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ABSTRACT

Dyslexia is a specific learning disorder that affects the reading, writing, spelling and decoding
abilities. The people suffering from dyslexia, experience difficulties while using websites
because designers, developers and content writers do not consider the obstacles faced by them.
Previous studies provided single or multiple accessibility elements but there is no consolidated
key website accessibility guidelines. In this research, the accessibility of some popular websites
is evaluated using online accessibility testing tool. The results have shown that most of the
websites are not fully accessible because they developed with accessibility barriers (e.g. no
support for screen reader). Secondly, dyslexia friendly key website accessibility guidelines have
been identified to assist designers, developers, tester, content writers and other website
stakeholders. The guidelines are grouped into nine major categories; Fonts, Paragraph, Colors,
Writing, Layout, Navigation, Screen Reader Compatibility, Semantic HTML & WAI-ARIA and
other guidelines. In addition to the above, a website development framework is suggested to
prioritize accessibility from the beginning of development by frequently testing website for
accessibility and screen reader compatibility. A website prototype is created and tested using
online accessibility testing tool and screen reader. The result has shown that accessibility of
websites for dyslexic people can be improved by focusing on accessibility from the beginning of

website development projects.
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Chapter 1

INTRODUCTION

1.1Introduction

The term dyslexia is derived from the Greek words “dys” and “lexia”. The word “dys” means
poor, abnormal or inadequate and the word “lexia” means language or words [1]. Dyslexia is
therefore, recognized as a learning disorder characterized by difficulties in recognition of words,
spellings, reading, writing and information processing skills [1]. However, assistive technologies
are available that can help dyslexic people to overcome their difficulties in education as well as
while using the digital technologies and internet. Dyslexia is often inherited and originates in the
brain [7].

According to the World Wide Web Consortiums (W3C) [2], Web accessibility means that
websites, applications, tools, and technologies should be designed, coded and maintained in a
way so that people with various disabilities can also be able to understand, perceive, navigate
and interact with them. Inaccessible or poorly designed websites create barriers for disable
people. An accessibility barrier is defined as anything which makes it harder or impossible for
disable people to use the Web [2]. Web accessibility guidelines include disabilities related to
hearing, cognitive, neurological, speech, visual (blindness and low vision) and physical
inabilities [3]. Accessibility of websites plays an essential position for people with disabilities in
the same manner as it is for all others. But the barriers discourage these people to use websites,
and nowadays, being excluded from the web is a huge disadvantage. Therefore, it is essential to
create high quality websites that will assist all people and does not exclude disable people from
using the products or services. Fully achieving accessibility for all the diverse groups of
disabilities is very challenging. Considering that dyslexia is the most common learning disability
among the public and internet users [4], it is reasonable to recommend that dyslexia and



accessibility should be given great attention. This research particularly focuses on key website

accessibility recommendations for dyslexic people.

The W3C Web Accessibility Initiative (WAI) [2] creates Web standards internationally for
HTML, CSS, XML and many more. W3C standards provide accessibility guidelines, technical
specifications, strategies and supporting material that describe solutions to developers so that
they can understand and implement accessibility. These standards are considered international
web accessibility standards. W3C has issued the Web Content Accessibility Guidelines 2.0
(WCAG 2.0) [3] with the goal of providing knowledge to make web accessible so that it
addresses the needs of all people along with people with various disabilities. According to
WCAG, web content refers to the information contained on a web page that includes text,
pictures, sounds, videos, code or markup describing structure and presentation etc. WCAG 2.0
was published in 2008 and is also now ISO standard: ISO/IEC 40500:2012. WCAG 2.0 has
already been adopted and referenced by many organizations and governments around the world.
Countries where only 1SO technical standards are used, can now adopt WCAG 2.0 by
referencing ISO/IEC 40500. The WCAG 2.0 [3] is the most adopted set of guidelines. It covers a
wide range of recommendations. While searching how WCAG [3] treats dyslexia, the guidelines
references for cognitive group elaborate about the problems of diverse group of cognitive
disabilities. Additionally, one success criterion (i.e. 3.1.5 Reading Level) of WCAG 2.0 directly
mentions dyslexia [3]. In WCAG guidelines, the concept of dyslexia is indirectly considered,
however, without a clear reference, WCAG [3] readers can ignore reading disabilities.

Though presenting an objective approach, the W3C does not present any guidelines specifically

addressing dyslexia with code references and examples.

Dyslexic people find ways to get out of website accessibility issues, i.e., by using assistive tools
they can overcome reading difficulties. Mostly they use screen readers (software that speaks the
text aloud) but despite using screen readers they still face problems because websites are neither
screen reader friendly nor accessible visually. In such situation, we recommend that it is very
necessary to take effective measures to make websites accessible visually as well as work

accurately via screen readers.

Despite numerous available knowledge over the last few years to encourage and compel web

developers to fulfill the responsibility of making websites accessible, websites continue to



display serious accessibility issues. Specific choices of color, size, fonts, layouts and complex
navigation and writing style can make it harder and more stressful for these people to use and

learn via websites.

Currently, many websites make it difficult for dyslexic people to use them because they
developed with accessibility barriers. This discourages these users from using the websites.
Internet is built for everyone, but it won't be unless we all including designers, developers,
content writers, businesses and the government make efforts to control and fix accessibility
issues. Measures to ensure website accessibility are not growing appropriately. Whenever a
website is inaccessible, there are chances that the people behind it have not done it intentionally;
they might not know the basic needs of dyslexic people. Poorly designed websites can create
many hurdles, therefore, we need to control the increasing number of inaccessible websites. It’s
time for a mindset shift because there is not the knowledge gap to improve accessibility but

actually there is action gap.

To understand the matter clearly, we start by studying the accessibility issues of some of the
most visited websites by using accessibility testing software. The results showed that currently
most of the websites are not fully accessible. The key issues faced by dyslexic people are
identified as: confusing website layout, unclear navigation, text size too small, poor selection of
colors, too much textual data, no use of graphics, use of complicated language and finally no
support for screen readers. Secondly, we have provided basic guidelines for designer, developer
and content writers so that they can play their role to lessen these issues with a proposted
development framework by utilizing minimum use of resources. Finally, a website prototype is
created and evaluated using accessibility evaluation tool and also tested by screen reader
software. From evaluation results, it is observed that the proposed website model has
considerably lessened the key issues. This research suggests that instead of being something to
check off at the end, accessibility should be considered as a starting point and should be focused
throughout the software development life cycle. Frequent accessibility testing approaches should
be adapted from the beginning of website design and development to minimize the cost of fixing
it later. We further recommend that accessibility concerns can easily be accommodated only if
websites are designed, developed, tested and maintained appropriately according to the

guidelines.



1.2 Problem Statement

Existing web accessibility standards such as WCAG are built to provide accessibility to diverse
groups of disabilities. Thus, it seems very difficult, time consuming and challenging task to fully
ensure accessibility for wide array of disabilities. WCAG guidelines along with guidelines for
diverse cognitive group of disabilities, some of the dyslexia friendly practices are mentioned.
However, these standards do not provide the main set of guidelines to achieve accessibility
specifically for dyslexic users in regards to websites user interface (Ul) requirements.

Unfortunately, many technology experts are unaware of the accessibility standards. Many
designers and developers are non disable so, they make the mistake of assuming that everyone
sees and uses the website in the same manner. Accessibility of websites for dyslexic users is
often overlooked because developers are unaware of how dyslexic users use the websites, what
types of barriers they face, what are their needs, and how they use assistive technologies such as

screen reader.

Businesses stakeholders may also think that digital accessibility is not applied to their product,
service or website. Though they agree it is important, competing priorities, limited availability of
resources (time, budget, tools, people) often push accessibility at the backside. Also, digital
accessibility is often considered an afterthought especially in countries where it is not strictly

enforced to follow accessibility standards.

Previously, researchers have conducted experimental studies by involving dyslexic people to
identify attributes such as suitable font size, font type, background color, text color, spacing
specifications and other attributes etc. Efforts were made to research about dyslexia and web
accessibility issues but many of the existing studies have tested and recommend specifically an
individual attribute such as suitable font size for dyslexics. While some other studies have
focused on multiple sets of attributes, but there is no work that consolidates all the main
recommendations and a framework to suggest a roadmap to developers about how to make
websites accessible for dyslexics by using limited available resources and by considering

accessibility as a development priority.



1.3 Objective

To understand the accessibility issues, some popular websites are evaluated using
automated accessibility testing tool.

To determine the key/basic website accessibility guidelines associated with dyslexic
people.

To provide a framework for developing accessible websites for dyslexics.

To develop a prototype according to proposed guidelines and framework and finally to

evaluate the prototype using online accessibility testing tool and screen reader.

1.4 Motivation

The decision to work on the web accessibility for dyslexic users is motivated by following

reasons.

Dyslexia is widespread

There are almost 8 billion people in the world [6][8]. According to “World report on
disability” [8], produced mutually by the World Bank and World Health Organization
(WHOQO), there are over one billion disable people that is about 15% of the world
population and their number is increasing with time due to the rapid spread of chronic
diseases, population ageing, as well as improvements in the disability measurement
methodologies [8]. Dyslexia is generally thought to affect around 10% of the population,
4% severely. Prevalence is often recorded at 10 percent, however, according to statistics
published by the Dyslexia Center of Utah [5] it is the most common language based
learning disability among users that approximately affects 20 percent of the United States
population. International Dyslexia Association (2022), states that 15-20 percent of the

world population experience at least one symptom of dyslexia throughout their lives [7].

Web is an Important Source of Information

The Web is an increasingly important source that serves in many aspects of life such as
education, commerce, entertainment, employment, government, healthcare and many
more. Accessibility of web is becoming an extremely important topic in our digital first

world because the internet has become integral in our lives and there is hardly anything



that we can do without it. Whether we want to learn, entertain, shop, eat, travel or work
we can easily do so by visiting a website or app by clicking just a few buttons or links.
Internet is becoming less a luxury and more a necessity for all of us but not everyone has
good experience while using websites especially disable people suffers because their
needs are different and they use websites in a different way. The excellence and power of
the web is its universality. The Web is primarily designed to work for all people.
Undeniably, access to information and communication technologies is recognized as a
basic human right. Therefore, in an increasingly digital world, everyone should have been
given equal opportunity to be able to easily understand the online content. Designing and
building accessible website is very crucial and should be respected and understood by all

with the utmost priority.

1.5 Relevance to National Needs

The decision to work on the web accessibility for dyslexic users is motivated by following

reasons relating to its social relevance and national needs:

It is helpful for designers, developers, content writers, businesses and government of
Pakistan

Along with designer and developer these guidelines will be helpful for content writers to
create dyslexia friendly content. These guidelines will also be beneficial for government
policy makers to set some criteria and policies for making government and other websites
accessible. Disability should be given a development priority because of its higher
prevalence especially in lower income countries and also because disability and poverty
perpetuate and reinforce one another. Therefore, this study will assist our country because
there is a need to strictly adopt digital accessibility laws and regulations to control the
number of inaccessible websites. So, Pakistan can create its own set of standard
guidelines for web accessibility or may adopt the exiting standards to ensure that

websites and mobile applications are accessible.

It will reduce illiteracy and unemployment rate in Pakistan



People with disabilities including dyslexics are often forgotten while developing websites
due to which they continue to face exclusion and discrimination. And even though these
people are vulnerable, their needs are overlooked. Due to the obstacles and the lack of
opportunities available to them, they face learning, employment and health related issues.
Therefore, efforts to reduce illiteracy, unemployment and poverty can only be effective if
we include these people in every aspect of life and make learning easier and better for

them.

It will increase the audience reach and website profit

Accessibility is important because of its ethical and economic reasons. It is the right,
smart and essential thing to do for individuals, businesses and society because making
websites available to a wider audience will enhance user experience, satisfaction,
increase web traffic, engage the users to use websites and ultimately leads to more sales

and profit.

1.6 Advantages and Importance

Accessibility is a crucial factor for the organizations to be considered on their websites
because it is directly related to profit, legislation, and the reputation of the organization in
a society.

Web developers can have a major impact on the lives of dyslexic learners. To achieve
accessibility and maximum benefit, developers need not to be a professional developer,
but they need to be aware of what dyslexia really is, the basic needs of these users, how it
can influence learning and awareness about key guidelines and how to resolve their
accessibility issues.

Accessible websites improve overall user experience and satisfaction of dyslexic users as
well as other users such as older users, visually impaired users and users with low literacy
skills. Accessibility guidelines that are good for dyslexics are good for all other users.
The use of dyslexia friendly accessibility guidelines are beneficial not only for dyslexic
users but are also good for all users since these practices ease the problems faced by most
of the internet users, as well as other disabled users [9][10][11].

By producing accessible content and websites for dyslexic people, we, as a society,
ensure that dyslexics can become talented and productive member of the society.



Accessible websites will support and encourage these learners to learn easily via web and
become successful in life. Any kind of disability, especially reading disability, can harm
the child's academic achievement and now a days being excluded from the web is a great
disadvantage that will often result in emotional and behavioral problems.

Another benefit of web accessibility compliance is lawsuit prevention. Web accessibility
is required by law in many countries and its violation may lead to serious consequences.
This topic needs to be focused due to the legal reasons such as increasing number of
digital accessibility lawsuits being filed in countries like United States [13]. Digital
accessibility has received increased attention in the past few years. During the COVID-19
epidemic, people with disabilities are extremely impacted [12]. The COVID-19 pandemic
has brought the importance of digital accessibility further into public eye.

There is no need for the installation of additional software. Online tools are available to
identify the accessibility issues and helps developers in removing those issues easily. The
proposed guidelines and development methodology will help developers in making
accessible websites in an efficient way. Developers can detect main issues using free
tools and it is the easiest and cheapest way to control website accessibility issues around
the world to a great extent.

This research will encourage the researchers to investigate other challenges of web

accessibility that have not much focused in the past.

Briefly, the four key benefits of accessibility are:

Business: Increase in profit due to increase in audience reach.
Legal: Meet to anti-discrimination laws.
Technical: Easy to maintain and clean code.

Social: Being a socially responsible business that contributes to build a better world.

1.7 Area of Application

Web accessibility recommendations can be easily applied in development of websites including:

Government websites
Educational and Entertainment websites

News websites



= Banking, Healthcare, Business and E-commerce websites
= Portfolio websites and Blogging websites

= E-magazines and E-books

= Public Forum Websites and others

1.8 Thesis Outline

The rest of the thesis is organized into six chapters. Chapter 2 provides the background, available
standards, current challenges, motivation and need for providing a better solution. Chapter 3
presents the accessibility evaluation results of some most visited websites to give a brief review
of the extent to which standards are currently met. In Chapter 4, our proposed guidelines are
discussed followed by a website development framework in Chapter 5. Chapter 6 presents
corresponding evaluation results of the proposed solution. In Chapter 7 limitations are discussed
accompanied by the conclusion and future scope of this research in Chapter 8. A brief thesis

outline is also shown in Figure 1.1.

* Problem Statement
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Chapter 6: Evaluation
P ¢ Evaluation using Automated Tool and Screen Reader

Chapter 7: Limitations ¢ Limitations of guidelines and framework
Chapter 8: Conclusion & e Conclusion
Future Work e Future Work

Figure 1.1: Thesis Outline



Chapter 2

LITERATURE REVIEW

2.1 Overview

In this chapter, we have briefly explained the problems faced by dyslexic people, some genius
dyslexic people, available assistive technologies to overcome their problems and existing web
accessibility standards. Furthermore, previous work done on web accessibility describing the
problems experienced by dyslexic people and current website accessibility statistics explaining
the need and importance of web accessibility are also discussed in this chapter. Finally, we have

presented the discussion about the findings and what is missing in the literature.
2.2 Dyslexic people

Dyslexia is a difficulty in information processing which mainly affects reading, writing, spellings
and working memory [7]. Working memory is the part of human brain that helps us to retain and
act upon information recently given to us. Some of the challenges faced by dyslexic people are

mentioned below:

= They read slowly, hesitantly or may misread words [14].

= They have bad writing skills and write slowly.

= They have poor or inconsistent spellings.

= They face difficulty while matching sounds to letters. They might see, read or write
letters as reversed, flipped or mirror image e.g. they often put letters in the wrong way
such as confused between "f" and "t" or read letter "d" as "p" or "b" or "q" [14]. They
may also put figures in the wrong way (such as writing "9" instead of "6").

= When letter "g" is written using Times New Roman font, they may mistakenly read letter
"g" as number "8". They might read "modern" as "modem" because "r" and "n" together

look like "m". They also find it difficult to read the material if unusual or stylish font
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faces are used. Hence selecting appropriate font face and appropriate letter spacing is also
very significant.

They can also confuse the order of letters in words and thus disordered letters and words
while reading or writing [14].

They feel letters as floating, blurred, reversed, not in line or moving around on the page.
They forget what they have just read or been told. Thus it is difficult for them to
comprehend.

They face trouble while reading large blocks of text. They find it difficult to understand
comprehension as they easily forget the article they just read [14].

They often switch off and start day dreaming.

They easily get tired while reading or writing.

They are slow learners so need to read sentences numerous times just to understand the
meaning.

They face difficulty in concentrating and maintaining focus to stay on the task.

They are easily distracted by advertisements, audio or video noises when they visit
websites.

They have issues with working memory so words fall out of their heads very literally.
Remembering multiple instructions is very difficult for them.

They struggle to meet deadlines.

They need longer to read so fast moving text on websites is also problematic for these
people.

