related to
learning and training, which are costly and time consuming (Gómez-Martínez et al.,
2015). This issue is exacerbated by the necessity of learning to deal with many types
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of assistive software. Correspondingly, the use and learning of assistive software might
impact the accessibility ratings that visually and hearing-impaired people assign to
educational websites.
Similarly, educational level is considerably relevant to end users’ interactions
with Web-based systems. Users with high educational attainment exhibit more
advanced software skills than do those with low levels of education (Davis & Davis,
1990). Furthermore, users with different educational levels have varying requirements
from educational websites. For example, the interaction of PhD students with websites
is substantially affected by the inaccessibility of PDF files, whereas that of students
completing a bachelor’s programme is affected by the inaccessibility of online exams
(Roberts, Crittenden & Crittenden, 2011). Measuring the effects of educational level
on accessibility ratings for educational Web-based systems is therefore a worthwhile
task.
Hypotheses regarding influencing factors
The hypotheses were formulated and verified to elucidate the differences
between the visually and hearing-impaired groups with respect to the accessibility
ratings assigned to the examined university Web-based systems. The focus was on the
following influencing factors: the level of agreement in terms of the accessibility of
general Web-based systems, the accessibility of media content and document files,
independence, software skills and usage and the number of learning assistive software.
The hypotheses pursued in this work were as follows:
H1: The accessibility ratings of educational websites are positively correlated
with the accessibility ratings of the media content embedded in these sites.
H2: The accessibility ratings of educational websites are positively correlated
with those assigned to the document files embedded in these sites.
H3: The accessibility ratings of media files embedded in educational websites
exhibit a positive correlation with the accessibility ratings of the document files
embedded in these systems. To illustrate, the participants who regard most university
Web-based systems as accessible view embedded media or document files accessible
as well.
H4: The software skills of hearing- and visually impaired groups reflect a
positive correlation with the accessibility ratings of educational websites.
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H5: The independence of hearing- and visually impaired groups are positively
correlated with the accessibility ratings of educational websites. Here, independence
means freedom from the need for support from other people in interactions with
university Web-based systems.
H6: The assistive software usage of hearing- and visually impaired groups has a
positive correlation with the accessibility ratings of educational Web-based systems.
H7: The educational levels of hearing- and visually impaired groups show a
positive correlation with the accessibility ratings of educational Web-based systems.
The data were analysed using a chi-square test for independence, in which twoway tables were applied as a guideline in confirming that the evidence obtained from
the sample is robust enough to generalise that the relationship between two categorial
variables apply to a larger population (Field, 2013). The p-value derived in a chisquare test is the probability that the chi-square value will be as large as it is should
there be no relationship found in the population. A recognised relationship was
considered statistically significant when the p-value from the chi-square test was less
than 0.05 (Field, 2013). Because the data were acquired from a Likert-type survey,
such elements count as categorical data; many researchers argued (Boone & Boone,
2012; Jamieson, 2004) that using statistics for which mean values are compared (as is
done in an ANOVA test) is invalid for Likert-scale categorial data (Field, 2013). A
chi-square test is thus a sufficient statistical tool for unravelling the relationships
among influencing factors.
4.4.7 Survey methods
This study developed a set of structured survey statements that elicit information
which satisfies the subjective evaluation of university Web-based systems. Surveys
are administered online and face to face. This section relates the considerations and
challenges of these modes of delivery and how they can be managed.
Face-to-face survey
A face-to-face survey presents the advantage of gaining instant feedback and
communication that leads to the discovery of accessibility barriers, issues and effects.
Some considerations that are taken into account for the effective administration of
face-to-face surveys are as follows:
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1. Survey material: A variety of survey materials are provided to ensure
comfort, reliability, confidentiality, technical understanding and usability. Survey
formats include a printed textual survey for deaf participants and a printed Braille code
survey for visually impaired and deaf–blind respondents.
2. Specific requirements: A face-to-face survey is most effective when
accompanied by sign-language interpretation for deaf participants. The in-person
engagement of participants with an online survey through laptops should also include
access to complete survey features and assistive software, such as screen readers and
voice recognition systems.
Online survey
An online mode of delivery provides a great opportunity for participants to
complete a survey in their preferred locations. The accessibility requirements for
conducting an online survey and the required user interface are described below:
1. Designing a survey that considers all the possible needs of participants
2. Checking for accessibility errors using human evaluation and AETs to decide
on which online survey tool features a minimum of accessibility errors
3. Designing a video that introduces survey information and creating consent
forms as videos with captions (see Appendix D).
4. Providing a video with sign language (Auslan for AU participants)
interpretation in introducing survey information and consent forms
5. Choosing a question format that suits the needs of participants [e.g. Multiplechoice questions are considered the most accessible question type for the visually
impaired, as indicated in WCAG 2.0 (W3C, 2019).]
6. Providing full textual explanations for context-sensitive assistance
7. Testing a survey online using assistive software, such as screen readers and
voice recognition systems, to ensure accessibility.
8. Considering participants’ needs while designing online survey themes, such
as background colour, text colour and size
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4.4.8 Challenges of conducting subjective evaluation via a survey
The subjective evaluation was confronted with challenges in accessing a
representative number of participants. Reaching out to prospective participants
through advertisements was impractical as many such individuals do not register their
disability groups in organisations. The widest possible participant pool was accessed
by targeting people who work as assistants of potential respondents. These include
family members, personal assistants, developers, educators and disability service
practitioners. Another source of difficulty was familiarity with information technology
(IT), which covers aspects such as software skills and IT knowledge. This issue
impeded the effective collection of accurate and reliable answers, but it was partly
mitigated through the presentation of simply worded questionnaire statements, with a
minimum amount of technological language, to the respondents.
The following sections recount the development of the objective evaluation
model, including the experimental design for the objective evaluation; the modelling
of such assessment; the sampling method applied in this work; the process of
evaluating general, image and video features; the use of mining techniques as
accessibility evaluation methods; and the AMWSUF.
4.5

OBJECTIVE EVALUATION
The objective evaluation carried out in this thesis involved various evaluation

methods, each used for a specific purpose and as a means of deriving answers to a
specific research question. As stated in the beginning of this chapter, the objective
accessibility measurements were initiated with human evaluation and supported by
AChecker, PAC 2.0 and MS Office Checker, which generated accessibility reports on
all accessibility problems found in university Web-based systems (including uploaded
files), specifically those appearing in the document (PowerPoint, Word and PDF),
image, video and general datasets. Mining techniques were then implemented to
validate the human expert-identified accessibility problems and vice versa. The
assessment of assistive technology software, specifically screen readers (Jaws, NVDA
and VoiceOver) and a voice recognition programme (Dragon NaturallySpeaking), was
performed on the general dataset. After the objective evaluation was completed, a
quantitative metric-based assessment was carried out using the AMWSUF. As
previously explained, this quantitative metric is grounded in the priority features of
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university Web-based systems and the characteristics of hearing- and visually impaired
groups.
The objective method was integrated into the multi-method evaluation, for
which the central problems encountered were the effective integration of the AET and
human assessments; the validation that employed advanced approaches, such as data
mining, and included the effects of uploaded files on all evaluation methods; and the
AMWSUF metric and the manner by which the subjective and objective methods were
combined. These problems highlighted the need to understand that each method has
limitations, even though they are based on common standards. Nevertheless, the use
of a range of automated and human testing methods in this thesis remained beneficial
as the approaches complemented or supplemented one another. They also enabled
triangulation for the confirmation of a particular rating. The use of the objective
method was driven by the fact that different user groups have varying characteristics
that affect accessibility. The use of human, automated, mining and AMWSUF
evaluations enabled the validation of the findings from the subjective method and the
moderation of the ratings based on a particular disability groups’ need. The objective
approach was also favourable in terms of advancing the recognition that webpage text
comprises only a small part of educational information; it therefore motivated the
investigation of different embedded files (images, videos, documents). It was
advantageous as well with regard to the understanding that a validation problem exists
in semi-human testing, thereby driving the design of a comprehensive data mining
approach to accessibility evaluation. Finally, the objective method was adopted to
update the quantitative metric so that it covers the examination of effects from
uploaded files and the fusion of the subjective and objective approaches for more
accurate outcomes on the overall accessibility value perceived by the visually and
hearing-impaired groups. Such reasoning for the use of the objective method was
based on the literature review (Chapter 3) and an empirical study (Alahmadi & Drew,
2016).
The succeeding sections expound on the development of the objective evaluation
model, whose novelty stems primarily from the following features: It synthesises
aspects from multiple accessibility evaluation methods in a new, more advanced
manner. It is applicable in triangulation that can be validated through data mining—a
strategy that has never been pursued before. Meanwhile, the design of the quantitative
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AMWSUF metric comprises disability characteristics and Web-based system features
as its core components. This metric, which can be adapted to any Web-based
information system, consists of four categories that align with the attributes and
features of disabled populations and Web-based systems. It was created to effectively
connect the subjective evaluation model to the objective equivalent in terms of status,
validation, accessibility problem ranking and the estimation of the weight of
accessibility problems on the basis of priorities.
4.5.1 Experimental design for the objective evaluation
The HTML codes of the webpages that constitute the examined
educational/university Web-based systems were obtained either from public
repositories or with permission. Australia has 40 Australian universities (Higher
Education, 2016), 2 international universities and 1 private university, whereas the
KSA has 25 public higher education institutions (The Ministry of Education, 2019).
All university Web-based systems contain many types of webpages, such as the home,
administration, course description, course material, news and library pages. Some
studies focused only on home pages, but as indicated in Chapter 2, page type does not
affect accessibility rate. For this reason, the data collection in the current research also
covered the most frequently visited webpages. Certain research evaluated and
compared results regarding LMSs (Iglesias et al., 2014) without considering other
university webpages that affect the interactions of disabled users with these systems.
This thesis deviated from convention by using multi-method evaluation rather than
restricting coverage to a single approach to more comprehensively analyse
accessibility. Yet other studies (Vigo et al., 2007) indicated differences in results
derived through quantitative metrics; when a metric is applied in examining
educational webpages, the accuracy of findings varies from that of outcomes related
to other websites or systems, such as those devoted to news or airline operations. For
this reason, the evaluation method and metric in the present study were directed
towards university Web-based systems only. As stated earlier, the evaluations of
document files were regarded as an integral component of the assessment and metric
design. Accordingly, these files, along with media files (i.e. videos, images and audio
content), were derived from the systems of all the participating universities. Because
university websites contain numerous webpages, the validity and reliability of the data
collection was ensured by selecting pages for scrutiny in a random manner so that the
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chosen ones represent usage by the general population. Priority was accorded to
webpages that were deemed considerably facilitative of eliciting answers to the
research questions and acquiring solid results. The specific selection criteria are listed
below:
1. All webpages considered were those from university Web-based systems,
including LMSs.
2. Webpages that contained embedded or uploaded document files (Word,
PowerPoint and PDF) were included in the analysis.
3. Webpages that contained embedded or uploaded images and video content
were covered in the examination.
4. Webpages for which another host service was used and that provide links to
media content were included.
5. Document and media files from webpage codes were evaluated in detail.
6. The number of document files was at least 25% of the total number of
webpages.
7. The number of media files was at least 10% of the total number of webpages.
The evaluation of accessibility was performed on the Web-based systems of
universities in AU and SA. No differences existed as to the methods used to create
accessible content in these institutions. The focus of the research was the assessment
of accessibility as an international phenomenon. Cultural differences, language and
traditional educational systems were beyond the scope of this thesis.
In the objective evaluation, data were collected primarily through humandirected approaches with supplementation from AETs. AChecker was used to assess a
single webpage against WCAG 2.0 (Level AAA) guidelines, with the tool offering the
option to activate HTML and CSS validators. AChecker generated evaluation reports
as PDF and CSV documents for each evaluated page. In-browser Web developer tools,
such as Inspector, were used to examine webpage codes against HTML attributes and
elements. Microsoft Office Checker was adopted as a supplement to the human
evaluation of accessibility problems in PowerPoint and Word files. For PDF files, PAC
2.0 was used.
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4.5.2 Modelling the objective evaluation
The process indicated in the objective evaluation model occurred in four phases
(Figure 4-13), which were adapted from Olsina and Rossi’s (2002) model. The
preparatory phase consisted of nine non-functional tasks, which effectively determined
and favourably affected the quality of the final results. As previously discussed,
although these tasks were designed as a means of evaluating university Web-based
systems, they can also be used to assess other similar infrastructure (e.g. that used in
banking), with justification for the features and content types that are based on the
attributes of a target system. The nine tasks were the following:
1. Identifying evaluation goals
2. Pinpointing the characteristics and needs of users with visual and hearing
impairments
3. Distinguishing the features of university Web-based systems
4. Recognising the educational content with the strongest effects on students
5. Distinguishing the most critical assistive software issues
6. Designing the components of quality requirements
7. Aligning quality requirements with accessibility standards, such as WACG
2.0, PDF and MS Office accessibility checkpoints
8. Determining the evaluation attributes and possible values for each
measurement tool
9. Prioritising the attributes for a specific sensory disability
The intermediate phase comprised design and implementation tasks. In this
phase, multi-method evaluation was carried out to collect data on attributes. The tasks
in this regard are presented below:
1. Identifying the main measurement methods for certain attributes
2. Recognising the key evaluation tools for certain attributes
3. Identifying and associating numerical values with attributes
4. Conducting measurements
5. Recording results
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The comprehensive phase was intended to highlight the design and
implementation of the quantitative metric. All the data collected from phase two were
incorporated into the aggregation formula. The tasks involved at this stage were the
following:
1. Designing aggregation criteria
2. Developing the scoring method and accessibility problem weight
3. Developing the aggregation formula
4. Implementing the aggregation formula
The validation phase was meant to test the validity and reliability of all the
previous phases. The specific tasks involved were as follows:
1. Comparing the results with those of the subjective evaluation (questionnaire)
2. Comparing the findings with the outcomes of mining techniques
3. Comparing the results with those derived using similar state-of-the-art
quantitative metrics

Figure 4-13. Objective evaluation model.

128

Chapter 4: Multi-methods Accessibility Evaluation Model

4.5.3 Experimental sampling method
Examining all webpages against all evaluation criteria is generally an impractical
approach (Nietzio et al., 2008). In this thesis, many foundational steps were
implemented before sample pages from the evaluated systems were chosen. The first
step was defining the evaluation goals, and the second was determining system
features and functions. The third step involved highlighting the characteristics and
needs of the target disabled users, and the fourth entailed determining the types and
effects of content found in the selected systems. Finally, the types of pages that
affected the accessibility of the Web-based systems to the target groups were
determined and prioritised in the formulation of solutions. At the end of the
foundational process, a sample of pages from the selected websites were evaluated.
Uniform random sampling is necessary for replicable evaluation that enables
synchronous or asynchronous comparisons. The sampling process is usually based on
an ad hoc procedure, such as page type selection, random walk and uniform random
sampling (Brajnik & Lomuscio, 2007). The choice of sampling method affects metric
design, for which one of the requirements is the consideration of the size and
complexity of a website during evaluation (Parmanto & Zeng, 2005). If a system is
considerably large and complex, the system will highly likely receive a low
accessibility score. The problem that arises, then, is how the effects of sampling
methods on final accessibility value can be reduced. A possible solution is to consider
the number of evaluated educational webpages. The principle applied in this work was
that the number of evaluated document files should be at least 25% of the total number
of evaluated educational webpages. The same was implemented as regards the
estimation of the number of media files for examination. This principle was grounded
in the number of inspected webpages, document files and media files for one university
Web-based system (Table 4-2). It was also ascertained from the Google Search
Console tool, Google search engine and sitemap to determine the total number of
webpages in one university Web-based system and the number of images, document
files and videos published on such platform. In the chosen university Web-based
systems, the number of complex or informative images, video files containing
information or knowledge and document files accounted for 12%, 10% and 25% of the
total number of webpages, respectively.

Chapter 4: Multi-methods Accessibility Evaluation Model

129

Table 4-2. Percentage estimation based on data collected from one university Webbased system.
File type

Number

Estimation percentage

Document files

10,500

25%

Video files

4,200

10%

Image files

5,040

12%

Total webpages: 42,000

4.5.4 General webpage evaluation
The WCAG 2.1 guidelines (W3C, 2019) were created under the assumption that
developers perform expert evaluations as they comply with the requirements indicated
in accessibility checkpoints. Consequently, the evaluation and accuracy of developed
accessible webpages are directly associated with a developer’s level of experience.
Understanding known and potential accessibility problems is expected to enable
developers to create Web-based systems that are characterised by enhanced
accessibility and data quality. Bailey, Pearson and Gkatzidou (2014) compared the
reliability of accessibility evaluations carried out by novices versus experts. The
authors found that expert evaluations are 76% reliable, whereas novice assessments
are 65% reliable. The study partially supports the importance of expert evaluations in
resolving the shortcomings of AETs. Expertise is accorded high priority in
accessibility evaluations as it is paramount to the successful verification and
application of WCAG-based techniques given expert involvement in guaranteeing
thorough knowledge of accessibility issues (Yesilada, Brajnik & Harper, 2009).
Nonetheless, expert assessment may be inaccurate or miss accessibility problems in
webpage analysis and thereby cause ambiguity in human evaluation (Brajnik, Yesilada
& Harper, 2010). It should therefore be supported by AETs to reduce the possibility
of inaccuracies and lessen the time and effort involved in evaluation.
In this research, the automated evaluation tool AChecker was used (AChecker
Adaptive Technology Resource Centre, 2019) for many reasons. First, an evaluation
outcome can take the form of a PDF or CSV file, which is to be added to research data
as a reference. Second, checking can be performed against many guidelines, such as
WCAG 2.0 and Section 508. Third, AChecker categorises problems as known, likely
and potential issues. Finally, it easily connects HTML line codes to checkpoints that
relate to image accessibility problems. The tool was employed in this study against
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WCAG 2.0 standard level AAA to test all the selected webpages and record problems
that were found. It was adopted in conjunction with human evaluation to ensure the
accuracy of assessments and find the causes of any dissimilarities between the two
methods. AChecker might provide false positive or false negative outcomes, but this
issue had a limited impact in this research as the main evaluation method was that
implemented by human experts.
The evaluation of general accessibility problems refers to testing entire
webpages against WCAG 2.1 and Section 508 checkpoints that are associated with
sensory disabilities and this research’s designed checkpoints. General accessibility
problems were the focal components of the analysis. A webpage was considered
accessible when it was deemed free of absolute accessibility problems.
Flowchart of general webpage evaluation
Figure 4-14 provides an overview of the human and AET evaluation process for
webpage source codes. Some important variables, such as webpage type and purpose,
were recorded before the assessment to recognise learning content.
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Figure 4-14. Human and AET evaluation of webpage source codes.

4.5.5 Image evaluation
The learning-related images explored in this research were published on
webpages that deliver learning materials, such as course content and library references.
These images constitute a key part of webpage content. The absence of descriptive text
for such images means that part of the learning materials to which they belong is also
missing, thereby affecting the performance of visually impaired students/users. Most
of the images found on the examined websites were graphs, diagrams and charts,
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which are regarded as complex images (W3C, 2018). As previously stated, complex
images may require descriptions that are longer than 100 characters; these descriptions
can be provided through the use of HTML5 attributes or in-text explanations (i.e. the
texts surrounding an image on a webpage). Non-learning materials that provide general
information to students/users (e.g. administration and alumni webpages) are as
important as learning images, except that they do not directly affect the achievements
of visually impaired student/users in courses.

Figure 4-15. Main considerations when creating accurate descriptive text for an
image (Alahmadi & Drew, 2018).
Image accessibility for visually impaired users necessitates accurate descriptive
text that aligns with the purpose and complexity of images (Connor, 2012; W3C, 2018;
Section 508, 2019). For this reason, formulation was carried out to identify the key
rules based on HTML5 attributes and element features as well as the WCAG 2.1 and
Section 508 standards that guide the evaluation of images embedded in educational
Web-based systems. These rules are as follows:
• If an image is complex, then a long descriptive text (or in-text explanation) is
required.
• If a descriptive text (or in-text explanation) is long, then the minimum number
of characters required is >100 characters (W3C, 2018).
• If a long descriptive text (or in-text explanation) is used, then the accuracy of
the description must be ensured.
• If an image is simple, then a short descriptive text is required.
• If a description is short, then the minimum number of characters required is
≤100 characters (W3C, 2018).
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• If a short description is used, then the accuracy of the description must be
guaranteed.
• If an image is decorative, then a null attribute can be used.
The rules above (W3C, 2018; Section 508, 2019) serve as the basic requirements
for ensuring that any image is accessible to visually impaired users. Images that are
intended to deliver learning content must also have accurate, meaningful and highquality text descriptions that are based on course outlines, resources and strategies.
There are important considerations when evaluating the meaningfulness of
descriptive text for an image:
• The descriptive text must describe an image in the form of complete sentences
expressed in accurate language rather than unconnected words (Wu, Wieland, Farivar
& Schiller, 2017).
• It cannot contain acronyms or symbols that are missing definitions (W3C,
2018).
• It must describe image features in the text in a manner similar to human visual
descriptions (Vedantam, Lawrence, Zitnick & Parikh, 2015).
• It must describe at least three main layers of statistical diagrams: a top-level
summary, major component layers and single-component explorations (Fitzpatrick et
al., 2017).
• It must highlight critical image factors: compositional, semantic and contextual
factors (Berg et al., 2012).
• It must describe all hierarchical chart components, cascading down from the
top to the other components of a chart (W3C, 2018).
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Flowchart of image evaluation
Figures 4-16 through 4-19 illustrate examples of HTML 5 image codes. Figure
4-20 provides an overview of the human and AET evaluation process for one image
published on a single webpage. Some important variables, such as complexity level
and image category, were recorded before the assessment.

Figure 4-16. Image HTML code without an alt attribute (Alahmadi & Drew, 2018).

Figure 4-17. Alt attribute example (Alahmadi & Drew, 2018).

Figure 4-19. Image HTML code with alt and title attributes (Alahmadi & Drew, 2018).

Figure 4-18. Image HTML code with an alt attribute including a NULL value (Alahmadi &
Drew, 2018).
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Figure 4-20. Human and AET evaluation of one image (Alahmadi & Drew, 2018).

4.5.6 Video evaluation
The accessibility of videos on webpages is influenced by the availability and
accuracy of captions or transcripts and their compatibility with video types. Video
accessibility evaluation cannot be fully implemented through only one method
(Chapter 3), but it can be enhanced by the inclusion of processes that consider the
quality of captions or transcripts.
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Captions or subtitles should be available for all videos to be accessible to
hearing-impaired groups and even visually impaired groups with respect to image/textbased videos. A custom caption or subtitle is more accurate than an auto-generated
equivalent because the former is usually created and tested by a user. When a video is
intended for learning, its accuracy can be ensured through the use of a custom caption
or the updating of an auto-generated caption. Auto-generated captions are currently
available in many video hosting services, such as YouTube and Vimeo.
Video accessibility for users with hearing disabilities necessitates accurate
captions or subtitles that reflect video components (W3C, 2018; Section 508, 2019).
Correspondingly, formulation was implemented for the main rules based on HTML5
attributes and element features and the WCAG 2.1 and Section 508 standards that
guide the evaluation of videos embedded in educational Web-based systems. These
rules are as follows:
• If a video has a custom or an automated caption, then the accuracy of the
caption must be ensured.
• A video that comes with a caption requires synchronisation.
• The use of an image/text-based video requires accompaniment with an accurate
transcript.
• If a video is uploaded using a hosting service, such as YouTube, then the
corresponding link to multimedia requires descriptive text.
The rules above (W3C, 2018; Section 508, 2019) serve as the basic requirements
for ensuring that any video is accessible to hearing- and visually impaired groups.
Videos that deliver learning content must also have accurate, meaningful and highquality captions, subtitles or transcripts that are anchored on course outlines, resources
and strategies.
Below are important considerations when evaluating the quality of
captions/subtitles of videos used by all disabled populations:
• Captions contain all words arranged in the same order that they are spoken in
a video.
• Definitions are included in captions when acronyms or symbols are used.
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• Captions are characterised by correct grammatical components, including
spelling, spacing between words, punctuation and capitalisation.
• An accurate caption is one that conveys the tone of a speaker and delivers the
exact intent of content.
• Non-verbal information, such as sound effects, music playing, audience
reactions and who is speaking, should be included in captions.
• For synchronisation, captions should coincide with spoken words and sounds
to the greatest amplitude possible.
• The speed at which captions are displayed should keep pace with the speed of
reading.
• The location of captions on a video should not prevent comprehension of other
remarkable visual content onscreen, such as actress/presenter faces, featured elements
(e.g. graphics) and comments.
• Captions should reflect descriptions for all texts and images in image/textbased videos.
Flowchart of video evaluation
Figure 4-21 summarises the human and AET evaluation process for a single
video published on one webpage. Some important variables, such as video type, were
recorded before the assessment.
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Figure 4-21. Human and automated evaluation of one video.

4.5.7 Document evaluation
Document files are the learning materials that are most commonly used as a
medium through which educators advance student achievement. At the same time,
these files are considerable influencing factors for the accessibility of educational webbased systems, specifically LMSs. Thus, multi-method evaluation is a significant step
in reviewing the accessibility of document files, such as PDF, Word and PowerPoint
documents. The outcomes of such assessment can be used to develop plans for
ensuring the accessibility of these materials.
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The most frequently used documents on educational web-based systems are PDF
files, whose accessibility exerts a strong impact on visually impaired individuals. The
combined objective and subjective evaluations enabled the determination of the
accessibility score of these essential materials. The examination of educational PDF
files revealed the extensive use of complex images, such as graphs, charts and
diagrams. A significant number of PDF documents were also converted from other file
formats, such as PowerPoint and Word, which caused inaccessibility in PDF
documents. Yet other files were created from scanned images, which prevented
comprehensibility over screen readers. To evaluate these files effectively, PAC 2.0
was used in concert with human evaluation. It was important to take into account the
number of pages, word count and character count while evaluating PDF files to ensure
that the correct number of accessibility problems were found. All evaluations were
implemented in accordance with PDF standards for people with sensory disabilities.
The second most customarily used documents are PowerPoint files. As with the
PDF files, PowerPoint documents heavily featured images, thus increasing the
accessibility problems occurring in these files. They also typically contained
embedded voice and video files, which require captions or subtitles for them to be
accessible. Some PowerPoint files contained links to videos hosted on video hosting
services; these components also need to be accompanied with captions or subtitles. To
evaluate these files effectively, Microsoft Office Checker was used along with human
evaluation. The assessment was carried out in conformity with Microsoft Office
standards for users with sensory disabilities.
The third most extensively used documents were Word files. Notably, these
documents were accessed to a lesser extent than were PDF or PowerPoint documents
on the university Web-based systems. To evaluate these files appropriately, Microsoft
Office Checker and human evaluations were conducted. The entire assessment process
was done against Microsoft Office standards for sensorily disabled users.
Certain accessibility problems were commonly occurring across the three
document types, thus prompting the integration of the evaluation data into one dataset
when necessary, as was the case in the data mining evaluation. Otherwise, the
evaluation data for each of the file types were kept separate. A document file was
regarded as accessible when it was free of major accessibility problems.
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Flowchart of document evaluation
The evaluation was based on the testing and analysis of documents against PDF
or Microsoft Office standards. Figure 4-22 encapsulates the human and AET
assessment of one document file published on one webpage. Some important variables,
such as document type, source and purpose, were recorded before the evaluation.

Figure 4-22. Human and automated evaluation of one document file.
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4.6

DATA MINING TECHNIQUES AS ACCESSIBILITY EVALUATION
METHODS
Many studies (Chapter 2) highlighted the number of noticeable outputs regarding

Web accessibility barriers on the basis of established standards, such as WCAG and
Section 508. These initiatives were carried out using common evaluation methods,
including automated and human expert assessments. However, scant research has been
devoted to the application of data mining as a Web accessibility evaluation method
(Chapter 3). The present study is distinguished from previous research in its
investigation of a data mining approach’s effectiveness in identifying inaccessible
webpages and uploaded images, videos and documents for cross-method validation.
Data mining was also performed for comparison with the assessments conducted by
the human experts. Finally, data mining was used to analyse the effects of data preprocessing on the effectiveness of mining techniques as accessibility assessment
measures.
To the above-mentioned ends, a mining evaluation model was designed using
state-of-the-art mining algorithms. A comparative analysis was carried out on the
effectiveness of data mining techniques as accessibility evaluation methods that
predict the accessibility of the webpages, images, videos and documents uploaded on
them and identify components that are likely to fail accessibility criteria. The
effectiveness of four prediction techniques (NaiveBayes, BayesNet, JRip and J48)
were evaluated on four different datasets that were extracted from the analysis of
webpage source codes and accessibly features. The first dataset was derived from
image HTML attributes, and the second was extracted from video HTML attributes
and elements. The third dataset was obtained from document accessibility features,
and the fourth was drawn from webpage accessibility features and HTML attributes
and elements. The results are expected to confirm that the mining methods can identify
inaccessible or accessible webpages, embedded images, videos and documents.

142

Chapter 4: Multi-methods Accessibility Evaluation Model

4.6.1 Data mining evaluation

Figure 4-23. Accessibility evaluation using data mining (Witten et al., 2016).
The implementation of the data mining techniques in this thesis was succeeded
by classical data mining (Witten et al., 2016), which consists of six consequential steps
(Witten et al., 2016), namely, browsing data, selecting data, pre-processing data,
mining data and discovering knowledge (Figure 4-23). In this research, the classical
mining process was applied to identify accessible and inaccessible instances in the
general, video, document and image dataset thus:
Codes/files: During the human evaluation, the university Web-based systems
were browsed using ‘the research sampling method mentioned in Section 4.5.3 to
obtain HTML codes and uploaded files.
Selection: The selected data were then extracted for each variable in each dataset
for preparation purposes, after which the final four datasets were generated,
Pre-processing: The final datasets were cleaned for noise, and only necessary
information was considered. This stage ensured that no data fields were missing from
each dataset.
Transformation: The data were transformed and consolidated into appropriate
forms for the WEKA mining tool (Witten et al., 2016), and all the final datasets were
converted to attribute relation file format (ARFF) files using the CSVLoader and
ArffSaver packages in the WEKA mining tool (Witten et al., 2016). Each dataset
contained a set of features corresponding to general webpages, images, videos or
documents.
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Balancing: Balancing each dataset is required before performing data mining
algorithms to deal with important problems that are found and frequently occur during
accessibility evaluations via humans or automated tools. In unbalanced data, the
number of instances from one class is much larger than the number of instances from
other classes (Gu et al., 2008); thus, classification algorithms lean towards learning
from classes with a larger number of instances. The four datasets tested in this research
were considered imbalanced because occasions of inaccessible webpages, images,
videos or documents exceeded those of accessible ones. As a solution, the minority
class solution provided in WEKA through the SMOTE algorithm was oversampled
(synthetic minority oversampling) (Chawla et al., 2002) and applied to each dataset.
Mining: This study used the WEKA tool, which is a combination of machine
learning algorithms for data mining functions. It includes mechanisms for data
preparation, clustering, classification, association rules mining, regression and
visualisation (Witten, Frank, Hall & Pal, 2016). Classification is the best-known and
most frequently applied method of data mining. Its goal is the accurate prediction of a
target class of objects. For the purposes of this research, WEKA was used to apply
data mining techniques as accessibility evaluation methods in the experiment. These
techniques were BayesNet, which is a Bayes network learning method that employs a
variety of search algorithms and quality measures (Witten et al., 2016); NaiveBayes,
which is class of a Naive Bayes classifier that uses estimator classes (John & Langley,
1995); JRip, which is a class that implements a propositional rule learner called
repeated incremental pruning to produce error reduction (RIPPER) (Cohen, 1995); and
J48, which is a class that generates a pruned or unpruned C4.5 decision tree and a
widely used method that can handle both real-valued and nominal inputs (Quinlan,
2014). These techniques compile a set of webpages labelled as ‘accessible’ and
‘inaccessible’, after which they run technique classifiers on dataset features to
determine how well the labels can be predicted and examine the classifier to draw
insights into the prediction of accessible or inaccessible webpages, images, videos or
documents (instances).
Effectiveness metrics: To validate the effectiveness of the data mining
algorithms used in the experiment, two important measurements are adopted as
validation of outcomes: correctly classified instances (Witten et al., 2016) and the Fmeasure (Han et al., 2011). Because the datasets in this work were imbalanced,
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considering only correctly classified instances is inadequate. A significant supplement
to validation is taking account of the F-measure.
The F-measure is the harmonic mean of recall and precision. it has a parameter
that sets the trade-off between recall and precision. The standard F-measure is F1,
which assigns equal importance to recall and precision, as described below (Han et al.,
2011):

𝐹𝑀 = 2 × (

𝑃𝑟𝑒𝑐𝑖𝑠𝑖𝑜𝑛 × 𝑅𝑒𝑐𝑎𝑙𝑙
)
𝑃𝑟𝑒𝑐𝑖𝑠𝑖𝑜𝑛 + 𝑅𝑒𝑐𝑎𝑙𝑙

𝑃𝑟𝑒𝑐𝑖𝑠𝑖𝑜𝑛 = 𝑇𝑃/(𝐹𝑃 + 𝑇𝑃)
𝑅𝑒𝑐𝑎𝑙𝑙 = 𝑇𝑃/(𝐹𝑁 + 𝑇𝑃)
where
TP: True positives are the proportion of positive instances that are correctly
predicted as positive by a system.
FP: False positives are the proportion of negative instances that are incorrectly
predicted as positive by a system.
FN: False negatives denote the proportion of positive instances that are
incorrectly predicted as negative by a system.
Experiment analysis (WEKA environment): The experiment was analysed
using SMOTE to determine how well the data mining algorithms performed on the
datasets. Particular attention was paid to the validity of the data mining algorithms for
accessibility evaluation. The performance of NaiveBayes (BAYES), BayesNet
(BAYES), J48 (trees) and JRip (rules) on the document, image, video and general
datasets was compared.
Knowledge: After validation, the outputs showed the number of accessible and
inaccessible images, videos, documents and general webpages. The results of the
mining and human evaluations were compared, and a t-test was conducted.
Accessibility evaluation through data mining was intended to illuminate a
number of issues: How are such techniques effectively used to identify accessibility
outcomes? How does data pre-processing improve the accuracy of accessibility
outcomes? What is the most effective data mining technique for identifying such
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outcomes? How can data mining techniques be validated as accessibility evaluation
methods? The findings of the mining procedures are covered in Chapter 6.
4.7

ACCESSIBILITY METRIC OF WEB-BASED SYSTEM INCLUDING
UPLOADED FILES (AMWSUF)
An efficient way to use data collected from the intermediate stage of assessment

is to develop and implement quantitative metric-based evaluation. In this thesis, a
metric equation was designed on the basis of the A3 formula developed by Bühler et
al. (2006). The metric requirements of the present work are listed below:
1. Considering the range of values using a discriminative value instead of binary
pass-or-fail outcomes in the main evaluation phase (Parmanto & Zeng, 2005)
2. Taking into account the complexity of university Web-based systems
3. Providing outcomes that are interpretable, repeatable and comparable (Nietzio
et al., 2008)
4. Accounting for differences in characteristics and needs among users with
sensory disabilities (Bühler et al., 2006)
5. Probing into system content features: uploaded images, videos and
PowerPoint, Word and PDF files.
6. Examining the efficiency of sampling by providing a solution to estimating
the number of documents and media files that should be evaluated and aligned with
the total number of evaluated webpages
7. Performing human evaluation to ensure reliability and measure specific
criteria that cannot be determined by automated tools and standards
8. Incorporating stakeholder feedback into evaluation by administering a survey
questionnaire (subjective evaluation) to prioritise the accessibility problem weights
assigned to different barrier types instead of using fixed weights, as with Bühler et
al.’s (2006) formula (0.05)
9. Including accessibility rates ascribed to uploaded images, videos and
PowerPoint, Word and PDF files in determining effects on overall accessibility rate
Requirements 1 to 4 were addressed in the literature, whereas requirements 5 to
9 were handled in this thesis. The previous chapters called attention to the
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shortcomings of accessibility evaluations in the literature and the development of an
evaluation process and metric that disregards types of Web-based systems and
therefore affects accessibility results. Understanding the features, functions and
purposes of a Web-based system engendered an improved evaluation process. In this
research, the assessment of the current state of accessibility confirmed that document
files affected accessibility and achievement among the users with sensory disabilities
(Alahmadi & Drew, 2016). Because these files are extensively used in university Webbased systems, disregarding their evaluation negatively affected the accuracy of
accessibility assessment. Media files, such as video-recorded lectures and graphs that
constitute the learning content in LMSs, were equally influential materials that are
prevalently published in university Web-based systems (Alahmadi & Drew, 2017c).
The accuracy and availability of alt texts and captions influenced the reliability of
accessibility measurements for educational Web-based systems. All the data that were
recorded from the evaluation of general webpages, media content (images and videos)
and document files (PowerPoint, Word and PDF) were incorporated into the
AMWSUF:
1

AMWSUF = 𝑛 ∗ ∑𝑛𝑖= 1(𝐴3)𝑖
where

n = the number of accessibility values

A3 = the value of each accessibility rate for each category
In the metric, the overall accessibility rate is based on the evaluation of all
sampled webpages and uploaded files and is calculated using the average derived using
the A3 equation (Bühler et al., 2006) for the visually and hearing-impaired groups
separately. Table 4-3 compares the AMWSUF and the A3 formula. To ensure the
accuracy of accessibility, the overall accessibility value was ascertained from the
evaluation of general webpages for each sensory disability group that was affected by
the accessibility value of media and document files. This formula guarantees the
consideration of the influence of the accessibility of the most critical learning content
in educational Web-based systems on the overall accessibility value.
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Table 4-3. Comparison of proposed AMWSUF formula and A3 formula.
Attributes

A3 formula

AMWSUF

Guideline set

Customised

Customised on the basis of WCAG 2.0,
Section 508, SUMI and IBM, PDF standards,
Microsoft Office guidelines and assistive
software requirements

Types of evaluation

Automated tools

Automated

tools,

UCD

(questionnaire),

mining techniques and human judgement
Considers complexity

Yes

Yes

Considers evaluation of

No

Yes

Uses subjective evaluation

Yes (basic)

Yes, UCD (questionnaire)

Automated tools

EIAO (European

AChecker,

Internet

accessibility checker

uploaded files
PAC

2.0

and

MS

Office

Accessibility
Observatory)
Large-scale use

Yes

No

Web-based systems

Various

University Web-based systems

Prioritises accessibility

No

Yes

No

Yes

problems based on subjective
evaluation
Defines weight of
accessibility problem based on
subjective evaluation

As indicated in requirement 8 (Section 4.7), stakeholder feedback was
incorporated into the evaluation. Such feedback was obtained through the survey to
prioritise the severity weights for different barrier types instead of using fixed weights,
even though heuristics eases the identification and prioritisation of characteristics for
specific disabled groups. For deaf and hard-of-hearing users, for example, a missing
text description of an image is not a barrier. Figure 4-24 illustrates the heuristically
determined priority characteristics in accordance with the perspectives of each
sensorially disabled group.
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Figure 4-24. Heuristic priority based on the characteristics of each disabled group.