The symptoms also vary for different age groups. Preschool signs may include late speaking,

slow learning of new words, difficulty in remembering rhymes or difficulty in naming or

learning letters etc. School going children signs may include trouble in reading, decoding,

remembering weekdays, months, spellings, sequences or selecting the correct word etc. Young

people may read slowly, mispronounce words, or face trouble in memorizing etc. Dyslexia

affects everyone differently. Not all dyslexic people face all these difficulties. The symptoms

may vary from person to person. Some people have mild symptoms while some have severe [7].

Another fact is that people are born with it and struggle with it not just in childhood but

throughout their lives [7]. If it is diagnosed early it can be treated early. However, many people

are not diagnosed until they become adults, therefore, it is also known as a hidden disability.
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2.2.1 Genius Dyslexic People

Dyslexic people are often intelligent, creative thinkers and extraordinary gifted in certain areas
[16]. Thomas Edison, Albert Einstein, Henry Ford, Tom Cruise, Steve Jobs, Muhammad Ali and
many other famous and extremely talented people are also dyslexic [15]. Muhammad Ali said
that his teachers were not aware of dyslexia so they labeled him as slow, stupid, lazy etc. No
doubt dyslexic people can succeed in life but the main obstacle for them is that they lose
confidence when people label them as slow or stupid. They became demotivated, stressed and
gave up due to bad behavior of society as nobody understands them. Initially, the motivation and
guidance from teachers and parents at school level is vital for these people. Additionally, in order
to help dyslexic people, developer can also play an important role to make their life easier by

making more and more dyslexia friendly websites, apps, tools and technologies.
2.3 Assistive Technologies

There are numerous hardware devices and software applications that can assist dyslexic people
by making their life easier and better [17]. By using these technologies people of all ages can
perform their tasks easily. These technologies can effectively improve their confidence in

reading, writing and understanding of content.

Some of the technologies that make writing process easier are:

= Spell checker
=  Grammar checker
=  Word prediction

= Speech to text converter

Some of the technologies that make reading process easier are:

= Screen Readers (Software that convert text to speech)
= Screen Magnifiers

= Highlighters (Highlight Text while reading)

= Colour Overlays

= Handheld Devices (i.e. Hand reading pens)
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=  Plugins

=  Extensions

Many such tools are available that overcome the challenges faced by dyslexic people in everyday
life such as in education and while using computers. Some examples of technologies that can be

used while interacting with computers are:

= Read Aloud: Text to Speech Reader

= Pen Friend XL: Predicts the next word user want to type.

= Claro Screen Ruler Suite: Highlight part of screen, change color contrast.

= Help me read: It is a chrome extension. It allows users to change various features of a
Web page. It can also enlarge one word at a time. This feature maintains the focus on
each single word, thus overcoming the difficulty of losing focus.

= Some other helpful technologies are Text help, Kurzweil, Dragon, Zoom Reader,

Learning Ally, Speak It and Read2Go.
2.4 Existing Web Accessibility Standards

The widely used web accessibility standards are discussed below.
2.4.1 WCAG

The Web Accessibility Initiative (WAI) by World Wide Web Consortium (W3C) [2] creates
international Web standards for HTML, CSS, XML and many more to promote accessibility.
W3C standards provide accessibility guidelines, technical specifications, strategies and
supporting material that describe solutions to developers so that they can understand and
implement accessibility. These standards are widely accepted and adopted web accessibility
standards. W3C has issued the Web Content Accessibility Guidelines 2.0 (WCAG 2.0) [3] with
the goal of providing knowledge to make web accessible so that it addresses the needs of all
people along with people with various disabilities. According to WCAG, web content refers to
the information contained on a web page that includes text, pictures, sounds, videos, forms, code
or markup describing structure and presentation etc. WCAG 2.0 has already been adopted and
referenced by many organizations and governments around the world. The WCAG 2.0 [3] is the

most adopted set of guidelines. It covers a wide range of recommendations.
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2.4.1.1 WCAG Brief History

Accessibility Guidelines Working Group (AGWG) of W3C has developed WCAG guidelines.
AGWG s issuing guidelines since 1999 and its version evolves with time. This series of
guidelines that continues to evolve periodically and its first version WCAG 1.0 was released in
1999. WCAG 2.0 is the most adapted version that was issued in 2008 (later became 1SO standard
named ISO/IEC 40500 in 2012). Later WCAG 2.1 was released in 2018 then WCAG 2.2 in 2021
and currently working on WCAG 3.0 (formally named as Silver) that is not published yet but it
will be published soon in future. WCAG 1.0 was outdated because it had many limitations such
as it was technology dependent and HTML focused. As technology is rapidly evolving, so to
address new issues, WCAG 2.0 has proposed a new guideline approach that is more accurate,
more easy, not technology specific and works well with emerging technologies such as CSS,
Java Script, PDF, HTML, XML, XHTML. Guidelines are written in technology neutral language
so they are applicable for numerous technologies including web browsers, websites, mobiles
phones, tablets, laptops, desktops, applications, tools, plugins, assistive technologies, media

players, e-books etc.

The WCAG guidelines are organized under four major principles. Every principle further
contains various guidelines along with advisory techniques and the evaluation criteria for each
guideline based on three defined conformance levels. Over many years, guidelines about
accessibility exist in form of checklists along with hyperlinks that provide further detailed

explanations, examples and testable criteria.

2.4.1.2 WCAG Principles

WCAG principles make it easy for developers to understand that which recommendation
influences which part of web and also assist developer to find relevant guidelines. Four principle
of WCAG are:

= Perceivable: Present web content in different ways that are easy to perceive by all
people. Content should also work well with assistive technologies without changing
original meaning. Providing image text alternatives allows user agents such as screen
reader to read images for people who cannot see. Also provide all audio or video content

in written form so that people who cannot hear can read it.
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= Operable: This principle focus on providing an easy way to perform required task such
as giving support to people to complete task via keyboard, provide enough time to read,
provide easy navigation that help to interact with interface and browse web content
easily. For instance, offer multiple ways to find material because some users prefer search

functionality while others rely on hierarchical navigation.

* Understandable: Web information should be easy to understand. Provide input

assistance, readable text and avoid unusual or complex words.

= Robust: This principle focus on making web compatible with other tools. The web
content should be interpreted reliably by wvarious user agents such as assistive

technologies.

2.4.1.3 WCAG Conformance Levels:

Success criteria are defined using three testable conformance levels where single A is the lowest
level while triple A is the highest level. These levels are prioritized according to the importance

of the requirement. Each guideline can be evaluated using these levels:

= A:ltis priority 1 level checkpoint that must be satisfied by developers. It provides basic

accessibility level and it seriously affects the people with disabilities.

= AA: Itis priority 2 level checkpoint that should be satisfied by developers. It provides

intermediate accessibility level that ensures desirable accessibility.

= AAA: Itis priority 3 level checkpoint that may be satisfied by developer. It provides high

accessibility level that ensures full accessibility.

These criteria help to identify required conformance levels to reach the goal of accessibility.
Each conformance level indicates an increasing accessibility level. For a website or webpage
higher level conformance indicates that lower level has also achieved conformance. For example

conformance to level AA indicates that both the level A and AA conformance have met.

2.4.1.4 WCAG is created for whom

WCAG and other WAL resources are created primarily to assist:
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=  Web developers, page writers, designers, etc.
= Tool developers including Web authoring tools, accessibility evaluation tools etc.
= Other who need a standard either for mobile or web accessibility including various

organizations, managers, and policy makers of countries laws etc.

Wa3C has issued several other guidelines as well because different components work together in
the web so for making it accessible different web technologies are needed to become accessible

on which web depends such as web browsers, user agents, authoring tools and websites etc.

2.4.1.5 Other guidelines by W3C
Some other guidelines proposed by W3C are:

= Authoring Tool Accessibility Guidelines (ATAG)
= User Agent Accessibility Guidelines (UAAG)

ATAG guidelines can enhance authoring tools while UGAG guidelines can enhance various user

agents such as text to speech software.

2.4.2 Others Countries Accessibility Laws and Standards

Web accessibility has gained significant attention and has attracted many governments and
researchers across the world. Many nations have developed standards, laws and policies for
providing digital accessibility. Laws were put into place because many businesses do not
prioritize accessibility. Therefore, these laws safeguard the rights of disable people on the

internet and violation of laws could lead to lawsuit.

WCAG guidelines are widely adopted around the world including some local web accessibility

legislation and policies:

= Americans with Disabilities Act (ADA)

= Australian Disability Discrimination Act (DDA)

= Accessibility for Ontarians with Disabilities Act (AODA)

= UK Public Sector Bodies (Websites and Mobile Applications)

Some other countries and regions that have released their own accessibility guidelines include:
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= USA: Section 508

= UK: British Standard 8878 (BS 8878)

= (Canada: Common look and feel (CLF)

=  Spain: Norma UNE 139803

=  Sweden: Swedish National Guidelines for Public Sector Websites (2006).
= Jtaly: Stanca Act4 (Italian accessibility guidelines)

However, some organizations or companies have also developed accessibility guidelines such as:

= IBM Web Accessibility Checklist (IBM 2017)
= BBC (2018) issued their own guidelines and many of them are inspired by W3C

guidelines.

2.4.2.1 Americans with Disabilities Act (ADA) and Section 508 Standards

The ADA protects the rights of people with disabilities in public places, employment, as well as
over the websites. ADA was passed in 1990 in US and applicable to websites since 2003. Section
508 of US set of regulations state to pride access to electronic information related to federal
government agencies. According to the ADA Title I, websites must be accessible and
acknowledge WCAG as a standard. ADA Title 111 web accessibility lawsuits are increasing [61].
Many companies have received ADA lawsuits due to providing inaccessible services. Sometimes
same company received multiple lawsuits for providing inaccessible website or mobile apps by
different peoples regardless of the fact that how many times the company has settled the issue.
Therefore, the best way of defending lawsuits is to work on accessibility. Several tools have also
been developed to evaluate the accessibility of websites against different standards. Most of the
existing tools focus on detecting errors based on WCAG guidelines.

2.5 Related Research Work

Al Wabil [18] has presented an exploratory study to investigate how dyslexic people experience
while surfing the Web. He conducted semi-structured interviews of 10 dyslexic people to know
their difficulties while browsing, navigating and searching. The interview of single person was
completed in 50 to 60 minutes. During the interview, sample website slides were displayed on

projector to provide illustrative navigation approaches for further discussion. Navigation patterns
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while navigating within a website were discussed. Use of search box, site maps, site index,
navigation menus, back and forward buttons was examined in this study. Participants shared the
thought that they get frustrated with complex navigation structures. The authors conclude that
they interviewed a fairly small number of people but the analysis indicated the existence of
navigation problems. This paper has reported only the participant’s behavior, problems and
preferences while navigating the Web without providing clear guide to remove these barriers.
This paper has highlighted that Web has many navigation problems for dyslexic people and
developers and designers need to think more widely than their assumed Web audience.

Luz Rello and Ricardo Baeza Yates [19] have conducted an experimental study by using eye
tracker to evaluate how the font types can impact the reading performance. They tested 12
different fonts on 48 dyslexic people to discover the best fonts. The most popular and common
fonts were selected for the study. These fonts include: Arial, Courier, Arial Italics, Helvetica,
Computer Modern Unicode, Myriad, Garamond, Open Dyslexic, Times, Open Dyslexic Italics,
Verdana and Times Italic. Twelve different text paragraphs were used and each paragraph has
same number of words (60 words). The length of word is also nearly same and same layout was
used for all text paragraphs: left justified, font size 14 points, black text on white background etc.
Eye tracking and reading was recorded when participants read these twelve different texts with
different fonts. The reading time and fixation duration was examined. The study concluded the
font type effect of readability of dyslexic people. Best fonts that improve reading speed of
dyslexic people are suggested as Helvetica, Arial, Courier, Computer Modern Unicode and
Verdana while italics should be avoided because they decrease the readability. This study has

presented a set of accessible fonts for dyslexia people.

Gregor and Newell [20] examined 12 computer literate dyslexic people to check how different
typeface, font sizes, background and foreground colors, spacing between characters, spacing
between words, spacing between lines, column widths can improve the readability of documents
created using "MS Word". Questionnaires, interviews as well as think aloud techniques were
used to gather data for evaluation. The participants were asked to use MS Word software and
were allowed to change default settings as they found it easier to read. Everyone has done
settings which were better for them and make reading process easier than the default settings.

Extremely varied screen layouts were developed to use by these people and this act has
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highlighted that everyone has their own preference. Participants have selected their favorite
colors combination while some reported that their own color settings make reading better for
them. Mostly, participants picked Sans Serif Arial typeface and they agreed that it is best due to
its simplicity and clarity. This font was preferred over complicated or flowery fonts. Most of the
participants agree that using bold will decrease readability because it makes letters more
compacted together. Most participants choose font size larger than 12 points and prefer increased
spacing between lines, words and characters. It was also observed that they tend to read two
words in combination if too small spacing was used. The study also found out that some people
are unaware of how some simple changes can dramatically improve their reading speed.
Furthermore, according to preferences, he developed a prototype of text reader having easy to
configure interface that allows users to alter some variables. The evaluation results showed that
participants are highly satisfied. The results of this study were included by Peter Gregor and
Anna Dickinson in "SeeWord" tool that provides word processing environment [21]. The
findings also revealed that users changed the document features in highly individualized ways
when asked to change settings according to their preferences, showing the lack of a consistent
"dyslexic" profile [21]. Later on, Dickinson et al. investigated "SeeWord" tool with six
participants and results showed that reading comfort and accuracy has improved using this tool
[22].

Kurniawan and Conroy [23] performed an experimental study with 27 dyslexic university
students to investigate online reading performance with different color schemes and
complexities. They observed the effect of comprehension complexity level and colors on reading
speed and accuracy. The participants were asked to read five online articles having varied
complexity levels. To check their understanding level, they have to give answers to questions
related to comprehension. Participants made more mistakes as the reading material became
complex. This study has found that for complex articles the participants’ understanding was
poorer because participants gave wrong answers to questions. However, by using color overlays,
the dyslexic people don’t read slowly when the articles are presented using their preferred color
scheme. They also agreed with the idea that every individual choice is different. This study
further explored that technical aids such as screen readers and color overlays are also used by

these people but these tools cannot overcome comprehension difficulties.
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Santana et al. [24] developed an extension named "Firefixia" for Mozilla Firefox. This extension
was developed to overcome the difficulties of dyslexic people. Customization settings allow
changing the text color, background color, font size, font type, column width, line spacing, letter
spacing etc. Four dyslexic users evaluated "Firefixia" in detail on a website and they appreciate
customization. This work explored that Web browser customization toolbar has improved the
Web accessibility because they allow users to customize the web page presentation according to
their preferences. Participants have also provided feedback via questionnaires. They agree that
customization features are helpful, easy to use, easy to access and explore. They further reported
that color, text size and alignment are the most useful features. The toolbar succeeded in
achieving its objectives by pointing a new and interesting direction of website end user

customization.

O Brien et al. [25] measured reading speeds of dyslexia and non-dyslexic children (age 6-10
years) using 12 different font sizes with different age groups. They demonstrated how dyslexic
people read fits the same curve as skilled read, with stable reading rates for large font sizes and a
sharp decrease in reading rates below a critical font size. This study has shown the
developmental change of preferred font size with age. The results has shown the critical print
size reduction with age. This study suggested that younger children need larger critical font size

to optimize their reading performance.

Zorzi et al. [26] performed an experiment with 74 dyslexic children (40 French and 34 Italian,
aged 8-14) to find a way that could allow them to read more words in lesser time because reading
is one of the main problem. These children were asked to read texts presented on paper with
normal letter spacing and extra broad letter spacing (a 2.5 pt. increase in the standard letter
spacing using Times font with size 14 points). The findings conclude that texts represented with
greater letter spacing lead to improve reading accuracy and speed. Dyslexic people are affected

by crowding therefore extra-large spacing helps them to clearly read the material with ease.

Rello et al. [27] conducted user study by involving 23 dyslexic people. Interviews and
questionnaire were used to gather qualitative data while quantitative data was collected using eye
tracker that was used to carry different tests. By analyzing both types of data, this study has

presented set of dyslexia friendly guidelines to make web text more readable. Most favorite color
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scheme chosen by participants was yellow/black combination while eye tracker data showed that
it was hardest to read. To improve Web accessibility, the authors have presented guidelines
related to font color, background color, font size, font type, line spacing, paragraph spacing,
character spacing and column width. Later on, the results of this study were used to build two
tools that allow text modification. The Web service Text4All [28] developed for websites and the
Android IDEAL dyslexia friendly eBook reader [29] developed for eBooks both has integrated
the results of above study. Using the think aloud procedure with 14 dyslexic people [30], its
usability and functionality were assessed. The participants reported a subjective improvement in

reading and comfort.

Rello et al. [31] later presented another study about text presentation because the way text is
presented has a major impact on readability of dyslexic people. This study used eye tracker to
measure performance of 92 people. This work studied same eight parameters but this time 46
participants were dyslexic and 46 participants were non dyslexic. This study has found that for
both types of participants, large text size and large character spacing leads towards faster
reading. This study finally concludes that there are so many other factors as well that affect
readability. The suggested approach has covered only text presentation guidelines and ignored

the content related guidelines.

McCarthy and Swierenga [32] reviewed the existing literature knowledge regarding intersection
of dyslexia and web accessibility generated until 2010. They found that in comparison to studies
about other groups with special needs, few literature studies covers dyslexia and accessibility.
The majority of accessibility initiatives are focused on serving users who are blind or visually
impaired or quiet to a lesser extent focusing on people who have cognitive disabilities. The
existing work placed dyslexia in the background of other disabilities which hides particular
needs of dyslexia people while interacting with the Web. The authors share that some dyslexic
accessible practices overlap with low vision or cognitive impairments. The study uncovered that
numerous guidelines are available for dyslexia friendly interfaces, however, only few studies
exists that have conducted usability testing. By reviewing existing guidelines, it is argued that
dyslexia friendly accessibility practices redress the difficulties faced by every internet user. This
study summarize that great work has been done to research dyslexia as well as Web accessibility,

however studies that address both these topics simultaneously are scarce. The study also tells that
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many dyslexic people use screen readers so efforts are needed make websites that optimally
work with screen readers even if the target audience of screen readers is widely assumed to be
blind people [33]. This study mainly presented the indicators, without objectively showing how
to apply guidelines for eliminating the existing barriers. As the websites are continuously

avoiding dyslexic accessible guidelines therefore this topics needs further attention.

Santana et al. [34] conducted a survey and compiled 41 Web accessibility guidelines for different
stakeholders involved in making websites so that these guidelines can help them in making Web
an accessible place for dyslexics. They also identified that dyslexia is not widely understood
therefore it is often not included in Web accessibility studies. To remove existing barriers they
have presented guidelines for content producers, developers and designers. These 41 guidelines
belong to nine groups: navigation, colors, text presentation, writing, layout, image / charts,
customization by end users, markup, video and audio. This study has only suggested guidelines

without conducting any user study to evaluate the accessibility.

Luis et al. [35] have developed chrome browser extension named "WebHelpDyslexia" to assist
dyslexic people of the Web. The implemented features of extension were based on results of
previous extensive empirical studies. This extension make it easier to read web content by
allowing user to change many layout features such as font type, font size, foreground &
background color, paragraph spacing, alignment, remove italics & underlines. It also allows
users to search synonyms, highlight text and provide fading option to help them concentrate on
specific parts using screen ruler. They suggested such tools that allow customization can have

significant impact to make Web more accessible.

Rello et al. [36] conducted empirical study with 62 people (31 dyslexic people) using eye tracker
study to explore the effect of highlighting key words and main ideas using boldface. They found
that highlighting main ideas and key words have improved the comprehension and readability.
This practice is especially used by teachers to teach these people. The participant’s preferences
were gathered via questionnaires. Based on direct observations and quantitative analysis, it is

recommended by authors to use this approach while presenting text material on computer screen.

Freire et al. [37] conducted an empirical study using a think-aloud protocol with 13 dyslexic

participants on 16 websites. The study found 693 usability and accessibility problems and most
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frequent problems were related to information presentation (illogical information ordering,
irrelevant information), navigation, mal functioning (search, autocomplete), content (captchas,
abbreviations) and language issues. This research has only identified the problems without

recommending any approach towards solution.

Rello and Barbosa [38] analyzed different tools used by dyslexic people to check whether they
are benificial or not. They analyzed Kindle, Firefixia, iBooks, SeeWord, Text4All and IDEAL
eBook Reader. The main features provided by these tools were summarized. These tools allows
to change font size, font type, colors, brightness, letter spacing, line spacing, word spacing,
paragraph spacing, synonyms, column width and provide text to speech facility. They further

found that none of these tools provide the features altogether that are of great use for dyslexics.

Katja Kous and Gregor [39] have empirically investigated the response of 6 dyslexic people to a
customized website. Questionnaires, interviews, thinking aloud protocol, and usability testing
technique were used to record feedback. The website customization was enabled with the help of
integrated assistive technology that offers to adjust website according to their individual
preferences and needs. This customization feature allows changing only three main parameters
that are font type, font size and color (text and background) and ignored all other parameters
such as spacing, layout etc. The results of this empirical work showed that customization

improve accessibility in terms of satisfaction and performance as compared to default website.

Rello and Bigham [40] have analyzed the impact of background colors on readability of dyslexic
and non-dyslexic people. 341 participants (89 dyslexic participants) were involved in study and
with evidence this study has proved that selecting certain colors can enhance readability. Mouse
movements (distance moved by mouse) and reading time was recorded to measure readability.
10 different background colors were tested with black font color. Results have proved that for
both type of participants, warm background colors such as peach, yellow and orange have
significantly enhanced readability while cool background colors like blue, green and blue grey

have decreased readability.

Renaud et al. [41] presented the password related difficulties faced by dyslexic people. Later on,
Renaud et al. [42] analyzed struggles of 13 dyslexic people with alphanumeric authentication

methodologies. This work has collected empirical data via interviews. Passwords are often
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essentially required to be alphanumeric and with passwords dyslexics experience many
difficulties, therefore, the main contribution of this study is to highlight with evidence that
passwords are inaccessible as authentication methodology. This work has not proposed any

alternative solution.

Berget et al. [43] analyzed the impact of autocomplete function while searching information
from Google search engine. Due to spelling mistakes, dyslexic people often choose to complete
the search query using autocomplete options and they found it an interesting searching behavior
because spellings should be correct for effective search results. 40 participants (20 dyslexic
participants) were observed using eye tracker and results showed that although auto complete
function is very helpful and reduced the searching struggles however, for some misspellings they
have to suffer. Therefore, more extensive autocomplete is needed that may tolerate more errors
and further improve performance in certain queries. Such technology may also be used in
keywords that employ possible spellings sequences that dyslexic people may type. Wessel et al.
[44] identified from interviews (31 dyslexic people and 71 non-dyslexic) and literature work that
within site search function needs modifications such as autocomplete, compensating spelling

errors to improve accessibility.

Miniukovich et al. [45] presented 61 readability guidelines in series of workshops with dyslexic
users and experts. These guidelines have just focused on readability guidelines such as text
simplicity (avoid italics, underlines, abbreviations etc.), navigation, functionality (internal
website search, site map etc.), visual appearance (font size, font type, spacing, contrast etc.).
These guidelines have ignored guidelines to making screen reader friendly websites. Also, no
clear approach is given to developers to make accessible website. In another research,

Miniukovich et al. [46] presented 39 text presentation related readability guidelines.

The accessibility and usability of e-government websites have been evaluated in several nations.
Many researches have put efforts and used different methods for evaluation. Some researchers
conducted studies on both usability and accessibility, while others concentrated solely on one of
them. Some have used manual testing mechanism by experts, some have conducted interview to
know about user preferences while some have evaluated using automated tools. Several nations
including China [46] [47], India [48], Saudi Arabia [49] [50], Pakistan [51] Libya [52] and many
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others have evaluated the accessibility, usability or both for government websites or against
WCAG and mostly researchers have found that the majority of websites exhibits significant
problems and they did not even meet the minimum levels of WCAG accessibility. Azwa et al.
[53] analyzed Malaysian news website and results also found out many accessibility problems.
Carlos et.al [54] have evaluated top 15 university websites home pages of three countries
separately including Chile, Mexico and Spain using automated tools that evaluate against

WCAG 2.0. Just like previous studies results showed existence of many accessibility problems.

Frazao et al. [55] presented a study after analyzing eight well known Chrome's accessibility
plugin extensions that are widely and freely used by developers through Web Store. These
automated tools include: WAVE, aXe Plug-in, Microsoft Accessibility Insights, Tenon, ARC
Toolkit, ACCESS Assistant Community, Total Validator and Lighthouse. These tools were
compared according to the features set and evaluation results produced by top websites
homepages. This study reveals that individual tools have limited feature set coverage and
therefore this study suggested that developers are required not to rely on single tool to overcome
its limitations use of multiple tools is recommended [55]. Abascal et al. [56] also reported that
for better results aggregate the results produced by different tools but Abascal et al. [56]
additionally reported that analyzing, summarizing and aggregating results from different tools is
a difficult task.

Freire et al. [57] asserted that web accessibility is highly considered as the responsibility of
developers and designers because they provide standards, guidelines, tools and develop systems,
websites, apps etc. This study observed a gap among developers and accessibility standards due
to which website remains inaccessible. Further accessibility issues identified include lack of
developer technical knowledge about accessibility standards, lack of accessibility awareness,
lack of training or understanding, lack of time and also developers also ignore accessibility

because is not demanded as a feature or requirement by customers in web development projects.

Now turning back to research about dyslexia, BDA (British Dyslexia association) [58] is an
organization that has suggested 32 guidelines for developers, publishers, teachers, businesses,
content writers etc. to create dyslexia friendly digital and printed content. These guidelines are

about readable fonts, headings, colors, layout and content writing style.
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There is a common agreement among developers that dyslexia friendly guidelines make the web
accessible, simpler and easier for all users [23] [27]. It is also widely pointed out that use of
complicated content is one of the significant problems that dyslexic users encounter while using
internet [27]. Some accessibility guidelines for blind or low vision people overlap with
guidelines for dyslexic people [59]. Dyslexia friendly accessibility guidelines also help elderly
people (whose abilities have declined due to age) and low literacy people [60] [27]. Even if the
target audience of screen readers is blind or visually impaired people, many dyslexic people also
use screen readers for assistance, so screen reader friendly guidelines can also be used to

improve websites to support dyslexic people.

Bulk of dyslexia related research sources focused on educational, neurological and development
skills [32]. The work done on accessibility of dyslexic people is scarce when compared with
other users groups such as blind, cognitive impairments etc. [32]. Existing researches have
mostly involved limited dyslexic users and provide results about some website elements based
on preferences of involved users. Researches about web accessibility for dyslexic people are
scarce and there are shortcomings in existing work. Therefore, our work will narrow down all
the core set of guidelines and an easy to implement approach that can assist developers to
improve website accessibility for dyslexic people. A brief summary of some of the work done on

the accessibility of dyslexics so far is also summarized in Table 2.1.

Table 2.1: Summary of Work Done on Accessibilty of Dyslexics

S.No | Researcher Methodology Studied Findings & Remarks

1. Al Wabil [18] | Semi-structured Navigation Problems No solution proposed.

interviews (10 dyslexics)

2. Luz Rello Eye Tracker (48 Tested 12 Fonts Avoid Italics. Suggested fonts
[19] dyslexics) are Arial, Verdana, Courier.
3. George [20] Questionnaire, MS Word (typeface, font User preferences vary. Preferred
Interview, Think aloud size, color, spacing) font : Sans Serif Arial. Preferred
Protocol (10 dyslexics) Size: 12 or more. Provide

enough spacing.
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4, Kurniawan Observation (27 Tested comprehension Poor understanding of complex
[23] dyslexics) complexity effects on 5 articles. Individual color
online articles & color preferences. Screen readers are
schemes. used by dyslexics.

5. Santana [24] | Interview, Observations | Developed and Tested Allowed customization (Color,
Questionnaire Mozilla Firefox ToolBar Spacings, Fontface, Font size).

“Firefixia” Customization improves
satisfaction.

6. Rello [36] Questionnaires, Impact of Highlighting It will improve comprehension
Observations, Eye keywords and main ideas. understanding.
tracker (31 dyslexic)

7. Babrosa [38] | Observation and Analyzed 7 tools: Kindle, Tools allow customization but no
Interview Firefixia, iBooks, single tool contains all the

SeeWord, Text4all, Ideal features.
eBook reader.

8. Renaud [41] Interview Password related Not proposed any alternative

difficulties. solution.

9. Berget [43] Eye Tracker (20 dyslexic | Using Autocomplete Suffer due to wrong spellings.
people) option while searching Need of more extensive

query from Google. autocomplete.

10. Bigham [40] | Reading Time was Impact of background Preferred : peach, yellow and
recorded. Tested 10 colors on readability. orange. Not preferred: blue,
background colors with green and blue grey.
black font. (89 dyslexics)

11. BDA (British | None Proposed Writing Style These guidelines are for digital

Dyslexia Related Guidelines. and printed content. BDA

Association)
[58]

guidelines are for developers,
publishers, teachers, businesses,

content writers etc.
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2.6 Current State of Website Accessibility

Some latest statistical reports describing the state of website accessibility are discussed in this

section.
2.6.1 Website accessibility litigation under ADA Title 111

Since 2013, the number of ADA lawsuits brought out each year has been monitored by the law
firm "Seyfarth Shaw" [61]. The results illustrate that ADA Title 111 website accessibility lawsuits
are increasing every year. From year 2017 to 2021, the total number of lawsuit filings per year

and the percentage increase when compared with previous year are shown in Figure 2.1.
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Figure 2.1: ADA Title 111 Website Accessibility Lawsuits from 2017 to 2021[61]

The total number of website accessibility lawsuits filings reported in federal court was 2895 in
2021. While in year 2020, reported lawsuits filings were 2523, which means in year 2021it has
increased by 372 more filings. The lawsuits filings in 2021 have increased by 14% from 2020. It
clearly explains that the situation is becoming serious and needs to be addressed.

2.6.2 Accessibility Research Report of 10,000,000 web pages by **AccessiBe""

"AccessiBe" is a web accessibility problem solving technological company that uses Al
(Artificial Intelligence) techniques. It has trained their Al engines by fully scanning thousands of
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websites. Using Al engines, it has scanned and remediated 154,408 small and large businesses
websites until now. A report is published by "accessiBe" after analyzing thousands of websites
including remediated clients websites and others as well [62]. 85 percent of selected websites
were hosted in US and Canada while 15 percent websites were hosted in Asia and Europe. 65
percent of selected websites belongs to top level domains (such as .com, .org, .net etc.) while
others belong to next levels. The published report has break down the failure compliance
percentages of important elements according to WCAG 2.1 AA. The research results collected
after scanning and analyzing 10,000,000 web pages are concluded in Figure 2.2.
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Figure 2.2: Percentage of failed elements against WCAG 2.1 AA compliance [62]

The percentage of all pages that did not adhere to the WCAG accessibility rules for menus,
images, pop-ups, forms, and other elements are displayed using vertical bars. Figure 2.2 is
explaining the bitter truth about the bad shape of websites accessibility. Menus of 98% of the
websites have failed to meet the compliance level. 52% image, 89% popups, 71% forms have
failed in accessibility and so on. One chief executive officer of "accessiBe" has said that
manually achieving accessibility will be extremely difficult so he recommend using their Al
based services that automatically make websites accessible by detecting and removing
accessibility issues.
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2.6.3 The Million Accessibility Report 2022 by ""WebAIM"™

"WebAIM" (Web Accessibility in Mind) is an institute that is providing accessibility solutions,
policies, practices, tools and technical skills since 1999 to empower organizations to make
accessible content. The Million report published by "WebAIM" in 2022 has analyzed and
presented the accessibility status of top 1,000,000 home pages [61] [63]. Results from February

2022 are shown below in Figure 2.3.
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Figure 2.3: Percentage of Failed Home Page Elements [63]

Almost 84% homepages have color contrast issues and 55% have missing alt text from images.
Other common issues highlighted in this work include empty links, empty buttons, missing form
labels and missing document language. The WAVE accessibility tool was used to carry out the
evaluation. WAVE tool detects WCAG failures. WCAG 2.0 deficiencies were found on 96.8%
of website’s home pages [63].

Consecutively from four years, "WebAIM" is evaluating the accessibility of the top 1,000,000
websites home pages. The findings provide a summary of the situation regarding current website
accessibility as well as trends over time. Percentages of failed home page common elements
from 2019 to 2022 are illustrated in Table 2.1.

30



Table 2.2: Percentage of Failed Home page elements from 2019 to 2022[63]

% of home

% of home % of home % of home

WCAG Failure Type pages in pages in pages in pagesin

2022 2021 2020 2019
Low contrast text 83.9% 86.4% 86.3% 85.3%
Missing alternative | o 4o, 60.6% 66.0% 68.0%
text for images
Empty links 50.1% 51.3% 59.9% 58.1%
Missing form input | 45 144 54.4% 53.8% 52.8%
labels
Empty buttons 27.2% 26.9% 28.7% 25.0%
Missing document |, o, 28.9% 28.0% 33.1%

language

to "worst".

2.6.3.1 Technologies

kinds of problems would significantly increase web accessibility.

2022 analysis very slight improvements in accessibility and WCAG conformance were found.

Table 2.3: CMS, No. of Home Pages and Average number of Errors [63]

CMS # of home pages Avg. # of errors
Squarespace 6,438 19.2
Wix 7,066 22.7
Drupal 26,393 43.3
Typo3 5,173 47.0
Joomla 8,885 47.9
WordPress 305,429 53.7
Rocket 25,029 54.1
Elementor 42,708 54.3
Blogger 7,446 120.0

96.5% of all the detected errors belong to one of these six categories. For past four years, these

six most common mistakes have remained the same. Hence, just by fixing a couple of these

There is still a lot of work to be done to make the web accessible to all users, although in the

On the one million home pages, over 1,200 different types of web technology were found [63].
Almost 1,200 different web technologies were found in these one million pages. Table 2.2

presents the list of popular technologies seen in more than 5,000 home pages, ranked from "best"
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From results it is clear that using technologies does not confirm to accessibility and there is a
diversity of impact of CMS (Content Management System). CMS choice is significant as the
impact of every technology is different for example home pages using "Blogger" had six times
more problems as those using "Squarespace".

2.6.4 Screen Reader Survey 2021 by ""WebAim"

In 2021 May-June, "WebAIM" surveyed 1568 screen reader users to know their preferences
[64]. To represents global screen reader users, the involved participants belong to America,
Europe, Asia, Australia and Africa (Middle East). Among these participants 92% people use
screen readers due to some disability while 8% users do not have any disability. Most of the
participants are blind, visually-impaired/ low vision, hard of hearing or have cognitive or motor

disabilities. Some relevant statistics from this survey are shared below.