4.7.1 Estimating weights of accessibility problems
The subjective evaluation also served as a supplement that allowed for the
ranking of accessibility problems by each disability group to identify the weight of
each accessibility problem on the basis of its priority (high, moderate or low) and apply
it in relation to the developed metric. With the heuristics of the characteristics of the
visually and hearing-impaired groups as grounding, the types of accessibility problems
that are relevant to each sensory disability group can be recognised easily. In this
thesis, the subjective evaluation consisted of the most influential survey statements. It
was impractical to provide all criteria for success (accessibility problems) to be
evaluated by the participants. Instead, a list of the most influential accessibility
problems was derived from a previous study (Alahmadi & Drew, 2016), and a pilot
test was carried out involving voluntary participants to support decision making on
minimising the number of survey statements. Additionally, the objective evaluation
included the assessment of accessibility problems that exceeded the number of survey
statements. To solve this problem, WCAG 2.0 principles and guidelines were used to
relate the accessibility problems that were not included in the survey statements
(subjective evaluation). For example, the accessibility problem related to ‘Principle 1:
Perceivable: Guideline 1.1 Text Alternatives’ received the same weight as that
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accorded to the nearest or similar accessibility problem. With the A3 formula-based
estimation of severity (Bühler et al., 2006) as guidance, the weight assigned to all the
accessibility problem that were unrelated to sensory disabilities was 0; those accorded
to problems that were highly relevant, moderately relevant and minimally relevant to
the sensorially disabled groups were 0.07, 0.06, and 0.05, respectively.
4.8

DIAGRAM OF THE MULTI-METHOD ACCESSIBILITY
EVALUATION MODEL

Figure 4-25. Proposed evaluation model.
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4.9

DATA ANALYSIS AND INTERPRETATION
With the datasets generated from the subjective and objective accessibility

evaluations, data analysis was then conducted to derive answers to the research
questions. The goals in this respect were to epitomise the mass of data that were
collected and present the outcomes in a way that communicates the most important
findings or features. Given the quantitative nature of the research, the basic data
analysis included the counting and comparison of frequencies of variables and
differences between variables and statistical tests to estimate the significance of the
inferential outcomes. The questionnaire results (subjective evaluation) and
experimental outcomes (objective evaluation) were also explored. First, the priorities
of the checkpoints based on the stakeholders’ views were extracted from the
questionnaire results. The findings on priorities were then incorporated into the
quantitative metric-based evaluation. Second, the remaining questionnaire data were
analysed using SPSS (SPSS Statistics, 2016) and the components of classical data
analysis, such as min, max, mean, standard deviation and chi square. The method with
which the survey data were scrutinised advanced the understanding of the effect of
each checkpoint on the interaction and satisfaction of sensorially disabled users with
university Web-based systems. Finally, the analysis was intended to determine
interesting relationships between checkpoints from different categories or within a
category.
The objective evaluation entailed the use of sub-evaluation methods, general
evaluation, media file (image and video) evaluation and document file (PowerPoint
and Word) assessment. All the data collected from these sub-approaches were
processed using the proposed quantitative metric. Comprehending accessibility and
evaluating its quality in each evaluation stage necessitated an exhaustive analysis of
the data collected from each stage and the final metric outcomes. With the adoption of
the AMWSUF for inquiring into the quantified accessibility of university Web-based
systems, it was beneficial to use the R Project for Statistical Computing (The R
Environment, 2019) in a suite of operators for calculations of a range of matrices. The
findings of the subjective evaluation were compared with those of the objective
assessment to identify discrepancies and causes, as well as ensure validity and
reliability. Furthermore, the mining techniques were implemented to test the validity
of the datasets obtained from the objective evaluation supported by the human and
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automated assessments. The final outcomes of the study can be used in future research
as foundation in developing new accessibility tools, guidelines and authoring tools for
use in creating accessible content in educational Web-based systems. The developed
multi-method evaluation model can be applied to the assessment of other Web-based
systems for the purpose of identifying their overall accessibility scores.
4.10 ETHICAL CONSIDERATIONS
This research was granted full ethical approval (clearance number GUref no:
2015/838) by the Human Research Ethics Department of Griffith University and the
Saudi Ministry of Education (approval number: 1437/37196111). The online
questionnaire was designed using a survey tool. Participation in this research posed
minimal risks to the target stakeholders. There was a slight possibility that the survey
method caused discomfort to the participants, but strategies were in place to manage
these risks. For example, a variety of survey formats were employed to ensure comfort,
reliability, confidentiality and technicality and usability. Some of the specific measures
in this regard were the use of a printed textual survey, a printed braille code survey, an
online form with audio instructions, an online form with sign language instructions
and an in-person survey that could be completed using laptops with complete survey
features and assistive software. The data were completely de-identified, and only
verbal consent to participate was requested to ensure the anonymity of the participants.
Stakeholder participation was voluntary, and the participants were informed that their
opinions would not influence their relationship with the universities with which they
were affiliated. Even when a potential participant agreed to take part in the research,
he/she was informed of his/her right to withdraw involvement at any time, without
censure or penalty. No data that can identify the participants were collected, and the
digital copy of the data were stored in a hard drive protected by security procedures.
The printed questionnaire was kept in a secure location that is accessible only to the
research team. The retention period for data is five years, after which all such resources
will be destroyed.
4.11 STAKEHOLDERS
A sensory disability is an impairment that relates to one or more of the human
senses. The participants who were invited to engage with this research were visually,
hearing- and both visually and hearing-impaired individuals. Visual impairment is a
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health condition of the eye that cannot be corrected with standard solutions, such as
glasses. The World Health Organization defined three categories of visual impairment
(severe, moderate and mild impairment) and three categories of blindness on the basis
of visual acuity tests (World Health Organization, 2010). Many people with disabilities
who are blind have some vision (including those with light sensitivity), very low or
limited vision or limited peripheral vision. Some visually impaired individuals have
no light perception at all. Deaf and hard-of-hearing individuals have a condition of the
ear that cannot be corrected with standard solutions, such as hearing aids. Deaf–
blindness is a combination of hearing and visual impairments. People who have a
combination of disabilities need more specific communication and mobility and face
learning challenges because of their dual sensory problems (World Health
Organization, 2010).
The main stakeholders in this research were the visually impaired (blind, visually
impaired and low vision) and hearing (deaf, hard of hearing and hearing impairment)
groups. These individuals were chosen because a significant proportion of populations
in higher education institutions in the world have these sensory disabilities. These are
also the groups whose educational achievement is most strongly affected by
accessibility and usability issues given their need for specific LMS features (e.g.
content that suits their needs) and their requirement for use assistive technologies to
perceive content. Furthermore, these groups share certain requirements; solving a
problem for blind students and another for deaf students may be beneficial to blind–
deaf learners and vice versa.
In addition to the core stakeholders, other groups or individuals may benefit from
the creation of accessible content, depending on the materials incorporated into newly
created services or improved offerings in an educational Web-based system. These
additional beneficiaries are as follows:
• Developers: These professionals are in a position to create accessible
educational Web-based systems and encompass software developers, designers,
learning designers and team managers. As stated in Chapter 2, their accessibilityrelated knowledge and skills are usually less than desirable. The multi-method
accessibility evaluation model put forward in this work may provide information that
will help developers create more accessible university Web-based systems, including
LMSs.
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• Accessibility evaluators: Accessibility evaluators are responsible for analysing
the adequacy of existing Web-based systems as regards accessibility. The multimethod evaluation, including the AMWSUF, is expected to help such evaluators
measure the accessibility of uploaded files, such as documents and media content.
• Regulatory bodies and government organisations: These institutions may also
benefit from this research as they are obligated by law to provide online information
and services that do not discriminate against users, including disabled individuals.
• Educational organisations: These include ministries, universities, institutes and
schools that are responsible for designing educational systems that deliver learning
materials and learning tasks. This research is advantageous to them as it presented
useful statistical accessibility data, an accessibility evaluation tool, accessibility
guidelines for educational systems and a recommendation for change that supports the
creation of adaptive and accessible content with minimal effort from educators and
general authors.
• Disability advisors, educators, disability student services: These individuals
and departments, which can be found in universities or other educational institutions,
are responsible for providing ongoing support to students with disabilities.
• Educational system companies: Companies such as Blackboard and Moodle
may also derive insights from the research as they develop LMS components and
features.
• Service providers: Service provides include travel, commercial, financial and
health organisations, which aim to serve a larger proportion of users and increase their
market share. Given that 15% of the world’s population have some kind of impairment,
accessibility can be the attribute that distinguishes these organisations from their
competitors.
• Curriculum designers: These individuals develop new information technology
and computer science courses and similar classes. This project may support them in
their endeavours to create accessibility development courses that are designed to
increase developer awareness and compliance with accessibility requirements.

154

Chapter 4: Multi-methods Accessibility Evaluation Model

4.12 SUMMARY
This chapter comprehensively discussed the construction of the multi-method
accessibility evaluation model, including the mapping of the relationship between
accessibility and usability for the creation of accessibility and usability statements, the
process underlying the objective evaluation (humans and AETs) of video, image,
document and general datasets, the data mining techniques executed as accessibility
evaluation methods and the establishment of the AMWSUF quantitative metric.
The next chapter features the outcomes of the subjective evaluation, with
emphasis on the ranking of accessibility problems by the visually and hearingimpaired groups and the factors that affected their ratings.
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Chapter 5: Findings of the subjective
evaluation
“Access to communication in the widest sense is
access to knowledge”
…………………………………………………..
—Louis Braille, Blind Inventor and Educator

5.1

INTRODUCTION
As a form of user centre design (UCD) approach, subjective accessibility

measurements are intended to evaluate the interactions between visually and hearingimpaired groups over educational web-based systems. In this thesis, subjective
evaluation was conducted using an accessibility and usability questionnaire that was
designed on the basis of SUMI and IBM usability measurements in combination with
WCAG 2.0, Microsoft Office Checker, PDF standards and Section 508 principles (all
discussed in chapter 3). The questionnaire contains statements on problems organised
under different categories, namely, general system, assistive software, media and
document accessibility, each of which covers items intended to determine accessibility
and usability. The findings discussed in this chapter illuminated the sub-questions
listed below, although they also shed light on issues associated with digital
accessibility and the interaction between sensorily disabled users and web-based
systems.
• How can a UCD theory be used to measure the accessibility and usability of
university systems?
• How do influencing factors affect the subjective evaluations of users?
• How can the participants’ rankings be used as bases for assigning low,
moderate and high priority to the accessibility problems encountered by visually and
hearing-impaired populations?
The software programmes used in this work were IBM SPSS Statistics, Dragon
NaturallySpeaking 13, VoiceOver, NVDA and JAWS, and the statistical tests
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conducted were the Chi-square test and ranking based on range theory. The results
were obtained from a variety of data, such as information on demographics, software
skills, influencing factors and technical aspects, as well as from open-ended questions
and rankings of accessibility problems. A descriptive analysis and a Chi-square test
(correlation) were carried out to ascertain the relationship between accessibility ratings
and influencing factors, and the equation for ranking scores was used to calculate
scores related to accessibility problems. The methods used to derive the findings are
likewise discussed in this chapter.
5.2

OVERVIEW OF THE SUBJECTIVE EVALUATION
The subjective evaluation commenced in August 2016, with the researcher

applying the usability–accessibility evaluation model described in the previous chapter
4. The online survey was completed by 286 visually impaired and deaf participants
and their assistants [110 from Australia (AU), 176 from Saudi Arabia (SA or KSA)].
The questionnaire comprises 2 open-ended questions and 66 multiple-choice questions
regarding demographic characteristics (9 questions), general system-related features
(16 questions), media file issues (12 questions), document file issues (14 questions)
and assistive software problems (15 questions). The volunteer participants were asked
to evaluate their educational web-based systems. They began with the demographic
questions, after which they were instructed to rate the items pertaining to the usability
and accessibility of general website features, media files and document files using a
four-point Likert scale (1=‘agree’, 2=‘neutral’, 3=‘disagree’ and 4= ‘unable to
evaluate’). The participants who use screen reader or voice recognition software were
asked to signify their agreement/disagreement with statements relating to these
programmes. The two open-ended questions are optional, included only to capture
certain issues that may not have been considered during the design of the instrument.
Note that the aim of this work was to investigate accessibility as an international
problem and not as an issue restricted to a specific country or region or a specific
language or culture. Thus, no emphasis was placed on the differences between the AU
and SA data, which were treated under the same environment, factors, conditions,
assumptions and criteria. All the participants were provided equal opportunities to take
part in the study and did so under identical conditions and settings. The research was
advertised in Australia (where the researcher was studying) and Saudi Arabia (which
granted the researcher the scholarship for overseas education). These countries were
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not compared given that the purposes of conducting the work were to increase the
number of participants (The number of participants with disabilities would have been
limited if sampling was performed in only one country.), accordingly obtain ethical
approval from the two nations and acquire the opportunity to perform the survey face
to face.
In Australia, most of the participants preferred to complete the questionnaires
online, and some sent email messages to ask for more details and initiate a discussion.
The sample comprised individuals from Perth, Melbourne, Tasmania, Sydney and
Brisbane. In Saudi Arabia, the respondents preferred that the researcher oversee the
online or print-based survey. Regular visits were therefore conducted to schedule
appointments with the participants at their university/institute campuses. The Saudi
sample and their assistants hailed from Medina, Jeddah, Riyadh, Mecca and Dammam.
The communication between the researcher and the participants/assistants enabled a
thorough understanding of the challenges that these individuals experience as they
interact with the educational web-based systems of their institutions.
Evaluation methods that are similar to that used in the current work were
employed in many field studies, but such research covered an insufficient number of
participants. The survey-based subjective evaluation in the present work was designed
in such a way that enabled the researcher to reach as many target participants as
possible. For this purpose, valuable factors were considered. For example, because
web accessibility is an international phenomenon, an important requirement was to
avoid implementing subjective evaluation in only one country or city. Another
necessity was to provide the questionnaire in different forms, such as face-to-face,
online and printed Braille versions. The research was also advertised in appropriate
advertising channels, including social media websites; physical educational venues;
disability services departments, which sent advertisements to their members who had
lists of disabled individuals; and organisations, such as the Australian Disability
Clearinghouse on Education and Training (ADCET) in Australia and the Ministry of
Education in Saudi Arabia. Adding to these measures was the participation of the
research in social campus events, such as breakfast or morning tea with prospective
participants who could encourage others to participate in the study. Finally, the
research targeted many individuals who are familiar with web accessibility problems
and work closely with visually and hearing-impaired users. Given the time-, distance-
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and effort-related challenges of obtaining a reasonable sample, focus was directed
towards individuals with sensory disabilities as including those who have other
conditions would have rendered the process more difficult. This problem would have
been compounded, as well, by the fact that a successful face-to-face survey depends
on a comprehensive understanding of the communication etiquette necessary in
dealing with participants of varying disabilities.
5.3

DEMOGRAPHIC FINDINGS
The demographic data, which were statistically socio-economic in nature,

encompassed information regarding type of population, gender, educational
attainment and software skills and knowledge. The AU sample comprised 47 male
participants (42.73%) and 63 female participants (57.27%), whereas the SA sample
consisted of 115 male participants (65.34%) and 61 female participants (34.66%)
(Figure 5-1).

80.00%
60.00%
40.00%
20.00%
0.00%
Male

Female
% AU

% KSA

Figure 5-1. Participant composition by gender.
Out of the AU and SA (or KSA) respondents, 35.45% and 45.45% were aged 25
to 34 years, respectively (Figure 5-2).
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50.00%
40.00%
30.00%
20.00%
10.00%
0.00%
18 to 24 25 to 34 35 to 44 45 to 54 55 to 64

% AU

65 or
older

% KSA

Figure 5-2. Participants’ age ranges.
Most of the AU participants obtained bachelor’s degrees (62 participants or
56.36%), while the majority of the SA participants acquired high school education (79
respondents or 44.89%) and bachelor’s degrees (64 respondents or 36.36%) (Figure 53). Among the AU and SA respondents, the most popular educational courses were
art, education and law, with 56 (56.36%) and 103 (58.52%) of the AU and SA
individuals having pursued these fields, respectively (Figure 5-4). This trend may be
attributed to the difficulty of other fields given university/institutional admissions
regulations.

Above Master’s degree
Master’s degree
Bachelor’s degree
High school
Under high school
0.00%

10.00%

20.00%
% KSA

30.00%

40.00%

50.00%

60.00%

% AU

Figure 5-3. Participants’ educational levels.
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Non-specialise
Business
Science
Art, Education and Law
Health
0.00% 10.00% 20.00% 30.00% 40.00% 50.00% 60.00% 70.00%
% KSA

% AU

Figure 5-4. Participants’ majors.
The AU sample was composed of 55 (50.00%) visually impaired individuals (or
their assistants), 36 (32.73%) hearing-impaired participants (or their assistants), 6
(5.45%) respondents with both visual and hearing disabilities (or their assistants) and
13 (11.82%) non-disabled individuals. The SA (or KSA) sample consisted of 92
(52.27%) visually impaired respondents (or their assistants) and 72 (40.91%) hearingimpaired participants (or their assistants), 2 (1.14%) respondents with both visual and
hearing disabilities (or their assistants) and 10 (5.68%) non-disabled individuals
(Figure 5-5). The AU female participants dominated the sample, whereas the opposite
was true for the SA sample.
35.00%
30.00%
25.00%
20.00%
15.00%
10.00%
5.00%
0.00%

% AU

% KSA

Figure 5-5. Participants’ disabilities.
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5.4

RESULTS ON SOFTWARE SKILLS
In respect of software skills and knowledge, 46.36% of the AU participants

considered themselves having good but not very technical abilities, 22.73% regarded
themselves as highly experienced and technical and 4.55% found most software
difficult to use. Among the SA participants, 55.68% could cope with most software,
8.52% were highly experienced and technical and 10.23% regarded most programmes
difficult to use (Figure 5-6).

I find most software difficult to use
I can cope with most software
I'm good but not very technical
Very experienced and technical
0.00%

10.00%
% KSA

20.00%

30.00%

40.00%

50.00%

60.00%

% AU

Figure 5-6. Participants’ software skills and knowledge.
Among the AU respondents, 48 (43.64%) use assistive software, whereas 62
(56.36%) do not; 38 (34.86%) use screen reader programmes, and 25 (22.94%) use
voice recognition software. Of the SA participants, 107 (60.80%) participants use
assistive software, but 69 (39.20%) do not; and 91 (52.60%) employ screen reader
software, whereas only 34 (19.65%) adopt voice recognition software.
70.00%
60.00%
50.00%
40.00%
30.00%
20.00%
10.00%
0.00%
Yes

No
% AU

% KSA

Figure 5-7. Participants’ assistive software usage.
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The majority of the AU and SA participants had minimal experience and
technical knowledge (Figure 5-6). This percentage is an important consideration in the
creation of accessible content or the development of solutions that enable interaction
with such materials because it bears on the usability and accessibility of the web-based
systems used by disabled individuals. The Saudi participants use assistive software
and screen readers more frequently than do the Australian participants (Figures 5-7
and 5-8, respectively). For the visually impaired participants, the main assistive
technology used is text-to-speech software. The Australian participants use voice
recognition (speech to text) software more frequently than do the Saudi participants
(Figure 5-9), indicating that such innovations are valuable assistive tools and should
therefore be a component of accessibility criteria, evaluations and development plans.
The AU and SA participants specified the following assistive software as their
programmes of choice: VoiceOver, Dragon, NVDA, Google Talkback, JAWS, auto
web screen readers, Read&Write, ZoomText, Nattiq and Caption Creator.
70.00%
60.00%
50.00%
40.00%
30.00%
20.00%
10.00%
0.00%
Yes

No
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Figure 5-8. Participants’ screen reader usage.
100.00%
80.00%
60.00%
40.00%
20.00%
0.00%
Yes

No
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Figure 5-9. Participants’ voice recognition software usage.
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5.5

RESULTS ON INFLUENCING FACTORS
This section highlights the analysis of the influencing factors that were identified

through the subjective evaluation of educational web-based information systems.
5.5.1 Reciprocal effects of accessibility problems related to general system
issues, media and document files
Table 5-1 provides the AU participants’ responses in relation to statements IF1,
IF2 and IF3. A Chi-square test was performed to verify H1, H2 and H3 (Chapter 4,
Section 4.4.6). For the Australian hearing-impaired group (Figure 5-10), a relationship
was found between the accessibility of university websites in general and the
accessibility of media content on these websites in particular, X2 (6, N = 38) = 22.82,
p = .001. Agreement among the participants was found with respect to the relationship
between the accessibility of university websites and that of document files on these
sites, X2 (4, N = 38) = 27.93, p = .001. The participants also expressed agreement with
regard to the association between the accessibility levels of media content and
document files on university websites, X2 (6, N = 38) = 32.97, p = .001.
Table 5-1. Australian participants’ responses to statements IF1, IF2 and IF3.
Category

Influencing

Group

Agree

Neutral

Disagree

Unable

factors
General
Media
Document

IF1
IF2
IF3

N

%

N

%

N

%

N

%

Visually impaired

10

18.18

12

21.82

33

60.00

0

0.00

Hearing impaired

8

22.22

16

44.44

12

33.33

0

0.00

Visually impaired

16

29.09

7

12.73

32

58.18

0

0.00

Hearing impaired

8

22.22

6

16.67

21

58.33

1

2.78

Visually impaired

20

36.36

6

10.91

28

50.91

1

1.82

Hearing impaired

12

33.33

15

41.67

9

25.00

0

0.00

IF1: Overall, the educational website is accessible.
IF2: Overall, most media files. such as videos, images and audio files, are
accessible.
IF3: Overall, most document files, such as PDF, Word, Excel and PowerPoint files,
are accessible.
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Figure 5-10. Relationships among the accessibility levels of general system features,
media and document files: AU hearing-impaired group.
Similar results were obtained for the Australian visually impaired group (Figure
5-11), for whom a relationship was found between the accessibility of educational
websites in general and the accessibility of media content on these sites in particular,
X2 (4, N = 61) = 43.10, p = .001. The participants agreed with regard to the relationship
between the accessibility of educational websites and that of document files on these
sites, X2 (6, N = 61) = 34.54, p = .001. They likewise agreed in terms of the association
between the accessibility levels of media content and document files on university
websites, X2 (6, N = 61) = 54.62, p = .001.

Figure 5-11. Relationships among the accessibility levels of general system features,
media and document files: AU visually impaired group.
Table 5-2. Saudi participants’ responses to IF1, IF2 and IF3.
Category

Influencing

Group

Agree

Neutral

Disagree

Unable

factors
General
Media
Document

IF1
IF2
IF3

N

%

N

%

N

%

N

%

Visually impaired

12

13

16

17.4

64

69.6

0

0.00

Hearing impaired

22

27.5

33

41.3

25

31.3

0

0.00

Visually impaired

6

6.67

13

14.44

71

78.89

0

0.00

Hearing impaired

39

54.17

13

18.06

20

27.78

0

0.00

Visually impaired

11

12.22

21

23.33

57

63.33

1

1.11

Hearing impaired

46

63.89

15

20.83

10

13.89

1

1.39
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IF1: Overall, the website is accessible,
IF2: Overall, most media files, such as video, image and audio files, are accessible.
IF3: Overall, most document files, such as PDF, Word and PowerPoint files, are
accessible.
Table 5-2 presents the SA participants’ responses with respect to IF1, IF2 and
IF3. A Chi-square test was also conducted for this group to verify H1, H2 and H3
(Chapter 4, Section 4.4.6). Among the hearing-impaired individuals, a relationship was
found between the accessibility of educational websites in general and the accessibility
of media content on these sites in particular, X2 (4, N = 80) = 47.51, p =.001 (Figure
5-12). The participants expressed agreement with regard to the association between
the accessibility of educational websites and that of document files on these platforms,
X2 (6, N = 80) = 62.23, p =.001. Agreement was likewise indicated in terms of the
accessibility levels of media content and document files on educational websites, X2
(6, N = 80) = 51.71, p =.001. These findings led to the conclusion that the hearingimpaired participants who considered most educational websites accessible also
regarded embedded media content and documents files in the same manner.

Figure 5-12. Relationships among the accessibility levels of general system features,
media and document files: SA hearing-impaired group.
The Chi-square test involving the visually impaired participants indicated a
relationship between the accessibility of educational websites in general and the
accessibility of media content in particular, X2 (6, N = 92) = 56.11, p =.001 (Figure 513). Agreement was signified by the participants as regards the relationship between
the accessibility of educational websites and that of document files on such platforms,
X2 (9, N = 92) = 98.59, p =.001 as well as the association between the accessibility
levels of media content and document files on educational websites, X2 (6, N = 92) =
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50.20, p =.001. These results demonstrated that the visually impaired participants who
found most educational websites inaccessible also regarded access to embedded media
content and documents as constrained.

Figure 5-13. Relationships among the accessibility levels of general system features,
media and document files: SA visually impaired group.
Overall, website accessibility correlated with the accessibility of embedded
media files (H1) and document files (H2), and the accessibility of media files
correlated with the accessibility of document files (H3). These results illustrated that
the AU and SA visually and hearing-impaired users who considered most university
websites to be of low accessibility also regarded the availability of the media content
and document files embedded on these sites as restricted. The reverse also held; that
is, the participants who deemed university websites accessible provided the same
evaluation for media content and document files.
5.5.2 Effects of software skills
Table 5-3 lists the AU participants’ responses as regards influencing variables
IF1 and IF4. A Chi-square test was performed to validate H4. In the AU hearingimpaired group, no relationship was found between the software skills of the
participants and their rating of educational website accessibility, X2 (4, N = 38) = 1.51,
p = .825. The same was true for the AU visually impaired group; that is, the software
skills of the participants did not affect their rating of the accessibility of most university
websites, X2 (6, N = 61) = 3.15, p = .290 (Figure 5-14).
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Table 5-3. Australian participants’ responses to IF1 and IF4.
Category

Influencing

Group

Agree

Neutral

Disagree

Unable

factors
General

IF1

N

%

N

%

N

%

N

%

Visually impaired

10

18.18

12

21.82

33

60.00

0

0.00

Hearing impaired

8

22.22

16

44.44

12

33.33

0

0.00

S1
General

IF4

S2

S3

S4

Visually impaired

17

30.91

22

40.00

14

25.45

2

3.64

Hearing impaired

4

11.11

22

61.11

10

27.78

0

0.00

IF1: Overall, the website is accessible.
IF4: Software skills and knowledge: S1: Very experienced and technical, S2: Good
but not very technical, S3: Can cope with most software, S4: Find most software
difficult to use.

Figure 5-14. Relationship between the accessibility of general system features and
the software skills and knowledge of the AU visually and hearing-impaired groups.
Table 5-4. Saudi participants’ responses to IF1 and IF4.
Category

Influencing

Group

Agree

Neutral

Disagree

Unable

factors
General
General

IF1

N

%

N

%

N

%

N

%

Visually impaired

12

13

16

17.4

64

69.6

0

0.00

Hearing impaired

22

27.5

33

41.3

25

31.3

0

0.00

IF4

S1

S2

S3

S4

Visually impaired

8

8.70

22

23.91

51

55.43

11

11.96

Hearing impaired

7

9.72

17

23.61

44

61.11

4

5.56

IF1: Overall, the website is accessible.
IF4: Software skills and knowledge: S1: Very experienced and technical, S2: Good
but not very technical, S3: Can cope with most software, S4: Find most software
difficult to use.
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Table 5-4 shows the SA participants’ responses with regard to IF1 and IF4.
A Chi-square test was conducted to verify H4. No relationship was found between the
software skills of the hearing-impaired participants and the accessibility of educational
websites, X2 (6, N = 80) = 2.81, p =.831, and the software skills of the visually
impaired respondents did not influence (i.e. no relationship) their rating of the
accessibility of educational websites, X2 (6, N = 92) = 3.828, p =.700 (Figure 5-15).
All in all, both the AU and SA visually and hearing-impaired groups indicated minimal
correlation between website accessibility and software skills.

Figure 5-15. Relationship between the accessibility of general system features and
the software skills and knowledge of the SA visually and hearing-impaired groups.

5.5.3 Effects of independence
The AU participants’ responses regarding influencing variables IF1 and IF5
(Table 5-5) and the validation of H5 reflected no relationship between the
independence of the hearing-impaired group in interacting with educational websites
and the accessibility of such sites, X2 (6, N = 38) = 3.717, p = .446 (Figure 5-16). By
contrast, the independence of the visually impaired group in interacting with
educational websites affected their rating of website accessibility, X2 (6, N = 61) =
31.33, p = .001 (Figure 5-17). In sum, the hearing-impaired group regarded most
university websites as accessible, even when engagement with these platforms
required support from other people, whereas the visually impaired group considered
most of such sites minimally accessible, especially when interaction necessitated
support from other individuals.
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Table 5-5. Australian participants’ responses to IF1 and IF6
Category

Influencing

Group

Agree

Neutral

Disagree

Unable

factors
General
General

IF1
IF5

N

%

N

%

N

%

N

%

Visually impaired

10

18.18

12

21.82

33

60.00

0

0.00

Hearing impaired

8

22.22

16

44.44

12

33.33

0

0.00

Visually impaired

19

34.55

15

27.27

21

38.18

0

0.00

Hearing impaired

25

69.44

10

27.78

0

0.00

1

2.78

IF1: Overall, the website is accessible.
IF5: I independently interact with the website.

Figure 5-16. Relationship between the accessibility of general system features and
the independence of the AU hearing-impaired group

Figure 5-17. Relationship between the accessibility of general system features and
the independence of the AU visually impaired group.
Table 5-6. Saudi participants’ responses to IF1 and IF5.
Category

Influencing

Group

Agree

Neutral

Disagree

Unable

factors
General
General

IF1
IF5

N

%

N

%

N

%

N

%

Visually impaired

12

13

16

17.4

64

69.6

0

0.0

Hearing impaired

22

27.5

33

41.3

25

31.3

0

0.0

Visually impaired

42

45.7

25

27.2

24

26.1

1

1.1

Hearing impaired

12

15.0

19

23.8

48

60.0

1

1.3

IF1: Overall, the website is accessible.
IF5: I independently interact with the website.
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The SA participants’ responses as regards IF1 and IF5 (Table 5-6) and the H5
test indicated an association between the independence of the hearing-impaired group
in interacting with websites and their rating of such platforms, X2 (6, N = 80) = 56.58,
p =.001. In a similar vein, independence among the participants with visual
impairments affected their rating of website accessibility, X2 (6, N = 92) = 17.920, p
=.006. In brief, the hearing- and visually impaired participants considered most
university websites to be of low accessibility when interaction necessitated support
from other individuals (Figure 5-18).

Figure 5-18. Relationship between the accessibility of general system features
and the independence of the SA hearing- and visually impaired groups.
In general, the AU hearing-impaired group exhibited minimal correlation
between website accessibility and the need for support from other people. In the AU
and SA visually impaired groups and the SA hearing-impaired group, a clear
correlation was found between educational website accessibility and the need for
support from other individuals.
5.5.4 Effects of assistive software
The AU participants’ responses in relation to influencing variables IF1, F6 and
IF7 (Table 5-7) indicated that among the respondents with hearing disabilities, the use
of assistive software (e.g. Caption Creator) did not influence their rating of university
website accessibility, X2 (3, N = 38) = .984, p = .805 (Figure 5-19). The need to learn
many assistive software programmes to enable interaction with educational websites
exerted no influence on ratings regarding accessibility, X2 (9, N = 38) = 17.056, p =
.05 (Figure 5-20).
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Table 5-7. Australian participants’ responses to IF1, F6 and IF7.
Category

Influencing

Group

Agree

Neutral

Disagree

Unable

factors
General
General

IF1
IF6

N

%

N

%

N

%

N

%

Visually impaired

10

18.18

12

21.82

33

60.00

0

0.00

Hearing impaired

8

22.22

16

44.44

12

33.33

0

0.00

Visually impaired

28

50.91

9

16.36

16

29.09

2

3.64

Hearing impaired

2

5.56

7

19.44

25

69.44

2

5.56

Yes
DEMO

IF7

No

Visually impaired

37

67.27

18

32.73

Hearing impaired

5

13.89

31

86.11

IF1: Overall, the website is accessible.
IF6: learn many assistive software programmes to interact with the website.
IF7: Assistive software usage

Figure 5-19. Relationship between the accessibility of general system features and
assistive software usage by the AU hearing-impaired group.

Figure 5-20. Relationship between the accessibility of general system features and
the learning of many assistive software programmes by the AU hearing-impaired
group.
In the visually impaired group, the participants who use assistive software, such
as screen reader programmes, considered most university websites inaccessible. As
indicated in the Chi-square test, assistive software usage (H6) and the need to learn
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numerous assistive software programmes for website interaction (H7) affected
accessibility ratings, X2 (2, N = 61) = 19.67, p = .001 (Figure 5-21) and X2 (6, N =
61) = 16.27, p = .012 (Figure 5-22), respectively.