2.6.4.1 Mobile App or Website
Figure represents the percentage of responses against question "Which would you prefer to use

among a mobile app and a website, to carry out basic online tasks like shopping or banking?"

@ Mobile App
@ V/eb site

Figure 2.4: Mobile App or Website [64]

For performing common online tasks, slightly more respondents indicated that they use a mobile

app than a website.

2.6.4.2 Progress of Web Accessibility

Figure 2.5 represent the percentage of responses against question "Which option best describes

your feelings about how accessible web information has become over the past year?"
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@ More Accessible
@ No Change
@ Less Accessible

Figure 2.5: Web Accessibility Progress [64]

Perception of the state of web accessibility has generally not changed in recent years.
Respondents without disabilities are more likely to feel positive about recent accessibility

progress

2.6.4.3 ""Skip™ Links

Figure 2.6 represent the percentage of responses against question "How frequently do you use a

web page's "skip to main content” or "skip navigation™ links?"

@ Always

® Often

@ Sometimes
@ Seldom

@ Never

Figure 2.6: Skip Links [64]

"Skip™ links are not often used by screen reader users. Despite varied usage among screen reader

users, it's crucial to remember that "skip" links offer clear advantages for sighted keyboard users.

2.6.4.4 Heading Levels

Figure 2.7 represent the percentage of responses against question "How much helpful the
heading levels (e.g. Heading 1, Heading 2 etc.) are to you while navigating a web page?"
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Not very useful

@ Not at all useful

@ | don't know

Figure 2.7: Heading Levels [64]

85.7% of respondents believe heading levels to be very useful or somewhat useful, the

convenience of appropriate heading structures is fairly high.

2.6.4.5 Finding Information

Figure 2.8 represents the percentage of responses against question "Which of the following

method you mostly use when looking for information on a lengthy web page?"

@ Navigate Headings
@ Read the page

@ Use "Find"

@ Navigate Links

@ Navigate
Landmarks/Regions

A%

Figure 2.8: Finding Information [64]

The predominant technique for finding information is still through the headings. This method is

very common among proficient screen reader users.
2.6.5 Increasing Demands of Web Accessibility Experts

In an American Newspaper named "The Wall Street Journal”, a published article has indicated
that many companies are searching for skillful professionals having accessibility expertise [65].
LinkedIn said that the number of job listings with the title "accessibility" between August 2020
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and July 2021were about 12,000. This listing has increased 78% in 2021 when compared with
previous year according to LinkedIn. From August 2019 to July 2020, this listing has increased
38% according to professional networking website of Microsoft corporation. "Zip Recruiter" is
an American based employment website for job seekers listed that on 27 January 2022 there

were about 45,000 positions mentioning "web accessibility".

Accessibility specialist jobs are increasing rapidly because companies struggle to make their
products or services more accessible. The need of jobs in the field of accessibility will continue

to rise. This need is being driven by various factors:

= Accessibility is legally required and the legal risk has increased. Lawsuits in US, due to
digital (websites, apps, videos etc.) inaccessibility are increasing continuously as shown
by "Seyfarth" recent data [61]. Digital lawsuits have significantly increased awareness of
the need to ensure that everyone should be given equal right to use any digital product.
Due to increasing lawsuits the job demand for web accessibility experts has also
increased because the companies don’t want to face legal issues or became prominent for
providing inaccessible services to people with disabilities such as Domino pizza lawsuit
was highlighted for providing inaccessible website where a blind person could not
successfully complete his order so he bring the case to court and the case is finally
resolved after six years [66].

= "WebAIM" Million Report 2022 has exposed that home pages of top websites did not
confirm to accessibility guidelines [63].

= Covid-19 pandemic has also raised the need because disable people also become fully
dependent on digital tools but found them inaccessible. Covid-19 has made people aware

about the importance and need of digital accessibility [67].
2.7 Findings and Discussion

Efforts have been made in the literature to research about the preferences of dyslexic people as
well as about the Web accessibility. However, there are not many researches that address both
these concepts simultaneously. In existing studies, guidelines are mainly collected via user
testing methods that include observations, questionnaires, interviews or think aloud protocol.

These studies are evaluated by a sample of limited number of representative dyslexic people.
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Results of user’s studies may varied because there is no single profile of dyslexic people and
results may be confusing or unreliable if the selected sample does not accurately reflects the
needs of target users as dyslexia symptoms vary from person to person. Every person have their
own preference about colors, font style and other elements so instead of suggesting a specific
color or font just by analyzing limited set of users, we should select those that are widely adopted
and according to standards such as WCAG. Dyslexia friendly website guidelines can also be
collected by narrowing down existing standards keeping in view the difficulties faced by these

people and assistive tools used by these people.

To remove the barriers to access, some researchers have offered tools that can customize
websites and allows users to do multiple adjustments while some have investigated various
website elements. The study of literature reveals that text presentation greatly impact on
readability and therefore text guidelines (font, spacing, color etc.) are focused by many
researchers in user studies but dyslexia friendly key website guidelines are not properly
documented in existing studies and no practical approach exist that assist the developers in
making accessible websites. Moreover, dyslexics people especially those having severe dyslexia
often used screen readers. Therefore, websites should also be created screen reader friendly

rather than considering it as an option.

Current state of websites reflected in evaluation studies are also sufficient to argue that by
providing access to dyslexic people a matter that need to be focused and in fact it provides access
for everyone. Additionally, the largest source for providing information is web. To address web
accessibility for dyslexic people standard set of guidelines and previous studies guidelines are
available but still most of the websites are inaccessible. Therefore, it is greatly needed to access
and prioritize the major problems so that developers use limited resources during website
development to ensure accessibility.

Major accessibility problems that exist in most of the website include:

= Confusing layout
= Unclear navigation
= Poor colour schemes

= Too much textual data, lack of headings, lists, summary etc.
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= Lack of graphics

= Improper font size and font style

= Use of complicated language

= No support for screen readers (inaccessible forms, missing alt text from images etc.)

= No support for keyboard navigation

Startup developers and others may found WCAG guidelines too complicated, confusing and
detailed thus make adaptation of these as slow and tiring process. Major barriers to accessibility

faced by developers include:

= Lack of awareness about accessibility and its importance

= Lack of knowledge about existing standards (WCAG) and tools

= Lack of training, support about when and how to work on accessibility
= Lack of time, cost, resources

= Not asked as a feature by customers

= Not a legal requirement (in many countries)

= (Considered accessibility as an afterthought

Unfortunately, business owners prioritize marketing, sales, customer services but not
accessibility so it is designers and developers duty to ensure accessibility. Efforts to guarantee
accessibility of websites are not yet growing rapidly despite the fact that many guidelines are
available. From previous researches, it is widely accepted among researchers that web
accessibility is a problem for dyslexic people. Still it is a problem because not enough developers
take proper action. Another important reason for not understanding the difficulties is that
designers and developers are not disabled therefore to understand the difficulties developers
should use assistive tools also to test the websites to get better understating of needs of dyslexic
people. Under these assumptions, we work on a new innovative solution that will give awareness
and proposed actionable approach will motivate developers in a positive manner and will be

beneficial to eliminate or reduce these barriers efficiently.

Moreover, for many people it is hidden disability which means people are dyslexic but remain
undiagnosed. Such people continue to face readability, understandability and concentration

problems and might not know about the availability of assistive tools that allows customization.
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Tools can allow changing few website elements but have some limitations i.e. they cannot
resolve complex website navigation problems and they cannot change the complex written
content etc. Another challenge is to find the right tools according to needs among variety of
tools. Also, single tool may not cater all problems so learning to use multiple tools might also be
difficult or may be unproductive. Therefore, web developers themselves should provide the
desired accessible website features as much as they can such as suitable texts size, color, font,

spacing, simple navigation, simple textual data etc.

It can also be clearly seen from the accessibility evaluation results that using templates and
plugin do not confirm to accessibility. Additionally, the templates or plugins are being used by
website developers who typically have little or might have no knowledge about best
development practices, coding or accessibility. Without considering accessibility, plugins simply
use a system that click the buttons to get what users want as soon as possible. Moreover, using
website templates without accessibility modifications leads towards inaccessibility, therefore,

template also require some alterations related to accessibility best practices.

Furthermore, neither overlays nor assistive technologies can completely ensure accessibility [68].
Many lawsuits list overlays as barriers. Assistive technologies work well when developers follow
all development best practices that aid assistive technologies such as use of alt text for images.
Same is the case with overlays. Some companies suggest automated accessibility solutions for
ADA and WCAG the periodically review the website and do all necessary modifications using
Al (Artificial intelligence) tools. Assistive technology users i.e. screen reader users have
installed their own screen reader and may find it difficult to use the unfamiliar new one offered
by overlays. Also overlays cannot provide semantic headings, descriptive links and alt text etc.
Al alone was not able to read minds to accurately know the intentions of headings, images etc.
Therefore the ultimate solution is that website developers themselves should allow users to
consume website content without any additional assistance and website should continue to

provide accessibility.

What was missing in existing literature was an Al tool based and screen reader testing based
approach. Al is undeniably positively affecting the field of software engineering. Most of the

researchers have analyzed the accessibility problems by involving dyslexic people and get
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feedback from them. There is little previous research on existing Al based accessibility testing
tools and how they can help the developer in making accessible websites. Automated testing is
quite helpful to improve accessibility for example while considering websites, the color schemes
applies not only in foreground and background, but many other places as well such as in buttons,
links, menus, mouse hover etc. So all these elements are required to check for accessible color
combinations as color is one of the feature that majorly impact readability. By using automated
tools we can check all these color combinations whereas existing user studies focused only on
text and background colors. Al tools can speed up the process to build accessible website
because manual process is expensive and time consuming. Furthermore, assistive technologies
will work efficiently only when developers built the website by keeping assistive technologies
such as screen reader guidelines in mind. We hope that this research will influence developers to
improve accessibility.

2.8 Summary

This chapter provides a detailed literature review of the work done on the accessibility for
dyslexic people. Many evidences have showed that the state of website accessibility is not
improving and this issue is becoming serious. This chapter has highlighted the importance of
providing accessible website. So, practitioners must not ignore website accessibility anymore
and need to learn from existing knowledge, standards, tools and facts like past mistakes such as
rising lawsuits. Designers, content writers, developers, testers, managers, accessibility experts,
policy makers, business owners, content management system providers and even all of us
whatever role we are playing in organization must plan a path that includes website accessibility

as an essential process rather than an afterthought.
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Chapter 3

RESEARCH METHODOLOGY

3.1 Overview

In this chapter, existing websites are evaluated for accessibility to have an idea where currently
the websites are standing and to know about the common accessibility issues. The procedure

starts with the selection of websites and selection of automated accessibility evaluation tool.
3.2 Website Dataset

By using results provided by Alexa.com (amazon service), top websites are selected and tested
for accessibility. The selected website set consists of different types of websites including: news,
e-commerce, entertainment, and educational websites etc. According to the criteria, the most
visited websites are selected. However, some websites are skipped because when we have tried
to test them for accessibility, the server has blocked the request and gave “Website Connection
Error” message. These websites were rare that cannot be accessed by web crawlers including

tiktok, linkedin, instagram, amazon and canva. In this chapter, total 37 websites are assessed.
3.3 Accessibility Evaluation Tools

Tools for evaluating accessibility are software programs or online services that help to determine
whether website content complies with accessibility requirements or not. A variety of
accessibility evaluation of tools is available and the complete tool list is present on W3C website.

Table 3.1: Accessibility Evaluation Tools

Accessibility Evaluation Tools

Complete Tool List URL.: https://www.w3.org/WAI/ER/tools/

Selected Tool: AccessScan URL.: https://accessibe.com/accessscan
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3.3.1 AccessScan

After trying different accessibility evaluation tools (including WAVE, AChecker etc.), the
AccessScan tool powered by accessiBe was selected for this study. AccessScan is fully
automated auditing tool designed to give accurate audit results of websites compliance status.
AccessiBe is a leading technology company (developed in 2018) that uses Al (Artificial
Intelligence) to solve web accessibility problems. AccessiBe is trusted by thousands of websites

and a market leader for providing accessibility.
3.3.1.1 Why AccessScan
AccessScan tool is selected because of the following reasons:

= |tis free and easy to use.

= |tis fast and provides accessibility testing results immediately within seconds.

= It provides clear, accurate and reliable results. It is checks website against WCAG 2.1
level AA compliance which is widely adopted.

= AccessScan utilizes Al engines to extracts accessibility errors and present them in a way
that can be fully and easily understood.

= |t tells about the compliance level of website. It giver clear and straight forward remarks
about the website whether the website is accessible or not.

= |t provides detailed results with code snapshots of passed and failed elements. It also
describes what needs to be done in order to fix issues.

= Other testing tools typically give ambiguous messages without a clear, practical solution
while AccessScan give clear messages and assist in fixing problems in the code.

= Most of the elements tested by this tool are also among those requirements that can create

dyslexia friendly websites.
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the WCAG 2.1 level AA.

3.3.1.2 How AccessScan Works

AccessScan takes few seconds from start till completion of process. Following steps briefly

describe its workflow:

1. Enter the website domain.

2. AccessScan uses an Al powered technology to scan entire website for finding
accessibility errors.
It provides accurate and elaborate audit results with score and explanations for each test.

4. The audit results can be reviewed or downloaded. This report contains all the deficiencies
and it can be shared or discussed with team members to completely remediate the

website.
3.3.1.3 Auditing Categories of AccessScan
AccessScan scans the website for the following categories:

= Clickables: Links, Button, controls etc.
= Orientation: Popups, focus etc.

= Menus: Dropdowns, navigations etc.

= Graphics: Alt text, spacers etc.

= Forms: Labels, validations etc.

= Document: Language, landmarks etc.

= Readability: Font size, color contrasts, headings etc.
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3.4 Accessibility Evaluation Requirement Checklist

Complete requirements list along with detailed description against which the “accessScan” test
the website is shown in Table 3.2, Table 3.3 and Table 3.4.

Table 3.2: Requirement Checklist for Clickables, Titles and Orientation

Category Requirement Checklist Requirement Description
and No
R1 Button functionality elements Button elements that use other tags such as div, span, a tag etc. include a "role"
tagged for assistive technology | attribute that should be equal to "button”.
» | R2 | Buttons should not be emot Include text with button that describes its functionality. If icons are used for
% Pty buttons then use screen reader only text or “aria label” attribute for description.
[¢]
é Link should contain text that clarifies what page they are leading. For using
O | R3 | Links should not be empty empty links for layout wrapping element, use screen reader only text or “aria
label” attribute for description.
R4 New tab/window opening links | In order to inform screen readers that link will open in new tab or window, use
tagged for assistive technology. | either "aria-label" attribute or a screen reader only element.
. . Each page should contain one H1 title, which informs screen reader users
R5 | Asingle H1 title on every page about the main subject/topic of the page.
R6 Titles are not allowed to be Titles (H1 to H6) should have some text. If links or images are used, they
- empty should contain alternative or screen reader only text.
[<5]
-E . . A "role" attribute equals to "heading" should be added to elements that visually
Titles created using text tag - . . - A
R7 ; resemble titles but are coded using non heading tag, or its tag should be fixed
should label as heading L
for assistive technology.
R8 There should be consistent No title levels should be skipped, and the hierarchy should be consistent. For
hierarchy of titles example, we cannot use hl and h3 title without using h2 titles.
. . Buttons, links, form fields and other interactive elements should be navigable
Interactive elements navigable : - ; .
R9 . with keyboard either by using focusable element (such as button, input, a) or
with keyboard gl "o ney
by having "tabindex" attribute set to "0.
Keyboard focus element outline | Interactive elements that could be navigated with keyboard should have a clear
R10 . . .
should be noticeable visual outline around them whenever they are focused.
Active popups tagged for Screen reader users can navigate through active popups if they have an "aria-
- assistive technology modal" attribute set to "true™ and a "role" attribute set to "dialog™.
o
b= . . Include hidden links in every page so that when a user clicks on them (either
3 Every page include hidden . S . . :
c | R12 | © S with keyboard navigation or using screen reader), they can "skip™ certain
K links to allow skipping blocks - . - ;
5 blocks and go straight to important areas like the main content etc.
. . . Elements hidden via CSS manipulations (such as with opacity, off-canvas,
Manipulatively hidden - ) L e "
. - height or text-indent etc.) should be wrapped inside element with "aria-hidden
R13 | interactive elements excluded X " " . . ; .
L attribute set to "false" or directly include it, and should be dynamically updated
from assistive technology S -
to "true" when the element becomes visible.
Manipulatively hidden Elements hidden via CSS manipulations (such as with opacity, off-canvas,
R14 | interactive elements excluded height or text-indent etc.) should include "tabindex" attribute that is below 0
from "tabindex" and dynamically updated to 0 when the element becomes visible.
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Table 3.3: Requirement Checklist for Menus, Graphics and Forms