Figure 5-21. Relationship between the accessibility of general system features and
assistive software usage by the AU visually impaired group.

Figure 5-22. Relationship between the accessibility of general system features and
the learning of numerous assistive software programmes by the AU visually impaired
group.
Table 5-8. Saudi participants’ responses to IF1, F6 and IF7.
Category

Influencing

Group

Agree

Neutral

Disagree

Unable

factors
General
General

IF1
IF6

N

%

N

%

N

%

N

%

Visually impaired

12

13

16

17.4

64

69.6

0

0.00

Hearing impaired

22

27.5

33

41.3

25

31.3

0

0.00

Visually impaired

12

13.19

10

10.99

69

75.82

0

0.00

Hearing impaired

48

66.67

10

13.89

12

16.67

2

2.78

Yes
DEMO

IF7

No

Visually impaired

84

91.30

8

8.70

Hearing impaired

16

22.22

56

77.78

IF1: Overall, the website is accessible.
IF7: learn many assistive software programmes to interact with the website.
IF8: Assistive software usage
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The SA participants’ responses with respect to influencing variables IF1, IF6 and
IF7 (Table 5-8) demonstrated that among the hearing-impaired users, the use of
assistive software (e.g. Caption Creator) influenced their rating of educational website
accessibility (H6), X2 (2, N = 80) = 7.066, p =.029 (Figure 5-23). Among the visually
impaired group, the need to learn numerous assistive software programmes to enable
interaction with educational websites did not affect accessibility ratings (H7), X2 (6,
N = 80) = 11.118, p = .085 (Figure 5-24).

Figure 5-23. Relationship between the accessibility of general system features and
assistive software usage by the SA hearing-impaired group.

Figure 5-24. Relationship between the accessibility of general system features and
the learning of numerous assistive software programmes by the SA hearing-impaired
group.
Among the visually impaired individuals, the use of assistive software, such as
screen reader programmes, exerted no influence on their ratings of educational website
accessibility, X2 (2, N = 92) = .055, p =.973 (Figure 5-25), but such evaluations were
affected by the need to learn many assistive software programmes for website
interaction, X2 (4, N = 92) = 10.017, p =.040 (Figure 5-26).
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Figure 5-25. Relationship between the accessibility of general system features and
assistive software usage by the SA visually impaired group.

Figure 5-26. Relationship between the accessibility of general system features and
the learning of many assistive software programmes by the visually impaired group.
On the whole, minimal correlation was found between the use of assistive
software and ratings of educational website accessibility in the AU hearing-impaired
and the SA visually impaired groups. In the AU visually impaired and SA hearingimpaired groups, the use of assistive software was correlated with their assessments of
educational website accessibility. The same held for the AU visually impaired
respondents, the AU hearing-impaired participants and the SA respondents with visual
disabilities. Minimal correlation between these variables was found in the SA hearingimpaired group.
5.5.5 Effects of educational level
As shown by the AU participants’ responses to questions on influencing
variables IF1 and IF8 (Table 5-9), educational level did not influence the accessibility
ratings (H8) of the hearing-impaired group, X2 (6, N = 38) = 6.836, p = .336, and the
visually impaired group, X2 (6, N = 61) = 5.027, p = .540 (Figure 5-27).
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Table 5-9. Australian participants’ responses to IF1 and IF8.
Category

Influencing

Group

Agree

Neutral

Disagree

Unable

factors
General

IF1

N

%

N

%

N

%

N

%

Visually impaired

10

18.18

12

21.82

33

60.00

0

0.00

Hearing impaired

8

22.22

16

44.44

12

33.33

0

0.00

E1
DEMO

IF8

E2

E3

E4

Visually impaired

12

19.67

35

57.38

10

16.39

4

6.56

Hearing impaired

7

18.42

21

55.26

6

15.79

4

10.53

IF8: Educational level: E1: High school, E2: Bachelor’s degree, E3: Master’s degree,
E4: Higher than master’s degree

Figure 5-27. Relationship between the accessibility of general system features and
the educational levels of the AU hearing- and visually impaired groups.
Table 5-10. Saudi participants’ responses to IF1 and IF8.
Category

Influencing

Group

Agree

Neutral

Disagree

Unable

factors
General

IF1

N

%

N

%

N

%

N

%

Visually impaired

12

13

16

17.4

64

69.6

0

0.00

Hearing impaired

22

27.5

33

41.3

25

31.3

0

0.00

E1
DEMO

IF8

E2

E3

E4

Visually impaired

44

46.81

38

40.43

11

11.70

1

1.06

Hearing impaired

50

62.5

24

30.00

3

3.75

3

3.75

IF8: Educational level: E1: High school, E2: Bachelor’s degree, E3: Master’s degree,
E4: Higher than master’s degree
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The SA participants’ responses to the questions on IF1 and IF9 (Table 5-10)
showed no effect from educational level on the accessibility ratings (H8) of the
hearing-impaired group, X2 (6, N = 80) = 10.378, p = .110, and the visually impaired
group, X2 (6, N = 92) = 9.662, p = .140 (Figure 5-28). For the most part, all the AU
and SA groups exhibited no significant correlation between educational level and their
accessibility ratings.

Figure 5-28. Relationship between the accessibility of general system features and
the educational levels of the SA hearing- and visually impaired groups

5.6

EVALUATION OF TECHNICAL PROBLEMS (ALL PARTICIPANTS)
Digital or web accessibility has recently elicited widespread attention, and

information on such issue is shared by people with a variety of disabilities in
conferences, group activities and organisational events. Some of these individuals
work in departments that support people with disabilities, including impairments
related to digital interaction. Web accessibility is necessary even for aging and
temporarily injured people, such as broken arms and temporary deafness or blindness.
5.6.1 General system-related technical problems
General system-related accessibility problems (Table 5-11), which are also
associated with usability, commonly occurred while the participants interacted with
web-based systems. Out of the AU and SA participants, 52.73% and 40.57,
respectively, expressed the belief that the inaccessibility of educational websites
negatively affects their studies/jobs. Among the AU and SA respondents, 53.64% and
48.00, respectively, considered the educational websites of their institutions
inaccessible.
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Table 5-11. Definitions of general system-related accessibility problems.
Code

Accessibility problems

WCAG 2.0
Guideline

Principle

GP1

The website is easy to use.

4.1 Compatible

Robust

GP2

The website interface supports input/output assistive devices.

3.2 Predictable

Operable

GP3

The graphic user interface is accessible.

1.4 Distinguishable

Perceivable

GP4

The website is navigable.

2.4 Navigable

Operable

GP5

The information onscreen is organised.

3.1 Readable

Understandable

GP6

Online help methods, onscreen messages and other forms

3.3 Input assistance

Understandable

2.2 Enough time

Operable

of documentation on the website are accessible.
GP7

There is adequate time to finish tasks.

GP8

Accessible forms are available.

1.4 Distinguishable

Perceivable

GP9

Client- and server-side functions are accessible.

1.4 Distinguishable

Perceivable

GP10

The website provides functionalities activated via a keyboard.

GP11

Most text-only alternative pages are accurate.

GP12
GP13

2.1 Keyboard accessible

Operable

2.3 Seizures

Operable

The website operates in a predictable way.

3.2 Predictable

Understandable

The website contains tools for creating accessible content.

4.1 Compatible

Robust

Table 5-12 shows the AU and SA participants’ evaluations of general
system-related accessibility problems (including usability). The score is the evaluation
result for each statement and was calculated using the formula described in Section
4.3.5 of Chapter 4. Considerable proportions of the AU (61.82%) and SA (63.22%)
participants disagreed with GP13. An objective evaluation indicated that most of the
evaluated pages do not include any TTS, STT or caption creation tools, which facilitate
the generation of accessible content for users. The greater the ease with which
accessible content is created, the higher the likelihood that webpages will be found
accessible. Many of the AU (46.36%) and SA (63.22%) participants regarded GP9 as
untrue, but 20% of the AU respondents could not evaluate this statement possibly
because of the highly technical manner in which the sentence was expressed. This
points to the need to simplify technical terminologies in future accessibility evaluation
surveys.
The subjective evaluation outcomes of the AU (51.82%) and SA (63.22%)
participants with respect to GP1 illustrated how providing usable and accessible
websites clears the way for improved user interaction and how accessibility
development plans for website content guarantees usability. In addition, many of the
AU and SA participants (50% and 49.14%, respectively) viewed most online help
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methods inaccessible (GP6)—a problem that adversely affects user experience and
satisfaction. Finally, an essential requirement is for graphic design interfaces to be
visually clear and accessible, even without the inclusion of audio content accompanied
by subtitles. The findings showed that the graphical interfaces of university websites
are incomprehensible, with 50% and 49.14% of the AU and SA participants
disagreeing with GP3, respectively. Accessibility and usability are core web-based
system components that require careful consideration to enhance the interactional
experiences of users with disabilities.
Table 5-12. Results on general system-related accessibility problems.
Code
GP1
GP2
GP3
GP4
GP5
GP6
GP7
GP8
GP9
GP10
GP11
GP12
GP13

C

Agree

Neutral

Disagree

Unable

N

%

N

%

N

%

N

%

AU

19

17.27%

28

25.45%

57

51.82%

6

5.45%

2.365

SA

40

22.99%

20

11.49%

110

63.22%

4

2.3%

2.411

AU

19

17.27%

34

30.91%

38

34.55%

19

17.27%

2.208

SA

65

37.14%

33

18.86%

76

43.43%

1

0.57%

2.063

AU

22

20.00%

30

27.27%

55

50.00%

3

2.73%

2.308

SA

55

31.43%

29

16.57%

86

49.14%

5

2.86%

2.182

AU

25

22.73%

26

23.64%

57

51.82%

2

1.82%

2.296

SA

54

30.86%

23

13.14%

98

56.00%

0

0.00%

2.251

AU

23

20.91%

28

25.45%

57

51.82%

2

1.82%

2.314

SA

60

34.29%

32

18.29%

80

45.71%

3

1.71%

2.116

AU

17

15.45%

35

31.82%

55

50.00%

3

2.73%

2.355

SA

53

30.29%

17

9.71%

103

58.86%

2

1.14%

2.289

AU

26

23.64%

35

31.82%

47

42.73%

2

1.82%

2.194

SA

58

33.14%

16

9.14%

97

55.43%

4

2.29%

2.228

AU

16

14.55%

22

20.00%

54

49.09%

18

16.36%

2.413

SA

52

29.71%

20

11.43%

96

54.86%

7

4.00%

2.261

AU

17

15.45%

20

18.18%

51

46.36%

22

20.00%

2.386

SA

50

28.74%

40

22.99%

110

63.22%

4

2.3%

2.300

AU

18

16.36%

24

21.82%

57

51.82%

11

10.00%

2.393

SA

71

40.57%

17

9.71%

84

48.00%

3

1.71%

2.075

AU

18

16.36%

19

17.27%

54

49.09%

19

17.27%

2.395

SA

58

33.14%

16

9.14%

81

46.29%

20

11.43%

2.148

AU

21

19.09%

23

20.91%

61

55.45%

5

4.55%

2.380

SA

54

30.86%

20

11.43%

99

56.57%

2

1.14%

2.260

AU

14

12.73%

18

16.36%

68

61.82%

10

9.09%

2.540

SA

40

22.99%

20

11.49%

110

63.22%

4

2.3%

2.411
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5.6.2 Media-related technical problems
Image and videos exert a considerable effect on participants with sensory disabilities.
Accessibility problems related to images and videos are the most pressing issues for
visually and hearing-impaired individuals. Poorly made videos are also undesirable for
people with visual disabilities, especially when such materials do not come with
meaningful sounds. The survey in this work reflected that 64.22% of the AU
participants and 60.34% of the SA respondents did not regard non-textual elements,
such as images, video and audio files, as positively affecting their studies/jobs. Out of
the sample, 60.55% of the AU individuals and 55.75% of the SA participants believed
that most of the media files, including videos and images, on university websites are
inaccessible. The participants were asked whether they believe that changing the
functionality for manually creating descriptions/captions into one that enables the
auto-generation of such elements would improve accessibility. Among them, 60.55%
and 78.74% of the AU and SA participants considered this a favourable solution. Table
5-13 lists the statements concerning media problems and relevant WCAG guidelines
and principles.
Table 5-13. Definitions of media accessibility problems.
Code
MP1

Accessibility problems
Most non-textual elements on website pages

WCAG 2.0
Guideline

Principle

1.2 Time-based media

Perceivable

1.1 Text alternatives

Perceivable

1.2 Time-based media

Perceivable

1.1 Text alternatives

Perceivable

1.1 Text alternatives

Perceivable

1.1 Text alternatives

Perceivable

1.2 Time-based media

Perceivable

1.1 Text alternatives

Perceivable

1.1 Text alternatives

Perceivable

have descriptive text.
MP2

Most descriptive texts are accurate.

MP3

Most descriptive texts for non-textual elements
provide meaningful information.

MP4

Most descriptive texts for non-textual elements
do not return null results.

MP5

Most texts on webpages provide enough
explanations for non-textual elements.

MP6

Descriptive texts update when non-textual
elements update.

MP7

Captions are available for most audio or video
files.

MP8

Most captions, sign language interpretations or
subtitles for audio or video files are accurate.

MP9

Dynamic synchronisation between descriptive
texts and audio or video captions are available.
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Table 5-14. Results of media accessibility problems.
Code
MP1
MP2
MP3
MP4
MP5
MP6
MP7
MP8
MP9

C

Agree

Neutral

Disagree

Unable

Score

N

%

N

%

N

%

N

%

AU

18

16.51%

15

13.76%

72

66.06%

4

3.67%

2.514

SA

52

29.89%

16

9.20%

105

60.34%

1

0.57%

2.306

AU

19

17.43%

14

12.84%

67

61.47%

9

8.26%

2.48

SA

51

29.31%

20

11.49%

102

58.62%

1

0.57%

2.294

AU

16

14.68%

22

20.18%

65

59.63%

6

5.50%

2.475

SA

50

28.74%

14

8.05%

109

62.64%

1

0.57%

2.341

AU

13

11.93%

19

17.43%

64

58.72%

13

11.93%

2.531

SA

50

28.74%

40

22.99%

110

63.22%

4

2.3%

2.3

AU

17

15.60%

21

19.27%

62

56.88%

9

8.26%

2.45

SA

49

28.16%

8

4.60%

117

67.24%

0

0.00%

2.390

AU

19

17.43%

12

11.01%

64

58.72%

14

12.84%

2.473

SA

51

29.31%

6

3.45%

117

67.24%

0

0.00%

2.379

AU

15

13.76%

10

9.17%

77

70.64%

7

6.42%

2.607

SA

50

28.74%

9

5.17%

115

66.09%

0

0.00%

2.373

AU

14

12.84%

17

15.60%

68

62.39%

10

9.17%

2.545

SA

50

28.74%

12

6.90%

111

63.79%

1

0.57%

2.352

AU

12

11.01%

18

16.51%

64

58.72%

15

13.76%

2.553

SA

50

28.74%

7

4.02%

88

50.57%

29

16.67%

2.262

Inaccessible media content exerted tremendous effects on all the
participants. As shown in Table 5-14, 70.64% of the AU participants and 66.09% of
the SA respondents were of the opinion that the availability of captions for video or
audio content is low (MP7). Captions or transcripts are necessary not only for hearingimpaired individuals but also for visually disabled people when video elements are
created on the basis of textual components. Out of the sample, 62.39% and 63.79% of
the AU and SA participants, respectively, perceived the accuracy of captions (MP8)
as problematic. Another notable accessibility problem is the provision of descriptive
texts for non-textual elements (MP1), which were considered minimal by 66.06% and
60.34% of the AU and SA respondents, respectively. The descriptive texts were also
evaluated as mostly inaccurate (MP2) by 61.47% (AU) and 58.62% (SA) of the
participants, albeit this problem was more relevant among the visually impaired group
than among the hearing-impaired individuals. Nevertheless, the hearing-impaired
group declared that they still require text equivalents of voice-based components.

Chapter 5: Findings of the subjective evaluation

181

Among the AU and SA respondents, 13.76% and 16.67% could not evaluate MP9,
respectively, potentially because of the considerably technical terminology in the
statement. Developing and applying online smart tools that increase availability and
accessibility are expected to elevate the accessibility of media content on websites.
5.6.3 Document-related technical problems
The accessibility of document files, such as Word, PDF and PowerPoint
documents, is an essential issue for visually impaired individuals. Many problems
impede the accessibility of such materials; for example, the embedding of videos or
audio files, which is common in PowerPoint files, affects access by people with
hearing impairments. In this work, 60.55% of the AU participants and 44.83% of the
SA respondents asserted that document files do not positively affect performance in
their studies/jobs. Out of the sample, 45.87% of the AU respondents and 42.53% of
the SA participants were convinced that most document files are inaccessible, whereas
30.28% and 34.48% of these individuals regarded such materials as accessible,
respectively. Table 5-15 presents the statements on document problems and relevant
WCAG guidelines and principles.
The accessibility of a document file is paramount because it translates to the
accessibility of an entire webpage. As presented in Table 5-16, 64.22% of the AU
participants and 54.02% of the SA respondents reported that most document files do
not have captions/subtitles incorporated for embedded audio or video files (DP5). A
sizeable proportion of the participants (AU = 55.96%, SA = 49.43%) indicated that
most objects in document files do not come with alternative texts (DP1). The
participants (AU = 48.62%, SA = 51.72%) also alerted the researcher to the lack of
structural tags for appropriate reading sequences in most document files (DP12).
Another document accessibility problem identified by the respondents was the lack of
navigational aids in PDF files, such as links, bookmarks, headings, tables of contents
and pre-set tab sequences for form fields (DP9) (51.38% = AU, 44.83% = SA
participants). Out of the AU sample, 32.11% could not evaluate DP11, confirming the
importance of simplifying or avoiding technical terminology for improved evaluation
outcomes on all statements. Providing accessible documents on webpages would
effectively increase the overall accessibility of entire websites.
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Table 5-15. Definitions of document accessibility problems.
Code
DP1

Accessibility problems
Most objects in document files come with
alternative texts.

DP2

Most tables in document files specify column

WCAG 2.0
Guideline

Principle

1.2 Time-based

Perceivable

media
1.1 Text alternatives

Perceivable

2.4 Navigable

Operable

header information.
DP3

Most tables in document files have a simple
structure.

DP4

Most slides in PowerPoint files have titles.

3.1 Readable

Understandable

DP5

Most captions are included for embedded

2.4 Navigable

Operable

3.1 Readable

Understandable

audio and video.
DP6

Most reading sequences of PowerPoint slides
are logical.

DP7

Most files have meaningful titles.

2.4 Navigable

Operable

DP8

Most headings in documents are in correct

2.4 Navigable

Operable

1.3 Adaptable

Perceivable

2.4 Navigable

Operable

1.3 Adaptable

Perceivable

4.1 Compatible

Robust

order.
DP9

Navigational aids in most PDF files, such as
links, bookmarks, headings, tables of contents
and pre-set tab sequences for form fields, are
available.

DP10

Languages are specified in most document
files.

DP11

There is no security process that prevents
interference with the ability to convert
onscreen text to speech or Braille.

DP12

Most document files have document structure
tags for appropriate reading sequence.
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Table 5-16. Results on document accessibility problems.
Code
DP1
DP2
DP3
DP4
DP5
DP6
DP7
DP8
DP9
DP10
DP11
DP12

C

Agree

Neutral

Disagree

Unable

Score

N

%

N

%

N

%

N

%

AU

17

15.60%

21

19.27%

61

55.96%

21

9.17%

2.444

SA

54

31.03%

32

18.39%

86

49.43%

2

1.15%

2.186

AU

30

27.52%

37

33.94%

37

33.94%

5

4.59%

2.067

SA

50

35.63%

40

23.41%

70

39.80%

2

1.15%

2.125

AU

26

23.85%

44

40.37%

34

31.19%

5

4.59%

2.076

SA

63

36.21%

42

24.14%

67

38.51%

2

1.15%

2.023

AU

31

28.44%

32

29.36%

44

40.37%

2

1.83%

2.121

SA

56

32.18%

42

24.14%

76

43.68%

0

0.00%

2.114

AU

18

16.51%

14

12.84%

70

64.22%

7

6.42%

2.509

SA

49

28.16%

29

16.67%

94

54.02%

2

1.15%

2.261

AU

30

27.52%

31

28.44%

44

40.37%

4

3.67%

2.133

SA

40

32.18%

43

25.14%

75

42.68%

0

0.00%

2.221

AU

20

18.35%

27

24.77%

55

50.46%

7

6.42%

2.343

SA

55

31.61%

46

26.44%

73

41.95%

0

0.00%

2.103

AU

25

22.94%

40

36.70%

40

36.70%

4

3.67%

2.142

SA

62

35.63%

39

22.41%

71

40.80%

2

1.15%

2.052

AU

26

23.85%

21

19.27%

56

51.38%

6

5.50%

2.291

SA

55

31.61%

40

22.99%

78

44.83%

1

0.57%

2.132

AU

28

25.69%

29

26.61%

46

42.20%

6

5.50%

2.174

SA

57

32.76%

39

22.41%

78

44.83%

0

0.00%

2.120

AU

29

26.61%

21

19.27%

24

22.02%

35

32.11%

1.932

SA

63

36.21%

43

25.14%

66

37.51%

2

1.15%

2.017

AU

21

19.27%

26

23.85%

53

48.62%

9

8.26%

2.32

SA

56

32.18%

28

16.09%

90

51.72%

0

0.00%

2.195

5.6.4 Assistive software-related technical problems
Assistive software is instrumental to task completion by individuals grappling
with sensory disabilities. The visually impaired participants use screen reader software
as their main assistive technologies, whereas the hearing-impaired respondents mostly
employ caption creation software. Voice recognition is also used by the respondents
with visual impairments as a means of facilitating input transactions. Of the sample,
43.64% of the AU respondents and 60.80% of the SA participants use assistive
software. Specifically, 34.86% and 52.60% of the AU and SA participants use screen
readers, respectively, and 22.94% and 19.65% adopt voice recognition programmes,
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respectively. Out of these individuals, 76.32% (N=29) of the AU respondents and
81.32% (N=74) of the SA participants believed that the interoperability between
websites and screen reader software negatively affects their studies/jobs. Of the
sample, 80.77% (N=21) of the AU individuals and 64.71% (N=20) of the SA
individuals viewed the interoperability between websites and voice recognition
software as adversely affecting their studies/jobs. Tables 5-17 and 5-18 provide the
statements on assistive software problems and corresponding WCAG guidelines and
principles.
Table 5-17. Definitions of screen reader accessibility problems.
Code

Accessibility problems

WCAG 2.0
Guideline

Principle

AP1

The website considers screen reader issues.

4.1 Compatible

Robust

AP2

Most information on website pages is logically

2.4 Navigable

Operable

organised.
AP3

I can understand the sequence of most bulleted lists.

2.4 Navigable

Operable

AP4

Most website pages specify page language.

2.4 Navigable

Operable

AP5

Most website pages have titles that allow the location

2.4 Navigable

Operable

3.1 Readable

Understandable

and identification of pages.
AP6

Overall, website pages are well structured for
navigational purposes.

Table 5-18. Definitions of voice recognition accessibility problems.
Code
AP1

Accessibility problems
The website considers voice recognition issues.

WCAG 2.0
Guideline

Principle

2.1 Keyboard

Operable

accessible
AP2

I can interact with controls by using direct voice
commands.

Guideline 3.3 Input

Understandable

Assistance

AP3

I can access a form label via voice command.

4.1 Compatible

Robust

AP4

There are many rich text fields for handling text

4.1 Compatible

Robust

3.3 Input assistance

Understandable

1.3 Adaptable

Perceivable

4.1 Compatible

Robust

entry, deletion and modification, which work in
concert with speech recognition commands.
AP5

The website provides instructions and advises
users of all keyboard commands as alternatives
to mouse-heavy interactions.

AP6

Unexpected messages that appear onscreen
cause confusion.

AP7

I am aware that I can use an alternative
accessible page with voice recognition software.
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Table 5-19. Results on screen reader accessibility problems.
Code
AP1
AP2
AP3
AP4
AP5
AP6

C

Agree

Neutral

Disagree

Unable

Score

N

%

N

%

N

%

N

%

AU

2

5.26%

2

5.26%

33

86.84%

1

2.63%

2.837

SA

8

8.89%

20

22.22%

62

68.89%

0

0.00%

2.6

AU

3

7.89%

5

13.16%

30

78.95%

0

0.00%

2.710

SA

8

8.79%

12

13.19%

70

76.92%

1

1.10%

2.688

AU

3

7.89%

4

10.53%

31

81.58%

0

0.00%

2.736

SA

5

5.49%

16

17.58%

70

76.92%

0

0.00%

2.714

AU

4

10.53%

4

10.53%

30

78.95%

0

0.00%

2.684

SA

5

5.49%

15

16.48%

71

78.02%

0

0.00%

2.725

AU

2

5.26%

5

13.16%

31

81.58%

0

0.00%

2.763

SA

5

5.49%

18

19.78%

67

73.63%

1

1.10%

2.688

AU

4

10.53%

3

7.89%

31

81.58%

0

0.00%

2.710

SA

7

7.69%

12

13.19%

71

78.02%

1

1.10%

2.711

The participants from both countries were affected by accessibility problems
related to screen reader software (Table 5-19). Most of them (AU = 86.84%, SA =
68.89%) remarked that websites suffering from software-related problems were
developed with no consideration for screen reader issues (AP1). Website pages were
assessed as poorly structured for navigation (AP6) by 81.58% and 78.02% of the AU
and SA participants, respectively. The lack of a specific language for certain webpages
(AP4) was recognised by 78.95% and 78.02% of the AU and SA respondents,
respectively. Most of the participants could evaluate the statements because of the ease
with which screen reader issues and terminologies could be understood and the fact
that only the screen reader users were required to assess these statements. Accessibility
problems associated with TTS methods (screen reader software) were highly
influential among the users.
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Table 5-20. Results on voice recognition accessibility problems.
Code
AP1
AP2
AP3
AP4
AP5
AP6
AP7

C

Agree

Neutral

Disagree

Unable

Score

N

%

N

%

N

%

N

%

AU

5

19.23%

3

11.54%

16

61.54%

2

7.69%

2.458

SA

6

17.65%

5

14.71%

23

67.65%

0

0.00%

2.5

AU

5

19.23%

2

7.69%

18

69.23%

1

3.85%

2.52

SA

6

18.18%

4

12.12%

23

69.70%

0

0.00%

2.515

AU

5

20.00%

2

8.00%

17

68.00%

1

4.00%

2.5

SA

6

17.65%

5

14.71%

23

67.65%

0

0.00%

2.5

AU

4

16.00%

3

12.00%

17

68.00%

1

4.00%

2.541

SA

4

11.76%

5

14.71%

25

73.53%

0

0.00%

2.617

AU

4

16.00%

2

8.00%

18

72.00%

1

4.00%

2.583

SA

5

14.71%

7

20.59%

22

64.71%

0

0.00%

2.5

AU

5

20.00%

3

12.00%

16

64.00%

1

4.00%

2.458

SA

17

50.00%

8

23.53%

8

23.53%

1

2.94%

1.727

AU

5

20.00%

2

8.00%

16

64.00%

2

8.00%

2.478

SA

6

17.65%

3

8.82%

25

73.53%

0

0.00%

2.558

Interesting results were derived from the subjective evaluation of assistive
software for voice recognition (STT methods) (Table 5-20). Around 68% of the AU
sample and 73.53% of the SA group indicated minimal rich text fields for handling
text entries, deletions and modifications, which are components that work in concert
with speech recognition commands (AP4). Among the sample, 64% and 73.53% of
the AU and SA respondents disagreed with AP7, respectively; 64% and 73.53% of the
AU and SA participants were unaware that they could use an alternative accessible
page with voice recognition software (AP5), respectively. Almost all the participants
were able to evaluate the statements, showing the contribution of technical skills and
knowledge to assessments regarding assistive technologies. The use of voice
recognition software as an assistive tool for interacting with web-based systems points
to the need to include accessibility problems related to such technologies in
accessibility standards.
5.7

EVALUATION OF TECHNICAL PROBLEMS (VISUALLY IMPAIRED
GROUP)
Access to educational web-based systems, including media and document files,

continues to be a challenge for visually impaired individuals. To expand
comprehension of the priority assigned to accessibility problems experienced by
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people who have visual and hearing impairments in Australia and Saudi Arabia, this
research asked the participants to rate relevant general system, media, document and
assistive software statements. The results suggested that effectively applying
accessibility standards in conjunction with easy-to-use tools based on TTS and STT
methods improves the experiences of visually impaired individuals.
5.7.1 General system-related technical problems
Numerous accessibility problems are encountered by people living with visual
disabilities; they are the most strongly affected by inaccessible web-based systems.
Around 60% of the visually impaired AU respondents and 61.54% of the visually
impaired SA participants expressed the belief that the accessibility level of educational
websites negatively affects academic or job performance. Of the sample, 34.55% of
the AU individuals and 12.09% of the SA participants independently interact with
educational websites, but 60% and 73.63% of the AU and SA participants considered
their universities’ educational websites inaccessible, respectively. Most of the visually
disabled participants use assistive software (Figure 5-29).
100.00%
0.00%
AU

SA
Yes

No

Figure 5-29. Assistive software usage by the visually impaired group.

I find most software difficult to use
I can cope with most software
I'm good but not very technical
Very experienced and technical
0.00% 10.00% 20.00% 30.00% 40.00% 50.00% 60.00%
SA

AU

Figure 5-30. Software skills and knowledge of the visually impaired group.
Figure 5-30 illustrates the software skills and knowledge levels of the visually
impaired participants. The majority of the respondents hailing from Saudi Arabia can
cope with most software programmes, and most of the participants coming from
Australia have good skills, albeit such competencies are minimally technical. A good
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number of participants from Australia considered themselves very experienced and
technical, whereas some participants from Saudi Arabia find most software difficult to
use. These results showed how the participants’ software skills were sufficient for
them to complete the survey questionnaires.
The general accessibility problems encountered by the visually impaired group
are easily resolvable by developers with guidance from standards such as the WCAG
(Table 5-21). Some of these challenges are experienced by numerous users and not
only by those with disabilities. The availability of accessible forms (GP8), for
example, was highly criticised by the respondents (SA = 80.22%, AU = 56.36%).
Educational websites with self-operated TTS and STT techniques that facilitate
website interactions were also lacking, thereby driving the SA (75.82%) and AU
(56.36%) respondents to assign a low rating to GP13. The ease of website interaction
(GP1) affected both the respondents from Saudi Arabia (76.92%) and Australia
(54.55%). These respondents (SA = 67.03%, AU= 54.55%) expressed disagreement
with GP5. Web-based systems that appear and operate in predictable ways affected the
ratings of the Australian (52.73%) and Saudi Arabian (80.22%) respondents. A notable
finding was that disagreement was more widespread among the visually impaired SA
individuals than among their AU counterparts, suggesting the low satisfaction of the
former with the educational web-based systems of their universities. Some visually
impaired AU and SA respondents could not evaluate GP11, again as a result of the use
of technical terminology in the survey. The development of accessible solutions that
ensure usable and accessible web-based systems is expected to enhance the
interactions of visually impaired people with such systems.
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Table 5-21. General system-related accessibility problems of the visually impaired
group.
Code

GP1
GP2
GP3
GP4
GP5
GP6
GP7
GP8
GP9
GP10
GP11
GP12
GP13

C

Agree

Neutral

Disagree

Unable

Score

N

%

N

%

N

%

N

%

AU

13

23.64%

11

20.00%

30

54.55%

1

1.82%

2.314

SA

7

7.69%

14

15.38%

70

76.92%

0

0.00%

2.692

AU

13

23.64%

17

30.91%

17

30.91%

8

14.55%

2.085

SA

15

16.48%

16

17.58%

60

65.93%

0

0.00%

2.494

AU

11

20.00%

17

30.91%

27

49.09%

0

0.00%

2.290

SA

5

5.49%

13

14.29%

71

78.02%

2

2.20%

2.741

AU

15

27.27%

13

23.64%

27

49.09%

0

0.00%

2.218

SA

7

7.69%

14

15.38%

70

76.92%

0

0.00%

2.692

AU

14

25.45%

11

20.00%

30

54.55%

0

0.00%

2.290

SA

11

12.09%

17

18.68%

61

67.03%

2

2.20%

2.561

AU

11

20.00%

17

30.91%

26

47.27%

1

1.82%

2.277

SA

8

8.79%

10

10.99%

71

78.02%

2

2.20%

2.707

AU

15

27.27%

14

25.45%

26

47.27%

0

0.00%

2.2

SA

8

8.79%

11

12.09%

69

75.82%

3

3.30%

2.693

AU

9

16.36%

10

18.18%

31

56.36%

5

9.09%

2.44

SA

5

5.49%

11

12.09%

73

80.22%

2

2.20%

2.764

AU

10

18.18%

9

16.36%

27

49.09%

9

16.36%

2.369

SA

8

8.79%

11

12.09%

69

75.82%

3

3.30%

2.693

AU

10

18.18%

12

21.82%

27

49.09%

6

10.91%

2.346

SA

17

18.68%

11

12.09%

62

68.13%

1

1.10%

2.5

AU

10

18.18%

9

16.36%

29

52.73%

7

12.73%

2.395

SA

9

9.89%

11

12.09%

64

70.33%

7

7.69%

2.654

AU

15

27.27%

11

20.00%

29

52.73%

0

0.00%

2.254

SA

9

9.89%

7

7.69%

73

80.22%

2

2.20%

2.719

AU

10

18.18%

10

18.18%

31

56.36%

4

7.27%

2.411

SA

8

8.79%

11

12.09%

69

75.82%

3

3.30%

2.693

5.7.2 Media-related technical problems
The survey findings revealed that 61.82% and 84.44% of the visually impaired
AU and SA participants, respectively, were convinced that non-textual elements, such
as images, videos and audio files, negatively affect academic and professional
performance. Among the respondents, 58.18% from Australia and 78.89% from Saudi
Arabia believed that most media files are inaccessible. The participants were asked
whether a beneficial accessibility solution would be to convert the manual creation of
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descriptions/captions to auto-generation, to which 65.45% of the AU respondents and
72.22% of the SA participants agreed.
Table 5-22. Media accessibility problems of the visually impaired group.
Code

MP1
MP2
MP3
MP4
MP5
MP6
MP7
MP8

C

Agree

Neutral

Disagree

Unable

Score

N

%

N

%

N

%

N

%

AU

11

20.00%

10

18.18%

34

61.82%

0

0.00%

2.418

SA

4

4.44%

8

8.89%

77

85.56%

1

1.11%

2.820

AU

11

20.00%

9

16.36%

32

58.18%

3

5.45%

2.403

SA

6

6.67%

5

5.56%

78

86.67%

1

1.11%

2.808

AU

10

18.18%

13

23.64%

30

54.55%

2

3.64%

2.377

SA

6

6.67%

8

8.89%

75

83.33%

1

1.11%

2.775

AU

8

14.55%

11

20.00%

33

60.00%

3

5.45%

2.480

SA

5

5.56%

9

10.00%

75

83.33%

1

1.11%

2.786

AU

12

21.82%

11

20.00%

29

52.73%

3

5.45%

2.326

SA

5

5.56%

4

4.44%

81

90.00%

0

0.00%

2.844

AU

13

23.64%

9

16.36%

30

54.55%

3

5.45%

2.326

SA

7

7.78%

4

4.44%

79

87.78%

0

0.00%

2.8

AU

10

18.18%

8

14.55%

33

60.00%

4

7.27%

2.450

SA

4

4.44%

8

8.89%

78

86.67%

0

0.00%

2.822

AU
SA

9
5

16.36%
5.56%

9
9

16.36%
10.00%

30
75

54.55%
83.33%

7
1

12.73%
1.11%

2.437
2.786

Images can be created in ways that guarantee their accessibility through the use
of a basic web accessibility technique, that is, the provision of descriptive texts for
images—the very first principle included in WCAG 2.0. However, evidence from the
objective evaluation (Chapter 6) confirmed that this fundamental solution is
inefficiently applied by developers or users. Table 5-22 shows the ratings that the
visually impaired respondents assigned to media accessibility statements. MP7 and
MP8 are relevant to the participants with visual disabilities because they use
captions/scripts to understand videos based on written texts or images. The majority
of the visually impaired individuals from Australia (61.82%) and Saudi Arabia
(85.56%) lamented the lack of descriptive texts for non-textual elements (MP1).
Among the respondents, 60% of the AU participants and 86.67% of the SA participants
complained about captions/subtitles being unavailable for most audio or video files on
the educational websites of their institutions (MP7). The visually impaired participants
were also affected by the misuse of null values, which served as substitutes for full

Chapter 5: Findings of the subjective evaluation

191

text descriptions (MP4) (AU = 60%, SA = 83.33%. The accuracy of descriptive texts
is equally important, especially for students whose academic performance is
negatively affected by imprecise descriptions. In the sample, 58.18% of the AU
respondents and 86.67% of the SA participants disagreed with MP2. Current simple
solutions, such as using HTML image attributes similar to ‘ALT’, improve image
accessibility when applied correctly.
5.7.3 Document-related technical problems
The accessibility of document files was another critical component for the
visually impaired group. The survey uncovered that 69.09% of the AU respondents
and 68.89% of the SA participants refuted the positive impact of document file
accessibility on their studies/jobs. Out of the group, 50.91% of the AU respondents
and 63.33% of the SA participants believed that most document files are inaccessible,
whereas 36.36% of the former and 12.22% of the latter believed the opposite.
As previously stated, the accessibility of document files is a crucial requirement
because this makes a difference in the quality of an entire webpage. As shown in Table
5-23, 56.36% of the AU respondents and 75.56% of the SA participants pinpointed the
absence of captions in most document files that contain embedded audio or video files
(DP5). Numerous AU and SA participants (60% and 70%, respectively) stated that
nearly all objects in document files are unaccompanied with alternative texts (DP1).
The AU and SA respondents also highlighted the lack of navigational aids in PDF files
(DP9) (52.73% and 67.78%, respectively) and the consequences of missing structural
tags for appropriate reading sequences in most document files (MP12) (50.91% and
80%, respectively). Out of the sample, as well, 50.91% of the AU participants and
63.33% of the SA respondents believed that the majority of Excel file sheets have no
meaningful titles (DP7). A total of 20% of the AU participants could not evaluate
DP11, thus confirming the necessity of simplifying or avoiding technical terminology
for improved evaluation outcomes with respect to survey statements. Effectively
providing accessible documents on webpages would increase the overall accessibility
of an entire website, particularly because a variety of accessibility challenges are
associated with such documents.
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Table 5-23. Document accessibility problems of the visually impaired group.
Code
DP1
DP2
DP3
DP4
DP5
DP6
DP7
DP8
DP9
DP10
DP11
DP12

C

Agree

Neutral

Disagree

Unable

Score

N

%

N

%

N

%

N

%

AU

11

20.00%

8

14.55%

33

60.00%

3

5.45%

2.423

SA

7

7.78%

19

21.11%

63

70.00%

1

1.11%

2.629

AU

18

32.73%

15

27.27%

22

40.00%

0

0.00%

2.072

SA

6

6.67%

15

16.67%

68

75.56%

1

1.11%

2.696

AU

16

29.09%

19

34.55%

20

36.36%

0

0.00%

2.072

SA

15

16.67%

24

26.67%

49

54.44%

2

2.22%

2.386

AU

18

32.73%

15

27.27%

22

40.00%

0

0.00%

2.072

SA

10

11.11%

21

23.33%

59

65.56%

0

0.00%

2.544

AU

14

25.45%

7

12.73%

31

56.36%

0

0.00%

2.326

SA

6

6.67%

15

16.67%

68

75.56%

1

1.11%

2.696

AU

18

32.73%

10

18.18%

26

47.27%

1

1.82%

2.148

SA

10

11.11%

20

22.22%

60

66.67%

0

0.00%

2.555

AU

12

21.82%

14

25.45%

28

50.91%

1

1.82%

2.296

SA

6

6.67%

27

30.00%

57

63.33%

0

0.00%

2.566

AU

15

27.27%

17

30.91%

23

41.82%

0

0.00%

2.145

SA

11

12.22%

25

27.78%

53

58.89%

1

1.11%

2.471

AU

14

25.45%

12

21.82%

29

52.73%

0

0.00%

2.272

SA

7

7.78%

22

24.44%

61

67.78%

0

0.00%

2.6

AU

19

34.55%

11

20.00%

24

43.64%

1

1.82%

2.092

SA

10

11.11%

20

22.22%

60

66.67%

0

0.00%

2.555

AU

14

25.45%

12

21.82%

18

32.73%

11

20.00%

1.909

SA

18

20.00%

4

4.44%

63

70.00%

5

5.56%

1.470

AU

14

25.45%

12

21.82%

28

50.91%

1

1.82%

2.259

SA

9

10.00%

9

10.00%

72

80.00%

0

0.00%

2.7

5.7.4 Assistive software-related technical problems
Among the AU and SA respondents, 76.67% and 80.23%, respectively,
expressed the belief that the interoperability between websites and screen reader
software negatively affect their studies/jobs. Contrastingly, 76.19% and 68.75%,
respectively, attested to the positive academic/career effects of the interoperability
between websites and voice recognition software.
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Table 5-24. Screen reader accessibility problems of the visually impaired group.
Code
AP1
AP2
AP3
AP4
AP5
AP6

C

Agree

Neutral

Disagree

Unable

Score

N

%

N

%

N

%

N

%

AU

2

6.67%

2

6.67%

26

86.67%

0

0.00%

2.8

SA

8

9.41%

18

21.18%

59

69.41%

0

0.00%

2.6

AU

3

10.00%

4

13.33%

23

76.67%

0

0.00%

2.666

SA

8

9.30%

11

12.79%

66

76.74%

1

1.16%

2.682

AU

2

6.67%

4

13.33%

24

80.00%

0

0.00%

2.733

SA

5

5.81%

14

16.28%

67

77.91%

0

0.00%

2.720

AU

3

10.00%

4

13.33%

23

76.67%

0

0.00%

2.666

SA

5

5.81%

13

15.12%

68

79.07%

0

0.00%

2.732

AU

1

3.33%

5

16.67%

24

80.00%

0

0.00%

2.766

SA

5

5.81%

16

18.60%

64

74.42%

1

1.16%

2.694

AU

3

10.00%

3

10.00%

24

80.00%

0

0.00%

2.7

SA

7

8.14%

11

12.79%

67

77.91%

1

1.16%

2.705

Table 5-24 enumerates the screen reader accessibility problems that affect the
visually impaired group, out of whom 86.67% of the AU individuals and 69.41% of
the SA individuals were of the opinion that their institutions disregarded screen reader
issues in the design of their educational websites (AP1). The participants further
criticised the lack of well-structured webpages for navigational purposes (AP6) (AU
= 80%, SA = 77.91%) and the incomprehensible sequence of bulleted lists (AP3) (AU
= 80%, SA = 77.91%). Applying TTS techniques in the design of educational websites
may reduce the effects of accessibility issues related to screen readers.
As underscored in Chapter 3, accessibility standards do not include specific
guidelines that cover accessibility problems related to voice recognition. Table 5-25
indicates that 66.67% of the AU participants and 70.97% of the SA respondents
declared that educational websites prevent interaction with controls through direct
voice commands (AP8). The AU (66.67%) and SA (65.63%) groups stated that the
educational websites of their universities provide no advice on keyboard commands as
an alternative to mouse-heavy interaction (AP11). These respondents (AU = 61.90%,
SA = 75%) disagreed with AP10. Incorporating voice recognition issues in
accessibility standards and implementing STT approaches in web-based systems may
elevate the experience of visually impaired users.
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Table 5-25. Voice recognition accessibility problems of the visually impaired group.
Code
AP7
AP8
AP9
AP10
AP11
AP12
AP13

5.8

C

Agree

Neutral

Disagree

Unable

Score

N

%

N

%

N

%

N

%

AU

5

23.81%

2

9.52%

12

57.14%

2

9.52%

2.368

SA

6

18.75%

4

12.50%

22

68.75%

0

0.00%

2.5

AU

5

23.81%

1

4.76%

14

66.67%

1

4.76%

2.45

SA

6

19.35%

3

9.68%

22

70.97%

0

0.00%

2.516

AU

5

23.81%

2

9.52%

13

61.90%

1

4.76%

2.4

SA

6

18.75%

4

12.50%

22

68.75%

0

0.00%

2.5

AU

4

19.05%

3

14.29%

13

61.90%

1

4.76%

2.45

SA

4

12.50%

4

12.50%

24

75.00%

0

0.00%

2.625

AU

4

19.05%

2

9.52%

14

66.67%

1

4.76%

2.5

SA

5

15.63%

6

18.75%

21

65.63%

0

0.00%

2.5

AU

4

19.05%

3

14.29%

13

61.90%

1

4.76%

2.45

SA

8

25.00%

7

21.88%

16

50.00%

1

3.13%

1.741

AU

5

23.81%

2

9.52%

12

57.14%

2

9.52%

2.368

SA

6

18.75%

3

9.38%

23

71.88%

0

0.00%

2.531

EVALUATION OF TECHNICAL PROBLEMS (HEARING-IMPAIRED
GROUP)
Similar to what was done for the visually impaired group, the hearing-impaired

individuals were instructed to rate general system, media and document issues to
clearly elucidate the accessibility problems that are prioritised by the hearing-impaired
communities in Australia and Saudi Arabia. The adoption of accurate automatic
caption creators grounded in STT methods is equally essential for this group.
5.8.1 General system-related technical problems
The greater number of accessibility problems do not affect the hearing-impaired
group, but the survey revealed that 5.56% and 13.89% of the AU and SA hearingimpaired participants, respectively, evaluated the accessibility level of educational
websites as negatively influencing their academics/careers. Of the sample, 69.44% of
the AU respondents and 65.28% of the SA participants can independently interact with
websites. Only 33.33% of the AU groups and 15.28% of the SA groups considered the
educational websites of their institutions inaccessible. The hearing-impaired
participants are affected by inaccessible web-based systems to a lower extent than are
the visually impaired respondents.
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100.00%
80.00%
60.00%
40.00%
20.00%
0.00%
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SA
Yes
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Figure 5-31. Assistive software usage by the hearing-impaired group.
Most of the hearing-impaired participants do not use assistive software (Figure
5-31), except for Caption Creator. Figure 5-32 shows data on these individuals’
software skills and knowledge. Nearly all of the SA participants can cope with most
software, and the majority of the AU participants have satisfactory abilities but are not
very technically adept. A good number of participants from Australia and Saudi Arabia
considered themselves highly experienced and technically well-versed, and few of the
SA participants find most software difficult to use (Figure 5-32). These results point
to the sufficiency of the participants’ software skills in helping them complete the
questionnaires.

I find most software difficult to use
I can cope with most software
I'm good but not very technical
Very experienced and technical
0.00% 10.00% 20.00% 30.00% 40.00% 50.00% 60.00% 70.00%
SA

AU

Figure 5-32. Software skills and knowledge of the hearing-impaired group.
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I find most software difficult to use
I can cope with most software
I'm good but not very technical
Very experienced and technical
0.00% 10.00% 20.00% 30.00% 40.00% 50.00% 60.00% 70.00%
SA

AU

Figure 5-33. Software skills and knowledge of the hearing-impaired group.
Table 5-26. General system-related accessibility issues of the hearing-impaired
group.
Code
GP1
GP2
GP3
GP6
GP7
GP9
GP10
GP12
GP13

C

Agree

Neutral

Disagree

Unable

Score

N

%

N

%

N

%

N

%

AU

5

13.89%

16

44.44%

13

36.11%

2

5.56%

2.235

SA

14

19.44%

47

65.28%

10

13.89%

1

1.39%

1.514

AU

5

13.89%

16

44.44%

9

25.00%

6

16.67%

2.133

SA

12

16.67%

49

68.06%

10

13.89%

1

1.39%

1.486

AU

11

30.56%

11

30.56%

14

38.89%

0

0.00%

2.083

SA

14

19.44%

47

65.28%

10

13.89%

1

1.39%

1.514

AU

6

16.67%

15

41.67%

14

38.89%

1

2.78%

2.228

SA

4

5.56%

45

62.50%

23

31.94%

0

0.00%

1.694

AU

10

27.78%

16

44.44%

10

27.78%

0

0.00%

2

SA

5

6.94%

46

63.89%

20-

27.78%

1

1.39%

1.667

AU

6

16.67%

11

30.56%

10

27.78%

9

25.00%

2.148

SA

4

5.56%

50

69.44%

16

22.22%

2

2.78%

1.583

AU

8

22.22%

11

30.56%

17

47.22%

0

0.00%

2.25

SA

16

22.22%

4

5.56%

50

69.44%

2

2.78%

1.583

AU

5

13.89%

11

30.56%

19

52.78%

1

2.78%

2.4

SA

19

26.39%

8

11.11%

45

62.50%

0

0.00%

1.639

AU

4

11.11%

7

19.44%

22

61.11%

3

8.33%

2.545

SA

19

26.39%

8

11.11%

45

62.50%

0

0.00%

1.639

5.8.2. Media-related technical problems
As found through the survey, 72.22% of the AU participants and 56.94% of the SA
respondents regarded non-textual elements (e.g. video and audio) as negatively
influencing their academic/career performance. They assessed most media files as
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inaccessible (AU = 58.33%, SA = 54.17%). The participants were asked whether they
believe that a shift from the manual creation of descriptions/captions to autogeneration would increase accessibility, and many of them declared this to be a
favourable solution (AU = 52.78%, SA = 87.50%).
Table 5-27. Media accessibility problems of the hearing-impaired group.
Code

MP7
MP8
MP9

C

Agree

Neutral

Disagree

Unable

Score

N

%

N

%

N

%

N

%

AU

4

11.11%

2

5.56%

29

80.56%

1

2.78%

2.714

SA

26

36.11%

1

1.39%

45

62.50%

0

0.00%

2.263

AU

4

11.11%

7

19.44%

24

66.67%

1

2.78%

2.571

SA

25

34.72%

2

2.78%

45

62.50%

0

0.00%

2.277

AU

3

8.33%

7

19.44%

22

61.11%

4

11.11%

2.593

SA

25

34.72%

1

1.39%

45

62.50%

1

1.39%

2.281

The minimal availability of accurate captions that dynamically synchronise
between descriptive texts and audio or video materials was the main media
accessibility problem criticised by the group with hearing disabilities (Table 5-27).
Specifically, 61.11% of the AU respondents and 62.50% of the SA participants
indicated the absence of such synchronisation. Of the respondents, 80.56% of those
from Australia and 62.50% of those from Saudi Arabia complained about the lack of
video subtitles. Most of the captions, sign language interpretations and subtitles for
audio or video files were evaluated as inaccurate by the AU and SA participants
(66.67% and 62.50%, respectively). Auto-generated caption tools based on STT
techniques can increase the availability of captions, although the accuracy and
synchronisation of these innovations would require a manual check.
5.8.2 Document-related technical problems
The accessibility of document files affected the hearing-impaired participants in
cases wherein documents include embedded videos or audio files. As shown in Table
5-28, 50% of the AU respondents and 15.28% of the SA participants disagreed that
document files are beneficial to their studies/jobs, and a number of them (AU = 25%,
SA = 13.89%) deemed such materials inaccessible. Additionally, 66.67% and 56.94%
of the AU and SA participants, respectively, indicated that the majority of document
files do not contain closed captions for audio and video files. The availability of
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accurate captions would increase the accessibility of videos or audio files for the
hearing-impaired group.
Table 5-28. Document accessibility problems of the hearing-impaired group.
Code

DP5

5.9

C

Agree

Neutral

Disagree

Unable

Score

N

%

N

%

N

%

N

%

AU

4

11.11%

7

19.44%

24

66.67%

1

2.78%

2.571

SA

21

29.17%

9

12.50%

41

56.94%

1

1.39%

2.281

SUBJECTIVE EVALUATION OF PARTICIPANTS WITH VISUALHEARING IMPAIRMENTS
For participants who have visual and hearing disabilities (blind and hard of

hearing or using a hearing aid), the only way to interact with web-based systems is
through the use of Braille. They need Braille versions that correspond to all texts on
webpages. Data on accessibility problems for this population were derived from six
Australian participants and two Saudi respondents, who both rated their technical skills
as being of low levels. Because of the serious challenges with which they have to
contend in their interactions with web-based systems, they require assistance from a
support person. Indeed, the feedback that they provided for this research was given in
person and online with the help of assistants. Overall, these participants appraised webbased systems, including media and document files, as inaccessible. A beneficial
strategy is for developers to devise new methods of enabling and facilitating the
interaction of blind and hard-of-hearing individuals with web-based systems.
5.10 DEVELOPERS’ PERSPECTIVES
Developers who work at the educational institutions with which the disabled
respondents are affiliated were also invited to participate in the survey to acquire their
points of view about accessibility and associated problems. The initial sample
consisted of 28 developers, but some completed only 20% of the technical evaluation
possibly because of a low awareness of accessibility issues, loss of interest or survey
length. This left a total of 16 developers who completed at least 75% of the survey;
among these individuals, four use voice recognition software and one employ screen
reader programmes. Of the developers, 31.25% shared the belief that media files are
inaccessible, and 37.50% regarded this matter in a neutral manner. With respect to the
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accessibility of educational websites, 50% regarded these platforms as inaccessible,
33.33% were neutral and 16.67% could not evaluate this attribute. Among the
developers, 43.75% assessed shifting from the manual description of non-textual
elements to auto-generated explanations as advantageous to the accessibility of such
components. Many of the developers (62.50%) considered document files accessible.
5.11 OPEN-ENDED QUESTIONS
Some of the AU and SA participants answered the two open-ended questions.
The first is ‘How important to you are the educational website accessibility issues that
you have just been rating?’ The visually impaired respondents confirmed the
essentiality of accessibility to them through strongly worded comments, such as
‘accessibility is very important’, ‘accessibility is extremely important’ and
‘accessibility is everything’. The same intensity of responses were devoted to the
importance of media and document accessibility. Some of the students related the
importance of accessibility to their studies, sharing sentiments such as ‘accessibility
helps me understand a subject very well’, ‘accessibility is essential to my studies’ and
‘accessibility helps me get the education that I pay for.’ Other participants highlighted
the importance of solving specific accessibility problems, such as those related to
navigation, time spent on information searches, the lack of descriptive texts for images
and subtitles for videos, inaccessible PDF files, images in link titles that direct users
back to the home page when other pages are the target, the excessive number of
windows on pages, non-credible links and incompatibility between screen readers and
PDF files or websites. Finally, the participants connected the importance of
accessibility to usability as follows: ‘Applying accessibility standards ought to be easy,
‘there are no easy-to-use accessibility options’ ‘accessibility needs to be treated as a
teaching tool’, ‘the accessibility standards implemented should be appropriate’ and ‘no
flexible accessibility solution is provided.’ Few of the hearing-impaired participants
responded to the open-ended questions, but they denoted the importance of
accessibility by linking it to their academics, interactions in courses, engagement in
administrative transactions and the performance of library research.
The second open-ended question is ‘What do you think needs the most
improvement with regard to accessibility issues on your university’s educational
website, and why?’ The answers of the visually impaired respondents concentrated on
the accessibility problems that considerably affect them—a finding that was confirmed
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by the objective evaluation. The first issue identified by the participants was the
accessibility of non-textual elements. Specifically, they emphasised the lack of highquality and accurate image descriptions, the lack of subtitles that can advance the
comprehension of videos that come with no sound, the many confusing elements that
are similarly labelled and CAPTCHA issues for blind users. The respondents also
identified navigational difficulties and document file accessibility problems, including
the failure of screen readers to read PDF files, the need for assistance in poring over
PDF documents and the creation of accessible PDFs. Specific screen reader issues
were the difficulty of using NVDA, the simplicity of voiceover adoption and the
criticality of compatibility. As regards usability, the participants identified the
following requirements:
• ‘Easily and rapidly accessible online content’
• ‘Improved website interactivity in terms of sound provision’
• ‘Easily accessible content creation by end-users’
• ‘Enhanced systems and templates that assist content creators in producing
accessible content’
• ‘Accessibility tools’
The readability problems underscored by the sample were as follows:
• ‘Small texts, which are difficult to read’
• ‘Cluttered texts, which also present difficulties to reading’
• ‘Menus and sidebars that are challenging to peruse’
• ‘Unhelpful or excessive colour schemes’
• ‘Excessive information on one webpage’
Finally, the general user satisfaction problems and requirements provided by the
participants are presented below.
• ‘The university website must be accessible to everyone without limitations.’
• ‘Users should learn to use online methods.’
• ‘Some students are dissatisfied with accessibility levels.’
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• ‘Website accessibility affects student learning and efforts to improve their
academic performance.’
• ‘Developers must be encouraged to create accessible content.’
• ‘The accessibility of websites affects research.’
The hearing-impaired participants answered the second question by highlighting
accessibility problems that need improvement to elevate the quality of user
experiences. First, the respondents underscored the necessity of captions/subtitles for
all media files and lectures. Second, they called for meaningful captions and website
function explanations that can be viewed online and criticised inaccessible online
support, the neglect of deaf students and the lack of curricular designs for deaf learners.
5.12 RANKING OF ACCESSIBILITY PROBLEMS (ALL PARTICIPANTS
RESPONDENTS)
Tables 5-29 to 5-32 list the rankings that all the participants assigned to general
system, media, document and assistive software accessibility problems. The ranking
was based on the average score that was calculated on the basis of the AU and SA
participants’ scores. The accessibility problem ranking based on the subjective
evaluation method was used for the objective assessment (Chapter 6) and many other
purposes.
First, to determine the prioritisation of accessibility problems, an estimated
weight was assigned to each problem type for the visually and hearing-impaired
groups. This weight was applied in the developed accessibility metric (AMWSUF),
and the rankings identified the accessibility problems that exert the strongest effect on
disabled users of educational web-based systems. These data were also used as bases
for validating the objective evaluation, wherein triangulation was conducted.
Second, the rankings showed similarities and differences between the visually
and hearing-impaired groups. For example, the general system-related accessibility
problems expressed as GP13 (the lack of tools for accessible content creation) and GP8
(inaccessible forms) were identified as top priorities by both the visually and hearingimpaired respondents. These participants also both positioned the low support for
input/output assistive devices at the bottom of their priority lists. However,
inaccessible graphical design interfaces were regarded as the top and bottom priorities
of the visually and hearing-impaired respondents, respectively. This discrepancy
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attests to the importance of creating specific standards, metrics or accessibility
products for each disability group as a single universal standard or principle may
reduce web accessibility.
Accessibility problems need to be categorised on the basis of disability type or
sub-type (e.g. sensory conditions, such as vision, hearing, vision–hearing disabilities),
after which each of the accessibility problems encountered by every group should be
assigned a specific priority rating. This solution can improve the implementation of
accessibility principles and advance the development of applicable assistive tools. In
addition, comparing the differences in accessibility problem rankings among disabled
individuals provides insights into the necessity of developing accessibility solutions
with reference to the distinct needs of each disability group. Developing web-based
systems that are tailored to each disability group would offer the best user experience
for these populations.
Table 5-29. Ranking of general accessibility problems.
Rank

General problems

AU

SA

Avg

Code

1

Lack of tools for creating accessible content

2.54

2.411

2.475

GP13

2

Unusable website

2.365

2.411

2.388

GP1

3

Inaccessible client- and server-side functions

2.386

2.3

2.343

GP9

4

Inaccessible forms

2.413

2.261

2.337

GP8

5

Inaccessible online help, messages and documentation

2.355

2.289

2.322

GP6

6

Lack of predictability in operation

2.380

2.260

2.320

GP12

7

Lack of navigation

2.296

2.251

2.273

GP4

8

Inaccurate text-only alternative pages

2.395

2.148

2.271

GP11

9

Inaccessible graphic user interface

2.308

2.182

2.245

GP3

10

Lacking keyboard-enabled functionalities

2.393

2.075

2.234

GP10

11

Unorganised information onscreen

2.314

2.116

2.215

GP5

12

Inadequate time

2.194

2.228

2.211

GP7

13

Low support for input/output assistive devices

2.208

2.063

2.136

GP2
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Table 5-30. Ranking of media accessibility problems.
Rank

Media problems

AU

SA

Avg

Code

1

Lack of captions or transcripts

2.607

2.373

2.490

MP7

2

Inaccurate captions or transcripts

2.545

2.352

2.449

MP8

3

Lack of updates to descriptive texts

2.473

2.379

2.426

MP6

4

Incomplete in-text explanations

2.45

2.390

2.420

MP5

5

Extensive use of null values

2.531

2.3

2.415

MP4

6

Lack of descriptive texts

2.514

2.306

2.410

MP1

7

Meaningless descriptive texts

2.475

2.341

2.408

MP3

8

Lack of dynamic synchronisation

2.553

2.262

2.407

MP9

9

Inaccurate descriptive texts

2.48

2.294

2.387

MP2

Rank

Document problems

AU

SA

Avg

Code

1

Missing captions for embedded audio and video

2.509

2.261

2.385

DP5

2

Missing alternative texts for non-textual objects

2.444

2.186

2.315

DP1

3

Missing document structure tags

2.32

2.195

2.257

DP12

4

Meaningless titles

2.343

2.103

2.223

DP7

5

Lack of navigational aids in PDF files

2.291

2.132

2.212

DP9

6

Illogical reading sequence of slides

2.133

2.221

2.177

DP6

7

Unspecified language

2.174

2.120

2.147

DP10

8

Missing slide titles

2.121

2.114

2.118

DP4

9

Incorrect heading sequence

2.142

2.052

2.097

DP8

10

Unspecified column header information for tables

2.067

2.125

2.096

DP2

11

Lack of simple tabular structures

2.076

2.023

2.050

DP3

12

Inaccessible documents due to security processes

1.932

2.017

1.974

DP11

Table 5-31. Ranking of document accessibility problems.
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Table 5-32. Ranking of Assistive software accessibility problems.
Rank

Assistive problems

AU

SA

Avg

Code

Screen reader
1

Missing webpage titles

2.763

2.688

2.726

AP5

2

Incomprehensible sequence of bulleted lists

2.736

2.714

2.725

AP3

3

No consideration for screen reader issues

2.837

2.6

2.718

AP1

4

Lack of structured webpages for navigation

2.710

2.711

2.710

AP6

5

Unspecified language

2.684

2.725

2.704

AP4

6

Illogical organisation of information

2.710

2.688

2.699

AP2

Voice recognition
1

Lack of rich text fields

2.541

2.617

2.579

AP10

2

Missing advice on keyboard commands

2.583

2.5

2.541

AP11

3

Low interaction with controls

2.52

2.515

2.517

AP8

4

Inaccessible form labels

2.5

2.5

2.5

AP9

5

Confusion from unexpected onscreen messages

2.458

1.727

2.508

AP12

6

Missing alternative accessible webpages

2.478

2.558

2.489

AP13

7

No consideration for voice recognition issues

2.458

2.5

2.479

AP7

5.13 RANKINGS OF ACCESSIBILITY PROBLEMS (VISUALLY
IMPAIRED RESPONDENTS)
The general system-related accessibility problems encountered by the visually
impaired participants were classified on the basis of three ranking categories: Those
ranked from 1 to 5, 6 to 9 and 10 to 13 were grouped as high-priority, moderate-priority
and low-priority problems, respectively. These and all other rankings were
implemented in the quantitative AMWSUF metric (Chapter 6).
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Table 5-33. Ranking of general accessibility problems (visually impaired group).
Rank

General problems

AU

SA

Avg

Code

1

Inaccessible forms

2.44

2.764

2.602

GP8

2

Lack of tools for creating accessible content

2.411

2.693

2.552

GP13

3

Inaccessible client- and server-side functions

2.369

2.693

2.531

GP9

4

Inaccurate text-only alternative pages

2.395

2.654

2.525

GP11

5

Inaccessible graphic user interface

2.290

2.741

2.516

GP3

6

Unusable website

2.314

2.692

2.503

GP1

7

Inaccessible online help, messages and documentation

2.277

2.707

2.492

GP6

8

Lack of predictability in operation

2.254

2.719

2.486

GP12

9

Lack of navigation

2.218

2.692

2.455

GP4

10

Inadequate time

2.2

2.693

2.446

GP7

11

Unorganised information onscreen

2.290

2.561

2.426

GP5

12

Lacking keyboard-enabled functionalities

2.346

2.5

2.423

GP10

13

Low support for input/output assistive devices

2.085

2.494

2.289

GP2

The media-related accessibility problems ranked from 1 to 3, 4 to 6 and 7 to 8
were classified as high-priority, moderate-priority and low-priority problems,
respectively.
Table 5-34. Ranking of media accessibility problems (visually impaired group).
Rank

Media problems

AU

SA

Avg

Code

1

Lack of captions or transcripts

2.450

2.822

2.636

MP7

2

Extensive use of null values

2.480

2.786

2.633

MP4

3

Lack of descriptive texts

2.418

2.820

2.619

MP1

4

Inaccurate captions or transcripts

2.437

2.786

2.612

MP8

5

Inaccurate descriptive texts

2.403

2.808

2.606

MP2

6

Incomplete in-text explanations

2.326

2.844

2.585

MP5

7

Meaningless descriptive texts

2.377

2.775

2.576

MP3

8

Lack of updates to descriptive texts

2.326

2.8

2.563

MP6

The document-associated accessibility problems ranked from 1 to 4, 5 to 8 and
9 to 12 were organised as high-priority, moderate-priority and low-priority problems,
respectively.
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Table 5-35. Ranking of document accessibility problems (visually impaired group).
Rank

Document problems

AU

SA

Avg

AP

1

Missing alternative texts for non-textual elements

2.423

2.629

2.526

DP1

2

Missing captions for embedded audio and video

2.326

2.696

2.511

DP5

3

Missing document structure tags

2.259

2.7

2.479

DP12

4

Lack of navigational aids in PDF files

2.272

2.6

2.436

DP9

5

Meaningless titles

2.296

2.566

2.431

DP7

6

Unspecified column header information for tables

2.072

2.696

2.384

DP2

7

Illogical reading sequence of slides

2.148

2.555

2.351

DP6

8

Unspecified language

2.092

2.555

2.324

DP10

9

Incorrect heading sequence

2.145

2.471

2.308

DP8

10

Missing slide titles

2.072

2.544

2.308

DP4

11

Lack of simple tabular structures

2.072

2.386

2.229

DP3

12

Inaccessible documents due to security processes

1.909

1.470

1.689

DP11

For screen reader problems, issues ranked from 1 to 2, 3 to 4 and 5 to 6 were
categorised

as

high-priority,

moderate-priority

and

low-priority

problems,

respectively. For voice recognition problems, those ranked from 1 to 3, 4 to 5 and 6 to
7 were denoted as falling under high-priority, moderate-priority and low-priority
categories, respectively.
Table 5-36. Ranking of assistive software accessibility problems (visually impaired
group).
Rank

Assistive problems

AU

SA

Avg

Code

Screen reader
1

Missing webpage titles

2.766

2.694

2.730

AP5

2

Incomprehensible sequence of bulleted lists

2.733

2.720

2.727

AP3

3

No consideration for screen reader issues

2.8

2.6

2.7

AP1

4

Lack of structured webpages for navigation

2.7

2.7

2.7

AP6

5

Unspecified language

2.666

2.732

2.699

AP4

6

Illogical organisation of information

2.666

2.682

2.674

AP2

Voice recognition
1

Lack of rich text fields

2.45

2.625

2.537

AP10

2

Missing advice on keyboard commands

2.5

2.5

2.5

AP11

3

Low interaction with controls

2.45

2.516

2.483

AP8

4

Inaccessible form labels

2.4

2.5

2.45

AP9

5

Missing alternative accessible webpages

2.368

2.531

2.449

AP13

6

No consideration for voice recognition issues

2.368

2.5

2.434

AP7

7

Confusion from unexpected onscreen messages

2.45

1.741

2.095

AP12
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5.14 RANKINGS OF ACCESSIBILITY PROBLEMS (HEARING-IMPAIRED
RESPONDENTS)
As was applied for the visually impaired participants, the general systemassociated accessibility problems experienced by the hearing-impaired participants
were classified as follows: Those ranked from 1 to 3, 4 to 6 and 7 to 9 were grouped
as high-priority, moderate-priority and low-priority problems, respectively. These and
all other rankings were implemented in the quantitative AMWSUF metric (Chapter 6).
Table 5-37. Ranking of general system-related accessibility problems (hearingimpaired group).
Rank

General problems

AU

SA

Avg

Code

1

Lack of tools for creating accessible content

2.545

1.638

2.092

GP13

2

Lack of predictability in operation

2.4

1.638

2.019

GP12

3

Inaccessible online help, messages and

2.228

1.694

1.961

GP6

documentation
4

Lacking keyboard-enabled functionalities

2.25

1.514

1.882

GP10

5

Unusable website

2.235

1.478

1.857

GP1

6

Inaccessible client- and server-side functions

2.148

1.514

1.831

GP9

7

Inadequate time

2

1.633

1.816

GP7

8

Low support for input/output assistive devices

2.133

1.450

1.792

GP2

9

Inaccessible graphic user interface

2.083

1.478

1.781

GP3

The media-related accessibility problems, ranked from 1 to 3, all counted as
high-priority problems.
Table 5-38. Ranking of media accessibility problems (hearing-impaired group).
Rank

General problems

AU

SA

Avg

Code

1

Lack of captions or transcripts

2.714

2.263

2.489

MP7

2

Lack of dynamic synchronisation

2.593

2.281

2.437

MP9

3

Inaccurate captions, sign language interpretations or

2.571

2.277

2.424

MP8

transcripts

The document-related accessibility problems were assigned a rank of 1, which
is equivalent to high priority.
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Table 5-39. Document accessibility problems (hearing-impaired group).
Rank

General problem

AU

SA

Avg

Code

1

Missing closed captions for embedded audio and video

2.571

2.281

2.426

DP5

5.15 SUMMARY
The findings confirmed how each disability group has specific needs that align
with their characteristics. Inaccessible content considerably affected the opinions of
the participants with visual disabilities towards the accessibility of educational webbased systems but minimally influenced those of the hearing-impaired respondents.
The results also demonstrated that the influence of each accessibility problem is
different among the participants and that the implementation of a ‘one-size-fits-all’
solution is ineffective. A more beneficial approach is for developers and standard
creators to establish initiatives geared towards the specific needs of each disability
group.
This investigation highlighted a number of potentially fruitful directions for
future work. The findings originating from the demographic data can be used to
understand the characteristics of disabled populations. For example, accessibility of
media content influence overall accessibility rating for web-based systems by visually
and hearing impaired group, also learning of numerous assistive software programmes
impact rating accessibility of overall web-based system by the AU and SA visually
impaired group, these are new insights into the characteristics of disabled individuals
that have not been provided in previous research. knowing these insights factors or
characteristics advance future research by for example create tools that can be
implicated into the system to reduce number of assistive software programs.
Some of the data can be used to identify other influencing factors for evaluations
of educational web-based systems. These determinants can help developers design
enriched accessibility solutions and tools. The data derived in this work also open
opportunities for extensive explorations into the circumstances of different disability
groups. The outcomes derived with respect to the influencing factors in the subjective
accessibility evaluation can be used as bases for designing a set of accessibility
guidelines for the assessment of educational websites. The results can likewise serve
as a foundation for developing an adaptive and accessible content framework and
increasing accessibility awareness among organisations, educators and developers.
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Finally, the proposed solutions can be used to enhance user satisfaction with
interactions over web-based systems, particularly those of universities.
The findings derived from the technical data featured Likert-type ratings
assigned to accessibility statements (i.e. ‘agree’, ‘neutral’, ‘disagree’ and ‘unable to
evaluate’). Understanding with which statements participants considerably disagreed
can help developers identify which accessibility problems in educational web-based
systems require urgent resolution. The problems were organised into general system,
media, document and assistive software problems—an organisation that can be
employed by different groups, such as developers who work on document accessibility
projects. For example, in this thesis ranking of problems be leveraged by developers
to ease the identification of problem types and, therefore, the identification of
solutions.
Finally, the ranking of general system, document, media and assistive software
problems can serve as reference in assigning weights to the accessibility challenges
encountered by each disability group and accordingly adopt these in a metric. The
ranking also provides an effective checklist to which developers, educational
institution, organisations and regulatory bodies can refer as they implement web
accessibility practices. The resultant checklist, for example, can be consulted by an
organisation when deciding on purchasing or licensing a tool for web-based systems
as the ranking encapsulates the most important accessibility features that provide the
best combination. Such accessibility features can also be specified in a contract for the
use of tools. The accessibility ranking is likewise facilitative of the creation of
accessibility statement documents in any organisation.
The succeeding chapter discusses the in-depth analysis of objective accessibility
evaluations, which include human-initiated assessments, automated tool-driven
evaluations and data mining evaluations. The chapter also recounts how all the results
were integrated into the metric developed in this thesis.
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Chapter 6: Findings of the Objective
Evaluation
“Don’t believe what you’re told unless your
mind confirms its truth.”
………………………………………………
—Abu Ala Al Maari, Blind Philosopher and
Writer