Category Requirement Checklist Requirement Description
and No
Menus tagaed for assistive To indicate navigation landmark for screen readers, menus should either be
R15 99 created using the "nav" element of HTML5 or should have a "role" attribute
technology T RA— "
equal to "navigation" or "menu".
§ R16 Menu dropdowns tagged for The "aria-haspopup" attribute is set to "true" for menu items that contains a
g assistive technology dropdown menu.
The dropdown expanded or Menu items with dropdown menu should have "aria-expanded" attribute set to
R17 | collapsed state be represented “false” by default but changes to "true" when the dropdown is opened or
in code. closed.
Objects and images with Use the "alt" attribute with images to describe alternative text description of
R18 | embedded text described for both the embedded text of images and the objects.
assistive technology
Background images behaving Images used in background that are not used only for decoration purpose
R19 | like standard images should be | should be treated the same as standard images and include role" attribute set to
tagged and described "img" and include an alternative text description in "aria-label™ attribute.
Non-functional icons/spacers Images, SVG or font icons that are used as spacers, decoration purpose or any
u | R20 excluded from assistive other purpose described in content should have a "role™ attribute with the value
'_g_ technology "none™ or "presentation”.
©
5 Figure elements have text or The "role™ attribute of figure elements used to display images should be set to
R21 | excluded from assistive "none," and the image itself should give the description using the "alt"
technology attribute.
Image map areas described for | An "alt" attribute should be used to provide an alternate text description for
R22 ‘ot I e T :
assistive technology each "area" element of a "map" tag (treat just like a standard image).
Tracker images (pixels) Small or hidden tracker pixel images (typically used for the purpose of
R23 | excluded from assistive analytics or marketing) should have a "role™ attribute with the value "none" or
technology "presentation™ in order to be ignored by screen-readers.
R24 | Form fields labeled proverl Form fields need to include either "aria-label" attribute or a connected LABEL
property element that describes the field's requirement (name, email, phone etc.).
Form fields not have duplicate | Same ID should not be used for two or more form elements otherwise their
R25 - S : . .
ID selectors corresponding label will give wrong information. ID should be unique.
R26 Required form fields tagged for | Required form fields should include an "aria-required™ attribute that equals to
assistive technology "true" so blind users using screen-readers know their validation.
2 o7 Validation status of form fields Ever for_m elgrrlent s.valldlty slt'ate must zilways be rep(esented in code using
£ ; the "aria-invalid" attribute and "true/false” values, and it must update
5 represented in code :
L dynamically as the status change.
R28 Incorrect use of aria-labeledby | aria-labeledby and aria-describedby attributes should be connected by ID to an
or aria-describedby element that either has "aria-label™ attribute or has text description.
. Every form must contain a submit button, which must be built as a "button"
All forms have associated . " . S o " "
R29 submission button element, input type set to "submit,” or contain "role" tag equals to "button”. If
the form can be submitted by pressing the Enter key, buttons can be hidden.
R30 Search forms tagged for To indicate a search landmark for screen readers, search forms should have a
assistive technology "role" tag that equals "search”,
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Table 3.4: Requirement Checklist for Document and Readability

Category Requirement Checklist Requirement Description
and No
R31 HEAD section include “title” Title tag inside HEAD section (that also appear is browser tab) should be
element with page name present to describe current webpage name to screen reader users.
R32 HTML section include "lang" For screen reader users, the HTML element needs to have a proper "lang"
- attribute attribute that denotes the primary/main language of the website.
c
(5]
g Display scaling of Meta view By setting user-scalable="yes" and maximum-scale="2 or greater" content
8 | R33 | port should be at least 200% strings in meta viewport tag, users with vision impairments can be able to
o pinch-zoom at least twice as large as the standard scaling.
. Either use HTMLS5 element to build landmarks like footer, main content or use
Page landmarks described and | ... . "oy : - e L " e n
R34 taqaed for assistive technolo aria-label™ attribute to include description and set "role" tag to “contentinfo
99 9 | or "main”. In other section, landmarks like navigation and search are tested.
R34 Use large enough font size for | For majority font families, at least 11px font size should be used to be
ease of reading readable.
>
= R36 Use wide enough letter spacing | For the majority font families do not set letter spacing below -1px to be
§ for ease of reading readable.
(48]
(5] . .
o Use sufficient contrast between All elements that have text should have 4.5:1 minimum contrast ratio among
R37 | foreground and background
colors the foreground (usually the color of the text) and background color.

3.5 Accessibility Evaluation Detailed Results

When the selected websites are tested for accessibility, accessScan tells about the website

compliance level by using one of the three remarks that are described with meaning in Table 3.5.

Table 3.5: Compliance Results and Meaning

Result

Meaning

Non-compliant

Website does not comply with WCAG and there is a long way to achieve WCAG 2.1
compliance. So, currently website is not accessible to disable people.

Semi-compliant

In website, some WCAG 2.1 AA elements are noticed. Although efforts are noticeable, but
some important elements are missing so there is still a way to go to achieve full compliance.

Compliant

Website does comply with WCAG 2.1 level AA means great work is done and website is
open to disable people and they can easily use the website.

The websites accessibility score against different categories is analyzed. Category wise score

and overall compliance remarks of websites are shown in Table 3.6.
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Table 3.6: Accessibility Evaluation Category Wise Results of Popular Websites

Evaluation Score

@ S 9 2| 2
No | ensits | 8| £ 5| B S| E|E ] Remarks

2| Fleg |2 |8 2|8|%

o 6 O a &
W1 | BBC 88 67 33 | 100 | 54 45 92 94 Semi-compliant
W2 | Wikipedia 75 | 100 | 67 N 50 | 100 | 50 | 72 Semi-compliant
W3 | Hmari Web 50 33 67 67 76 N 75 68 Non-compliant
W4 | Dawn 47 33 N N 43 N 92 43 Non-compliant
W5 | Olx 35 33 N N 38 N 92 56 Non-compliant
W6 | Printerest N 50 75 N N N 50 | 100 Semi-compliant
W7 | Stack Overflow | 60 50 33 N 84 74 67 81 Semi-compliant
W8 | Quora 54 50 17 N 14 50 67 96 Non-compliant
W9 | Daily Pakistan 24 67 N 33 42 N 75 49 Non-compliant
W10 | Pay Pal N 50 75 N N N N 100 Non-compliant
W11 | Duniyanews 76 | 100 | 33 | 100 | 52 33 50 47 Semi-compliant
W12 | Microsoft 73 | 100 | 33 33 | 100 | 100 | 100 | 90 Semi-compliant
W13 | Netflix 96 67 67 N N 100 | 58 | 100 Semi-compliant
W14 | Ali Express 67 50 N N 45 33 25 94 Non-compliant
W15 | Bing 87 | 67 22 N 50 | 58 75 | 100 Semi-compliant
W16 | Ary News 73 67 33 N 79 N 83 40 Non-compliant
W17 | Tribune 37 | 100 N 33 45 50 58 66 Non-compliant
W18 | W3Schools 59 50 N N 54 33 92 96 Non-compliant
W19 | Apple 100 | 50 | 67 N 64 | 100 | 75 | 66 Semi-compliant
W20 | Food panda 52 75 N 100 | 43 67 75 47 Semi-compliant
W21 | Office 100 | 100 | 25 | 33 | 50 | 100 | 100 | 97 Semi-compliant
W22 | Grammarly 50 33 33 N 100 | N 92 70 Semi-compliant
W23 | Zoom.us 88 58 33 67 51 93 92 64 Semi-compliant
W24 | Github 100 | 75 | 33 | 33 | 84 | 83 | 100 | 56 Semi-compliant
W25 | live.com 50 50 67 | 100 | 41 | 100 | 100 | 90 Semi-compliant
W26 | Google 100 | 50 | 67 N 97 (100 | 33 | 70 Semi-compliant
W27 | Shopify 100 | 75 | 100 | 33 | 44 | 94 | 100 | 67 Semi-compliant
W28 | Upwork 63 | 33 | 33 N | 100 | N | 100 | 79 Semi-compliant
W29 | Twitter 82 67 21 N 100 | 75 50 79 Semi-compliant
W30 | Blogger 44 33 67 N 59 N 75 67 Non-compliant
W31 | Pakwheels 69 67 33 N 75 50 78 90 Non-compliant
W32 | Azadseo 56 67 N 100 | 72 25 67 59 Semi-compliant
W33 | FreePik 41 50 N 7 88 33 | 100 | 98 Non-compliant
W34 | Whatsapp 75 | 50 | 33 N 50 N 42 | 90 Non-compliant
W35 | Youtube 62 | 100 | 10 N 34 | 100 | 67 62 Semi-compliant
W36 | Wordpress 100 | 25 | 100 | 44 | 45 | 67 | 100 | 91 Semi-compliant
W37 | Indeed 100 | 67 67 N 18 | 100 | 75 | 91 Semi-compliant
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Accessibility evaluation overall results summary is presented in Table 3.7 and Figure 3.3. From
evaluation results, it can be clearly seen that none of the website fully address the accessibility
requirements. For this limited set of websites 62 percent websites are semi compliant, 38 percent
websites are non-compliant and none is fully compliant. From this, we can conclude that the
results would be more severe if we include more number of website or include those websites

that are not much popular and created by non-professional developers.

Table 3.7: Result Overall Summary

Compliant Semi-Compliant Non-Compliant
No. of websites 0 23 14
Percentage 0 62 38

100
90
80
70
60
50
40
30
20
10

= Compliant

B Semi-Compliant

B Non Compliant

Compliant Semi-Compliant Non Compliant

Figure 3.3: Result Overall Summary

The average score was calculated for each category and results are shown in Table 3.8.
Orientation average score is 48 which is least among others. All these categories need to be fixed

because the average score is not very good.

Table 3.8: Average Score of Various Categories

Average Score

Clickable Titles Orientation Menus | Graphics | Forms Document Readability

69.51 61.05 48.00 58.87 60.03 71.65 75.61 76.35
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Figure 3.4: Average Score of Various Categories

After analyzing category wise score, we have further analyzed detail score of each requirement
of category. Different symbols were used by accessScan to describe the score of individual
requirements. These symbols along with their meaning are shown in Table 3.9. From individual

requirement score, a summary is created and shown in Table 3.12

Table 3.9: Score Symbol and Description

Score Symbol Description
v Good Score
b 4 Bad Score

Mediocre Score (Almost half elements with good score and half
elements with bad score)

Neutral Score: Neutral score elements either do not exist or may be
irrelevant to that website, represent that it is non-applicable.
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Table 3.10: Requirement Score

BTM % | I[N [% (%[N [%|YM|%[%|Z|%|Z|Z2|Zz|Z2|Z2|d|Z|%|Z|Z|Z|%[Z|Z|Z[Z]5[% 3D [N
LT [% [ %[N (%[N0 [ Z [0 [%]%[Z[%|[Z|Z[3[%|%|N[Z[%|Z|Z[Z|%|Z[%[Z|3]5[%] 3] %|%|%x|3>
OTM | [N %[N (MNIN[Z(% (Y[ [Z|%[Z|Z|%|Z|Z|MZ|%X|Z|Z|Z|Z|Z|Z|Z|%[Z[Z]5]|3 O |%]%|[Y|x
STM | <IN %Y [ZIN[d[x|Z|%|Z|Z|Z|Z|Z|Z|%|NZ|Z|Z|5[Z|Z|[Z[%[3[%% 33NN Y(Y)
PIM | % | < [N |Z[R|Z|Z|3|%X|[%X|Z|(%|Z|Z(Z|Z2|Z|Z|Z|%|Z|Z|Z|%[Z|Z|Z|Z|5[%]3 %% [%[Y|)
STAM |33 Z[%[(DX[Z(DMIXN]|Z%|Z|Z|Z|Z|Z(%[Z|%[(Z|Z|Z[5Z|Z[Z]3]5(Z]5]5 %% N|Y>
0
MNH>>XVVNVVNVXVNXNNVXXVNVNNNNNNNVVVVVVVVVA
.MS>>VVVXVVNVVXNXNNVNNVNXXNNXNNNNVXVXXVXVX
m3>>NNNNXNNVVNNXVVNNNNNNNNNNNNNNNNXXNXVVN
Mo>> (% [%[%|D[N[Z%%[%|Z[|%[Z[Z|3[%[X%X|%X[%X|NMZ|Z[Z|Z|Z[Z[Z|Z|Z[Z]5]D O [%|%|Y|x
mm>> | |3 |[x[x|Z|Zz|M|x|%|z|x|z|z|z|Zz|zZz|z|Zz|%|Z|Z|Z|>|Z|Z|Z|%|Z[Z|3]YZ[%>S]>]>
)
Mm>> X[ <M [ZIVYN X[ X[%X|Y|[Z|%[Z|Z|Z|Z|Z[<]|Z|MZ|Z|Z[|5|Z[Z[Z[5%[3]5[%5 <MY
Wo>>NNNNXNNVVNNXVVNNNNNNNNNNNNNNNNXVVXVVN
GM % [Y %% %[ Z (XY (%% |Z[%|Z|Z|Zz|Zz|Zz|%|%|]Z|Zz|Zz|%|[Z|Z|Z|Z|Z|Z]3]|3>|]%x|)M
P [ %3S % [%|YN[Z[%|[%|%|Z[x|Z|Z|Z|Z|Z|MZ|%|%|Z|[Z|%|Z|Z|Z|Z]|3%[%|3[3>[]%x|>|x
EM % |33 %[N [Z|x|M|NM[Z|x|Zz|z|d|Zz|z|M|Z|<dZ|Z|Z|%|Z|[Z|Z|Z[%|Z]S[%S[>S]S[>]%x
SN IS IS N[N ZININN | ZI%|Z|Z|Z|Z(Z(NZ|%[Z[Z[Z[N[Z[Z[Z|Z]3(Z]%[3 Y% Y[)|x
TM [ <SS [N Zx|x|[M]|Z|IMZ|Z|IM|Z|Z|(d|Z|IdZ(Zz(z(z|z(z|Z|Z|Z|Z]5[% 3|3 %[
A EEEEEEEEEHEEEEEE HEEEEEEEEEEEEEEEE
25
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Table 3.11: Requirement Score

LEM SN[ ZIN(N[Z[%[(MNM Z [%|Z|Z|%|[Z[Z[Z[Z[%[Z[Z[Z|[5Z|Z|Z|3]3]Z|3]3]%[3]>]|>M|
9EM | D[S0 Z 30 %% 33| Z [3[Z|Z[5]% (%% [%|J|Z[Z|SZ|Z|Z[Z[SX]33[33S[Y|J
GEM X[ Z|IN | Z|¥ %%z |X|z|z|lz|z|Zz|X%|z|d|Zz|Z|Z|SZ|Z|Z|Z[>]3[%[3]|Z|>]%3]>
PEM DI XXM |X%X|M|Y X% Z [%|Z|Z|Z|Z|Z|M|ZI%|Z|Z|Z|Z|Z|Z|Z|Z|Z|Z|%|3|%|<]|S]|>M]|C
CEM 33|02 0 %% [%|%| Z |X|Z|Z|%|%[%[3[Z[(3S<|Z[Z[%[Z[Z[Z[Z[3]%335]33]3[3]|>
CEM (% | <D |Z(D[D]|Z|% (%% Z |%|[Z[Z|M|Z|Z[%|Z|%|[Z[Z|Z|%|[Z[Z[Z|%[%[3[3|3[%[|%|[YM]|
o TEM |XI<ISINININ|Z% %3] Z % |Z|Z|%|Z|Z|3|Z2|%|Z|Z|Z|%|Z|Z(Z|Z|3Z(3|3|Z|%53 ]3]
mom>>NNVXXVNXVVNXNNNNN,VNXNNNXNNNNNNVVXVVVx
.m BCM | <I|S[Z[Z[D]|[%|3M|<|%|Z |%|Z|Z|Z|[Z|Z[Z|Z|5|[Z|Z[Z|5[Z|Z|Z[5]%[3]%[3%[S[>[Y]|x
ﬂ:Hmmm>>XVVXXVNXVXNXNNNNNNNVNNNNNNNNNNVVVVVVx
mR>>VVVVVVXVVVNVNNVXXXNANNNVNNNAVNVVVVXVV
m@N>>VVVNxNNVVVNXNNNNNVNVNNNVNNNVVVXVNXVVx
MmN>>NvixVXVVVNXNNVNNXXVXNNNNNNVNNVVVVVVA_
PCM (SIS [ZI5[(3[%[(N]|Z[%|Z[Z]|Z[Z|3%[%[(N[Z|%[Z|Z(Z[MZ[Z|Z[Z|%[Z[3|5][3|3]|x[>M|J
ECM [N <2523 [%| Z [%|Z[Z|5%(|[%|<Z|Z|Z[3[Z[Z|Z[<|I5[Z[5|5[>|<|%x|>|>
CCM (% (N3 % [%|Z|%|XM[YM|%|Z |%|Zz|Zz|Zz|Zz|Zz|d|Z|Zz|Zz|Zz|Zz|Zz|Z|Z|Z|Z|[Z[Z[5|3[3[<|>S]|>M]|x
TEM IS ZI39 3 [Z2(33 (% Z2 [%[Z2|%|3[%X|%X[%X|Z(MZ2|Z[Z|Z2|Z(Z|Z[5[Z[Z[53[3[3%]3|%]>
0CM |33 5[3%[D [N [%[N[%|%]|Z |[%[Z[Z[MZ|Z|Z|%|%|N[Z|Z[%[Z[Z[Z|[Z|5]%|5]D[%|3]%]|Y]|x
6TM |[Z[|Z (S| Z[D[ (%% (MM Z [%|Z|Z|Z|Z|Z[Z[%[3M[M[ZZ[Z|Z|Z|Z|5]|Z|Z[%|3]3]>]%]|>]|>
S35
Wm.m sa|qeX2I1D SOIL UoEBLIQ snua solydeao sw104 JUsWNI0Qg ___gmwmwm
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Table 3.12: Requirement Score Summary