6.1

INTRODUCTION
Web-based systems are not merely avenues for displaying texts, hyperlinks and

information but also channels for the illustration of media creativity, the visualisation
of data and the optimisation of information presentation for a variety of users with
different needs and expectations. Such systems are constrained by across-the-board
solutions as these may not address requirements that are specific to a given population.
Let us take diagrams, videos and audio files as examples. These features may increase
appealing experiences among typical users but negatively influence the interactions of
individuals with sensory disabilities because of their inaccessibility. The W3C has
presented many combinations of technologies that are used together with HTML,
scalable vector graphics (SVG) and coding to facilitate the creation of interactive
webpages and web applications—an initiative that provides developers the tools that
they need to deliver quality representation of content for users. The problem is that an
increase in innovations such as graphics, videos, presentations, PDF files and other
documents also result in a rise in accessibility problems when developers or web
content creators disregard accessibility in their designs.
This chapter details the application of the proposed objective evaluation model
(Chapter 4), whose second phase is the intermediate stage, wherein 1,505 webpages
were evaluated, including the 265 documents, 120 images and 120 videos appearing
on them. As part of the objective evaluation, a combination of human-initiated and
automated assessments (thus, semi-automated or semi-human) were conducted on four
datasets, among which the general collection was the core resource, containing data
from 1,000 evaluated webpages (HTML codes) appearing on university web-based
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systems. This dataset was evaluated against WCAG 2.0 standards, Section 508
principles and the criteria developed in this thesis. The main goal of this work was to
determine the effects of files embedded on webpages to enable the accurate evaluation
of accessibility for users with visual and hearing disabilities. The second dataset
contained information on accessibility problems related to images and was evaluated
on the basis of WCAG 2.0 principles, HTML5 image attributes and the criteria
formulated in this research. A total of 120 images, most of which were complex and
used for learning purposes, were assessed. The third dataset was the video collection,
which consisted of data from 120 evaluated videos published on university web-based
systems. Similarly, the data were assessed against related WCAG 2.0 checkpoints,
HTML5 caption attributes and the criteria developed in this work. The final dataset
was the document collection, which covered data from 265 evaluated documents
(PDF, PowerPoint and Word). The Word and PowerPoint files were evaluated on the
basis of Microsoft Office standards, while the PDF files were assessed against PDF
principles. Some criteria applied to all document types, thus rendering their
classification under one dataset an appropriate approach. Although an accessibility
value was derived for each document type, this thesis developed a metric formula for
obtaining accurate results on the overall accessibility of university web-based systems.
The chapter begins with the analysis of the findings derived from the traditional
(i.e. human) evaluations, which were intended to identify the absolute number of
accessibility problems in each dataset and the number of accessible and inaccessible
files or webpages. These assessments were compared with the automated evaluations
to demonstrate the importance of human involvement in appraisals of system
development plans. The automated evaluations served as a supplement designed to
acquire an initial idea of accessibility levels. The evaluations conducted and their core
purposes are described as follows:
1. Image evaluation
• Findings on the total number of accessible and inaccessible images
• Results regarding the number of accessibility problems in relation to each
image checkpoint
• Ranking image accessibility problems
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• Comparing the number of image accessibility problems determined via the
human and automated assessments
2. Video evaluation
• Findings on the total number of accessible and inaccessible videos
• Results regarding the number of accessibility problems with reference to each
video checkpoint
• Ranking video accessibility problems
• Comparing the number of video accessibility problems identified via the
human and automated assessments
3. Document evaluation
• Results on the total number of accessible and inaccessible documents (PDF,
Word and PowerPoint)
• Findings on the number of accessibility problems in relation to each document
checkpoint
• Ranking document accessibility problems
• Comparing the number of document accessibility problems ascertained using
the human and automated assessments
4. General evaluation
• Findings regarding the total number of accessible and inaccessible webpages
• Findings on the number of accessibility problems with respect to each general
checkpoint
• Ranking general accessibility problems
• Comparing the number of general accessibility problems identified via the
human and automated assessments
5. Comparing mining evaluations
• Pre-processing the image, video, document and general datasets
• Implementing data mining on all the datasets
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• Findings on the total number of accessible and inaccessible images, videos,
documents and webpages
• Comparing the number of accessible and inaccessible items determined by the
human and mining assessments
• Validating the human evaluations on the basis of the mining assessments and
vice versa
6. Quantitative metric
• Using the A3 formula to determine accessibility values on the basis of the
findings from the image, video, document and general evaluations of the visually and
hearing-impaired groups
• Computing accessibility values for the visually and hearing-impaired groups
using the AMWSUF metric
• Comparing the overall accessibility values determined using the AMWSUF,
A3 and UWEM metrics
• Validating the overall accessibility ascertained using the metrics and
comparing it with the subjective evaluations of the hearing- and visually impaired
participants
The evaluation standards used were the WCAG 2.0, Section 508, PDF and
Microsoft Office principles; the automated evaluation tools employed were AChecker,
PAC 2.0 and Microsoft Office Checker; and the analytical software programmes
adopted were SPSS, WEKA, R and EXCEL.
Statistical data analysis was performed to determine significance, and a t-test and
ANOVA were carried out when applicable to ensure the reliability and validation of
the analysis. Descriptive statistics were used to obtain information on the datasets
evaluated in this thesis, after which data mining techniques were used as additional
methods of accessibility evaluation. Classification algorithms were programmed in a
way that enabled the combined use of various attributes in the thesis datasets to classify
each item as accessible or inaccessible. The findings from the human evaluations and
data mining were triangulated; that is, the data mining results were used to validate the
human assessment findings and vice versa. In the end, all the findings from the human
evaluations (semi-automated) were used to determine the overall accessibility of
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university web-based systems. An improved metric (i.e. AMWSUF) was developed
on the basis of the A3 formula and implemented in the examination of the datasets,
after which the visually and hearing-impaired participants were asked to rank
accessibility problems during the subjective evaluation phase to identify the issues that
they regard as priority challenges. The results of the AMWSUF, A3 and UWEM
metrics were compared, and the AMWSUF findings were validated by juxtaposing
them with the subjective evaluation results. This chapter answers the following subquestions:
• How are webpages, images, videos (quality of descriptive texts or captions)
and Word, PDF and PowerPoint documents effectively evaluated?
• How can a multi-method accessibility evaluation model be constructed in a
way that minimises false negative and false positive results on accessibility problems?
• How are data mining techniques effectively used as accessibility evaluation
methods?
• How can multi-method strategies be used to develop an approach to validating
human and data mining assessments?
• How can a metric formula that considers the accessibility values of uploaded
media and document files be created as part of a multi-method approach to improving
accessibility measurement for visually and hearing-impaired groups?
• How can system features (sampling method), disability characteristics
(checkpoint priority) and multi-method evaluation increase the accuracy with which
overall accessibility values are derived?
6.2

OBJECTIVE EVALUATIONS OF IMAGE ACCESSIBILITY
Because image accessibility considerably affects individuals grappling with

visual disabilities, this research conducted human and automated evaluations to
examine the accessibility of images embedded on university web-based systems.
These assessments were carried out primarily to call attention to the noteworthiness of
including human evaluation in image accessibility testing given that such appraisal is
the only valid method of measuring the accuracy of descriptive texts. This thesis also
identified aspects related to HTML image attributes and element usage on university
web-based systems. Another goal was to highlight image accessibility problems that
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prevent visually impaired users from receiving the same information from an image as
that derived by their sighted peers.
The accessibility of images is affected by the availability and accuracy of
descriptive texts and their compatibility with image complexity and purpose. Image
accessibility cannot be comprehensively evaluated through one method and would
instead benefit from the incorporation of processes that consider the quality of
accompanying descriptive texts. The assessment of descriptive text quality may
initially involve human evaluation and subsequently require the use of an automated
evaluation tool as a means of providing a counterpoint.
The following sections discuss multi-method image accessibility evaluation. It
also presents the approaches adopted in this research and the findings derived from the
approaches.
6.2.1 Image dataset
The analysed dataset encompassed 120 evaluated images uploaded on 120
webpages of 64 web-based university systems (covering those established in 38
Australian universities and 26 Saudi universities). Out of the 120 images, 70 were from
the Australian universities, and 50 were from the Saudi universities (Figure 6-1).
Among the universities involved in this work, 9 were ranked at the global top 100, 14
placed above the global top 500 and 41 placed below the global top 500, as indicated
in the 2016 QS University Rankings (Dobrota, Bulajic, Bornmann & Jeremic, 2016).
A total of 19 (15.8%) images were obtained from the top 100 universities, 38 (31.7%)
were derived from the top 500 universities and 63 (52.5%) were obtained from the
institutions falling below the top 500 (Figure 6-2).

Figure 6-1. Regions were the evaluated universities are located.
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Figure 6-2. Rankings of the universities where evaluated images were taken.
The images were obtained from 13 types of webpages (Table 6-1). The majority
of the images were taken from course/project content because the focus of this thesis
were items related to learning. The webpages, which contained complex or simple
images, were randomly selected. Of the images examined, 37 were uploaded on LMSs
(e.g. course content webpages) and 83 were uploaded on university webpages (e.g.
online help and library pages); 66 and 54 were learning and non-learning images,
respectively (Figure 6-3); and 92 (76.7%) and 28 (23.3%) were complex and simple
images, respectively (Figure 6-4), in accordance with W3C definitions. Decorative or
functional images were excluded from the evaluations. The main language used on the
webpages was English.
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Figure 6-3. Image file categories.

Figure 6-4. Image complexity levels.
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Table 6-1. Webpages from which evaluated images were taken.
Webpage type

Frequency

Percentage

Valid

Cumulative

percentage

percentage

News

7

5.8

5.8

5.8

Course profile

6

5.0

5.0

10.8

Course home

3

2.5

2.5

13.3

Staff information

5

4.2

4.2

17.5

Course/project content

37

30.8

30.8

48.3

Course tools

3

2.5

2.5

50.8

Course announcements

7

5.8

5.8

56.7

Course task

3

2.5

2.5

59.2

Help page

5

4.2

4.2

63.3

Student information

16

13.3

13.3

76.7

Library

9

7.5

7.5

84.2

General information

14

11.7

11.7

95.8

Admission

5

4.2

4.2

100.0

120

100.0

100.0

Total

6.2.2 Findings of human-directed image evaluations
After the image dataset was generated, the images were analysed with reference
to commonly used descriptive statistics. The accessibility problems discussed in this
section cannot be identified by automated evaluation tools (AETs), thus prompting the
implementation of human evaluations in scrutinising the availability of HTML5
attributes and elements. Focus was directed particularly towards alt and title attributes,
in-text descriptions and the accuracy of descriptive texts.
Availability of HTML5 image attributes and elements
HTML5 image attributes and elements support accessibility solutions (Connor,
2012). The greater the sufficiency of attributes and elements used, the clearer the
information delivered by a screen reader to visually impaired users (W3C, 2018). As
stated earlier, complex images need long descriptions, yet none of the 92 complex
images in the dataset evaluated in this work exhibited the longdesc attribute. The
dataset also contained numerous diagrams, charts and maps, but figure and area
elements were disregarded. The src attribute was used in 119 images, and the class
attribute was used in 18 images (Figure 6-6). The title attribute is another important
element owing to the fact that it provides users a glimpse of what an image represents
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even before they access its description. Among the evaluated images, however, only
15 were given title attributes (Figure 6-5). These findings indicated the lack of
information that is essential for visually impaired users to understand website content
and specified the number of accessibility problems encountered in screen readers
(Figure 6-6).

Figure 6-5. Availability of title attributes.

Figure 6-6. Summary of the usage of HTML5 elements and attributes (Alahmadi &
Drew, 2018).
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Availability of descriptive texts (alt attribute and in-text descriptions)
The alt attribute was used in 99 images (Figure 6-6), suggesting that the
developers or publishers of the evaluated university web-based systems were aware of
its importance in image uploading. These images may pass the accessibility tests that
are executed by AETs. In-text descriptions were provided for 57 images, and such
descriptions were used in conjunction with the alt attribute for 46 images (Figure 6-7).
In-text descriptions without the alt attribute were used in 11 images, and the alt
attribute without in-text descriptions was used in 53 images. Neither in-text
descriptions nor the alt attribute was applied to 10 images (Table 6-2).
Table 6-2. Availability of alt and in-text descriptions (Alahmadi & Drew, 2018).
ALT

In-text description

Yes
No

Total

Total

NO

YES

11
10
21

46
53
99

57
63
120

As can be seen from the table above, most of the evaluated images were
accorded an alt attribute and in-text descriptions—solutions that eliminate
accessibility issues. Nevertheless, even when image accessibility solutions are
correctly used, inaccessible images may still be generated. To address this problem,
human evaluations were directed not only towards the availability of the alt attribute
(as was done in the automated tool evaluations) or in-text descriptions but also
towards the quality and accuracy of descriptive texts.
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Figure 6-7. Availability of in-text descriptions.
Accuracy of the descriptive texts
The accuracy of descriptive texts, the incorrect use of null values and the
inadequacy of word counts reflect the quality of such explanations. In the evaluated
images, null values were used 38 times, yet the combination of the alt attribute with
these values is advisable only for decorative images. These images were therefore
deemed inaccessible in accordance with W3C definitions and the rules formulated in
Chapter 4. Table 6-3 shows the descriptive statistics of the word counts of the
descriptive texts written with the alt attribute. The minimum number of words was
one, and the maximum was 316. The mean word count was only four words per image,
and the sum of all the words in the descriptive texts for all 120 images was 514 words.
Only one image had a 316-word descriptive text. With reference to the W3C
definitions and the rules established in this research, only one out of the 92 complex
images evaluated was accessible.
Table 6-3. Descriptive statistics of word counts of descriptive texts (Alahmadi &
Drew, 2018).
Minimum

Maximum

Sum

Mean

Std.
deviation

Word

1

316

514

4.28

28.843

count
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A descriptive text with a low word count can be considered accessible if the
terms used are highly meaningful. Correspondingly, the relevance of each image’s
descriptive text with respect to the image’s purpose and complexity was evaluated, and
all the texts combined with the alt attribute were analysed. This process generated
seven categories of descriptive texts. The findings revealed that out of the 120 images,
only one was fully accessible in terms of meaningfulness. Table 6-4 provides details
on the textual categories.
Table 6-4. Descriptive text categories (Alahmadi & Drew, 2018).
Category

Number of

Example

descriptive texts in
Complete descriptive text

each category
1

‘At the first level, we have Federation
College and Secondary School. In
Federation College at FAST, which . . .
diploma.’

Incomplete descriptive

6

text

‘Blended learning model with the highquality resources section highlighted . .

Meaningless

15

.’
‘Mapwagga’

Link

8

‘https://www.kfu.edu.sa/PW2D.jpg’

Title
File name
Symbol

17
15
1

‘A process flow chart’
‘Ann16-3.png’
‘. . .’

In eight of the 15 images for which title attributes were used, the text used in the
alt attribute as descriptive text was employed in the title attribute as the image’s title.
This attribution resulted in six meaningless title texts, a file name, a link, two null
values and only five complete title texts. Thus, the alt and title attributes delivered
inaccurate image information. In-text descriptions also function as accessibility
solutions, with long descriptions usually accompanying complex images. Each image
and its corresponding in-text description were assessed to determine text accuracy and
completeness. The findings showed that the images with in-text descriptions totalled
57 images, out of which 14 had complete in-text descriptions and 43 had incomplete
ones. These results indicated that the descriptions insufficiently described the images.
W3C (2019) recommendations stipulate the use of the alt attribute with in-text
descriptions to help visually impaired users understand these explanations. This
recommendation was not even followed for the in-text descriptions accompanying the
14 images.
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To sum up, out of the 120 images evaluated, 15 were accessible, 14 came with
in-text descriptions and one had the alt attribute (Figure 6-8 and Table 6-5). All the
120 images exhibited a total of 815 accessibility problems, as determined by the human
evaluations.

Figure 6-8. Image accessibility outcomes (human evaluations).

Table 6-5. Image accessibility outcomes (human evaluations) (Alahmadi & Drew,
2018).
Frequency

Percentage

Valid

Cumulative

percentage

percentage

Accessible

15

12.5

12.5

12.5

Inaccessible

105

87.5

87.5

100.0

Total

120

100.0

100.0

6.2.3 Findings of AET-directed image evaluations
The AETs revealed 5,641 known accessibility problems in the 120 evaluated
webpages; the maximum number of problems on a web page was 520, and the
minimum was zero. A total of 564 likely accessibility issues were identified, with the
maximum being 97 and the minimum being zero. The evaluation uncovered 52,982
potential accessibility problems, with the maximum being 1,633 and the minimum
being zero. AChecker also determined that all the images exhibited accessibility
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problems, which all corresponded to violations of WCAG 2.0 standards, particularly
Guideline 1.1 (‘Text Alternatives’) and Success Criterion 1.1.1, which require the
provision of descriptive texts for all non-textual elements on a web page. The top nine
image problems identified by AChecker are listed in descending order below.
• Image elements were missing the necessary long descriptions.
• Image elements were missing the alt attribute.
• An alt text was not empty for an image that may have been decorative.
• An alt text did not convey the same information as that expressed by an image.
• An embed element was missing a noembed element.
• An image had a title attribute, but the image may have been decorative.
• An image used for an input element was missing an alt text.
• An image used as an anchor was missing a valid alt text.
• An image’s alt text was lengthy.
None of the evaluated images passed the AET evaluations. They exhibited
known, likely and potential problems. Images with the last two types of issues
amounted to 61, which were regarded by some of the evaluation tools as accessible,
but images with these problems should be double checked by humans to verify their
accessibility. In this thesis, all problem types assessed via the AETs were checked,
yielding zero accessible images. Overall, the findings highlighted the importance of
considering the involvement of human experts in evaluating accessibility, designing
evaluation rules and using advanced evaluation methods, such as data mining.
6.3

OBJECTIVE EVALUATIONS OF VIDEO ACCESSIBILITY
PROBLEMS
Accessibility evaluation is a vital equity procedure in assessing the efficiency of

online videos for users with disabilities. Ascertaining the accessibility of video files is
a principal component of evaluating the accessibility of entire educational web-based
systems. Leacock and Nesbit (2007) recommended a manual assessment of learning
courses that contain Flash, Java and media content, such as audio and video files.
Equally important components are the availability and accuracy of captions that
present text-based video content in textual form for hearing- and visually impaired
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populations. In providing captions or transcripts, the main issue for consideration by
developers is video type. Video files were extensively used on the evaluated webpages.
As previously stated, this thesis comprehensively examined HTML video
attributes and element usage on the assessed university web-based systems. From this
analysis, elements of design for future accessibility-smart solutions can be identified
and adopted in concert with usable tools to create quality captions, even for text-based
videos or video hosting websites. This work also employed multi-method evaluations
of video accessibility, which entailed the consideration of caption or transcript quality
as a means of enhancing the assessment of these types of content.
6.3.1 Video dataset
The same number of videos as that in the image dataset was examined (Figure
6-9). Section 6.2.1 provides details on the individual number of videos, webpages,
web-based university systems, as well as information on these universities worldwide
rankings. There were 19 (15.8%) videos from the top 100 universities, 44 (36.7%)
from the top 500 universities and 57 (47.5%) from the universities falling below the
top 500 (Figure 6-10).

Figure 6-9. Proportions of videos obtained from the evaluated universities.
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Figure 6-10. Rankings of the universities where evaluated videos were taken.
The videos were extracted from 16 randomly selected webpages (Table 6-6), and
most were from course/project content given the aforementioned focus of this thesis
(i.e. learning). Of the videos examined, 27 were embedded on LMSs (e.g. course
content webpages), and 93 were embedded on university webpages (e.g. workshop and
library pages); 73 (60.8%) were learning videos, and 47 (39.2%) were non-learning
ones (Figure 6-11). The main language used on the webpages was English.

Figure 6-11. Video file categories.
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Table 6-6. Webpages from which evaluated videos were obtained.
Webpage type

Frequency

Percentage

Valid

Cumulative

percentage

percentage

Home page

1

.8

.8

.8

News

10

8.3

8.3

9.2

Course profile

4

3.3

3.3

12.5

Course home

1

.8

.8

13.3

Staff information

4

3.3

3.3

16.7

Course/project content

27

22.5

22.5

39.2

Course assessment

1

.8

.8

40.0

Course tools

6

5.0

5.0

45.0

Course announcements

3

2.5

2.5

47.5

Help page

7

5.8

5.8

53.3

Student information

13

10.8

10.8

64.2

Library

8

6.7

6.7

70.8

General information

17

14.2

14.2

85.0

Admission

7

5.8

5.8

90.8

Research

7

5.8

5.8

96.7

Workshop

4

3.3

3.3

100.0

120

100.0

100.0

Total

6.3.2 Findings of human-directed video evaluations
The videos were analysed on the basis of commonly used descriptive statistics.
As with the image dataset, the accessibility problems discussed in relation to the videos
are unidentifiable by AETs. Accordingly, human evaluations were performed to assess
the availability of HTML5 attributes and elements, with emphasis on video and caption
types as well as caption accuracy.
Availability and accuracy of captions
Captions or subtitles are mandatory on all videos for these materials to be
accessible to hearing-impaired populations and even visually impaired individuals,
who use image- or text-based videos. A custom caption or subtitle is more accurate
than an auto-generated version when a video is used for learning purposes; an autogenerated caption can also be updated to enhance accessibility. Currently, autogenerated captions are provided by many video hosting services, such as YouTube and
Vimeo, although noticeable problems related to accuracy have been observed. These
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include, but are not limited to, meaningless words, spelling mistakes and technical
problems, such as font size, caption positioning and synchronisation.
In this thesis, HTML attributes were evaluated for each video uploaded on a
university website. The analysis of captions uncovered that only 20 custom captions
accompanied 20 (16.7%) videos and that 100 (83.3%) videos came with no such
custom elements. A total of 11 (9.2%) auto-generated captions were provided for 11
videos. Out of all the captions, only 20 (16.7%) were accurate, and all the autogenerated ones were inaccurate. Caption synchronisation was applied to 26 (21.7%)
videos, but only eight (6.7%) were accompanied by transcripts (Figure 6-12). The
websites lacked SMIL (Synchronised Multimedia Integration Language) because they
used video hosting services instead of applying XML-based language in their own
web-based systems and attributes that are related to timed texts, media fragments and
media annotations.

Chapter 6: Findings of the Objective Evaluation

229

Figure 6-12. Accessibility problems for captions.
Availability of HTML5 video attributes and elements
With respect to HTML5 video attributes and elements (Figure 6-13), both src
and class attributes were used in 116 (96.7%) videos, but only the latter were
incorporated in 18 images. Among the evaluated videos, a mere five (4.2%) were given
title attributes (Figure 6-13). Textstream, system-overdub-or-caption, system-captions,
system-language, Track src=, Track label and Track kind Caption Attribute were
available only in two (1.7%) videos. The control list attribute was used in 49 (40.8%)
videos, and the switch, Track kind Subtitles and Track scrlang attributes were
available in only one (0.8%).
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Figure 6-13. Availability of HTML5 video attributes.
6.3.3 Video types
Videos were extensively embedded onto webpages through the use of video
hosting services. The total number of such materials was 81, which were uploaded on
the evaluated websites via YouTube (49 videos), Vimeo (25 videos) and Livestream
(1 video). An additional six materials were flash videos, which were inaccessible to
users with disabilities, including visually impaired populations who use screen readers
or engage in mouse-free interactions and deaf or hard-of-hearing individuals (Figure
6-14. Text- or image-based videos without captions amounted to 35.
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Figure 6-14. Number of videos on hosting services.
Overall, the total number of accessibility problems identified via the human
evaluations was 1,768. The evaluation of the 120 videos pointed to 35 (29.2%)
accessible videos and 85 (70.8%) inaccessible ones (Figure 6-15).

Figure 6-15. Video accessibility results (human evaluations).
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6.3.4 Findings of AET-directed video evaluations
The AETs revealed 3,410 known accessibility problems in the 120 webpages
that included evaluated videos, with a maximum of 462 per webpage and a minimum
of zero per webpage. A total of 220 likely accessibility problems were identified, with
the maximum being 34 and the minimum being zero. The evaluation revealed 48,847
potential accessibility problems, with the maximum being 1,523 and the minimum
being zero. AChecker likewise determined that all the videos suffered from
accessibility problems, which all corresponded to violations of WCAG 2.0 standards,
particularly Guideline 1.2 (‘Time-Based Media: Provide Alternatives for Time-Based
Media’) and Success Criterion 1.2.1, which require equivalent alternatives such as
captions or auditory descriptions of time-based media. The top four video problems
identified by AChecker were as follows (in descending order):
• Sound files did not come with text transcripts.
• Audio descriptions or media alternatives were missing.
• Links to multimedia were missing text transcripts.
• Links to multimedia files had no equivalent alternatives (e.g. captions or
auditory descriptions of visual tracks).
The AETs could not verify caption availability and accuracy for most of the
evaluated videos because of the use of video hosting services in the websites. This
problem therefore required addressing via human evaluations. In this thesis, all
problem types were checked using the AETs, which identified five accessible videos.
AET results can be improved when videos are hosted using university web-based
services that are based on HTML video attributes and elements. Similar to the results
of the image evaluations, the findings of the video assessments underscored the
necessity of human involvement in evaluating accessibility, designing evaluation rules
and applying a variety of advanced evaluation methods.
The succeeding sections discuss the data mining-based validation of the video
assessments and the use of the AMWSUF metric to ascertain overall accessibility
values for hearing- and visually impaired populations.
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6.4

OBJECTIVE EVALUATIONS OF DOCUMENT ACCESSIBILITY
PROBLEMS
Document files are the most commonly used learning materials by educators for

the purpose of advancing student achievement. At the same time, these files are
considerable influencing factors for the accessibility of educational web-based
systems, specifically LMSs. Determining document-related accessibility is best
realised through multi-method evaluation, whose outcomes can serve as guidance in
the development of plans for ensuring highly accessible files in university web-based
systems.
6.4.1 Document file dataset
The evaluated document dataset contained 265 document files uploaded on the
265 webpages of 38 and 26 Australian and Saudi universities, respectively. Of these
documents, 222 (83.8%) were from the Australian institutions, and 43 (16.2%) were
from the Saudi universities (Figure 6-16). A total of 42 (15.8%) documents were
obtained from the top 100 universities, 122 (46%) were derived from the top 500 and
101 (38.1%) came from those falling below the top 500 (Figure 6-18). As shown in
Figure 6-17, MS Office standards were used as bases for assessing 131 documents
(49.4%), whereas PDF standards were employed as guidelines in evaluating 134
documents (50.6%). The evaluations were a combination of AET and human
assessments. MS Checker was used to evaluate 130 (49.1%) documents, and PAC 2.0
was used to assess 123 (46.4%) documents. A number (12 or 4.5%) of documents
could not be evaluate using the AETs because these were created from scanned images
(image-based documents); only human evaluation was applicable to these files.

Figure 6-16. Proportions of document files takes from the evaluated universities.
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Figure 6-17. Standards used in document evaluations.

Figure 6-18. Rankings of the universities where evaluated document files were
taken.
The documents were extracted from 14 types of randomly selected webpages
(Table 6-7), and most of the documents were from course/project content. Of the
documents examined, 140 were embedded on course or project content webpages, and
125 were embedded on university webpages (e.g. help page and library pages); 187
(70.6%) were learning documents, and 78 (29.4%) were non-learning documents
(Figure 6-19). The main language used on the webpages as English. Among the
documents assessed, 133 (50.2%) were PDF files, 42 (15.8%) were Word files and 90
(34.0%) were PowerPoint files (Figure 6-20). Images were extensively used in these
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documents, with 200 (75.5%) of them containing these elements (Figure 6-22). Those
containing a substantial number of images were dominantly PowerPoint and PDF
materials, which were correspondingly deemed inaccessible because of the heavy
image usage. Only four (1.5%) of the documents had videos embedded in them (Figure
6-21) and were thus evaluated as moderately restrictive of accessibility.
Table 6-7. Webpages from which assessed documents were obtained.
Webpage type

Frequency

Percentage

Valid
percentage

Cumulative
percentage

News

7

2.6

2.6

2.6

Course profile

14

5.3

5.3

7.9

Course home

1

.4

.4

8.3

Staff information

6

2.3

2.3

10.6

140

52.8

52.8

63.4

Course assessment

6

2.3

2.3

65.7

Course tools

5

1.9

1.9

67.5

Course announcements

3

1.1

1.1

68.7

Course task

8

3.0

3.0

71.7

Help page

5

1.9

1.9

73.6

Student information

29

10.9

10.9

84.5

Library

21

7.9

7.9

92.5

Admission

11

4.2

4.2

96.6

General information

9

3.4

3.4

100.0

265

100.0

100.0

Course/project content

Total

Figure 6-19. Document file categories.
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Figure 6-20. Document file types.

Figure 6-21. Video availability on documents.

Figure 6-22. Image availability on documents.
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6.4.2 Results of human-directed evaluations of document file accessibility
Human evaluation was conducted in conjunction with PAC 2.0 in the assessment
of PDF documents and with Microsoft Office Checker in the evaluation of Word and
PowerPoint files. Many cases of false negatives or false positives occurred. PAC 2.0,
for example, identified numerous accessibility problems related to tagged content and
natural language categories; the greater the number of characters on PDF documents,
the higher the number of accessibility problems detected. The human evaluation
identified only those issues that are absolute accessibility problems. Table 6-8 presents
the final evaluation findings on the PDF, PowerPoint and Word documents. Among
the 265 files, 71 (26.8%) were assessed as accessible, whereas 194 (73.2%) were
deemed inaccessible. The total number of accessibility problems identified in these
assessments was 86,062.
Table 6-8. Document accessibility outcomes (human evaluations).
Frequency

Percentage

Valid percentage

Cumulative
percentage

Accessible

71

26.8

26.8

26.8

Inaccessible

194

73.2

73.2

100.0

Total

265

100.0

100.0

Table 6-9. Descriptive statistics of principal accessibility problems in document files.
Std.
Principles

N

Minimum

Maximum

Sum

Mean

deviation

Perceivable

265

0

981

13007

49.08

120.698

Operable

265

0

790

2092

7.89

49.690

Understandable

265

0

998

38530

145.40

225.809

Robust

265

0

982

32433

122.39

213.219
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Figure 6-23. Graph of perceivable, operable, understandable and robust document
accessibility problems.
Table 6-9 presents details regarding the accessibility problems that were
equivalent to a violation of each WCAG 2.1 principle. The total number of perceivable
problems in all the evaluated documents was 13,007, with the maximum per document
being 981. The total number of operable problems detected was 2,092, with the
maximum per document being 790. The total number of understandable problems was
38,530, with the maximum number per document being 998. The overall number of
robust problems was 32,433, with the maximum per document being 982. Most of the
problems were related to understandability principles, followed by those associated
with robustness principles (Figure 6-23).
6.4.3 Evaluations of PDF file accessibility
The most common document types found on the educational web-based systems
were PDF files, whose accessibility highly influences the experiences of visually
impaired individuals. The objective evaluation corroborated the results obtained in the
subjective evaluation. Unfortunately, the accessibility of the PDF files to students with
disabilities was very low as they were characterised by the extensive use of complex
images, such as graphs, charts and diagrams. A considerable number of the PDF files
were also converted from other file types, such as PowerPoint or Word documents,
and others were created on the basis of scanned images, which prevented reading by
screen readers.
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Figure 6-24. Scatterplot of accessibility problems in PDF documents.
The accessibility problems in each PDF file were recorded, after which an
aggregation of accessibility problems across documents was generated to determine
distribution. Figure 6-24 plots the distribution of PDF accessibility problems against
the PDF document counts. The problems detected in most document ranged from 0 to
1,500, and the number of accessibility problems all in all was 74,727. These files
contain content that is critical to the academic performance of students, yet users with
sensory disabilities continue to face tremendous challenges in working with these
materials. The solutions to these accessibility problems are very simple, but difficulty
is encountered in ensuring that appropriate changes are applied before publication on
websites. In the main, the accessibility of the PDF documents embedded on the
evaluated university web-based systems was poor.
Table 6-10. PDF accessibility outcomes.
Frequency
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Percentage

Valid

Cumulative

percentage

percentage

Accessible

23

17.3

17.3

17.3

Inaccessible

110

82.7

82.7

100.0

Total

133

100.0

100.0
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As indicated in Table 6-10, out of 133 PDF files, only 23 (17.3%) were

Acessability problem type

accessible, whereas the rest (82.7%) were inaccessible.

Metadata
Structure Element
Declared Natural Language
Tagged Content and Artifacts
Alternative text
0

5000 10000 15000 20000 25000 30000 35000 40000 45000 50000

Number of PDF accessibility checkponts

Figure 6-25. Top PDF accessibility checkpoints.
Five of the most important PDF accessibility checkpoints were reviewed in the
evaluation: tagged content and artefacts, declared natural language, structural
elements, alternative texts and metadata. On the basis of ISO 14289-1 (PDF/UA-1)
checkpoints, alternative texts are part of declared natural language. The first and
second checkpoints belong to the basic requirement category, the third and fourth types
fall under the logical structure category and the fifth is classified under metadata and
sitting (Figure 6-25). The basic requirement problems amounted to 62,020, which
signified the poor accessibility of the PDFs in the evaluated educational web-based
systems. The problems related to tagged content and artefacts totalled 44,022, denoting
simply that untagged PDF files were inaccessible. Many of the PDF files were created
through conversion from Word and PowerPoint documents, without the application of
tag content—a problem that can be easily rectified by creating a tagged document. The
total number of detected natural language problems was 17,998, which are issues that
can be addressed by presenting objects or texts using natural language that can be
clearly read through TTS techniques.
6.4.4 Evaluations of PowerPoint file accessibility
The second most frequently accessed document types were PowerPoint files, in
which images were extensively used, thereby causing substantial accessibility
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problems. Four documents had video files without captions and some contained links
to videos that were available from video hosting services and came with no captions.