Category and No Requirement Percentage
vV | X | A| N
R1 | Button functionality elements tagged for assistive technology 30 49| 8 | 14
i R2 | Buttons should not be empty 57 | 11|19 | 14
Clickables -
R3 | Links should not be empty 8 | 8|0 8
R4 | New tab/window opening links tagged for assistive technology. 11 [ 46| 3 | 41
R5 | Asingle H1 title on every page 51 | 49| 0 0
Titles R6 | Titles are not allowed to be empty 78 | 0| 3| 19
R7 | Titles created using text tag should label as heading 0 |38| 0| 62
R8 | There should be consistent hierarchy of titles 62 | 38| 0 0
R9 | Interactive elements navigable with keyboard 51 | 41| 5 3
R10 | Keyboard focus element outline should be noticeable 38 | 57| 0 5
Orientation R11 | Active popups tagged for assistive technology 0 0| 0 |100
R12 | Every page include hidden links to allow skipping blocks 8 18 |0 3
R13 | Manipulatively hidden interactive elements excluded from assistive 5 0101 95
R14 | Manipulatively hidden interactive elements excluded from "tabindex” 5 3]0 | 92
R14 | Menus tagged for assistive technology 35 | 11| 3 | 51
Menus R16 | Menu dropdowns tagged for assistive technology 0 [24| 0| 76
R17 | The dropdown expanded or collapsed state be represented in code. 0 [22| 3| 76
R18 | Images with embedded text described for assistive technology 38 | 22|14 | 27
R19 | Background images behaving like standard images tagged. 0 [22| 0| 78
Graphics R20 | Non-functional icons/spacers excluded from assistive technology 32 |46 | 14| 8
R21 | Figure elements have text or excluded from assistive technology 5 85| 81
R22 | Image map areas described for assistive technology 0 0| 0 | 100
R23 | Tracker images (pixels) excluded from assistive technology 0 0| 0 | 100
R24 | Form fields labeled properly 35 32| 0| 32
R25 | Form fields not have duplicate ID selectors 0 0| 0 | 100
R26 | Required form fields tagged for assistive technology 0 3|10 97
Forms R27 | Validation status of form fields represented in code 0 0| 0 | 100
R28 | Incorrect use of aria-labeledby or aria-describedby 27 | 11| 5 | 57
R29 | All forms have associated submission button 46 |16 | 0 | 38
R30 | Search forms tagged for assistive technology 16 24| 0 | 59
R31 | HEAD section include “title” element with page name 76 | 24| 0 0
Document R32 | HTML section include "lang" attribute 84 | 16| 0 0
R33 | Display scaling of Meta view port should be at least 200% 59 |27 0 | 14
R34 | Page landmarks described and tagged for assistive technology 49 |30(22| O
R34 | Use large enough font size for ease of reading 62 | 38| 0 0
Readability | R36 | Use wide enough letter spacing for ease of reading 1001 0 | O 0
R37 | Use sufficient contrast between foreground and background colors 30 |35]|30| 5
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This summary can be analyzed easily. It states that in 49 percent of the website, buttons are not
tagged for assistive technology. In 46 percent of the websites, links are not tagged for assistive
technology. 49 percent of the websites have more than one H1 title in single page. 89 percent of
the websites do not have a skip link. 38 percent of websites have not enough font size and 30
percent websites have color contrast issues. Only few results are discussed here, percentage of
each requirement is clearly stated in Table 3.12. Requirements whose neutral score was more
than 90 percent (R11, R14, R22, R23, R25, R26, R27 ) are indicating that these elements are not
very common and do not exist in most of the websites. From these results, it is clear that website
developers have given little attention to accessibility and these websites still need to work on

accessibility.

3.6 Summary

The current state of accessibility results highlighted in this chapter indicate that still predominant
accessibility barriers exist in websites. These barriers are related to readable fonts, sizing,
spacing, color contrasts, headings, buttons, graphics and menus etc. From the results it is
depicted that the accessibility guidelines are still not followed completely and they should be

followed in order to give equal opportunities to disable people.

Earlier, making websites accessible was not as much important as it is in these days. However, in
the presence of variety of automated tools, it is neither exhausting nor expensive to make an
accessible websites. This chapter has highlighted the accessibility results of popular websites.
From these results, we can predict that results would be much more adverse if we include those
websites which are not created by professionals. It is also identified that most of the requirements
that make the website accessible for dyslexic people are covered by the ‘“accessScan”
accessibility testing tool. It audits the website against WCAG 2.1 by using Al powered engines
to diagnose accessibility failures and present them in a precise way that is easy to understand. It
is an easiest and quickest way to check accessibility errors. The evaluation report clearly
explains accessibility issues and by using this report website developer can start work to fully
remediate the website. “AccessScan” requirements are also focusing on screen reader

compatibility; therefore, we can say that barriers to access for dyslexic people can easily be
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removed using such automated tools. By realizing the importance of accuracy, identifying and

fixing errors using automated tools is a cost effective and good initial step towards accessibility.
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Chapter 4

DYSLEXIA FRIENDLY WEBSITE GUIDELINES

4.1 Overview

In this chapter, the need and scope to identify dyslexia friendly website guidelines is discussed
followed by the key dyslexia friendly guidelines that can greatly impact on website accessibility.
Furthermore, this chapter contains the code examples to explain the role of using correct HTML

semantic and WAI-ARIA best practices to enhance website accessibility.

4.2 What is needed?

The aim of WCAG by W3C is to provide better web experience to every user including the
diverse group of disable users [69]. WCAG guidelines are discussed in detail in background
research work. WCAG guidelines is a detailed document that covers wide set of guidelines,
success criteria and many techniques to make web accessible for everyone including all
disabilities such as auditory, physical, visual, cognitive, speech related numerous disabilities
[69]. Keeping in view the time, budget and other constraints, it is not easy to follow these wide
set of recommendations to make website fully accessible for all disabilities. Usually, web

developers are not trained to think and work for disable users.

WC3 has also published a draft describing difficulties of cognitive group with user stories,
problems, needs and techniques to solve accessibility problems for people having various
cognitive difficulties [70]. This document also contains so many details because it is covering
issues related to several cognitive disabilities [70] including dyscalculia (Math related problems),
Dementia, Aphasia, Hemiplegia etc. It is not easy for developer to work on all cognitive

disabilities at a time.

Web accessibility is an extremely important topic and its awareness is increasing but websites

are still inaccessible because lack of knowledge exist that guide developer how they can improve
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accessibility by doing some simple changes that impact greatly on accessibility. Thus,
considering that dyslexia affects a large population and the fact that developers are often ill-
equipped to create accessible websites, we need to identify recommendations that are beneficial
for dyslexic people from these wide set of recommendations so that we can work on improving
accessibility for this group of users. By reviewing existing literature, W3C resources (WCAG,
WAI-ARIA etc.), BDA guidelines, and other resources we have identified what can be done to

improve website accessibility for dyslexic people.

Guidelines for all Disabilities (WCAG)

¥

Guideline for Cognitive v
Disabilities (WCAG)

Guidelines for
Dyslexia « <_'I <—I

Figure 4.1: Need for Dyslexia Friendly Website Guidelines

4.3 Scope Description

This is our analysis that there are huge numbers of disabilities (physical, cognitive, visual,
speech and auditory) and among cognitive group of disabilities there are further huge numbers of
disabilities. There are so many variations in the needs of all these people. If we try to analyze
and work on every possibility, then the task will be too big and difficult and we may not achieve
anything. Due to this reason, we can start implementing accessibility as a phased approach where
we can select and work on one disability at a time then move to next. Within the limited scope
developers can achieve something useful. The contributed work has focused on dyslexia because
its high prevalence and dyslexic people face several difficulties on websites but not enough
developers are aware of how they can take action to improve accessibility.
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4.4 Guidelines for Making Dyslexia Friendly Website

Anything from the choice of the typeface, spacing, color, navigation, text, lighting or glare etc.
from a digital screen can affect dyslexic people and others learning and understanding process.
Some key set of guidelines to build better and accessible websites for dyslexic people are

identified and are split into nine major categories as show in Figure 4.2.
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Major Groups of Accessibility Guidelines

Fonts
Font Size, Font Face, Case, Spacing
Style (Use Bold, Do not use Italic & Underline)

Paragraph
Alignment (Left, Center, Right, Justify) , Line Spacing , Paragraph Spacing,
Paragraph Size.

Colors
Text color, Background color (Use single color), Contrast Ratio between Text and
Background.

Writing

Use simple,short and easy sentences. Be concise. Use Bullets, Numbering,
Images, Charts etc. to support text. Write text considering screen readers
compatibility guidelines.

Layout

Avoid using too complex layout. i.e too many Columns (as used in newspapers).
Avoid using patterns or pictures for background. Break up the text using sections.
Give structural roles: Role: Navigation, Role: Search etc.

Navigation
Use Simple, Easy to use and Consistent Navigation.

Others Elements
Avoid moving text, multimedia that plays automatically such as videos or audios.
Provide users enough time to read and use content.

Screen Reader Compatibility
Follow WAI-ARIA guidelines and test website frequently using screen reader.
Images must have meaningful alt text.

Semantic HTML and WAI-ARIA
Use Sementic HTML and WAI ARIA for better Screen Reader Experience

Figure 4.2: Major Groups of Accessibility Guidelines
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4.4.1 Font

Use Sans-serifs fonts (such as Arial, Verdana, Comic Sans, Open Scans Calibri) and
avoid Serifs (such as Times New Roman, Palatino, Georgia and Garamond). Sans-serif
fonts are simple, evenly spaced and letters appears less crowded. Therefore, Sans-serif
fonts are preferred and recommended typefaces by BDA and other researchers because
they increase readability.

Avoid italic and underline text because these can make text crowded and impact
negatively on readability. Instead, to emphasis text use bold.

Highlight important information by using colors, boxes, borders etc. so that it could be
found easily.

Avoid using all uppercase letters because dyslexic people find them harder to read (TEXT
IN CAPITALS IS MUCH HARDER TO READ).

Use readable enough font size. Use at least 12 points as suggested by BDA.

Use enough letter and word spacing to increase readability. Less or excessive spacing
between words and letters can reduce readability. For many font families below -1 px is

unreadable.

4.4.2 Paragraph

Align paragraphs to left. Although justifying paragraphs creates clean paragraph look but
avoid using it because it adds extra spaces between words that can make reading difficult
for dyslexic people.

To separate paragraphs from each other, include extra spaces before and after paragraphs
and headings etc.

Avoid too dense and long paragraphs. Keep paragraphs short.

Per paragraph try to explain about any one idea.

Use enough line spacing (1.5 line spacing is recommended by BDA).

4.4.3 Color

Avoid using pure white background color because it is not preferred by dyslexic people.

White color look too dazzling because of glare (BDA). Use any other light or dark colour
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background. Also avoid too bright colors.

= Carefully choose the color scheme for every website elements (text, background, buttons,
links, links hover, visited links, navigation etc.).

= Make sure that there is a good contrast between the background and text color as well as
for other elements. The minimum preferred contrast ratio is 4.5:1 (WCAG). Online
contrast checkers can be used to check the contrast ratio. Check this ratio for every
website element i.e. for visited links, unvisited links, hover, buttons, focus etc.

= Use single color background and avoid background having patterns, textures or pictures.
4.4.4 Writing

Some guidelines regarding the writing style and headings are discussed below:

4.4.4.1 Writing Style

= Provide information clearly in an easy and interesting way. Explain information in a way
that is easy to understand and manage i.e. Use meaningful headings and explain single
idea in single paragraph. Divide information into chunks that are easy to digest i.e.be
concise and explain one point in one sentence.

= Break long sentences in to short sentences. Long sentences and multi clause sentences are
often complex and create problems such as losing the focus, difficult to process and
understand the information.

= Use graphics to explain the text i.e. use flowcharts to explain procedure.

= Use common words and avoid unusual words because they are difficult to decode.

= Use lists, graphics and tables instead of the continuous prose of text to lower cognitive
overload and to improve understanding.

= For long web page articles, provide the table of contents at the beginning and set links. It
is helpful for dyslexic people to quickly narrow and find the topic of interest. Also
indicate those pages that have been accessed.

= Provide summary or key points at the end of long articles.

= Use active voice sentence.

= Do not use double negatives. When two negative words are used in a single sentence it is

called double negatives. Avoid it because they are considered as bad practice and they can
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make text confusing.
= Avoid abbreviations and if they are used then provide full form of abbreviations while

using them for the first time. Provide a glossary defining all technical terms.
4.4.4.2 Headings

= Provide enough headings and sub heading in a way that clearly describe the topic. It helps
users to digest information easily and find required section quickly.

= When the user get distracted due to some reason then headings can help to orientate and
to restore the context.

= Rules about using headings can also help those people who do not have enough time to
read complete information and they just want to scan webpage headings to get an
overview of entire information. These writing best practices keep a balance between the
beauty and accessibility of information.

= Use heading tags rather than font tag with larger font size. Also, use heading tags
logically in semantic order. To explain the importance of correct use of heading tags, an

html code example is provided in next section.
4.4.5 Layout

= Use common, consistent and familiar layout design that is easy to understand and use.

= Structure the website properly by creating various sections. Any area that has a landmark
role is known as region. Typically, the page structure contains a logo, navigation and
search at top, followed by main content and a footer area at bottom, and sometimes
sidebars are used to provide related information.

= Assign structural roles to the website regions i.e. use role attribute equals to Navigation,
Search, Banner, Main, Article, List, List item, Form, Content info.

= Well separate all sections or regions using borders, colors, white spaces etc. so that they
can be visually differentiated.

= Use div tags for making various sections instead of using table layout.

= Avoid using multiple as well as narrow columns to provide information such as used in

the printed newspapers. Also avoid horizontal scrolling.
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4.4.6 Navigation

Guidelines regarding the navigation elements such as links, menus, dropdowns etc. are discussed

below:

4.4.6.1 General

= Provide easy, clear and consistent navigation. Providing a site map is also helpful.

= Help users in navigation so that they can easily find the desired content.

= Provide little navigation to reach the desired and important web pages.

= Important links should be visible all the time so that users can visit those important or
frequently used pages easily.

= Provide short menus and clearly provide labels.

= Provide easy ways to navigate back or forward (step-by-step).

= Show the progress clearly and provide appropriate help in case if any error occur.

= Use familiar graphic, icons etc. as navigation aids such as indicate step by step progress
for completing tasks of an online payment process.

= Enable keyboard navigation and focus because it a good practice and with screen reader
people prefer using keyboard navigation. Use logical focus order for access via key board

tab key.

4.4.6.2 Links

= Provide sufficient text describing the links purpose so that users can accurately predict
where the link will take them.

= Logically arrange links within a webpage or website.

= Use clearly noticeable links that look different from the regular text.

= C(Clearly indicate those pages that have been accessed. Displaying visited state of links will
help those dyslexic users who have problem of short term memory loss.

= Avoid link that does not clearly explain its purpose such as: read more, click here etc.
Write link name as “read more about topic name”. It helps in understanding the context
when the users use key board navigation. Also, some screen readers show a list of all
available links to users so use a link name that clearly explain its purpose.

= Provide all links such that they are reachable in a logical manner using the keyboard Tab
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key when users use website via keyboard navigation. Keyboard navigation is very
important because many dyslexic people use screen readers and keyboard navigation is

preferred with screen readers.

= Provide visual indicator for those links that will open in new tab or new window (i.e. use
text: open in new tab). Allow screen reader to announce such links either using the link

text (open in new tab) or use hidden text or title attribute.

= Use a “skip to main content” link for simplification. This link removes extraneous
website content and transfer the control to main content so that dyslexic users can
maintain the focus and quickly access important information. Otherwise, it will be time
consuming and may also distract the user. Screen reader users prefer avoid hearing
dozens of navigation links, graphics, heading, etc. that usually exist on every web page.
Screen reader users prefer to use skip link to hear main content before all these elements
are spoken. Users who use keyboard can also easily reach to main content by using skip
link with fewer keystrokes. Otherwise, they have to make loads of keystrokes to reach the

main content of the webpage.

4.4.6.3 Icons

= Use icons to help users in navigation. For icons, there are no specific guidelines because
icon tag not exists. Icons are usually used as indicators or links. Use universally
recognizable icons that are easy to interpret.

= Tag icons according to their purpose. Use role = presentation for those icons that are used

only for decoration purpose.

4.4.6.4 Menus

= Use menus that can be interpret via screen readers, and allow navigation via keyboard
arrow keys.

=  Use “NAV” tag or use a “role” attribute on top element which contains all links. Use role
equals navigation or menu or menubar (depending upon the menu type).

* Include role= menuitem with links that comprise menu items.

= Allow users to use key board Tab key to navigate next element, and Shift+Tab key
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(together) to navigate back to the previous element. Also provide a clearly identifiable
focus outline.

= Allow users to navigate across menu bar by using keyboard left and right arrow keys.
When user reach at the end of menu, allow users to use the forward arrow key to loop

navigation back to first item.

4.4.6.5 Dropdowns

= Allow dropdowns to open with Enter key.

= Allow dropdowns to open when user focuses on the menu item.

= Allow navigation within the dropdowns using the arrow keys and the focus must be
visible enough.

= Allow users to close dropdown using escape key and move the focus back to the root

menu item of the currently selected dropdown item.

4.4.6.6 Search

= Provide search option to search within the webpage or website. Provide a search that is

capable to tolerate misspellings and typos. It will be a great help for dyslexic people.
4.4.6.7 Breadcrumbs

= Jtems such as breadcrumbs can help users to focus. If users are lost it allows them to
restore the context. Allow users undoing mistakes by providing clickable breadcrumbs.

Dyslexic people may lose attention so breadcrumbs are helpful for restoring context.

4.4.7 Screen Reader Compatibility

Dyslexic people are slower and bad at reading therefore they commonly used screen readers.
Content writers need to keep in view screen readers guidelines while writing because they can
write text in a better way that is also understandable when screen reader convert that text to
audio. Some examples for preparing website material that support screen readers are explained

below:
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Avoid using symbols and characters that cannot be clearly converted into audio i.e. avoid
using dashes. Write 1 to 5 instead of writing 1-5. Avoid symbols where possible such as
avoid using only “*” in place of required fields because it will be spoken as “asterisk™ or
“star”. Use symbols only when they are necessary to use because they are spoken.

Avoid using short form of words i.e. instead of writing Jan write full form January and
instead of writing "No.” write “number”.

Use punctuation marks i.e. full stops, comma, semicolons etc. so that screen reader will
give pause while reading.

Use full stop after heading and bullets etc. where pause is required (Developers may use
same color shade for full stop and background so that dots appears visually hidden).
Avoid using abbreviations and avoid using capital text in middle of line because it may
be read as single letters.

Chunk or break apart phone numbers to avoid reading as hundreds, thousands or millions.

Developers can easily know how the content is read by screen reader when they themselves use

screen readers and devote their time on screen reader testing. Developers need to be serious

about screen reader testing and they should frequently test the website with screen readers to

further know how the content sounds and which part or information is not announced correctly.

Developers also need to follow semantic HTML and WAI-ARIA guidelines to build screen

reader compatible websites.

4.4.8 Others

Guidelines for some other basic website elements such as forms, buttons, images etc. are

discussed below:

4.4.8.1 Forms

Use forms that clearly describe field labels, validations, errors, success messages etc.
both visually accessible as well as via screen readers all form elements should be clearly
announce able.

Include label tag with all fields and connect it to the field by using attributes such as id,

aria-label and“‘for” attributes.
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Use label that is clearly visible. Provide correct formatting instructions in clear textual
form outside the placeholder text. Do not rely only on placeholder text because it may
introduce accessibility issues. Its color is often light (grey) so users may found it difficult
to read due to low contrast it is less visible. It disappears when field is selected so users
may forget what they were supposed to type and due to short term memory they may also
forget the correct input format if provided only in placeholder text such as dashes are
required with mobile number or not. Such form without cannot be rechecked before final
submission. Usually, screen readers don’t detect and read placeholder. Also, screen
readers usually skip placeholder text so it cannot be used as a substitute for label. It is
best to avoid, however, it is okay if placeholder is used occasionally along with label but

avoid providing essential information inside it.

For required form fields, include both visual cues with fields such as *(Asterix) with text
and include attribute “aria-required=true” so that screen reader could announce it.

Include aria-invalid attribute with fields to tell screen readers about the field status i.e.
valid or invalid currently. According to the validation criteria this attribute should change
dynamically. For example: If the name field is empty the aria-invalid should be equal to
true to indicate this is invalid validation and when the user fills this field it should be
change into aria-invalid = false.

In case of presence of errors when the use submit the form move focus to first invalid
field and explain user about the issue using visual hints and error announcement via

screen reader to support screen reader users.

4.4.8.2 Buttons

To enable operation using keyboard identify tags that are created to use as buttons such as
text, link or div that works like buttons.
Use button tag for buttons. An alternate way is to include a “role=button” attribute.

Include text, aria-label and title with buttons.

4.4.8.3 Images

Include accurate and descriptive alt text with images. It helps those users who rely on

screen readers.
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4.4.8.4 Popups

Tag popups for screen readers and allow users to close popups using Escape key. After
dismissing popup the focus should go back to the element that was focused before the
appearance of popup.

Include attribute “role=dialog” with popups.

Include attribute “aria-modal=true”.

4485 Time

Provide sufficient time for time based activities. For example while designing online
tests, provide enough time so that dyslexic people can also complete the test. Also
provide sufficient time for session time out because the dyslexic people write slowly due
to writing and spelling difficulties and they need to recheck the information due to which

more time is required by these people. So avoid data loss due to insufficient timeout.

4.4.8.6 Ease and Help

Help users to understand the website and provide ease for using it. It can be done by
using things that are familiar and clearly understood. Avoid using new symbols or terms
because it may become difficult to learn. Use familiar design, icons etc. so that no
learning is required to learn new ones.

Use of common approaches is also helpful i.e. use blue underline convention for links
and use purple color for visited links because these are standard conventions and are
familiar ones.

Provide ease and help. i.e. use within website search, skip to main content link, auto fill
option and clear description for filling forms because of writing difficulties, use some
alternative and easy way for complex security mechanisms and avoid CAPTCHA.
Provide keyboard navigation support because it is a good practice and keyboard
navigation is often used with screen readers.

Use hyperlinks for ease of navigation such as while listing webpage contents use internal
or external hyperlinks.

Provide a consistent look throughout website i.e. provide uniformity in web pages,
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navigational elements etc.

= Use a good, simple, easy and familiar website design that makes errors less likely to
occur.

= Prevent users from doing mistakes and in case when mistake occur, guide the user and
make it easy for them to correct it. Also, help users to avoid mistakes by clearly

explaining input formats for form fields.
4.4.8.7 Distracting Elements (Moving text, Advertisements, Multimedia, Popup)

= Avoid use of distracting elements in websites surroundings because they divert the
attention of these users. Avoid moving text, advertisements, popups, multimedia such as
video, audio or background music that plays automatically. These elements may distract
dyslexic people. Therefore, do not set music or advertisements to play automatically
unless the users turn them on. However, skipping distracting elements such as
advertisement may be undesirable option for some websites that rely on the
advertisement revenue. Hence, if distracting elements such as advertisements are used

then they should be easy to close.
4.4.8.8 Authentication and Security

= Minimize the cognitive load of dyslexic people by providing easy security and
authentication mechanisms. For example, provide some alternative security mechanism
for CAPTCHA because they are difficult to understand by dyslexic people.

= Minimize the cognitive load by using limited the number of steps.

4.4.8.9 Overlays

= |f overlays are used for personalization, then make sure they are easy to use and close.
Overlays can improve accessibility because they provide users a way to choose their own

settings according to their comfort level.
4.4.9 Semantic HTML and WAI-ARIA
Semantic HTML means to use the right HTML elements for the right purpose. While writing

HTML, use correct semantic as much as possible because it gives context to assistive

67



technologies like screen readers and thus assist users to navigate, interact, understand and use the
website in a good way. For example, write descriptive title element because it is announced by
screen readers when the webpage is loaded for the first time. It is also very important to use
proper alt attribute while adding images because screen reader announce it while reading images.

W3C has developed Web Accessibility Initiative's Accessible Rich Internet Applications (WAI-
ARIA) accessibility guidelines to further add meaning to HTML elements and to support
adaptation via extensions, add-on, assistive technologies etc [72]. WCAG standards are more
popular while the WAI-ARIA accessibility guidelines are not well known. Particularly, WAI-
ARIA attributes convey the website elements in much better way to screen readers. For example,
it identifies page landmarks sections that support rapid navigation and conveying region name
such as search, banner, navigation, main content etc. It also explains forms in better way i.e. auto

complete available, field is required etc [72].

Two complete WAI-ARIA versions are recommended so far. The first version of WAI-ARIA
named as WAI-ARIA 1.0 was published in 2014 as a recommendation [71]. The next version
was WAI-ARIA 1.1 that was published in 2017 with more advanced accessibility
recommendations [72]. The WAI-ARIA 1.2 is currently under development according to W3C

website and it may include further additional features.

W3C has published Graphic Module of WAI in 2018 that support accessibility of structured
graphics like maps, charts, diagrams etc. In this study, we have only focused on the accessibility
of key website elements. Depending upon the website requirements, developers need to search

accessibility resources and implement relevant accessibility technique accordingly.

4.5 Examples of Guidelines with code (Semantic HTML and WAI-ARIA)

Accessibility problems are caused when the website is coded poorly. This section provides
numerous examples to guide developers how they can practically incorporate WAI-ARIA and
semantic HTML in websites development projects to dramatically enhance the accessibility.
There exist so many HTML and WAI-ARIA elements therefore we have explained the
importance of semantic HTML and WAI-ARIA using only few fundamental examples.
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4.5.1 Declare Document Language

Always use language attribute inside HTML tag to declare webpage language. It facilitates
screen readers and search engines. Every language has own set of pronunciation rules that’s why
screen reader needs to know the language of the webpage. It also assists in automatic translation

of webpage content. The following code specifies webpage having English language:

<IDOCTYPE html>
<html lang="en">
<head>...</head>
<body>...</body>

</html>

Also use <meta charset="UTF-8">) inside <head> tag for proper interpretation and indexing by

search engine.
4.5.2 Layout Elements (Page Regions & Landmark Roles)

In old days, developers create layouts with HTML tables by using different table elements for
partitioning the header, footer, sidebar, main content, footer section etc. It was a bad approach
because it was incompatible with screen readers. Screen readers gave confusing readouts,

especially when the layout is complex and created using multiple nested tables.

Modern layout structures provide website organization in a way that provide it easy to identify
various sections and is compatible with screen readers. Its code size is also reduced and thus it is
much easier to understand and maintain. Use HTMLS5 semantic elements while creating website
because it provide content sectioning. It is appropriate to use sectioning elements such as main
navigation (<nav>), footer (<footer>) etc. These section or layout elements provide semantics to
screen readers and other assistive tools. Website sections assist screen reader users by giving

additional cues while using or navigating the website.

Landmarks are used to define the sections of a webpage. In HTML, several semantic elements

are used to define important parts of a web page. Common semantic layout elements are
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<header>, <nav>, <main>, <aside>, <section>, <footer> and the area they cover is represented in

Figure 4.3.

<header>

<nav>

<section>
<aside>

<article>

<footer>

Figure 4.3: Layout

Screen reader announces website regions so that users can easily navigate within different areas
of website. The same functionality can also be achieved by using ARIA landmark roles. The
terms "region"” and "landmark™ are used as synonyms. A <header> tag contains built in role of
banner. It means that use <header> tag or <header role="banner"> or <div role="banner">
because these are semantically equivalent. Create navigation section with <nav> element. We
can also use div tags with role="navigation” but much appropriate way is to use <nav>. For main
area, either use <main>or use role="main". For footer section, use <footer> with

its role="contentinfo".

Apply <nav> region to the primary website navigation and for those websites that have deep
content, secondary navigation can also be used by using aria-label to differentiate both

navigation. For example, use <nav aria-label="Primary Navigation™>.

Each landmark element has a corresponding role. Roles are used to define the significant regions

of web page and are inherited from landmark:

= banner: Equivalent to <header> and usually contains website logo, name, main
navigation and search.
= navigation: Equivalent to <nav> and contains website navigation links.

= main: Equivalent to <main> and contains website central or main contents
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= complementary: Equivalent to <aside> and contains supporting website content usually
using side bar.

= contentinfo: Equivalent to <footer> and contains footnotes of website such as privacy
policy, copyright or contact information etc.

= search: No equivalent element in HTML and contains website search function. Use <form

role="search">.

Avoid using bad conventional page layouts that are created using table because they do not give

appropriate readout with screen reader. An example of inaccessible layout is:

<table width="1200">
***Header with Main Heading***
<tr id="heading">
<td colspan="8"> <hl align="center"> Provide Header Here </h1> </td> </tr>
***Navigation Row***
<tr id="nav" bgcolor="#ffgggg"> <td width="195"> <a href="...” align="center"> Home
</a> </td> {Use same way for creating all Navigation Pages i.e. Products and Contact.
***Search Form***
<form width="200"><input type="search" name="q" placeholder="Search"
width="300">
</form>
<td width="110"> <button width="100">Go!</button> </td></tr>
***Spacer Row***
<tr id="spacer" height="15"> </tr>
***Main Content***
<tr id="main">
<td id="content" colspan="7" bgcolor="#ffgggg"> Provide Main Content </td>
***Aside Content***
<td id="aside" colspan="2" bgcolor="#ff80ff" valign="top"> <h2>Related</h2> </td>
***Spacer Row***
<tr id="spacer" height="15"> ... </tr>

***Footer***
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<tr id="footer" bgcolor="#ffggg"><td colspan="7"><p> Copyright.....</p></td> /tr>

</table>

Good and accessible way is to use various section tags (header, navigation, main, article, aside,
footer etc.). An example describing the correct method to create layout is explained below:

<header> <hl> Provide Website Header Here </h1></header>

<nav role="navigation"> Provide Website Main Navigation Here
<form role="search™> Search Form </form>

</nav>

<main> Provide Web Page Main Contents Here
<article> Provide Article Headings and Contents </article>
<aside> Provide Related Aside Contents </aside>

</main>

<footer> Provide Footer Contents Here that will use across all pages. </footer>

Many websites contains HTML code having <div> tags for indicating navigation, header, and
footer area such as developers use <div id="nav"> , <div class="header">, <div id="footer">.

This method not works efficiently with screen readers. The example is explained below:

<div role="article">

<h3>Heading Name </h3>

<p> First Paragraph. </p> <p> Second Paragraph. </p>
</div>

<div role="article"> ... </div>

Instead of using a <div> with the role="article” it is appropriate to use the <article> element in

the case when the native element exists such as:

<article>
<h3>Heading Name </h3>
<p> First Paragraph.</p> <p> Second Paragraph.</p>

</article>
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4.5.3 Headings

HTML provides six levels (<hl1> to <h6>) for headings. Use these heading tags to properly
structure all webpage content under headings and sub headings. Assistive technologies like
screen readers could not identify those headings that are created without using heading tags such
as by using merely large text, bold, or emphasized. Therefore, heading tags are important
because screen readers rely on it and could not interpret headings unless the heading tags are
used. Many screen readers also readout the heading level. Headings are also important because
some screen readers allow users to jump among various headings such as move to next and
previous heading. Some screen readers (such as Voice Over) identifies all headings and bring a
list of headings as a table of contents and allow users to use these headings to easily move to the
desired content. Developer may avoid using <h1> because it looks ridiculously large or <h5>
<h6> or may avoid <h5> or <h6> as they look absurdly small. It is very important to use
headings in semantically correct way and they can change headings size using CSS (Cascading
Style Sheet). Always use <h1> for main heading, followed by <h2> and so on. Use the hierarchy
correctly in order and do not skip any level such as from <h3> to <h5>. Correct way of using
headings is explain below:

H1: Recipes
H2: Quick Recipes
H3: Burger
H4: Chicken Burger
H4: Beef Burger
H3: Spaghetti
H4: Chicken Spaghetti
H4: Vegetable Spaghetti
H2: Time Taking Recipes
H3: Lasagna
H4: Chicken Lasagna
H4: Vegetable Lasagna
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Also, avoid using heading tags for other purpose such as for making text bigger, highlighting or
emphasizing text, because visually it will work well but for screen readers they gave

inappropriate results. Therefore, following the HTML semantic is very important.

The correct way of creating headings is to use heading tags:

<h1> Heading 1 </h1>
<p> Paragraph </p>
<h2> Sub Heading </h2>

The incorrect way is by using font tag with size attribute such as:

<font size="8"> Heading 1 </font>

<font size="6"> Sub Heading </font>

Use role attribute equals to presentation or none where it is required to remove actual semantic.
For example in case of headings if it is written <h3 role="presentation"> Accessibility is
essential </h3> then it will removes the actual semantic of heading and make it equivalent to
<div> Accessibility is essential </div>. The heading role semantics are removed, but the content

itself will still available.
4.5.4 Images

In HTML, the alt attribute is used to provide an alternate text for images. Mostly developers
agreed that this tag provide information about image when due to some reason the image could
not load (such as slow connection, invalid image name etc). This concept is not widely
understood by developers that screen readers readout alt attribute and thus many website images
does not have either this attribute or does not have proper alt attribute. Many screen readers such
as voice over read image name in case if alt attribute is missing such as it will read file name*
img_islamabad.jpg” and sometimes file name does not provide any context. Therefore, alt
attribute is very important and it should clearly describe the images and those images as well that

contains text or used for decoration purpose.

<img src="img_islamabd.jpg" alt="Islamabad city with wide roads, greenery and mountains.">
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Another alternate mechanism is to use aria-labelledby to add the extra semantic to improve

image accessibility via screen reader.

<img src="icon.png" aria-labelledby="icon-label">

<p id="icon-label">The Description of Image... </p>

In above example, instead of using alt attribute an id is used to refer and screen reader will read
the referred paragraph as alt attribute. This method is suitable especially when same description

is required for multiple images.

Use empty alt (alt ="") attribute for images that have no meaning such as icons etc. which are
used for visual decoration. Screen readers will ignore such images and does not describe the

images with empty alt or sometimes it may readout “image”.

<h2> <img src="accessibility-icon.png" alt="">Accessibility </h2>

The reason to provide an empty alt (alt= """) attribute instead of skipping alt is that many screen
readers announce the whole URL for images if no alt is present. Another alternative way is to use
the aria role attribute equals to presentation or none. It will also restrict the screen reader from

announcing images.
<img src="accessibility-icon.png" role="presentation™ >
4.5.5 Buttons

Do not use the <div> tag for creating buttons because it does not tell about context. Use the
<button> tag because screen reader identifies it as button and can be focused, clickable and by
default have suitable styling. A button is also accessible via keyboard (using tab key) because

buttons have built in accessibility via keyboard.

Semantic: <button> Report Error </button>

Non Semantic: <div> Report Error </div>

Both button and div tag works different with assistive technologies. The correct use of tag is very

important to tell about context to assistive technologies.

75


https://developer.mozilla.org/en-US/docs/Web/Accessibility/ARIA/Roles

4.5.6 Links
Some examples of creating accessible links are given below:
4.5.6.1 Clear Purpose

Create links with descriptive text that clearly explain the link purpose. Link should clearly
explain what information the user will get by clicking on the link. It is important because with
screen readers the users use key board navigation and while navigating using tab key links are
focused. Some screen readers also provide a list of all links to help users move directly on
relevant part. In such case, links with bad names does not provide any meaningful information

such as "read more", "click here". Instead developers can use “read more about topic name”.