Figure 6-26. Scatterplot of accessibility problems in PowerPoint documents.
The accessibility problems were aggregated, and the distribution of the number
of PowerPoint accessibility problems versus the document counts are presented in
Figure 6.26. Few of the PowerPoint documents exhibited accessibility problems, but
because these files contained numerous non-textual elements that should have come
with alternative texts, most of them manifested 0 to 200 issues related to accessibility.
These documents are typically used to deliver lectures, which emphasises the need to
reduce the problems experienced when working with these materials. Overall, the
accessibility of the PowerPoint documents embedded on the university web-based
systems was inadequate.
Table 6-11. PowerPoint accessibility outcomes.
Frequency
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Percentage

Valid

Cumulative

percentage

percentage

Accessible

28

31.1

31.1

31.1

Inaccessible

62

68.9

68.9

100.0

Total

90

100.0

100.0
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Table 6-11 shows that out of 90 files, 28 (31.1%) were accessible, whereas 62
(68.9%) were inaccessible. The total number of accessibility problems found was
9,574. Figure 6-27 presents the top accessibility problems found on the 90 evaluated
PowerPoint files. The most severe issues were missing alternative texts for images or
objects (6,239 instances), followed by missing reading sequences for slides (1,479
instances), missing slide titles (658 instances), duplicate slide titles (466 instances) and
unclear hyperlinks (110 instances). Providing alternative texts and improving the
reading sequence of slides would increase the accessibility values of PowerPoint
documents.
Number of accessibility problems
466

110

68

Accessability problems
Missing alternative text

22
20

Missing reading order of slide

658

Missing slide title
Duplicate slide title
1479

Unclear hyper linlk
Missing unique slide title
6239

Missing table simple structure
Missing table colunm header
information

Figure 6-27. Top accessibility problems in PowerPoint files.
6.4.5 Evaluations of Word file accessibility
Word documents were used to a lesser extent than were PDF or PowerPoint files.
Half of the Word files evaluated in this work were text-based documents, wherein the
majority of tables were laid out in a simple structure. The number of files that
contained images was 17, and none consisted of videos or voice files. Some of the
documents had complex images, such as diagrams.
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Figure 6-28. Scatterplot of accessibility problems in Word documents

The number of accessibility problems was aggregated, and the distribution of
moderate Word accessibility problems versus document counts is plotted in Figure 628. Most evaluated file had 0 to 50 problems. The Word documents exhibited better
accessibility than did the PDF and PowerPoint files, albeit such accessibility level
remained insufficient overall.
Table 6.12. Word accessibility outcomes.
Frequency

Percentage

Valid

Cumulative

percentage

percentage

Accessible

20

47.6

47.6

47.6

Inaccessible

22

52.4

52.4

100.0

Total

42

100.0

100.0

Table 6-12 provides the accessibility evaluation findings on 42 Word files,
among which 20 (47.6%) were deemed accessible, and 22 (52.4%) were regarded as
inaccessible. The total number of accessibility problems was 1,761. Figure 6-29, which
lists the top accessibility problems encountered on these files, indicates that the most
pressing issues were missing alternative texts for images (327 instances), followed by
unclear hyperlinks (203 instances) and headings with excessive information (201
instances). Editing Word files before publication would increase their accessibility.
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Number of accessibility problems
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Unclear hyperlink

127

Heading contains much information
Incorrect order of heading
Missing table simple structure
188
203

Missing headings
Missing order of bulted list
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Figure 6-29. Top accessibility problems in Word files.
Figure 6-30B summarises the number of accessible and inaccessible documents
out of the 265 files evaluated. Figure 6-30D encapsulates the number of accessible and
inaccessible PDF files, and Figure 6-30A illustrates the number of accessible and
inaccessible PowerPoint files. Finally, Figure 6-30C presents the number of accessible
and inaccessible Word files. Many or most of these document types were inaccessible.
Creating accessible document files is an easy task for publishers such as
educators or end-users. The accessibility of Word and PowerPoint files, for instance,
can be enhanced using simple properties and features; the issue of inaccessible Word
and PowerPoint files was more a matter of awareness than technical adeptness. For
PDF files, all the problems detected were associated with missing tags given file
conversions into this document form; these issues are related to technical knowledge,
but they can be easily rectified or avoided by end-users.
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Figure 6-30. Summary of accessibility results for document files.

6.4.6 Results of AET-directed evaluations of document file accessibility
Table 6-12 lists all the human-identified accessibility problems in the evaluated
Word, PDF and PowerPoint documents. These issues totalled 86,062, with the
maximum for one problem being 5,213, and the minimum being zero. Table 6-13
shows the known, likely and potential problems identified by the automated tools. The
last two problems require checking by a human evaluator. A comparison of the
problems detected through the human and automated evaluations revealed a
remarkable discrepancy between the two. As explained earlier, the automated
evaluation tools repeated the count for a problem when going over each character in
PDF documents, thereby leading to a high value for one problem in a single file. As
reflected in Table 6.14, the maximum number of AET-detected problems in the PDFs
was 710,429. Human evaluation should be considered the key approach in accessibility
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development projects, and automated evaluation should serve as a means of acquiring
a general idea of website accessibility.
Table 6-12. Descriptive statistics of all document problems (human evaluations).
Problems

N

Minimum

Maximum

Sum

Mean

265

0

5213

86062

324.762

Table 6-13. Descriptive statistics of all document problems (AET assessments).
N

Minimum

Maximum

Sum

Mean

Known problems

265

0

710429

5093974

19222.54

Likely problems

265

0

525

2023

7.63

Potential problems

265

0

131

2099

7.92

Valid N (listwise)

265

The sections that follow elucidate the validation of the document evaluations
(PDF, PowerPoint and Word) via data mining and the use of the AMWSUF metric in
identifying overall accessibility for hearing- and visually impaired groups.
6.5

OBJECTIVE EVALUATIONS OF GENERAL ACCESSIBILITY
PROBLEMS
The evaluations of general accessibility problems involved the testing of entire

webpages against WCAG 2.0 checkpoints that are related to sensory disabilities and,
in particular, the principles formulated in this thesis.
6.5.1 General dataset
From the 64 university web-based systems, the webpages that were evaluated to
discover general accessibility problems amounted to 1,000, among which 478 (47.8%)
and 522 (52.2%) were created by the sampled Australian and Saudi universities,
respectively (Figure 6.31). In terms of classification by university ranking, 117
(11.7%) webpages were established by universities in the top 100 around the world,
308 (30.8%) webpages were created by institutions belonging to the top 500 and 575
(57.5%) webpages were developed by those falling below the top 500 (Figure 6.32).
The webpages were assessed against WCAG standards using human-initiated and
AChecker evaluations.
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Figure 6-31. Regions where evaluated webpages were obtained.

Figure 6-32. Rankings of the universities where the evaluated webpages were taken.
This research appraised 17 randomly selected webpages (Table 6-14), of which
the majority (272 pages) revolved around course/project content given the focus of this
thesis on learning. Of the remaining webpages examined, 108 centred on news, 81
were library webpages and 59 revolved around course profiles.
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Table 6-14. Evaluated webpages.
Webpage type

Frequency

Percentage

Valid

Cumulative

percentage

percentage

Home page

69

6.9

6.9

6.9

News

108

10.8

10.8

17.7

Course profile

59

5.9

5.9

23.6

Course home

11

1.1

1.1

24.7

Staff information

50

5.0

5.0

29.7

Course/project content

272

27.2

27.2

56.9

Course assessment

7

.7

.7

57.6

Course tools

20

2.0

2.0

59.6

Course announcements

47

4.7

4.7

64.3

Course task

16

1.6

1.6

65.9

Help page

52

5.2

5.2

71.1

Student information

59

5.9

5.9

77.0

Library

81

8.1

8.1

85.1

General information

44

4.4

4.4

89.5

Admission

56

5.6

5.6

95.1

Form

45

4.5

4.5

99.6

Workshop

4

.4

.4

100.0

1000

100.0

100.0

Total

6.5.2 Results of human-directed evaluations of general accessibility
AChecker was first used to evaluate each webpage, and then the humanimplemented assessment was performed to avoid false negatives or false positives.
Human evaluations are necessary because certain accessibility problems cannot be
identified by AETs. Table 6-16 presents the human evaluation checkpoints adopted in
this study.
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Table 6-15. Human evaluation checkpoints for general webpages.
Problem
Usability

Definition
Identify whether a webpage is easy to use by individuals with sensory
disabilities.

Input/output device

Check whether a webpage supports assistive input/output devices.

Graphic interface

Evaluate the accessibility of the graphic user interface on the webpage.

Navigation

Check navigation on the webpage.

Self-operated TTS

Check the availability of self-operated TTS features on the webpage.

Organised information

Examine the organisation of information on the webpage.

Online help

Check the accessibility of online help services, including guided
documents.

Time limitation

Identify whether the time limit is suitable.

Form

Check the availability and accessibility of forms on the webpage.

Client-/server-side

Verify the availability and accessibility of client-/server-side functions.

function
Keyboard

Check the availability of functionalities on a keyboard.

Text only

Ascertain the availability and accuracy of text-only webpages.

Predictability

Examine whether the webpage loads and operates in a predictable manner.

Of the assessed webpages, 367 (36.7%) were usable, 264 (26.4%) supported
input/output assistive devices, 222 (22.2%) featured fully understandable graphic user
interfaces and 459 (45.9%) were navigable pages. Self-operated text-to-speech
features were minimally employed, with only two (0.2%) of the webpages having these
components. Among the webpages, 269 (26.9%) presented organised information on
screen, 19 (1.9%) provided accessible online help services and 713 (71.3%) afforded
users with disabilities an appropriate amount of time to complete their tasks. In respect
of the availability and accessibility of forms, 20 (2.0%) passed these standards, 25
(2.5%) did not and 955 (95.5%) featured no forms at all (NULL). Moreover, 30 (3.0%)
webpages had accessible client/server functions, 65 (6.5%) had inaccessible ones and
905 (90.5%) provided no such functionalities. A total of 306 (30.6%) webpages
offered functionalities activated via a keyboard. Out of the assessed webpages, 28
(2.8%) presented available and accurate text-only equivalent webpages, 35 (3.5%) had
available but inaccurate equivalent text-only webpages and 937 (93.7%) had no such
components. Finally, 306 (30.6%) webpages operated in a predictable manner (Figure
6-33).
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Figure 6-33. Webpages that applied accessibility checkpoints.

Table 6-16. Total general accessibility problems (human evaluations).
Absolute problems

N

Minimum

Maximum

Sum

Mean

1000

5

9850

544425

544.425

The absolute accessibility problems found via the human evaluations totalled
544,425 (Table 6-16), as determined on the basis of 60 WCAG 2.0 checkpoints and
those designed in this thesis. Figure 6-34 is a non-linear scatterplot of page counts and
the number of accessibility problems identified. The maximum number of problems
detected on one page was 9,323, the minimum was 5 and the mean was 544,425. The
graph also illustrates that the number of problems per page ranged from 5 to 1,000.
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Figure 6-34. Scatterplot of general accessibility problems on webpages.
Overall, 169 (16.9%) accessible webpages and 831 (83.1%) inaccessible ones
were distinguished from the 1,000 evaluated webpages (Figure 6-35).

Figure 6-35. Overall accessibility outcomes.
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6.5.3 Results of AET-directed assessments of general accessibility
Table 6-17 lists the number of accessibility problems identified using AChecker.
The proportions of known and potential problems were slightly close, but the
percentage of likely problems considerably differed from the two. Note, however, that
the likely and potential problems were not absolute because they require corroboration
by a human evaluator. Some of the known problems also turned out to be nonproblems (false negatives). AETs focus on results that pertain to known problems,
whereas a human evaluator can judge whether potential and likely problems are as
important as known problems, recognising that these also highly affect the
interactional experiences of sensorily disabled users with web-based systems.
Table 6-17. General accessibility problems (AET assessments).

6.6

N

Minimum

Maximum

Sum

Mean

Known problems

1000

0

9850

300546

300.55

Likely problems

1000

0

525

4254

4.25

Potential problems

1000

0

2268

342321

342.32

COMPARISON OF ACCESSIBILITY PROBLEM RANKING IN THE
OBJECTIVE AND SUBJECTIVE EVALUATIONS OF THE VISUALLY
IMPAIRED GROUP
This section compares the ranking of accessibility problems in the objective

(rankob) and subjective (ranksb) evaluations of the visually impaired participants. The
comparison reflected how subjective ranking is similar to objective ranking. The
objective ranking was based on the number of accessibility problems, as discussed
earlier in this chapter, whereas the subjective ranking was grounded in the ranking
discussed in Chapter 4. Tables 6-18 and 6-19 display the objective and subjective
accessibility ranking of the general and media accessibility problems, which were
denoted as being of high (3), moderate (2) or low (1) priority by the visually impaired
participants.
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Table 6-18. Subjective and objective rankings of general accessibility problems
(visually impaired group).
rankob
3
3
3
3
3
2
2
1
2
1
1
2
1

ranksb
3
3
3
3
3
2
2
2
2
1
1
1
1

General accessibility problems
Inaccessible forms
Lack of tools for creating accessible content
Inaccessible client- and server-side functions
Inaccurate text-only alternative pages
Inaccessible graphic user interface
Unusable website
Inaccessible online help, messages and documentation
Unpredictable operation
Lack of navigation
Inadequate time
Unorganised onscreen information
Functionality unavailable from keyboard
Low support for input/output assistive devices

Table 6-19. Subjective and objective rankings of media accessibility problems
(visually impaired group).
rankob
3
3
3
2
2
2
1
1

ranksb
3
3
3
2
2
2
1
1

Media problems
Lack of captions or transcripts
Extensive usage of null value
Lack of descriptive texts
Inaccurate captions or transcripts
Inaccurate descriptive texts
Incomplete in-text explanations
Meaningless descriptive texts
Lack of textual updating

Krippendorff’s alpha test was carried out (Hayes & Krippendorff, 2007) to
estimate the inter-coder reliability between the subjective and objective evaluations of
the general and media accessibility problems. The alpha (α) values are reported in
Table 6-20.
Table 6-20. Krippendorff’s alpha results.
Accessibility
alpha (α)
problem
General
.9050
Media
1.0000
The inter-coder reliability for media accessibility problems was very high (α =
1.0000), and that for general accessibility problems was comparatively high (α =
.9050), thus confirming the reliability of the two evaluation methods.
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6.7

DATA MINING AS ACCESSIBILITY EVALUATION METHOD
The inaccessibility of university web-based systems is alarming. Many studies

highlighted a number of noticeable outputs regarding web accessibility barriers on the
basis of state-of-the-art standards, such as WCAG and Section 508, and numerous
evaluation methods, including those grounded in automated tools and human
involvement. This section details the comparison of data mining techniques as methods
of evaluating the accessibility of webpages, including the images, videos and
document files embedded on them. Few studies have applied data mining in this
manner. The key novelty features of data mining methods are as follows. (1) Their
effectiveness in identifying inaccessible webpages and embedded images, videos and
documents can be determined. (2) Human and data mining evaluations can validate
each other. (3) The effects of data pre-processing on the effectiveness of data mining
techniques can be highlighted.
This thesis evaluated the effectiveness of four data mining prediction techniques
applied to four datasets that were extracted during an analysis of webpage source codes
and accessibility features. The first dataset was drawn from HTML image attributes,
and the second was extracted from HTML video attributes. The third dataset was
obtained from document accessibility features, and the fourth was acquired from
webpage accessibility features and HTML attributes. The results showed that the
mining methods scrutinised in this work could identify inaccessible webpages,
embedded images, videos and documents. The next sections illuminate the following
questions:
• How are data mining techniques effectively used to identify accessibility
outcomes?
• How does data pre-processing improve the accuracy of accessibility outcomes?
• What data mining approaches most effectively ascertain accessibility
outcomes?
• How can data mining techniques be validated as accessibility evaluation
methods?
All the final datasets were converted into attribute-relation file format (ARFF)
files using the CSVLoade and ArffSaver packages in the WEKA mining tool (Witten
et al., 2016). WEKA was then used to apply data mining to the thesis datasets.
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6.7.1 Data pre-processing
Data pre-processing is required before data mining algorithms are activated to
deal with the important problem that frequently occurs when accessibility evaluation
data are derived using human assessment or AETs (Chapter 4). This problem is the
emergence of imbalanced data, wherein the number of instances from one class is
much larger than the number of instances from other classes (Gu et al., 2008), thereby
driving classification algorithms to learn from the former. The four datasets tested in
the experiment were regarded as imbalanced data, and the number of inaccessible
webpages, images, videos and documents exceeded that of their accessible
counterparts. These issues were addressed by oversampling the minority class solution
provided by the SMOTE algorithm (synthetic minority oversampling technique)
deployed through WEKA (Chawla et al., 2002) and applying such oversampling to
each data source.
6.7.2 Implementation of data mining techniques
Table 6-21 presents the results of the four data mining techniques without
SMOTE application, namely, NiveBayes, BayesNet, JRip and J48. The BayesNet
algorithm most correctly classified the dataset containing general accessibility
problems, but the other algorithms generated highly similar results. J48 and JRip
generated the most correctly classified results and F-measures for the video dataset.
These algorithms also produced the best output for the image dataset, although the Fmeasure yielded by JRip was better than that generated by J48. JRip produced the best
classification and F-measure for the document dataset. All in all, the NiveBayes
technique exhibited the worst classification performance and F-measures for all the
datasets. The JRip technique generated results that were better than those derived by
the other three on most of the datasets. These findings are interesting because they
demonstrated promising solutions to accessibility evaluation problems and methods of
substantiating other assessment approaches, such as human-driven techniques and
AETs. Table 6-22 presents more accurate results, which were acquired after
circumventing the effects of imbalanced data on the data mining techniques.
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Table 6-21. Implementation of data mining techniques on each dataset.
Dataset

BAYES,

BAYES, BayesNet

RULES, JRip

TREES, J48

NiveBayes
Correctly

F-M

classified

Correctly

F-M

classified

Correctly

F-M

classified

Correctly

F-M

classified

Document

73.9623

0.830

86.0377

0.865

89.8113

0.900

87.1698

0.873

Image

87.5

0.851

98.33

0.983

99.16

0.992

99.16

0.962

Video

88.33

0.882

92.5

0.922

99.1

0.992

99.1

0.992

General

99.1

0.991

99.4

0.994

99.1

0.991

99.2

0.992

Table 6-22. Implementation of data mining on each dataset after SMOTE
application.
Dataset

BAYES, NiveBayes

BAYES, BayesNet

RULES, JRip

TREES, J48

Correctly

Correctly

Correctly

Correctly

F-M

classified

F-M

classified

F-M

classified

F-M

classified

Document

86.0119

0.861

85.119

0.852

91.369

0.914

93.1548

0.932

Image

88.4058

0.876

97.1014

0.970

99.2754

0.993

99.2754

0.993

Video

90.3226

0.902

92.9032

0.926

98.0645

0.980

98.0645

0.980

General

98.8879

0.989

99.6578

0.997

98.9735

0.990

99.3157

0.993

Table 6-22 displays the results of data mining with SMOTE implementation,
which was performed to obtain more accurate results amidst the imbalanced dataset.
The NiveBayes and BayesNet algorithms generated classifications and F-measures
that were superior to those produced by the other algorithms. JRip yielded better results
for the document and image datasets than for the video and general datasets, but these
outcomes minimally differed from each other. J48 exhibited good results for the
document, image and general datasets but generated lower quality results for the video
dataset. As with JRip, however, the difference in outcomes was negligible.
The findings of the data mining techniques were validated using a t-test performed in
a WEKA environment.
6.7.3 Experiment analysis
In the WEKA environment, the experiment described in the preceding section
was analysed using SMOTE to determine how well the data mining algorithms
performed on the datasets (see Appendix E). Of particular interest was the manner by
which the algorithms exhibited validity as accessibility evaluation approaches. The
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performance of NiveBayes (BAYES), BayesNet (BAYES), J48 (trees) and JRip
(rules) on each of the datasets was compared, and the experiment was intended to
determine the percentage of correct classifications by these algorithms (Tables 6-23 to
6-26).
Table 6-23 indicates that JRip (rules) correctly classified 89.50% of the
document dataset, which was statistically better than the performance of the Bayes and
trees algorithms at a significance level of 0.05, as determined in a corrected resampled
t-test. Table 6-24 shows that J48 (trees) correctly classified 85.00% of the image
dataset, exceeding the performance of the Bayes and rules algorithms at 0.05
significance, as ascertained in the corrected resampled t-test. Out of the data mining
algorithms, NiveBayes (BAYES) achieved the statistically worst performance,
correctly classifying only 69.67% of the datasets.
As presented in Table 6-25, J48 (trees) correctly classified 85.08% of the video
dataset, surpassing the statistical performance of the Bayes and rules algorithms
(significance = 0.05), as verified in the corrected resampled t-test. Table 6-26
illustrates that all the algorithms exhibited statistically significant performance in the
corrected resampled t-test, wherein BayesNet (BAYES), J48 (trees), NiveBayes
(BAYES) and JRip (rules) correctly classified 99.42%, 99.19%, 99.02% and 99.00%
of the general dataset, respectively.
Table 6-23. Significance of document dataset results.
Dataset
DocumentEva

(1) bayes.Ba

(2) bayes

(3) trees

(4) rules

85.95

83.30

87.63

89.50

Table 6-24. Significance of image dataset results.
Dataset
ImageEva

(1) bayes.Ba

(2) bayes

(3) trees

(4) rules

81.58

69.67

85.00

83.50

Table 6-25. Significance of video dataset findings.
Dataset
VideoEva

(1) bayes.Ba

(2) bayes

(3) trees

(4) rules

82.08

76.50

85.08

83.75

Table 6-26. Significance of general dataset findings.
Dataset
VideoEva
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(1) bayes.Ba

(2) bayes

(3) trees

(4) rules

99.42

99.02

99.19

99.00
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Key: (1) bayes.BayesNet (2) bayes.NaiveBayes (3) trees.J48 (4) rules.JRip
6.7.4 Data mining as validation of human evaluation
The findings of the human and data mining evaluations were compared; that is,
triangulation was performed to enable the use of the human evaluations as a means of
corroborating the data mining assessments and vice versa (Chapter 4). The human
evaluation outcomes are recapitulated in Table 6-27.
Table 6-27. Human evaluation findings on the general, video, image and document
datasets.
Accessible

%

Inaccessible

%

N

Document

71

26.79

194

73.207

265

Image

15

12.5

105

87.5

120

Video

35

29.166

85

70.833

120

General

169

16.9000

831

83.1

1000

Table 6-28. Comparison of results derived from human and data mining assessments.
Dataset

Human evaluation

Mining evaluation

DM Algorithm

Document

Accessible 71

Accessible 61*

RULES, JRip

Inaccessible 194

Inaccessible 177**
False negative 10
False positive 17

Image

Accessible 15

Accessible 14

Inaccessible 105

Inaccessible 105

TREES, J48

False negative 1
Video

Accessible 35

Accessible 34*

Inaccessible 85

Inaccessible 85**

TREES, J48

False negative 1
General

Accessible 169

Accessible 167*

Inaccessible 831

Inaccessible 827**

BAYES, BayesNet

False negative 2
False positive 4
*True positive = Accessible
**True negative = Inaccessible
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Figure 6-36. Comparison of accessible (A) and inaccessible (B) files identified in the
human and data mining evaluations.
Table 6-28 shows the comparison results. For the general dataset, the difference
in the number of accessible webpages (HTML files) identified by the human and data
mining evaluations was two, and the difference between the number of inaccessible
webpages identified was four. These indicate the occurrence of two false negatives and
four false positives. For the video dataset, the number of accessible files detected via
the human evaluation was 35, and that uncovered by the data mining assessments was
34. These two assessments identified the same number of inaccessible videos, although
only one false negative occurred. The comparison confirmed the promising and
interesting potential of the two methods.
For the image dataset, the human evaluations identified 15 accessible files,
whereas the data mining assessments uncovered 14 accessible images. The two
methods identified the same number of inaccessible files (i.e. 105), but only one false
negative file emerged. These findings again reflected the considerable similarity in the
two approaches. For the document dataset, the human and data mining evaluations
discovered 71 and 61 accessible files, respectively, and 194 and 177 inaccessible files,
respectively. The differences in the number of accessible and inaccessible files were
10 and 17, respectively, thus indicating 10 false negatives and 17 false positives. The
two evaluation methods yielded the worst results for the document datasets.
Nevertheless, the findings remained interesting and promising (Figures 6.36A and
6.36B).
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To reinforce the validation, an independent t-test was performed on two
variables, namely, the number of inaccessible files and the type of evaluation method
(human or data mining).

Figure 6-37. A comparative analysing between human and mining evaluation.
Figures 6.37A and 6.37B present comparative boxplots, whose variances are
equal, denoting that the boxplots of the two evaluation methods are identical. This led
to the conclusion that human and data mining evaluations do not differ—an assertion
that was confirmed through a t-test. The results showed no significant difference in the
mean number of accessible files identified by the human and data mining evaluations
for all the datasets (t 6.000 = -.073, p < .945). No significant difference was found in
the mean number of inaccessible files detected by the human and mining evaluations
for all the datasets (t 6.000 = -.021, p < .984). The t-test confirmed that no discrepancy
in accessibility results occurred between the human and data mining evaluations. Both
approaches detected the approximate number of accessible and inaccessible files.
To sum up, the data mining techniques and SMOTE sufficiently classified and
predicted accessibility outcomes for each instance as accessible or inaccessible. The
data mining results validated the human evaluation findings and vice versa. After
substantiating the effectiveness of data mining algorithms as accessibility evaluation
methods, the objective evaluation of all the datasets via human assessments supported
by AETs was verified as reliable. These tasks were followed by the implementation of
the AMWSUF metric developed in this thesis.
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6.8

ACCESSIBILITY METRIC FOR WEB-BASED SYSTEMS AND
UPLOADED FILES (AMWSUF)
As discussed in the previous chapter, measuring the accessibility of web-based

systems remains an inadequately researched issue. Standards and guidelines, such as
WCAG 2.1 and Section 508, have been established to increase the awareness of
accessibility practices among developers. This is important particularly because in
educational web-based systems, content creation has emerged as a popular practice for
end-users, especially educators. Facilitating the creation of accessible content reduces
the need for additional efforts in interacting with systems, thereby rendering all content
accessible to users with disabilities. Measuring web accessibility on the basis of
accessibility evaluation goals, web-based features, content effects and the needs of
sensorily disabled users is expected to expand the understanding of current
accessibility values and accordingly advance the examination of the effects arising
from changes or updates to system functions and content in any reduplicated
development process. In light of these matters, all the findings discussed in the
preceding chapters were combined for further exploration using the developed
accessibility metric for web-based systems and uploaded files (i.e. AMWSUF).
The succeeding sections recount the application of AMWSUF, foregrounding
the determination of accessibility values for visually and hearing-impaired
populations, how the prioritisation of accessibility problems influences accessibility
values, the manner by which uploaded files affect overall value, the comparison of
AMWSUF with advanced measures and the validation of the proposed metric through
subjective evaluation.
6.8.1 Accessibility of university web-based systems
An experiment was carried out to determine the accessibility of university webbased systems and that of the images, videos and PowerPoint, Word and PDF files
embedded on them. The experiment was also developed to verify the extent of
influence that media and document files exert on accessibility values seeing as these
materials are used to deliver learning content that notably affects the success of
students with sensory disabilities.
Implementation of the evaluation metric
To convert the results of all the general, media and document evaluations into a
final accessibility value for visually and hearing-impaired populations, this thesis
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established an accessibility evaluation metric on the basis of the A3 methodology
(Bühler et al., 2006). The underlying methodology of A3 is fully described in Chapter
3 & 4. The AMWSUF involves the implementation of a subset of checkpoints adapted
from WCAG 2.0, Section 508, PDF and Microsoft Office standards as well as the
checkpoints designed in this research. All previously discussed evaluation outcomes
were derived from human and automated evaluations (semi-automated approach).
Note that certain checkpoints or file types can be assessed only through humaninitiated approaches. Correspondingly, this study focused on evaluating the
checkpoints that affect interactions between sensorily disabled populations and
educational web-based systems. The final quantitative value obtained on the basis of
all the previously conducted assessments represents the accessibility level of the
webpages on the evaluated university web-based systems.
First, the A3 formula was used to look into the general evaluation findings, and
the files evaluated for this purpose were HTML files. A total of 1,000 webpages, along
with 120 images, 133 PDFs, 42 Words, 90 PowerPoints and 120 videos datasets, were
assessed. The experiment closely followed the setup presented below.
• I is a unique identifier of an evaluated webpage.
• d = {i0, i1, ……, in}. A dataset d is symbolised by a set of location identifiers
and covers all 1,505 locations of HTML files from university web-based systems. It
was randomly selected on the basis of specific criteria (Section 4.5.4, Chapter 4).
• g denotes sensory disability groups (visually, hearing-impaired groups).
• M refers to the type of accessibility problem.
• F = 1 if accessibility problem m is detected at identifier i, whereas F = 0 if m
is not detected at i.
• Total findings f for accessibility problem m within dataset d is denoted by Tdm.
• Bdm stands for the total number of failure findings for m.
• The sum of accessibility problems m yields Td = ∑m Tdm.
• Bd = ∑m Bdm refers to the total number of failure findings for d.
• Wgm represents the weight of m for sensory disability group g.

Chapter 6: Findings of the Objective Evaluation

263

Practices related to the evaluation of university web-based systems were used as
key bases for effectively estimating the weight of an accessibility problem. The fact
that accessibility problems are evaluated by users with sensory disabilities or their
assistants is a remarkable phenomenon. Thus, the subjective evaluation phase was
implemented to enable the participants to rank accessibility problems encountered in
general, media and document files. Weight was assigned to each problem (Chapter 5),
and priority levels differed between the visually and hearing-impaired groups. For
example, the visually impaired group regarded the provision of alternative texts for an
image as a top priority, but the hearing-impaired group considered this aspect
irrelevant. Table 6-29 presents the weights assigned to accessibility problems on the
basis of the priority categories relevant to each of the disability groups. In Chapter 5,
the priority levels determined in the subjective evaluation were categorised on the basis
of the final rankings of the general, media and document problems.
Table 6-29. Weight estimation for accessibility problems.
Relevance of accessibility problem

Priority category

Weight
estimation

The problem is not relevant to the disability group.

Not related

0

High priority

0.07

The problem is moderately relevant to the disability group.

Moderate priority

0.06

The problem is minimally relevant to the disability group.

Low priority

0.05

The problem is highly relevant to the disability group.

Results
As mentioned earlier, the general evaluation of university web-based systems
yielded findings on 1,000 HTML files. A total of 169 (16.9%) webpages successfully
met all the criteria indicated in the thesis evaluation model, whereas 831 (83.1%) failed
to comply with accessibility standards. Because the evaluation in this research was
semi-automated, human judgement was involved in the entire process. A webpage
could therefore be assessed as accessible or inaccessible; it is accessible if it is free of
accessibility problems that impede meaningful experiences among sensory disability
groups. Webpages on educational-web based systems contain content that influence
the success of students with disabilities. For this reason, partial accessibility on
webpages is unacceptable. The A3 metric was applied to the general evaluation
dataset, and 1,000 pages were extracted from the 64 university web-based systems.
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The accessibility value calculated for the visually impaired group was 0.67, and that
determined for the hearing-impaired group was 0.31 (Table 6-30).
The AMWSUF metric was developed to encompass the effects of uploaded files
(images, videos, words, PowerPoint, PDF) on final accessibility values. In the
subjective evaluation phase, the participants confirmed that the checkpoints related to
these files highly affect their interactional experiences with the educational web-based
systems of their institutions. Including these files in examination can therefore increase
the accuracy and quality of final accessibility values.
As part of implementing A3, the Cpb formula (Bühler et al., 2006) below was
calculated for each of the datasets:
𝐵

Cdm = 𝑇𝑑𝑚 +
𝑑𝑚

𝐵𝑑𝑚
𝐵𝑑

This equation computes the ratio of all failures to the failures related to one
accessibility problem, thereby ensuring that accessibility problems are involved in
accordance with the overall ratio of occurrences on evaluated webpages, including
embedded files. In respect of document files, a useful task is to verify the results of
implementing Cdm for each document, Word, PDF and PowerPoint file as this would
confirm whether document type influences accessibility value (Figure 6-38). In other
words, it ascertains whether a relationship exists between document type and
accessibility value. One-way ANOVA was conducted on the final calculations for each
accessibility problem in the Word, PowerPoint and PDF datasets. The analysis
revealed similar mean accessibility values across the three document types, F (2,47) =
.254, p = .777, indicating that accessibility value is unaffected by document type.
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Figure 6-38. Boxplot of Cdm overall results for each document dataset.
The A3 formula was implemented in the image dataset (120 images uploaded on
the 120 webpages extracted from the 64-university web-based systems). The image
accessibility values calculated for the visually and hearing-impaired groups were 0.76
and 0, respectively. The result for the hearing-impaired participants is attributed to the
irrelevance of image checkpoints to these individuals. The A3 metric was also applied
to the video dataset. The video accessibility value computed for the hearing-impaired
group was 0.83. The value for the visually impaired participants was 0.92, which was
based only on image-based videos (Table 6-30).
Table 6-30. summary of accessibility values based on A3.
Accessibility value

General

Image

Video

PDF

PowerPoint

Word

Visually impaired group

0.67

0.76

0.92

0.99

0.99

0.97

Hearing-impaired group

0.31

0

0.83

0

0.14

0

For the visually impaired participants, A3 was implemented in the datasets of all
the document file types. The accessibility values of 133 PDF files, 90 PowerPoint files
and 42 Word files were 0.99, 0.99 and 0.97, respectively. For the hearing-impaired
group, A3 was applied to four document files that contained videos, and the
accessibility value generated was 0.14. Table 6-30 summarises the accessibility values
calculated using the A3 formula.

266

Chapter 6: Findings of the Objective Evaluation

Vision

Hearing

1.2
1
0.8
0.6
0.4
0.2
0
GENERAL

VIDEO

POWERPOINT

PDF

WORD

IMAGE

Figure 6-39. Line diagram of the accessibility value of each dataset.
Figure 6-39 illustrates information about the numerical accessibility values
determined for the visually and hearing-impaired groups, reflecting how the values
noticeably differed between the groups over six datasets. For instance, the accessibility
values of the visually impaired participants for all the datasets were higher than those
of the hearing-impaired group. In the visually impaired group, the accessibility values
of the general, video, PowerPoint, PDF, Word and image components were very
similar. The accessibility value of images was lower than those of Word, PowerPoint
and PDF documents, indicating that the accessibility of images published on the
evaluated webpages was better than that of document files and videos without
transcripts1. This finding also suggested that the accessibility of document files more
strongly affected the interactions of sensorily disabled users with university web-based
systems. This explains why the published images exerted less influence than did the
document files. This may also be the reason why documents contain complex images
related to course content.
The accessibility value of image-based videos without transcripts for the visually
impaired group was higher than the accessibility value of all videos for the hearingimpaired group. PowerPoint files that contained videos exerted a lower effect on the
hearing-impaired respondents than did the videos broadcast on the evaluated
webpages. Furthermore, the general accessibility value determined for the hearingimpaired participants exerted a weaker effect on their interactions than did the video
dataset.

1

The higher the accessibility value, the lower the accessibility of a university web-based system.
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The general accessibility value calculated for the visually impaired group exerted the
lowest effect among all the values. By and large, the findings led to the conclusion that
the accessibility values of uploaded or embedded files on webpages exert a greater
impact on users with sensory disabilities than do the accessibility values of general
webpages.
6.8.2 Implementation of AMWSUF
The results of the A3 formula were improved using AMWSUF because of its
advantages over the former, particularly how it considers uploaded or embedded files
(image, Word, PowerPoint, PDF, video) on webpages for each sensory disability group
and their subsequent effects on general accessibility values. The proposed metric
covers the effects of uploaded files by using the mean of accessibility values calculated
via A3:
1

AMWSUF = 𝑛 ∗ ∑𝑛𝑖=1(𝐴3)𝑖
where n denotes the number of accessibility values, and A3 represents each
accessibility value. The final goal behind the use of the AMWSUF metric was to
generate a value that evidences the overall accessibility of evaluated webpages,
including that of the files uploaded onto them, and takes account of the different
weights assigned by each sensory disability group to the accessibility problems
examined in this work. In A3, UWEM and AMWSUF, a high accessibility value
translates to the low accessibility of a university web-based system. For validation, the
A3 and UWEM metrics were applied to the general dataset without consideration for
the effects of uploaded files and with a weight of 0.5 assigned to all accessibility
problems.
Results
Table 6-31. Accessibility values derived using A3, UWEM and AMWSUF.
Accessibility value

A3

UWEM

AMWSUF

Visually impaired group

0.57

0.99

0.88

Hearing-impaired group

0.25

0.61

0.42

Table 6-31 compares the AMWSUF, A3 and UWEM results. A3 yielded better
accessibility values than those produced by UWEM and AMWSUF (Figure 6-40). This
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metric confirmed that almost half of the webpages were inaccessible to the visually
impaired respondents and that a quarter of such pages were inaccessible to the hearingimpaired group. The A3 metric, however, did not cover the effects of uploaded files
on the overall accessibility of the evaluated webpages and restricted the calculation to
the accessibility problems experienced on general webpages. This is why the metric
derived better accessibility results than those produced by the other two measures. Its
performance can also be ascribed to the fixed weight assigned to all the problems (no
consideration for the high, moderate and low priority assignments of each disability
group) as such valuation disregards the scalable complexity of an evaluated web-based
system.

Figure 6-40. Accessibility values derived using A3, UWEM and AMWSUF.
The UWEM verified that nearly all the evaluated webpages were inaccessible to
the visually impaired respondents and that more than half of the webpages were
inaccessible to the hearing-impaired participants. These results are also attributed to
the fixed weight assigned to the accessibility problems and the fact that the formula
covers only one problem for each checkpoint.
Table 6-32. Accessibility values derived with AMWSUF and the subjective
evaluations.
Accessibility value

AMWSUF

SUBJECTIVE

Visually impaired group

0.88

0.83

Hearing-impaired group

0.42

0.37
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Validating the metric put forward in this work necessitated computing the
average accessibility value calculated for the visually and hearing-impaired groups on
the basis of the subjective evaluation questionnaire on general features, including
assistive software, media and documents. Percentages were converted into decimal
values. Table 6.33 shows the comparison of the AMWSUF and subjective evaluation
values intended to reflect the overall accessibility of the university web-based systems.
The AMWSUF values were very close to those derived in the subjective evaluation,
whereas the values generated by A3 and UWEM considerably differed from the
subjective evaluation values. Figure 6-41 compares the overall accessibility
ascertained via the AMWSUF and subjective evaluations (participant rating).

Figure 6-41. Comparison of accessibility values derived using the AMWSUF metric
and subjective evaluations.
In sum, the AMWSUF metric was implemented in all the phases of the
developed accessibility evaluation model (Chapter 4) and generated the final result as
a numerical value. This metric effectively involved assessment from the participants
(subjective) given its use of the priority-based weighting of accessibility problems. It
also provided clearly understandable overall accessibility values for each of the
sensory disability groups on the basis of the problems relevant to each of them.
Because AMWSUF is grounded in semi-human evaluation, it offers a favourable
combination of advantages from human and automated assessments and avoids the
disadvantages of these approaches when they are used on their own (Chapter 3).
Additionally, the metric entails the evaluation of embedded or uploaded files,
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particularly PDF, Word and PowerPoint files as well as videos and images. This
inclusion is valuable because the accessibility values of these elements influence the
overall accessibility of web-based systems to each sensory disability group. The
findings revealed the low overall accessibility of the university web-based systems to
the visually impaired participants and moderate overall accessibility to the hearingimpaired respondents. 88% of the evaluated webpages were inaccessible to the visually
impaired participants, and around 42% were inaccessible to the hearing-impaired
respondents.
6.9

SUMMARY
The overall accessibility of the university web-based systems was low, with

roughly 88% and 42% being inaccessible to the visually and hearing-impaired
participants, respectively. The respondents with visual and hearing disabilities were
confronted with considerable challenges while they interacted with the systems. This
is a particularly disturbing issue given the popularity of videos and audio content on
web-based systems and the emergence of usability-influencing features, such as the
incorporation of videos into documents, the lack of high-quality auto-generated
captions and the absence of accessible user interfaces.
The limited accessibility of webpages on university web-based systems means
that such systems fail to ensure the stable establishment of a powerful framework that
is robust against future problems. System developers disregard the advantageous
effects of emergent smart technologies and technological practices on employing and
improving accessible content. Another requirement for consideration by developers is
the need for multi-method accessibility evaluation. The general accessibility problems
found on webpages affect accessibility values, but so do uploaded media and
documents, which, when improperly designed, are disadvantageous to the education
of users with sensory disabilities. Subjective evaluation is an equally fundamental
accessibility measurement tool that can be used in many ways. It can be conducted to
assign weight to accessibility problems and can serve as an avenue where sensorily
disabled users or their assistants can provide feedback, which can then be incorporated
into the AMWSUF metric. The feedback obtained through survey questionnaire
administration clears the way for delineating the priority to be accorded to different
accessibility problems in lieu of assigning a fixed weight. Subjective evaluation can
likewise function as a method of validating the overall accessibility ascertained
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through the AMWSUF metric. Dealing with accessibility problems requires multimethod evaluation that is subjected to triangulation. Developed multi-method
evaluations can be efficiently used to probe into medium- and large-scale web-based
systems, but automated evaluation with human control may be sufficient for smallscale counterparts.
As regards media-related content, evaluating image and video accessibility is an
effective step that opens up opportunities for developing practical solutions that ensure
image and video access by users grappling with sensory disabilities. A multi-method
assessment of these components advances the achievement of favourable results.
Human, data mining and automated evaluations can be operated collaboratively and
synergistically in the evaluation of image and video accessibility.
Human evaluation is critical in unravelling the intricacies of image and video
accessibility problems, which AETs alone typically fail to identify. A human-directed
process allows for the scrutiny of all HTML image and video attributes and elements,
which were minimally used in the evaluated systems. Many factors can limit the use
of HTML image and video attributes and elements, including an author’s or
developer’s knowledge of accessibility (Moreno, Castillo, Williams & Menez, 2015).
Moreover, the regulation of web accessibility is not an internationally recognised
practice (Cleary & Maurer, 2017). Most organisations do not apply accessibility
standards, and 75% of them do not enforce accessibility evaluations (Moreno et al.,
2015). Organisations use various authoring or content tools (W3C, 2019), whose
marked shortcomings are their failure to facilitate the creation of accessible content
and their consequent neglect of artificial intelligence features. Innovations such as
auto-generated alternative texts, text-to-speech (TTS) features and speech-to-text
(STT) functionalities may complete what are envisioned as adaptive and accessible
web-based systems for all users.
AETs register all image and video accessibility problems on a webpage, but
compared with human-initiated assessment, these tools produce evaluation outcomes
that might adversely affect web accessibility. This is possible in two situations. First,
a webpage is highly likely to be deemed free of problems, even with an inaccessible
image or video uploaded on it (false positive). Second, there is a substantial probability
that the opposite will occur when an image or video is considered inaccessible, even
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when the webpage provides quality in-text descriptions and scripts (false negative).
These situations prevent automated tools from finding accessible images or videos.
Efficiently evaluating HTML image or video attributes and elements elevates
the quality of evaluation and consequently improves accessibility outcomes. A set of
regulations or rules imposed by an organisation may effectively cultivate developer
and author awareness, resulting in enhancements to practice. Incorporating
accessibility into the development of any web-based system is an important strategy
as this would invariably motivate the adoption of multi-method evaluation and
accordingly improve the detection of image accessibility problems.
In terms of document files, numerous accessibility problems are common among
PDF, PowerPoint and Word documents, albeit certain issues are specific to each
document type. The number of accessibility problems found in PDF files alerts
developers/content creators to the need to pay attention to these materials on university
web-based systems. In this work, the number of accessibility problems detected via
the AETs were much greater than that identified through the human evaluation,
particularly for PDF files (PAC 2.0).
In relation to general accessibility problems, the number of accessibility
problems found in the human evaluations was fewer than that detected in the
automated assessments. With consideration for this trend, this research recommends
that human evaluation be implemented in accessibility development plans as the main
approach and automated evaluation be regarded as an initial step towards acquiring an
approximate understanding of accessibility. The evaluation of the document files
underscored the necessity of designing a solution that guarantees document
accessibility before uploading onto a system. This solution can be part of an uploading
mechanism for document files and can be incorporated into validation rules for
uploaded documents as well as images and videos.
Data mining techniques were implemented as assessment approaches and as
validation tools for the human evaluations. The data mining outcomes were very
similar to those of the human assessments, but limiting accessibility evaluation to
human and automated techniques may restrict the evaluation process. By contrast,
viewing accessibility evaluation problems as information technology (IT) challenges
through a variety of methods creates a chance for these problems to be explored in
other IT sectors, including the artificial intelligence domain. Data mining techniques
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are equipped with functions that enable the validation of the accuracy and reliability
of human-directed evaluations. Data mining also places in the hands of researchers the
opportunity to apply diverse methods and thereby augment awareness regarding digital
accessibility.
The most troublesome drawback to previously proposed sophisticated
accessibility metrics is that these neglect web-based system features. Understanding
the different types of web-based systems and their features, functions and purposes is
essential because such comprehension fosters effective and efficient evaluation
processes and accurate overall accessibility values. The AMWSUF proposed in the
current research considers the effects of uploaded files on overall accessibility—an
advantageous feature given that document files influence the accessibility of university
web-based systems and the academic achievements of users with sensory disabilities.
Disregarding their evaluation negatively affects the accuracy of accessibility
assessment. Equally important components for review are media files, such as videorecorded lectures and graphs, which constitute the learning content available in LMSs.
The accuracy and availability of alt texts and captions for these components also
influence the reliability of accessibility measurements for educational systems.
On the whole, automated evaluation considers all webpages, videos, images and
documents inaccessibly, which is why human involvement in such assessment is
required as this ensures the derivation of accurate results. A human-implemented
assessment, in turn, needs a practical validation method, such as data mining, which
provides the opportunity to involve new approaches in the accessibility evaluation
process. Indeed, the AMWSUF metric provided accessibility values for the visually
and hearing-impaired groups by taking account of the accessibility of uploaded files
and thereby generating more accurate findings that were confirmed by the visually and
hearing-impaired participants.
The succeeding two chapters revolves around the contributions and limitation of
this work, recommendations for change and suggestions for future research.

274

Chapter 6: Findings of the Objective Evaluation

Chapter 7: Discussion
“Let us make its bounty, its freedoms and rights we
take so for granted, available to every human
being, regardless of physical infirmities, rich or
poor––equal rights to education, equal rights to
work, equal rights to dream and achieve that
dream.”
…………………………………………………….
—Jacob W. Bolotin, Blind Physician

7.1

INTRODUCTION
This chapter discusses the main research findings in relation to the research

questions and hypothesis. It also presents the theoretical and practical implications of
the study and describes the research limitations.
7.2

MAIN RESEARCH FINDINGS
This thesis began with deriving an overview of research on accessibility

evaluations based on user-centred design (UCD) (subjective methods) and
accessibility assessments grounded in automated approaches (objective methods).
These accessibility evaluation methods were analysed in terms of their features and
shortcomings in the literature review, which led to the conclusion that the studies
conducted thus far (Chapters 2 and 3) are limited in the sense that they did not provide
comprehensive accessibility evaluation systems anchored in a triangulation of methods
(Bekhet & Zauszniewski, 2012). The deficiencies of these works arose mainly in the
subjective and objective evaluations that they carried out. The subjective evaluation
studies were encumbered in terms of four categories of limitations: the design of
accessibility and usability statements, the identification of influencing factors, the
ranking of accessibility problems and the establishment of connections between the
outcomes of subjective and objective assessments. The objective evaluation studies
were wanting with respect to six categories of limitations: the validation of automated
and human evaluations, the consideration of disability characteristics and system
features in evaluation, the implementation of data mining as an accessibility evaluation
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approach, the estimation of weights attached to accessibility problems, the appraisal
of the quality of alternative texts and the inclusion of the accessibility values of
uploaded files in a metric. Certain research integrated human and automated
evaluations but did not explain how the approaches were validated to support
narratives, thus suffering from known issues, such as bias in human evaluations and
false negative and false positive findings in automated assessments (Vigo, Brown &
Conway, 2013). Additionally, state-of-the-art accessibility metrics, such as A3 (Bühler
et al., 2006) and UWEM (Nietzio, Strobbe & Velleman, 2008), do not consider the
influence of uploaded files on overall accessibility value. Even though previous studies
encouraged the involvement of users in the rating of accessibility problems, none of
them effectively satisfied this requirement, thereby prompting the assignment of a
fixed weight to accessibility problems (i.e. 0.05) (Bühler et al., 2006). Accordingly,
several aspects of multi-method accessibility evaluation have been left unexplored.
This thesis was therefore aimed at contributing a high-quality mixed methods
evaluation (i.e. subjective and objective) of Web-based system accessibility for a more
accurate calculation of accessibility values for visually and hearing-impaired users.
This work was also intended to explore the knowledge acquired from each of the
assessments (objective and subjective) of different types of content (images, videos,
PDF, Word, PowerPoint files and general webpages) and carry out validation through
data mining.
The findings of the subjective evaluation conducted in this work are discussed
in Chapter 4 (Table 7.1 for a summary), and the results of the objective evaluation,
including the individual assessments of images and videos, PDF, Word and
PowerPoint files and webpages, as well as the results of the data mining and
AMWSUF metric, are provided in detail in Chapter 6 (Table 7.4 for a summary).
Seven main themes stood out across the phases of the multi-method evaluation: (1)
mapping the relationship between accessibility and usability arguments to legitimise
newly crafted statements, (2) identifying influencing factors to understand the
participants’ points of view on the basis of their needs, (3) ranking accessibility
problems for incorporation into the AMWSUF metric, (4) applying semi-human
evaluations based on the features of systems and the characteristics of sensory
disabilities, (5) implementing data mining to validate the semi-human evaluation, (6)
including the effects of uploaded files on accessibility in the AMWSUF metric and (7)
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integrating survey, human and mining evaluations for mutual triangulation among
these approaches.
Ultimately, a set of experimental studies were conducted (objective evaluation),
and a survey (subjective evaluation) was administered to the participants to cast light
on the main and subordinate research questions. The insights derived from answering
these inquiries were used to determine corroboration of the research hypothesis. The
main research question and hypothesis are reproduced below:
Main question: How can a multi-method evaluation model based on the
characteristics of sensory disabilities and the roles of system features (media and
document files) be used to effectively evaluate the accessibility of Web-based
systems?
Hypothesis: A Web-based system accessibility evaluation that is grounded in a
multi-method approach and considers disability characteristics and system features
increases the accuracy with which overall accessibility value is determined for
sensorily disabled users.
Each of the main themes of the multi-method evaluation contributed to
illuminating the research sub-questions. These themes are discussed in the following
sections.
7.2.1 Theme 1: Mapping the relationship between accessibility and usability
arguments to legitimise newly crafted statements
In this thesis, accessibility and usability were regarded as typically associated
with each other but covering somewhat different issues. Accessibility is intended to
increase the number of users who can interact with a system while simultaneously
reducing the number of technical barriers to content for users with disabilities (Petrie
& Bevan, 2009; W3C, 2019). By contrast, usability is driven by the purposes of
influencing and changing user interaction and behaviour so that such engagement is
more effective, helpful, controllable, efficient, learnable and satisfactory (Leporini &
Paternorcia, 2006). Given this difference, a necessary approach is to integrate these
two variables for developers to provide interactive services that can be accessed and
adopted by all users, including populations with impairments (Leporini & Paternorcia,
2006). As recounted in Chapter 4 (Section 4.4.2), WCAG 2.0 principles were used as
a bridge to identify a possible relationship among Section 508, SUMI and IBM
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standards. Mapping the relationship between known accessibility and usability
standards aided the design of accessibility¬–usability statements for the assessment of
educational Web-based systems in this work. The developed statements were
incorporated into a survey tool on the basis of UCD theory for use with sensorily
disabled respondents (Norman, 1998). The findings of the survey were presented and
analysed in Chapter 5 (Table 7-1 for a summary).
Theme 1 contributed to answering research sub-question 1: How can UCD
theory be used to measure the accessibility and usability of university systems?
The rankings of accessibility problems indicated high-, moderate- and low-impact
accessibility challenges encountered by the visually and hearing-impaired
respondents. The results also confirmed the importance of including specific ratings
for accessibility problems that are related to media and document files in multi-method
evaluation. The chi-square test (Table 7-2) demonstrated that overall website
accessibility was correlated (p = .001) with the accessibility of embedded media and
document files in the examined Web-based systems. The accessibility of media files
was correlated (p = .001) with that of document files (F1, F2 and F3). In line with the
research hypothesis, the correlation is evidence of the necessity of incorporating
system features (embedded media and document files) and disability characteristics
(visually and hearing-impaired groups) in a multi-method evaluation model as this
elevates the accuracy with which overall accessibility is assessed. Thus, the ranking of
survey statements supported the integration of the subjective and objective
evaluations, thereby completing the general quality of the data used in assessing Webbased system accessibility (Pipino et al., 2002).
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Table 7-1. Summary of subjective evaluation findings (ranking).
Rank

Top 5 general webpage statements for the visually impaired

AU

SA

group
1

Inaccessible forms

2.44

2.764

2.602

2

Lack of tools for creating accessible content

2.411

2.693

2.552

3

Inaccessible client- and server-side functions

2.369

2.693

2.531

4

Inaccurate text-only alternative pages

2.395

2.654

2.525

5

Inaccessible graphic user interface

2.290

2.741

2.516

Rank

Top 5 general webpage statements for the hearing-impaired

AU

SA

group
1

Lack of tools for creating accessible content

2.545

1.638

2.092

2

Lack of predictability in operation

2.4

1.638

2.019

3

Inaccessible online help, messages and documentation

2.228

1.694

1.961

4

Lacking keyboard-enabled functionalities

2.25

1.514

1.882

5

Unusable website

2.235

1.478

1.857

Rank

Top 5 media file statements for the visually impaired group

AU

SA

1

Lack of captions or transcripts

2.450

2.822

2.636

2

Extensive use of null values

2.480

2.786

2.633

3

Lack of descriptive texts

2.418

2.820

2.619

4

Inaccurate captions or transcripts

2.437

2.786

2.612

5

Inaccurate descriptive texts

2.403

2.808

2.606

Rank

Top 3 media file statements for the hearing-impaired group

AU

SA

1

Lack of captions or transcripts

2.714

2.263

2.489

2

Lack of dynamic synchronisation

2.593

2.281

2.437

3

Inaccurate captions, sign language interpretations or transcripts

2.571

2.277

2.424

Rank

Top 5 document file statements for the visually impaired

AU

SA

group
1

Missing alternative texts for non-textual elements

2.423

2.629

2.526

2

Missing captions for embedded audio and video

2.326

2.696

2.511

3

Missing document structure tags

2.259

2.7

2.479

4

Lack of navigational aids in PDF files

2.272

2.6

2.436

5

Meaningless titles

2.296

2.566

2.431

Rank

Top document file statements for the hearing-impaired group

AU

SA

1

Missing closed captions for embedded audio and video

2.571

2.281
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7.2.2 Theme 2: Identifying influencing factors to understand the participants’
points of views on the basis of their needs
An important requirement in evaluating a Web-based system is that the
assessment must determine whether the system satisfies both the provisions of a
contract or standard and the needs of users. In this research, end users with sensory
disabilities were involved in the assessments to shed light on the interactional
requirements for a system (Dias et al., 2012). That is, user experience was considered
the central aspect of a user’s interaction with a Web-based system (Norman, 1998). In
Chapter 4 (Section 4.4.6), the accessibility and usability statements in the survey
instrument (subjective evaluation) were used to identify influencing factors for user
behaviours as they evaluate educational website accessibility (ISO DIS 9241-210,
2010). Table 7-2 summarises the findings regarding these determinants.
Theme 2 contributed to answering research sub-question 2: How do influencing
factors affect the subjective evaluations of users? This theme was very substantial
because it demonstrated how users with sensory disabilities were different from or
similar to one another. As reported in some studies (Chandrashekar, 2010; Fichten et
al., 2006), visually impaired individuals rate accessibility differently from how
hearing-impaired individuals do. The results of the current research showed that these
groups shared some characteristics and needs as they interact with their educational
Web-based systems. For example, the chi-square test involving the AU and SA
respondents indicated minimal (p > 0.05) correlation between website accessibility and
level of software skills. The chi-square test for the visually and hearing-impaired users
in AU and SA (except the AU hearing-impaired group) reflected a clear correlation (p
< 0.05) between website accessibility and the need for support from other people. The
findings from the analysis of influencing factors aided in illuminating the main
research question and aligned with the research hypothesis in that these results verified
the necessity of encompassing the impact that disability characteristics exert on a
multi-method evaluation as this increases the accuracy of overall accessibility values
that are calculated using the AMWSUF metric.
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Table 7-2. Summary of subjective evaluation findings (influencing factors).
Chi-square test
F1
F2
F3

Country

Hearing-group

Visually group

AU

p = .001

p = .001

SA

p = .001

p = .001

AU

p = .001

p = .001

SA

p = .001

p = .001

AU

p = .001

p = .001

SA

p = .001

p = .001

For visually and hearing-impaired users in AU and SA: Overall website accessibility correlated
with the accessibility of embedded media files and document files. The accessibility of media files
correlated with the accessibility of document files.
F4

AU

p = .825

p = .290

SA

p =.831

p =.700

For visually and hearing-impaired users in AU and SA: Both visually and hearing-impaired
groups indicated minimal correlation between website accessibility and level of software skills.
F5

AU

P = .446

p = .001

SA

p =.001

P = .006

For visually and hearing-impaired users in AU and SA: All the groups (except the AU hearingimpaired group) indicated a clear correlation between website accessibility and the need for support
from other people.
In the AU hearing-impaired group, there was minimal correlation between website accessibility
and the need for support from other people.
F6

AU

p = .805

p = .001

SA

p =.029

p =.973

In the AU hearing-impaired group and the SA visually impaired group, there was minimal
correlation between the use of assistive software (e.g. caption creator) and the participants’
accessibility ratings of university websites (H6).
In the AU visually impaired group and the SA hearing-impaired group, the use assistive
software, (e.g. screen readers), was strongly correlated with their accessibility rating of university
websites (H6).
F7

AU

p = .05

p = .012

SA

p = .085

p =.040

For both groups in AU and the visually impaired group in SA, the need to learn a number of
assistive software programmes to interact with university websites correlated with ratings of
accessibility, but no such correlation was found in the SA hearing-impaired group.
F8

AU

p = .336

p = .540

SA

p = .110

p = .140

For both groups in SA and AU, no significant correlation was found between education level and
their accessibility ratings for university websites.
F1: Accessibility ratings of educational websites
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F2: Accessibility ratings of document files
F3: Accessibility ratings of media content
F4: Software skills
F5: Independence
F6: Assistive software usage
F7: Learning of many assistive software programmes
F8: Educational level

7.2.3 Theme 3: Ranking accessibility problems for incorporation into the
AMWSUF metric
Theme 3 was used to illuminate research sub-question 3: How can the
participants’ rankings be used as bases for assigning low, moderate and high
priority to the accessibility problems encountered by visually and hearingimpaired populations? Such ranking was an essential step because it uncovered the
point of departure for where change needs to first be implemented to improve Web
accessibility. As previously stated, the ranking served as a process for combining the
subjective and objective evaluations. Many previously conducted accessibility
evaluations indicated that considering participants’ perspectives is important because
it helps assessors recognise which accessibility problems exert high, moderate or low
effects (Vermeeren et al., 2010). The ranking in the present study supported the
initiative to assign a weight to each accessibility problem and related issues, which in
turn, underscored the argument as regards the need to cover the effects of uploaded
files on overall accessibility value to increase the accuracy of such valuation for each
disability group. Table 7-3 provides information on the numerical accessibility values
computed using the A3 formula (Bühler et al., 2006) for the visually and hearingimpaired respondents. The values noticeably differed between the groups over six
datasets, suggesting that accurate accessibility values can vary, depending on disability
population. For instance, a given webpage can be accessible to a hearing-impaired
group but inaccessible to a visually impaired group, or PDF files without embedded
videos or audios may not be a problem for the former but would be inaccessible to the
latter. The importance of theme 3 was also demonstrated in the comparison of the
accessibility values ascertained via the AMWSUF metric and the subjective evaluation
(Table 7-6). The values were close, further corroborating that including system
features (embedded files) and user characteristics as components of multi-method
evaluation increases the accuracy of the overall accessibility values determined for
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each group. The findings from the analysis of theme 3 cast light on the main research
question and aligned with the research hypothesis.
Table 7-3. Summary of accessibility values based on A3.
Accessibility value

General

Image

Video

PDF

PowerPoint

Word

Visually impaired group

0.67

0.76

0.92

0.99

0.99

0.97

Hearing-impaired group

0.31

0

0.83

0

0.14

0

7.2.4 Theme 4: Applying semi-human (i.e. both human and automated)
evaluations based on the features of systems and the characteristics of
sensory disabilities
Automated and human evaluation methods have advantages and disadvantages,
but the former ensures better-quality assessments (Bailey, Pearson & Gkatzidou,
2014). In this thesis, the evaluations were conducted with quality in mind, which
enabled the generation of more accurate accessibility values. The rules for evaluating
images and videos (Chapter 4, Sections 4.5.5 and 4.5.6), for instance, supported the
human evaluation with respect to decision making on the accessibility level of these
components. The relationship between these rules and the availability and accuracy of
HTML attributes was also connected to the quality evaluation. Videos and images are
critical contents of educational Web-based systems (Chapter 3, Section 3.11).
Theme 4 was designed to draw answers to research sub-question 4: How are
webpages, images, videos (quality of descriptive texts or captions) and Word,
PDF and PowerPoint documents effectively evaluated? As described in Chapter 6,
elucidating the reasons behind the low accessibility rates of these components
enhances the understanding and development of future strategies for augmenting the
accessibility of these elements. The findings in relation to this theme demonstrated the
inadequate usage of HTML attributes in the examined image and video files. No
studies have highlighted this issue, yet uncovering it enriches the analysis of webpage
source codes and thereby advances the comprehension of how developers or end users
behave towards HTML attributes and elements that delay the provision of accessible
content. In respect of document files, the evaluation of Word and PowerPoint
documents was straightforward, even in the experiment on screen readers.
Contrastingly, PDF documents were challenging because of their underlying
mechanism (Chapter 6, Section 6.4.3). Human and PAC 2.0 evaluations were
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performed to ensure that the number of accessibility problems identified in accordance
with each checkpoint was accurate and, correspondingly, guaranteed enhanced-quality
evaluation. Quality was managed through the integration of human and automated
evaluations—a consolidation grounded in the video and image rules, the appropriate
use of HTML attributes and elements and the corrective employment of document
checkpoints. Such integration also minimised the occurrence of false negative and
false positive accessibility problems. Human and automated assessments have been
criticised as suffering from bias and false negative and false positive errors,
respectively (Brajnik, Yesilada & Harper, 2010), but these problems were surmounted
in the current work (see Tables 7-5 and 7-6 for a summary of the findings) through the
multi-method accessibility evaluation. The comparison of the automated and human
assessments (Table 7-4) indicated that the number of accessible files identified via the
automated tools was much lower than that detected by the human and mining
evaluations. The comparison data suggested that human-directed appraisals increases
the accuracy of accessibility evaluation. Krippendorff’s alpha (Chapter 6, Section 6.6)
was used to estimate the inter-coder reliability between the subjective and objective
evaluations of the general and media accessibility problems (Hayes & Krippendorff,
2007). The inter-coder reliability of media accessibility problems was very high (α =
1.0000), and that of general accessibility problems was comparatively high (α =
.9050), denoting that the human evaluation was reliable.
Theme 4 was intended to answer research sub-question 5: How can a multimethod accessibility evaluation model be constructed in a way that minimises
false negative and false positive results on accessibility problems? The comparison
of the findings from the automated, mining and human evaluations affirmed that multimethod evaluation increases the accuracy of overall accessibility evaluation values.
The findings of the analysis of theme 4 contributed to illuminating the main research
question and were compatible with the research hypothesis.
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Table 7-4. Comparison of the findings from the automated, human and mining
evaluations.
Method

Image dataset
No. of accessible files

No. of inaccessible files

Automated tool

0

120

Human

15

105

Mining

14

105
Video dataset

Automated tool

5

115

Human

35

85

Mining

34

85
Document dataset

Automated tool

71

194

Human

19

246

Mining

61

177
General dataset

Automated tool

56

944

Human

169

831

Mining

167

827

7.2.5 Theme 5: Implementing data mining to validate the semi-human
evaluation
Data mining techniques open up opportunities to improve accessibility
evaluation methods. The majority of accessibility evaluation studies applied either
human or automated evaluations (Chapter 2, Section 2.6.1), whereas many domains
such as e-commerce are afforded the benefits of data mining technologies. In the
present research, data mining was implemented on four generated datasets based on
HTML elements and attributes and accessibility checkpoints to predict whether an
instance (image, video, document or webpage) is accessible or inaccessible (Table 75). As explained earlier, data mining techniques were used to validate the semi-human
evaluations of general webpages and uploaded files. The methodology (Chapter 4,
Section 4.6) and the findings (Chapter 6, Section 6.7) contributed to deriving insight
into sub-questions 6 and 7: How are data mining techniques effectively used as
accessibility evaluation methods? How can multi-method strategies be used to
develop an approach to validating human and data mining assessments? This
thesis advocated the argument that common accessibility evaluation methods (human
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and automated) require intelligent validation through innovations such as data mining.
Expanding accessibility evaluations in this regard can support the validation of
conventional approaches, as evidenced by the results of this study (see Table 7-5).
Further support was offered by the experiment (Chapter 6, Section 6.6.4), which
revealed that all the algorithms used in this work exhibited statistically significant
performance in the corrected resampled t-test (at 0.05 significance). Moreover, the
findings of the human and data mining evaluations (Chapter 6, Section 6.6.4) were
congruent with each other—an outcome that was confirmed through a t-test. The
analysis confirmed no significant difference in the mean number of accessible files
identified by the human and data mining evaluations for all the datasets (p < .945). The
same absence of significant difference applied to the mean number of inaccessible files
(p < .984).
Thus, the findings from the data mining experiment and the similarity in the
number of accessible and inaccessible files that were identified (Table 7-4)
authenticated the reliability of incorporating a human-directed approach to evaluation.
The comparison of the findings from the data mining and human evaluations
substantiated that multi-method evaluation elevates the accuracy of overall
accessibility evaluation values. As with the previously discussed results on themes,
those from the analysis of theme 5 contributed to clarifying the main research question
and corresponded with the research hypothesis.
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Table 7-5. Summary of objective evaluation findings.
File type

Image

Video

PDF

WORD

PPT

General
Webpage

Total number of evaluated files

120

120

133

42

90

1,000

Maximum number of AB on all

190

347

1500

250

1050

9,323

0

0

0

0

0

5

Median of AB on all files

6.8

14.73

561.9

41.9

106.4

544.4

Total number of AB on all files

815

1,768

74,727

1,761

9,574

54,4425

Number of AF

15

35

23

20

28

169

Number of NF

105

85

110

22

62

831

Percentage of AF

12.5 %

29.16%

17.29%

47.61%

31.11%

16.90%

Percentage of NF

87.5%

70.84%

82.71%

52.39%

68.89%

83.1%

files
Minimum number of AB on all
files

Number of AF for all
documents = 71
Number of AF for all
documents = 194
Total number of all evaluated

1505

files
Total number of AF for all files

290

Total number of NF for all files

1215

Percentage of AF for all files

19.27%

Percentage of NF for all files

80.73%

Number of AF by data mining

14

34

61

167

Number of NF by data mining

105

85

177

827

AV for visually impaired group

0.76

0.92

0.99

0.97

0.99

0.67

AV for hearing-impaired group

0

0.83

0

0

0.14

0.31

Overall AV for visually impaired

0.88

group (AMWSUF)
Overall AV for hearing-impaired

0.42

group (AMWSUF)
AB: Accessibility problems
AF: Accessible files
NF: Inaccessible files
AV: Accessibility value
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7.2.6 Theme 6: Including the effects of uploaded files on accessibility values in
the AMWSUF metric
For purposes of accuracy, effectiveness and equity, deciding on whether a
webpage is accessible or inaccessible is not to be restricted to examining webpage
source code files but extend to scrutinising uploaded files. This coverage is important
because a webpage is accessible when all its components, including uploaded files, are
also accessible (W3C, 2019). On this account, this research upheld the argument that
an accessibility quantitative metric can encompass effects from the accessibility of
uploaded files on the overall accessibility values ascertained for visually and hearingimpaired groups—a contention that was not tackled in the literature. The necessity of
this requirement comes from the extensive use of files uploaded onto educational Webbased systems (system features) that deliver learning and non-learning materials.
There is also a need to assign weights to the accessibility problems related to such
documents, and these weights differ depending on the characteristics of sensory
disabilities.
Theme 6 contributed to clarifying research sub-question 8 and 9: How can a
metric formula that considers the accessibility values of uploaded media and
document files be created as part of a multi-method approach to improving
accessibility measurement for visually and hearing-impaired groups? How can
system features (sampling method), disability characteristics (checkpoint
priority) and multi-method evaluation increase the accuracy with which overall
accessibility values are derived? Including the effects of uploaded files in the
AMWSUF metric may lead to more accurate accessibility values, as suggested by the
AMWSUF results and their comparison with the findings derived via A3 and UWEM
(see Table 7-6). Under A3, UWEM and AMWSUF computations, a high accessibility
value translates to low accessibility in a university Web-based system. The data
implied that the AMWSUF was more accurate than the A3 and UWEM given that the
latter were applied to the general dataset without consideration for the effects of
uploaded files and with a weight of 0.5 assigned to all accessibility problems. The
comparison of the AMWSUF and subjective evaluation values also verified that the
metric figures were close to those of the subjective evaluation, thus corroborating the
accuracy of AMWSUF over the A3 and UWEM metrics. Theme 6 thus contributed to
elucidating the main research question and was in line with the hypothesis.
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Table 7-6. Accessibility values derived using A3, UWEM and AMWSUF.
Accessibility value

A3

UWEM

AMWSUF

Subjective

Visually impaired

0.57

0.99

0.88

0.83

0.25

0.61

0.42

0.37

group
Hearing-impaired
group

7.2.7 Theme 7: Integrating survey, human and mining evaluations for mutual
triangulation among these approaches
Methodological triangulation involves the integration of more than one type of
method to investigate a research problem (Bekhet & Zauszniewski, 2012). It is
advantageous in that it extends the confirmation of findings, enables the acquisition of
more comprehensive data, ensures validity and promotes the conception of a studied
research problem (Bekhet & Zauszniewski, 2012). This thesis recognised accessibility
evaluation as a complex problem that may be addressed using comprehensive data
collection methods (subjective and objective data), complex methodological
evaluation systems (human, survey and quantitative metrics) and advanced validation
approaches (data mining). In line with this recognition, a multi-method evaluation
model was developed and implemented to improve the quality of accessibility
assessments. The findings indicated that the developed approach increased the
accuracy of each evaluation phase conducted in this work and, consequently, the
derivation of overall accessibility values for the visually and hearing-impaired groups.
As stated previously, the research method was designed on the basis of the features of
educational websites and the characteristics of users with sensory disabilities. Table 77 provides a summary of the findings from the triangulation, which foregrounded the
use of UCD, data mining and a quantitative metric. A comparison (Table 7-7) of the
percentages of accessible and inaccessible files (images, videos, PDF, PowerPoint,
Word documents and webpages) identified for visually and hearing-impaired users
indicated that the percentages obtained in the survey, human, data mining and
AMWSUF assessments were very close. On this basis, then, the combination of the
findings on themes 1 to 6 strengthened the support for theme 7 and contributed to the
illumination of the main research question and hypothesis.
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Table 7-7. Summary of survey, human, mining and AMWSUF findings.
Evaluation

Subjective
Objective

Method

% of accessible files*

% of inaccessible files*

All

Vision

Hearing

All

Vision

Hearing

Survey

40%

17%

63%

60%

83%

37%

Human

46%

23%

69%

54%

77%

31%

Mining

43%

19%

68%

57%

81%

32%

AMWSUF

35%

12%

58%

65%

88%

42%

*Files: Images, videos, PDF, PPT, Word and webpages

7.3

UNEXPECTED FINDINGS
This section highlights the implications of four particularly unexpected findings

that emerged from this research. First, some of the respondents could not evaluate a
few statements in the survey possibly because of the highly technical manner in which
the sentences were expressed. This situation points to the need to simplify technical
terminologies in future accessibility evaluation surveys. Second, solving accessibility
problems related to visually or hearing-impaired groups consequently rectified the
challenges encountered by blind and hard-of-hearing individuals while they interacted
with the examined Web-based systems. This finding, which was uncovered when the
blind and hard-of-hearing individuals responded to the survey, indicates that a
beneficial strategy is for developers to devise new methods of enabling and facilitating
the interactions of these disability groups with Web-based systems. Third, the openended questions uncovered an unexpected outcome that was due to the effects of
system usability on the participants. That is, the respondents specified their usability
requirements in their answers, which advanced the mapping of relationships between
accessibility and usability and reflected the importance of considering usability
statements when evaluating Web accessibility. The final unexpected result is related
to the awareness of developers or end users regarding ensuring the accessibility of
images. The respondents were aware of HTML elements and attributes, but they did
not apply it effectively and correctly. This issue affects the accuracy of the results
obtained through automated tools, and addressing it can contribute to research by
encouraging the construction of a high-quality accessibility evaluation model.
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7.4

THEORETICAL AND METHODOLOGICAL IMPLICATIONS
This section discusses the research’s contributions to knowledge (theoretical and

methodological), which arose from the novel findings, methods and processes derived
and applied in this work. These insights are expected to exert influence on this area of
study.
7.4.1 Contribution 1: Considering system features and disability characteristics
in the construction of specialised automated tools and standards
The distinction among the findings related to the all the participants, the visually
impaired respondents alone and the hearing-impaired participants alone confirmed that
each accessibility problem differentially affected the participants and that a single
solution was ineffective. The evidence (Table 7-5) suggested that creating solutions
specific to each disability group would be beneficial.
Current accessibility standards, such as WCAG 2.1, and automated evaluation
tools, including AChecker, were developed to ensure Web accessibility for all disabled
populations, but these approaches may delay the implementation of Web accessibility
principles. This possibility was demonstrated in studies based on automated
evaluations (Chapter 2, Section 2.6.1), in which no meaningful improvement in this
respect was achieved from 2005 to 2018.
An approach anchored in specificity may support developers, educators and even
end users in efforts to reinforce the implementation of Web accessibility standards.
The results of this thesis expressly indicated that solutions specific to the respondents
with visual and hearing impairments were effective. This was supported by the fact
that calculations performed using the AMWSUF metric for each disability group were
more accurate than the computations derived using the A3 and UWEM metrics. This
orientation towards specialised approaches for various disability groups has not been
discovered in other studies.
Furthermore, analysing the purposes and goals that underlie a system clears the
way for the accessibility evaluation process, which may in turn, enhance the accuracy
of accessibility assessment for a specific system. The problem is that some studies
evaluated different types of Web-based systems without emphasising system features
and purposes (Chapter 2) or evaluated a specific domain but disregarded system
attributes. This issue may also affect improvements to the implementation of Web
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accessibility. In this thesis, the proposed multi-method evaluation was grounded in
system features, which is why the influence of uploaded files on accessibility was
covered in all the evaluation phases and methods. This approach was not applied in
the literature. The findings denoted that the specialisation (based on disability
characteristics and system features) increased the quality and accuracy of the
accessibility evaluations conducted in this work. These results can be taken into
account when considering how to create specialised automated tools and standards for
certain Web-based systems and specific disability groups.
7.4.2 Contribution 2: Data mining for intelligent accessibility evaluation
The power of data mining is not limited to a specific technological problem, such
as the issues encountered in commercial Web-based systems, but scant research has
been devoted to the application of this innovation as an accessibility evaluation
method. Such studies also suffer from limitations (Chapter 4, Section 4.6). In the
current research, data mining was used as a validation method to support the
triangulation of the semi-human evaluations. The findings showed that the
triangulation process was successfully executed. The developed evaluation rules for
videos and images, the inclusion of the influence of HTML attributes and elements in
assessment and the accessibility checkpoints advanced the acquisition of promising
results. These positive outcomes were further strengthened by the consideration of data
imbalance in the evaluations. These processes have not been investigated by other
researchers. The data mining experiment provided new insights into the opportunity to
serve accessibility evaluation and limit the use of traditional accessibility assessment
approaches (automated and human).
7.4.3 Contribution 3: Formulating alternative text rules for quality decision
making
Accessibility standards and automated tools cover general accessibility
checkpoints, but human-driven evaluation requires a set of rules that make room for
sound decision making on the accessibility of specific elements, such as images and
videos. The literature exhibited no efforts to formulate descriptive text or caption rules
for the examination of the quality of these accessibility components for images and
videos. The results of the present study built on existing evidence regarding the
necessity of establishing these regulations for quality and accuracy. Designing a set of
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known rules for specific files may improve the implementation of Web accessibility
principles.
7.4.4 Contribution 4: Designing accessibility and usability statements for the
comprehensive measurement of user interaction
Data assessment theory (Pipino et al., 2002) maintains that accessibility and
usability are critical concepts in any Web-based system evaluation. Statements that
focus on these concepts have not been designed before. In this work, the mapping of
the relationship between accessibility and usability improved the quality of the
evaluations and supplemented the understanding of the characteristics of disabled
populations. This improvement and supplementation, in turn, laid the foundation for a
clear understanding of the support that accessibility and usability statements provide
to the evaluation and validation of research methodologies. If usability is an important
matter for all users, then it follows that it is equally essential to users grappling with
disability.
7.4.5 Contribution 5: Identifying influencing factors to understand user
behaviour
Understanding user behaviour towards a specific technological problem may
help developers comprehend the reasons behind user ratings or satisfaction or
dissatisfaction with Web-based systems (Norman, 1998). Studies have not delved into
the factors that may affect the manner by which users with sensory disabilities respond
to systems. An interesting task in the current work was the testing of the effects of
education, independence, uploaded file accessibility, software skills, assistive software
usage and the learning of numerous assistive software on the overall accessibility
ratings assigned to evaluated webpages. The findings cast light on the relationship
between such factors and the Web accessibility ratings provided by the participants.
These results can be used as a means of aiding developers in initiatives to create
accessibility solutions that facilitate the interaction between each sensory disability
group and Web-based systems.
7.4.6 Contribution 6: Combining the findings of subjective and objective
evaluations for improved data quality
The assessment of data quality affirmed the essentiality of carrying out both
subjective and objective evaluations (Pipino et al., 2002). In this research, the ranking
of accessibility problems by the visually and hearing-impaired participants and
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determining their priority levels on the basis of the weights assigned to them proved
to be an ideal approach to merging the results of the subjective and objective
assessments. This combination supported the triangulation. Some studies underscored
the importance of including subjective methods in evaluation (see Chapter 3), albeit
the fusion of subjective evaluation results with those obtained through objective
methods (multi-method, triangulation) was ineffectively applied in these works. The
findings of the present study corresponded with the theory on data quality assessment
(Pipino et al., 2002), and future studies can apply the method developed in this work
to different system domains or even use it to address other technological issues.
7.5

PRACTICAL IMPLICATIONS
The results present a number of practical implications for developers, system

evaluators or testers, educators and Web accessibility regulators. The subjective
methodologies and findings discussed in Chapter 5 and the objective methodologies
and results described in Chapter 6 can prove useful to all stakeholders.
7.5.1 Contribution 1: Implementing Web accessibility principles in development
practices
The findings might be helpful in initiatives to develop plans for validating the
accessibility evaluation of educational Web-based systems or similar networks. The
ranking of accessibility in each category and method can serve as starting points from
which to apply accessibility standards for educational websites or similar domains.
7.5.2 Contribution 2: Supporting educational organisations in applying Web
accessibility standards
This research offered valuable information, such as accessibility rankings by the
participants, the prioritising of accessibility problems, the accessibility value of each
file type and the overall accessibility value determined for each disability group. This
information can be used by educational organisations to ensure accessibility to users
with sensory disabilities. Some of the practical implications in this respect are listed
as follows:
1. Educators can directly test the accessibility of digital products for sensorily
disabled populations.
2. A checklist that describes the accessibility features relevant to these
populations can be created.
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3. Accessibility requirements for sensory disability groups can be incorporated
into contracts with third-party providers.
4. Accessibility statements related to the needs of sensorily disabled individuals
(statement of compliance) can be established.
5. Digital accessibility policy can be formulated.
7.5.3 Contribution 3: Comprehending the benefits of applying accessibility
principles to educational websites
The outcomes of this research can be used as well to motivate the
implementation of accessibility guidelines and criteria for the benefit of all users and
consequently increase user satisfaction. The advantages gained from such
implementation were demonstrated in this work and are explained as follows (Groves,
2011):
• Providing alternative texts enhances search engine optimisation.
• Evaluating usability and accessibility statements improves usability.
• Refining webpage structure reduces maintenance costs.
• Solving accessibility problems increases the number of customers by attracting
users with disabilities who have purchasing power.
• Improving Web accessibility decreases resource utilisation, enables the
minimal consumption of bandwidth, manifests conformity with social responsibility,
assists the aging population and minimises legal risks.
7.5.4 Contribution 4: Increasing the accessibility awareness of developers,
regulators, educators and designers
Web accessibility is similar to any other commonly encountered problem related
to system interaction, but it demands considerable attention for it to be correctly
implemented. In this research, for example, the analysis of HTML codes attested to
the awareness of developers/users regarding accessibility attributes but also to their
failure to use them appropriately (Chapter 6). The outcomes of this study can be used
as reference in designing accessibility awareness training for educators, developers or
end users to ensure a uniform understanding of high-priority problems, policies,
standards and guidelines.
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This thesis facilitated the grasp of different aspects that require evaluation
characterisation in determining the accessibility of university Web-based systems.
Previous studies confirmed that most educators and developers lack knowledge on
accessibility, yet several of the causes of the creation of inaccessible content remain
unexplained. The examination of Web-based systems at a microscopic level may
advance the discovery of accessibility problems that can diminish Web accessibility.
Smoothening the generation of accessible online content and tasks for all stakeholders,
including visually and hearing-impaired groups, is expected to afford them learning
materials of the best quality. Furthermore, ascertaining overall accessibility scores
helps the research community, as part of information system development, facilitate
online interaction experiences among users with sensory disabilities.
7.5.5 Contribution 5: Developing tools for evaluating educational websites
The outcomes of this research can be used to identify the principal dimensions
in which to develop automated tools that are meant specifically for evaluating
educational Web-based systems that cater to individuals with sensory disabilities.
Generated tool reports can be organised on the basis of the accessibility of documents,
images, videos and general webpages. This type of tool can enable educators to easily
remedy any urgent learning accessibility problem.
7.6

LIMITATIONS
As with any other scholarly endeavour, this research is encumbered by certain

limitations. The first is that it did not carry out a large-scale evaluation, with the
number of evaluated pages amounting to only 1,505. This project was conducted
within a limited time frame, and human evaluation was the primary type of assessment
performed. Thus, priority was accorded to the quality of the evaluations rather than the
number of evaluated items. Despite the modest scope of this study, the developed
multi-method accessibility assessment is applicable to more expansive projects
characterised by a large team and substantial resources. The second limitation is the
restricted number of survey statements. Studies can formulate statements that exceed
those used in this work, although it would be challenging trying to encourage
participants to complete a longer survey. A solution could be to limit the number of
respondents who are asked to respond to a lengthy questionnaire.
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Chapter 8: Conclusions
“Education is like the water we drink and the air
we breathe.”
…………………………………………………..
—Taha Hussein, Blind Writer

8.1

INTRODUCTION
This chapter summarises the main research findings and then presents

recommendations on changing current systems as well as identifies potential research
opportunities for the future.
8.2

SUMMARY
This thesis began with the argument that evaluating the accessibility of web-

based systems with the use of multiple methods and considering the characteristics of
disabled users and the features of systems augment the accuracy with which overall
accessibility is measured for users with sensory disabilities. There is a gap in the
literature pointing to a need to develop such an evaluation model that attempts to
triangulate methodologies to create a more accurate measure of web accessibility. This
void was addressed in this research, wherein the proposed evaluation approach was
applied to extensively inquire into the accessibility of educational web-based systems
used by visually and hearing-impaired individuals. In this work, measuring
accessibility involved developing an understanding of a combination of methodologies
that allow multi-method assessments of the aforementioned systems, foregrounding
user-centred design, implementing data mining techniques and using a quantitative
metric. All in all, the evaluated webpages (general) and files (image, video, word,
PowerPoint and PDF) exhibited 12% accessibility for the visually impaired
participants and 58% accessibility for the hearing-impaired respondents. Remarkably,
most of the pinpointed accessibility problems could have been easily resolved through
the correct and appropriate use of HTML5 attributes and elements. They could also
have been rectified with the adoption of more advanced artificial intelligence solutions,
such as TTS and STT features. The greater the diligence in devising strategies, the
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lower the effort and time required of educators, developers and end-users, including
people with sensory disabilities, in interactions with web-based systems.
The accessibility rates obtained in this study confirmed that visually and hearingimpaired individuals continue to struggle with tremendous challenges as they interact
with educational web-based systems. This situation arose from several factors,
including the lack of awareness among developers, educators and end-users regarding
accessibility, which in turn, prevented the effective application of HTML5 attributes.
Accessibility is not merely a concept to be featured prominently on a webpage; it is an
aspiration that should be espoused by a dedicated team in each organisation for the
effective cultivation and implementation of digital accessibility. The first step is
awareness, and the final step is a smart solution.
The passionate work conducted in this thesis began with subjective evaluations
coursed through an extensive survey questionnaire, which was aimed at reinforcing
the objective methodologies. The prioritisation and ranking of web accessibility
problems by the visually and hearing-impaired participants were fundamental steps
designed to tackle the most severe problems first. These steps were also meant to
enable the disability groups to assign a specific weight to each accessibility problem.
The subjective evaluations were then employed to substantiate the findings acquired
using the AMWSUF metric.
Subsequent to the above-mentioned procedures, objective evaluations were
carried out by means of data mining and human-directed and automated assessments
of 1,505 files. The outcomes obtained using AMWSUF verified how each file type
diminished the overall accessibility of the investigated web-based systems. The results
of the automated evaluations affirmed that mechanisation alone is insufficient to
validate the accessibility of a webpage as such approaches would yield zero accessible
webpages or images. They are thus appropriate only as a means of acquiring an initial
comprehension of accessibility prior to the development of a more extensive
evaluation plan. The foundational component of any development process is still
evaluation conducted by humans.
On top of the methods discussed above, accessibility analysis was directed
towards files uploaded on webpages, such as PDF, Word and PowerPoint documents
as well as videos and images, given that these materials influence the overall
accessibility determined via the AMWSUF metric for the hearing- and visually
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impaired respondents. A beneficial tactic would be to incorporate the outcomes
associated with these files into formulated accessibility metrics. For hearing-impaired
users, videos or sound files with missing captions or subtitles translate to completely
inaccessible content. Caption quality therefore requires appraisal by humans. In many
studies, accessibility standards and automated tools centred on accessibility problems
that are relevant to people with visual disabilities, yet the accessibility of videos also
affects individuals with hearing impairments. These commonly available files
influence the interactions of both populations and, consequently, their educational
attainment or knowledge in general. Among the visually impaired participants, most
of the accessibility problems were solved in a straightforward manner, that is, by
keeping accessibility in mind—an orientation that benefits all users. For example,
developers can manage metadata for accessibility concepts to eliminate ambiguity in
web-based systems and prevent interferences to locating associations between entities
saved throughout system data. This strategy enhances research and navigation for all
users. Developers can implement other uncomplicated measures for enhancing
accessibility, including implementing more system functional rules, ensuring the
appropriate use of HTML5 attributes or elements and applying emerging TTS or STT
techniques. Simply adding high-quality descriptive texts for non-textual elements on
webpages and uploaded documents is already commensurate to an appreciably
elevated accessibility rate.
Most accessibility evaluation studies and practitioners limited their analyses to
the use of automatic and human evaluations, although the adoption of the former was
more common. This domain requires more advanced evaluation techniques, such as
data mining. The present research accordingly applied such innovations in the
accessibility assessments and derived promising results from four state-of-the-art
classification algorithms: NiveBayes, BayesNet, JRip and J48. The validation of the
findings confirmed the efficiency of these techniques as accessibility evaluation
methods. A few more advantages can arise from the use of data mining. They enable
the creation of data file and attribute definitions that improve analyses and results,
thereby further supporting mining tools. Through data mining, as well, files and
content information can be used to reinforce the operations and functions of web-based
systems.
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The AMWSUF metric was developed with consideration for the combination of
all the analyses conducted in the objective and subjective phase of the research. This
metric was also based on the A3 formula put forward by Bühler (2006), but it was
expanded by incorporating the effects of uploaded files on final accessibility rates and
taking account of the priority that disabled individuals accord to each accessibility
problem. The accessibility rates generated by the AMWSUF metric, A3 equation and
UWEM were similar, but the subjective and objective evaluations suggested that A3
produced results that were lower than expectations and that UWEM yielded rigid
outcomes. To validate these judgments, the AMWSUF results were compared with the
subjective assessments provided by the visually and hearing-impaired participants.
The comparison reaffirmed that the AMWSUF-derived accessibility rate was more
accurate and reliable than those generated by the two other metrics and that the
AMWSUF findings reflected the perspectives of users with sensory disabilities.
Finally, the thesis uncovered the accessibility of the web-based systems
established by top 100, top 500 and below the top 500 universities in Australia and
Saudi Arabia. The associated outcomes signified that digital accessibility problems are
international phenomena and not confined to a single region, law, culture or financial
domain. The comparison of accessibility evaluation studies published from 2005
onwards revealed that no compelling development in accessibility initiatives has been
achieved, with sensorily disabled users still denied their right to effectively interact
with educational web-based systems. The current research was pursued in the hope
that it will facilitate the provision of new insights into the accessibility of web-based
systems, the formulation of development plans and the design of mechanisms that
increase accessibility awareness and practice among developers, educators and endusers.
8.3

RECOMMENDATIONS FOR CHANGE
Web-based systems are fundamentally meant to serve all users, whatever their

abilities, hardware/software skills and knowledge, language, age and location. When
this aim is striven for by developers, then web-based systems will be accessible to all
users with diverse hearing, movement, visual and cognitive abilities (W3C, 2019).
Contrastingly, severely neglecting the design of web-based systems or tools, they can
preclude user interaction with web-based systems. Based on the findings of this
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research, recommendations for applying changes to current systems on the basis of the
multi-method evaluation model implemented in this work.
Scalable solutions: The results discussed in Chapter 6 pointed to the necessity
of developing scalable solutions with consideration for the accessibility problems
underscored in critical checkpoints and such issues emphasised in the checkpoints for
each file type. The first solution is to provide text alternatives for non-textual elements.
Resolving this shortcoming alone is expected to increase video and image accessibility
to 100%, PowerPoint file accessibility to 65%, PDF document accessibility to 32%,
Word file accessibility to 19% and general webpage accessibility to 19% (Figure 8-1).
The subjective evaluations (Chapter 5) indicated that around 62% and 86% of the
visually impaired Australian and Saudi respondents, respectively, will be satisfied with
the enhanced media file accessibility due to the provision of alternative texts. 81% of
Australian and 63% of Saudi participants are expected to be satisfied by the provision
of video or audio captions/subtitles. As can be seen, costly advanced technical
solutions need not be enforced as the availability of text alternatives can be ensured
through increased awareness among developers, educators and end-users.

Figure 8-1. Effects of providing text alternatives for non-textual elements on the
accessibility of images and videos, PowerPoint, PDF and Word files and webpages.
The accessibility of general webpages can be raised by 19%, 18% and 15% by
providing alternative texts for non-textual elements, creating adaptable content and
rendering textual content in readable and understandable formats, respectively. Such
accessibility can further be augmented by 15% through measures that ease user
navigation, 14% through input assistance and 11% through facilitated viewing and
listening via separated foregrounds and backgrounds. These measures can be applied
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by increasing awareness among developers, educators and end-users, as well as
integrating advanced technologies, such as TTS and STT features (Figure 8-2), into
system design.

Figure 8-2. Effects of adhering to top accessibility checkpoints for general
webpages.
The accessibility of PDF files can be increased by 59% through the presentation
of tagged content and 31% through guarantees of the availability of natural language
for all content, including alternative text for non-textual elements (Figure 8-3). The
subjective evaluations evidenced 60% of Australian and 70% of Saudi participants are
expected to be satisfied with the availability of alternative texts for all objects
appearing in documents. Around 51% of the Australians and 80% of the Saudis with
visual disabilities are expected to be pleased with the presence of tagged content. In
the same vein, implementing these courses of action does not necessitate expensive
sophisticated technologies but simply elevated accessibility awareness among
developers, educators and end-users.

Figure 8-3. Effects of adhering to top accessibility checkpoints for PDF files.
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As for PowerPoint files, accessibility can be heightened by 65% through the
provision of alternative texts for non-textual and 15% through correct slide reading
sequences (Figure 8-4). As attested to by the subjective assessments, around 47% and
67% of the visually impaired Australian and Saudi participants will be gratified with
logical sequences with which slides are read. Similar to what was affirmed for the
preceding measures, these schemes do not entail extravagant technical solutions but
merely improvements to familiarity with accessibility among developers, educators
and end-users.

Figure 8-4. Effects of solving top accessibility problems in PowerPoint files.
In the matter of Word files, accessibility can be upgraded by 19% via alternative
text provision, 18% via hyperlink clarification and 11% via reductions in heading
information (Figure 8-5). The subjective evaluations uncovered that 40% and 70% of
the Australian and Saudi participants, respectively, will be satisfied with specific
column header information. These strategies are implementable in the same manner as
that described for the measures discussed in the preceding paragraphs.

Figure 8-5. Effects of solving top accessibility problems in Word files.
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Authoring tools: In web-based systems, authors highly influence the
accessibility of published content. Double checking such accessibility necessitates the
development of authoring tools or, at the least, the transmission of messages that alert
authors to the need to ensure content accessibility before publication. The authoring
tools used in web-based systems to create web content also contribute to authorinduced effects on accessibility (Harrison, 2002). For example, enable, assist, and
consolidate the creation of content that avoid accessibility problems. And, develop the
authoring tools themselves accessible to help people with disabilities to create web
content (ATAG, 2019). Organisations use various authoring or content creation tools
(W3C, 2019), such as TinyMCE, which is intended to produce content over
Blackboard. Figure 8-6 shows an example of a configuration for a basic authoring tool.

Figure 8-6. Authoring tool configuration.
Developed authoring tools can include a functionality for self-directed
accessibility monitoring, similar to that depicted in Figure 8-7.

Figure 8-7. Suggested development of authoring tool.
A noticeable drawback to most authoring tools is that they fail to smoothen the
creation of accessible content and therefore lack smart features for distributing such
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materials to all users. This deficiency can be corrected by, for example, providing
built-in functionalities that enable users to verify whether website elements satisfy core
accessibility criteria, such as the implementation of logical structures and the
availability of descriptive texts for non-textual components. Developers can also
embed functionalities for auto-captioning video or audio files. The direct relationship
between author-induced effects and content creation/editing tools highly influences
the enforcement of content accessibility principles.
System functional rules: Adding functional rules to web-based systems may
increase accessibility rates. Such regulatory measures specify operations and activities
that web-based systems should be able to perform. Stringent rules can support
accessibility, as evidenced by the example in Figure 8-8, which presents a simple
warning that can appear before content is uploaded. Figure 8-9 shows some other rules
that require enforcement before file upload.

Figure 8-8. System rule for uploading files.

Figure 8-9. Other system rules for uploading files.
Auto-generated alternative texts: Capitalising on artificial intelligence to pave
the way for the automatically description of an image can increase accessibility and is
especially beneficial to the context explored in this work as the most frequently
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occurring accessibility problem during the objective evaluations was the lack of
alternative texts. Note, however, that complex learning graphs or diagrams need
solutions that extend beyond the generation of simple alternative texts.
Automated caption generators: This is another avenue suitable for the
application of artificial intelligence as generating precise captions remains a challenge.
The objective assessments revealed that numerous published videos do not come with
captions. Figure 8-10 shows an example.

Figure 8-10. Applying auto-generated captions.
Explicit TTS/STT techniques: TTS (text to speech) and STT (speech to text)
support can be either explicit or implicit, but either one can offer practical solutions to
users with sensory disabilities. A TTS feature appearing on a webpage is illustrated in
Figure 8-11. In addition, developers can explicitly incorporate speech support directly
into a webpage using STT techniques. Explicit applications reduce the number of
assistive software programmes accessed by sensorily disadvantaged individuals for
learning, thereby increasing user satisfaction, ensuring enriched interactional
experiences and minimising the occurrence of accessibility problems.

Figure 8-11. Applying explicit TTS on a webpage (Adcet, 2019).
As regards implicit solutions, users with sensory disabilities may take advantage
of support for web browsers and TTS programmes, such as screen readers, and STT
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programmes, such as the voice recognition software Dragon NaturallySpeaking. These
innovations allow disabled users to view and navigate non–explicit speech- or non–
text-enabled webpages.
8.4

RECOMMENDATIONS FOR FUTURE WORK
This thesis provided insights from objective and subjective multi-method

accessibility evaluations, which were also triangulated. Chapter 4 comprehensively
described this work’s methodologies and models, which can be applied in illuminating
other research challenges. Chapters 5 and 6 discussed the results of the models, thus
unravelling rich avenues for future exploration. Some of these opportunities can be
broadly categorised as follows:
Web-based system features: Evaluating the accessibility of any web-based
system should be driven by the aim of understanding system features and purposes for
the enhanced design of accessibility assessment measures. In this research, a new
evaluation model was designed and tested to examine university web-based systems,
where uploaded files play an important role in accessibility. Probing into these files
enabled the design of an evaluation plan that covers the effects of documents, images
and videos on overall accessibility. The evaluation model constructed in this research
is applicable to the assessment of different web-based systems, such as those devoted
to health, commerce and government.
Mining: The findings confirmed the effectiveness of data mining as an
accessibility evaluation scheme. In this study, such techniques were implemented on
supervised and structured datasets. Other researchers can deploy data mining
algorithms on semi-structured or unsupervised datasets through the use of, for
instance, HTML codes to discover hidden data that may affect accessibility predictions
for webpages.
Scalability: This thesis evaluated the accessibility of 1,505 webpages, with the
model implemented in scale to correspond with the size of web-based systems in the
analyses of both accessibility execution and evaluation. A large-scale deployment
featuring the accessibility evaluation model in this work can be a time-consuming task
because it involves human evaluation as the principal approach to assessment. Future
studies may consider source code mining against specific HTML attributes and
elements to address this large deployment issue.
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Standards: The accessibility evaluation model was developed to examine
accessibility for individuals grappling with sensory disabilities (visual and hearing
impairments). A particularly beneficial strategy is for other scholars to concentrate
investigations in a specific disability group because each population is confronted with
various accessibility problems. Focusing on a single group would ensure improved
investigations into all the challenges confronting such population. For example,
considering specific group reduce number of accessibility problems which might
increase quality, testing and developing of accessibility evaluation. Currently, WCAG
2.1 standards cover the needs of all disability groups, but a more favourable strategy
is to design sub-standards that are specific to a given disability population. Another
interesting direction is to apply the measures developed in this work to contexts
characterised by different disabilities, such as cognitive and mobility dysfunctions.
Researchers would do well to look into customised standards that are based on
disability characteristics and cater to the specific circumstances that surround each
disabled populations. Delineating digital accessibility would facilitate its application
as in its current form, the term requires more specificity and customisation in
accordance with the needs of different disability groups and web-based systems.
Automated evaluation: AETs are very useful in providing an overview of
accessibility problems that are encountered on webpages. Researchers can expand this
work further by developing AETs that can distinguish between accessibility barriers
and disability groups. An example is an automated tool that can offer accessibilityconformant features on the basis of disability type. When an evaluator chooses to focus
on the needs of hearing-impaired individuals, only accessibility problems relevant to
this group will appear in an evaluation report.
Metric: The validation of the AMWSUF results indicated that the metric
provided meaningful insights regarding the accessibility of web-based systems to
visually and hearing-impaired individuals. Researchers can use this metric to assess
the accessibility requirements of other disability groups, such as those who have
cognitive and mobility conditions, and implement it on different domains. The
advantages of recommended directions increase the emphasis on finding accessibility
value based on characteristics and system features of specific group.
Evaluation rules: This research established specific rules to be imposed when
evaluating webpage components to determine whether they are accessible, and partial
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accessibility was not accepted as a valid outcome. Students use web-based systems to
acquire reasonable knowledge and thus successfully pass a course. Partial accessibility
is therefore insufficient to help students realise their academic goals. However, future
studies can probe into whether partial accessibility is admissible in other domains and
system features. Scholars should keep in mind that tremendous challenges still
confront efforts to understand whether a given content is accessible, partially
accessible or inaccessible. The advantages of this recommended directions can
facilitate making decision process by evaluator and understanding acceptable level of
accessibility for each system.
Dynamics: The current trend in the development of web-based systems leans
toward the use of dynamic content, wherein webpages and uploaded files change as
end-users interact with them. However, the emergence of novel dynamic techniques,
such as ARIA, does not guarantee the evolution of web-based systems into more
accessible platforms; it is also possible for these advancements to diminish
accessibility. In this regard, the accessibility research community can be supported by
defining clear boundaries of accessibility evaluation, the boundaries for example
referred to disability type, system type, priority of accessibility problem and assistive
technologies type. The specific benefit to these boundaries is shaping and facilitating
evaluation process by testing team.
Validation: Accessibility studies suffered from shortcomings in the validation
methods that they employed. To ensure validity, the current work used triangulation
based on user-centred design theory (subjective evaluations) as well as human,
automated, data mining and metric assessments (objective evaluations). Future
accessibility evaluation studies are considered more validation methods.
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Appendices
Appendix A

Mapping the Relationship between IBM Statements and WCAG 2.0 Principles
Number

IBM usability statements

Possible WCAG
principles

1
2
3
4
5

“Overall, I am satisfied with how easy it is to use this system”
“It was simple to use this system.”
I could effectively complete the tasks and scenarios using this system.
I was able to complete the tasks and scenarios quickly using this system.
I was able to efficiently complete the tasks and scenarios using this
system.
I felt comfortable using this system.
It was easy to learn to use this system.
“I believe I could become productive quickly using this system.”
“The system gave error messages that clearly told me how to fix
problems.”
“Whenever I made a mistake using the system, I could recover easily
and quickly.”

All principles
perceivable
Operable
Operable
Operable

6
7
8
9
10

All principles
Understandable
Perceivable
Understandable
Operable

11

“The information (such as on-line help, on-screen messages and other
documentation) provided with this system was clear.”

Understandable

12
13
14

“It was easy to find the information I needed.”
“The information provided for the system was easy to understand.”
“The information was effective in helping me complete the tasks and
scenarios.”

Operable
Understandable
Perceivable

15
16
17
18
19

“The organization of information on the system screens was clear.”
“The interface of this system was pleasant.”
“I liked using the interface of this system.”
“This system has all the functions and capabilities I expect it to have.”
“Overall, I am satisfied with this system.”

Perceivable
Perceivable
Operable
Robust
All principles
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Appendix B

Mapping the Relationship between Section 508 Statements and WCAG 2.0
Principles
Number
1
2
3
4
5
6
7
8
9
10
11

12

13
14

15
16
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Section 508 main statements*
“A text equivalent for every non-text element shall be
provided.”
“Equivalent alternatives for any multimedia presentation
shall be synchronized with the presentation.”
“Web pages shall be designed so that all information
conveyed with color is also available without color.”
“Documents shall be organized so they are readable without
requiring an associated style sheet.”
“Redundant text links shall be provided for each active
region of a server-side image map.”
“Client-side image maps shall be provided instead of serverside image maps except where the regions cannot be defined
with an available geometric shape.”
“Row and column headers shall be identified for data
tables.”
“Markup shall be used to associate data cells and header
cells for data tables that have two or more logical levels of
row or column headers.”
“Frames shall be titled with text that facilitates frame
identification and navigation.”
“Pages shall be designed to avoid causing the screen to
flicker with a frequency greater than 2 Hz and lower than 55
Hz.”
“A text-only page, with equivalent information or
functionality, shall be provided to make a web site comply
with the provisions of this part, when compliance cannot be
accomplished in any other way. The content of the textonly page shall be updated whenever the primary page
changes.”
“When pages utilize scripting languages to display content,
or to create interface elements, the information provided by
the script shall be identified with functional text that can be
read by assistive technology.”
“When a web page requires that an applet, plug-in or other
application be present on the client system to interpret page
content, the page must provide a link to a plug-in or applet.”
“When electronic forms are designed to be completed online, the form shall allow people using assistive technology
to access the information, field elements, and functionality
required for completion and submission of the form,
including all directions and cues.”
“A method shall be provided that permits users to skip
repetitive navigation links.”
“When a timed response is required, the user shall be alerted
and given sufficient time to indicate more time is required.”

Possible WCAG
principles
Perceivable
perceivable
perceivable
Understandable
Perceivable
Operable
Perceivable
Understandable
Operable
Operable
Understandable

Robust

Perceivable
Robust

Operable
Operable
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*Web-based intranet and internet information and applications

Appendix C

Mapping the Interrelationships among WCAG 2.0 principles and SUMI
Number
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

Appendices

SUMI statements
“This software responds too slowly to inputs.”
“I would recommend this software to my colleagues.”
“The instructions and prompts are helpful.”
“This software has at some time stopped
unexpectedly.”
“Learning to operate this software initially is full of
problems.”
“I sometimes don't know what to do next with this
software.”
“I enjoy the time I spend using this software.”
“I find that the help information given by this software
is not very useful.”
“If this software stops it is not easy to restart it.”
“It takes too long to learn the software functions.”
“I sometimes wonder if I am using the right function.”
“Working with this software is satisfying.”
“The way that system information is presented is clear
and understandable.”
“I feel safer if I use only a few familiar functions.”
“The software documentation is very informative.”
“This software seems to disrupt the way I normally like
to arrange my work.”
“Working with this software is mentally stimulating.”
“There is never enough information on the screen when
it's needed.”
“I feel in command of this software when I am using
it.”
“I prefer to stick to the functions that I know best.”
“I think this software is inconsistent.”
“I would not like to use this software every day.”
“I can understand and act on the information provided
by this software.”
“This software is awkward when I want to do
something which is not standard.”

WCAG principles
Operable
All principles
perceivable
Operable
Perceivable
Understandable
All principles
perceivable
Operable
Understandable
Understandable
All principles
Understandable
Operable
Understandable
Robust
All principles
Perceivable
Operable
Understandable
Operable
All principles
Understandable
All principles
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25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
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“There is too much to read before you can use the
software.”
“Tasks can be performed in a straightforward manner
using this software.”
“Using this software is frustrating.”
“The software has helped me overcome any problems I
have had in using it.”
“The speed of this software is fast enough.”
“I keep having to go back to look at the guides.”
“It is obvious that user needs have been fully taken into
consideration.”
“There have been times in using this software when I
have felt quite tense.”
“The organisation of the menus seems quite logical.”
“The software allows the user to be economic of
keystrokes.”
“Learning how to use new functions is difficult.”
“There are too many steps required to get something to
work.”
“I think this software has sometimes given me a
headache.”
“Error messages are not adequate.”
“It is easy to make the software do exactly what you
want.”
“I will never learn to use all that is offered in this
software.”
“The software hasn't always done what I was
expecting.”
“The software presents itself in a very attractive way.”
“Either the amount or quality of the help information
varies across the system.”
“It is relatively easy to move from one part of a task to
another.”
“It is easy to forget how to do things with this
software.”
“This software occasionally behaves in a way which
can't be understood.”
“This software is really very awkward.”
“It is easy to see at a glance what the options are at
each stage.”
“Getting data files in and out of the system is not easy.”
“I have to look for assistance most times when I use
this software.”

Understandable
Operable
All principles
Operable
Operable
Operable
Robust
Operable
perceivable
Operable
Understandable
Operable
All principles
Understandable
Operable
Understandable
Understandable
Robust
Understandable
Operable
Understandable
Understandable
All principles
perceivable
Operable
Operable
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Appendix D
Subjective evaluation purpose using sign language video
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Appendix E

Screenshot of Weka experiment test result
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