Example of good link name is: "Read more about Accessibility”. Sometimes the topic may be
big so in situation if developers want to use non descriptive links like "read more" there is
another way to improve link accessibility that is to use aria-label attribute. Example to describe

link purpose by using aria-label attribute is given below:

<h2> Digital Accessibility </h2>
<p> Accessibility means that...<p>
<a href="accessibility.html" aria-label="Read more about the Accessibility"> [Read

more...| </a>
Another way that can also be used to provide clear description about link is given below:

<h3 id="news_headline">Digital Accessibility is important </h3>

<a id="p13" href="news.html" aria-labelledby="p13 news_headline"> Read more </a>

</p>

In above example, screen readers will readout the link as: Read more Digital Accessibility is

important. The reading order will base on the order in which they are specified.
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4.5.6.2 Skip Link

The idea of skip link is to provide a link at the top of webpage to help users jump directly to the
main content. People who navigate using keyboard and assistive technologies such as screen
reader often use this link to directly reach the main content in much faster and easier way instead
of passing through so many navigation links. Many developers think that visible skip link is
unattractive because it is not used by many people. As this link may confuse people so mostly
this link is created as a hidden link and it remains invisible until it receives focus. Provide this

link in <header> with an id refer to <main>.

<header>
<a href="#main_content" class="skip_link"> Skip To Main Content</a>...
</header> ...

<main id="main_content">

Multiple skip links are mostly unnecessary and not required but for complex websites we can use

multiple skip links. This is very helpful method for reaching important parts of webpage.

4.5.6.3 Navigation

WAI-ARIA is basically used to express the semantics to assistive technologies. The role value
equal to presentation declares that the element is used for decoration purpose so actual semantic
of that element are not applied. Role equals none can also be used for the same purpose.
Actually, the role equals none or presentation both serves as synonyms. An example describing

role equals to presentation is given below:

<ul role="presentation">
<li> <a href="#"> First Link Name </a> </li>
<li> <a href="#"> Second Link Name </a> </li>
<li> <a href="#"> Third Link Name </a> </li>

</ul>

In above example presentation role is applied to an unordered list. Each child list item inherits
the role equals presentation so it will not expose like a list to screen readers. This way should be

used to create links such as table of contents links etc. Similarly, it is allowed to use role equal to
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presentation with table, headings etc. For example <h3 role="presentation"> Accessibility
Matters </h3> will remove the <h3> heading semantics and will behave like <div>Accessibility
Matters </div>.

Another way that is the accessible is to use <nav> region element for primary navigation such as:

<nav>
<ul>
<li><a href="#">Home</a></li>
<li><a href="#">0ur Team</a></li>
<li><a href="#">Projects</a></li>
<li><a href="#">Contact</a></li>
</ul>

</nav>

For distinguishing two navigation landmarks, the following technique is useful to provide a label
for assistive technologies such as when screen readers readout the object, they readout aria-label

text to explain users about what is it.

<div role="navigation" aria-label="Primary">
<ul> <li>...Provide list of Primary links here ...</li> </ul> </div>
<div role="navigation" aria-label="Secondary">

<ul><Ili>...Provide list of Secondary links here ...</li> </ul></div>

4.5.6.4 External link

External links are those links that will either opens in a new tab or opens in a new window.
Dyslexic people may become confused and distracted by these links and such links may distract
users from actual website. Therefore, it is a good practice to alert users about such links both
visually and via reading aloud for those who use screen readers. Let users know about such links
in advance. Use target ="_blank" and provide hint in the link name to indicate that the link is an

external link such as:

<atarget="_blank" href="https://www.w3.org/"> World Wide Web Consortium (opens in
a new tab) </a>
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4.5.7 Keyboard Navigation

Keyboard navigation support is very important feature of an accessible website. It is used and
preferred by many people such as people having motor disabilities, blind people who use screen
readers or other screen reader users, people who cannot use mouse due to imprecise muscle

control and even some non disable users depend on keyboard navigation as it is easier and faster.

Screen reader users often prefer to use keyboard for navigation. Some of the HTML elements
provide built-in keyboard accessibility. Non keyboard focusable HTML elements can also be
focused by using WAI-ARIA tabindex attribute. It allows developers to customize tab order and
provide users to navigate easily via keyboard tab key. It means that tab sequence can be arranged
in logically correct way according to the website. It will allow focusing on important webpage
elements such as links, headings, forms, buttons etc and tabindex attribute can be used with all
HTML elements.

It also allows focus to those elements that are not focused by default such as fake <div> buttons.
This fake button can also be tabbed via keyboard tab key by using tabindex attribute. Set
tabindex equals to zero (tabindex="0") or any greater value. Basically, this attribute allows
developer to set a custom specified tab order (positive increasing numerical order).

<div tabindex="1">Dyslexia</div><br>
<div tabindex="3">Symptoms</div><br>
<div tabindex="2">Assistive Tools</div>

<div> Not tab-able because no tabindex is used. </div>

In above example, these elements became tab-able due to using tabindex. If it is not specified, it
uses 0 as a default value and tabindex="0" means to focus the element in default sequence with

keyboard navigation.

If the website internal search field contains tabindex=1, it means it will be focused first using the
tab key. Many developers follow this even though it should not be given the first order because it
is not often used initially when the user visits the webpage. So, logically set tabindex value to

focus all the main links and content in appropriate order according to preference.
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If multiple elements have given identical values of tabindex then they are navigated according
the order they appear. This method is less error prone as compared to giving multiple different
values. If developers use different numbers for tabindex then those website that are frequently
updating may become difficult to maintain. For example to add some new links in between
existing links, developer needs to change multiple tabindex values. By using identical tabindex
developers can easily modify, rearrange and add new elements in existing webpage. For

example:

<a href="#" tabindex = "1"> Tabbed on First number</a>

<a href="#" tabindex = "1"> Tabbed on Second number </a>

<a href="#" tabindex = "1"> Tabbed on Third but added after a Long Time</a>

<a href="#" tabindex = "1"> Now tabbed on fourth number but previously it was tabbed

on Third number</a>

If tabindex is not included then keyboard navigation may not be supported in logically correct
order. Instead, the default tabbing order will be followed that will not work efficiently because it
will focus according to the order as the object appear in source code. Therefore, developers need

to enhance the keyboard accessibility as it is very crucial aspect of accessibility.
4.5.8 Forms

Make forms accessible via key board navigation as well as via screen reader. Some of the best

practices for creating forms are:
4.5.8.1 Labels

Use form landmark for creating from region. Use appropriate labels with forms controls to
correctly describe the purpose. Labels give hint to screen reader users about what is needed to

enter so labels are important for every form element.
One method for creating form is given below:

<form>
Enter Name <input type="text" id="name" name="name">

</form>
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By using above method visually the form looks well, however, this is a bad way of creating form
because if it is accessed with screen readers, it give inappropriate description along with edit

text. So, better way to create forms is to use label tags such as:

<form>
<label for="name">Enter Name: </label>
<input type="text" id="name" name="name">

</form>

When the above method is used, the label will clearly associate with the input so screen reader
describes it correctly. The value of “for” attribute of <label> tag and the “id” attribute of <input>
should be equal in order to bind these elements together. The <label> element is very useful for
screen-reader, because it will read the label when the user focuses on the input field. Also, do not
rely alone on placeholder text because it is not a substitute of label. Use placeholder with

appropriate label because screen readers usually skip placeholder and do not read it.
4.5.8.2 Required Fields

Labels that contains asteric "*" or use word "required" for indicating that the field is mandatory.
These methods are fine according to visual look but "asteric™ will not sound good with a screen
reader (it may sound like "Enter your name star, edit text"). Therefore, it is recommended to use
the aria-required="true" and "required" with fields that are required. This attribute give clue to

screen reader that the field is required to be filled.
<input type="text" name="name" id="name" aria-required="true" required>
4.5.8.3 Search Form

There is an option to use "aria-label” where visual labels are not needed. Search fields often have
no label but have a placeholder. A placeholder is not considered as a valid or accessible name
and many screen readers don’t read it. When the input field of form is focused then screen reader
read out the term enclosed in aria label attribute. So, as a solution we need to add aria-label

attribute so that screen reader could read it such as:

<input placeholder="Enter Term” aria-label="Enter Term ">
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Search landmark can also be used such as:

<form role="search">
<label for="search"> Enter Term </label>
<input id="search" type="text" size="20">...

</form>

If image buttons are used then must provide an equivalent alternative (alt) text. Otherwise, screen

reader will just readout "button”, without indicating the purpose of button.

4.5.8.4 Auto complete

Browsers often stores user details so provide auto complete options for forms. It will be a great
aid for dyslexic people because along with reading difficulties they also face writing difficulties.

So the best way to allow filling forms is to use auto complete such as:
<input id="email" autocomplete="email" name="email" aria-required="true" >
4.5.8.5 Password

When it is needed to associate descriptive information with a form input then use aria-
describedby so that screen reader will readout description as well. For example a password field

with correct format details may look like:

Enter Password | |

The password must have at least 10 characters and must include number, capital and

small letters.

In above example a form contains a password field with some rules where the rules are written in
the next line or after the field. In such cases, when focus is on text field then screen readers
cannot announce the next elements. Thus, screen reader may not announce rules timely. Screen
reader typically read descriptions in order where they are written, sometimes after labels and
sometimes after input fields as the very last information. However, for screen reader users,
descriptions are much useful while focusing form input fields. So the better way to make

descriptions read by screen reader is to use aria-describedby such as:
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<label for="password">Enter Password</label>
<input type="password" id="password" aria-describedby="passwordnote"><br>
<p id="passwordnote"> The new password must have at least 10 characters in length and

must include number, capital and small letters.</span>

Use aria-describedby to describe form elements where longer description is required. Typically
screen readers readout the label initially, then it readout input type such as checkbox etc then it
readout additional properties if exists such as field is required and finally it will read out the

description if it exist.

A screen reader friendly example of password with requirement that suggest password must

contain at least 10 characters is given below:

<label for="pwd"> Enter Password:</label>
<input type="password" name="pwd" id="pwd" pattern=".{10,}" aria-
describedby="password-length-error" aria-invalid="true" title="Ten or more characters

are required™>
<p id="password-length-error" role="alert"> Ten or more characters are required </p>

<input type="submit">

Role equals alert is assigned to error so that screen reader read content even though this is not
focused. This error message is not just associated with this field. The aria-invalid equals true till
announce Via screen reader about the current state of password whether valid or invalid (means it
needs to be corrected) according to the given format. According to the input its value changed

dynamically.
4.5.8.6 Check box

For a checkbox, the following method can be used to provide accessible name to screen reader:

<span role="checkbox" aria-checked="false" aria-labelledby="terms_conditions"></span>

<span id="terms_conditions">I agree with the Terms and Conditions. </span>
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4.5.9 Semantic Elements

It is very important to use correct semantics for screen readers to readout properly. Avoid
changing the actual semantic of HTML because the default semantic works best with assistive
tools. Use headings tags for creating headings and create buttons using button tag. The
semantically correct way of using list is to use the list tag and the incorrect way is to make list as

given below:

1. Apple <br><br>
2. Mango <br><br>

3. Orange <br><br>

Screen readers will not give proper readout for this list which is created without using list tag.
So, it is very important to use the correct semantic element always to improve accessibility
because assistive technologies rely on semantic and understand the code correctly when correct
semantic are used. Semantic HTML itself is a great aid for screen readers to screen readers to
understand website contents. Screen reader readout tag through the website contents to notify

users about what is being read i.e. heading, list etc.

Widgets that are used on web pages are also created with accessibility barriers and are
unrecognizable through assistive technologies. WAI-ARIA guidelines also make widgets
accessible by screen readers. Some common examples of widgets are: Sliders, Breadcrumbs,

Carousels, Checkboxes, Date pickers, Tooltips, Dialog windows, Alerts, and Drop down menus.

The above mentioned code examples seem reasonable enough to guide developers how they can
improve accessibility by doing few changes in HTML code to make it screen reader friendly as
well. Developers need to conform to these guidelines while developing websites in order to make

accessible websites for dyslexic people.

4.6 Benefits of Guidelines

It is very important to build better websites in terms of accessibility. The suggested guidelines,
WAI-ARIA and semantically meaningful HTML collectively allow dyslexic users including

those who use screen reader to better understand and use the website. If developers follow these

84



practices then the developed website will also work well with screen readers and thus improves

website accessibility and quality by clearly explaining websites to users.

These key guidelines are important because they would facilitate developers to understand
dyslexic people needs and create website that dyslexic people can easily use and also benefit
many other individuals and society. The guidelines can be used as an inspiration by different

team members in different ways. For example, teams can incorporate these guidelines in:

= Requirement specification
= Design

* [Implementation

= Testing

=  Maintenance

Furthermore, these guidelines will give awareness of key issues and are beneficial for all
stakeholders that are involved in website development projects. Every stakeholder including
developer, designer, tester and content writers can use these guidelines to play their role to

enhance website accessibility.

4.7 Brief Summary of Guidelines

This chapter has provided the basic website accessibility guidelines that are helpful for making
friendly websites for dyslexic people. The major accessibility barriers for dyslexic people along
with the guidelines to fix those barriers are summarized in Table 4.1.
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Table 4.1: Summary of Major Accessibility Barriers and Guidelines for Fixing

S.No | Major Barriers Guidelines to fix Barriers
1. Poorly Presented Use short paragraphs, headings, bold, diagrams, lists, examples etc. to convey
Information message in a meaningful and interactive way. Expert opinion could be taken
regarding the organization and simplicity of all written material. Use simple and
easy words while writing.

2. Complex Layout Avoid using too many columns and complex website layout. Keep it simple,
familiar and easy.

3. Inappropriate Text Use readable enough font size, spacing and color contrast as recommended by

Size, Spacing and WCAG standard. Check the contrast ratio using online color contrast checkers.
Color Contrast
4. Inaccessible Use simple and clear navigation. Make navigation accessible via screen readers
Navigation and keyboard by using WAI-ARIA elements. Use a skip link that move user to
main content especially for those pages that contains a lot of information.

5. Inaccessible forms Use WAI-ARIA guidelines for every form element to make it accessible via
screen reader. Use labels for fields. Provide input assistance such as provide auto
fill option, provide clear hints for accurate field format and display clear error
message.

6. Inaccessible images | Provide "alt" tag with images explaining complete description about the image.
For images that are links provide alt text. Tag all icons for screen readers.

7. Not much support Use the best practices to write Semantic HTML and WAI-ARIA elements to

for screen readers develop screen reader friendly website.

8. Others Avoid using popups, advertisements, moving text and multimedia that plays

automatically. Provide enough time and control time outs of sessions. Also give

accessibility trainings to developers.
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Chapter 5

PROPOSED FRAMEWORK

5.1 Overview

In this chapter, the need of an approach and the steps of proposed approach to provide
accessibility solution framework is discussed. Developers can practically adopt this approach to
enhance website accessibility. The benefits of the proposed approach are also discussed in this

chapter.

5.2 Need of an Framework

Although, awareness about the topic of web accessibility is increasing, but this study identified
that lack of knowledge exist that guide developer how they can implement accessibility in
website development projects. The proposed approach work on improving website accessibility

and can be easily put into practice by developers.

To know whether a website is accessible or not it needs some evaluation. Website accessibility
evaluation main methods include manual testing by experts, automated testing and testing by
users. Automated testing methodologies can save time, efforts and cost and can easily be done
frequently by developers throughout the development. While user testing and experts testing
methodologies can be expensive, tiring and slow and cannot be easily put into practice
throughout the development. Therefore, the proposed solution suggests adopting the automated
accessibility testing tools and screen reader testing approach from early stages. The approach
suggests prioritizing accessibility from beginning as it easy to resolve the issues from the
beginning. Moreover, the proposed approach gives a practical way that can help developers to

create more accessible websites.
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5.3 Proposed Approach

The steps involved in the proposed methodology are shown Figure 5.1. The development
procedure starts with requirement phase and after performing a series of steps developers can

finally built accessible website for dyslexic people.

I Requirement Phase I

v

I Design Phase I

v

él Develop a Web Page I

Test Accessibility via
Automated Tools & 6

Test via Screen Reader

No

Resolve Issues

Figure 5.1: Proposed Framework

Plan and prioritize accessibility from the requirement phase and keep focusing on it till the
maintenance of website. Write requirements and prioritize accessibility as other requirements.
Develop accessible design keeping in mind the accessibility guidelines. Then during

implementation, frequently test for accessibility and fix identified issues. Continue testing until
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the issues are resolved and until the complete website is developed. During maintenance,
whenever changes are requested then again follow same steps including test for accessibility
(automated and screen reader). Findings and lessons learned from both the testing types can also
be noted. This report can be shared with other stakeholders to further train them to resolve
potential accessibility problems. The testing tasks can be assigned to testing team from the

beginning.

To ensure quality and accessibility, test the web pages with automated accessibility evaluation
tools and with screen readers regularly across the entire development of website. If the website
developers do not plan for accessibility thoroughly then they will ultimately end up ruining the
website accessibility with every update they made and it will become difficult to resolve all
issues if discovered at the end. Therefore, we need to test and fix the website early, repeatedly
and thoroughly for accessibility in same way as we perform other testing (mobile browser view

or desktop browser view).

Making an existing website accessible could be difficult using this approach but works well as an
initial step towards accessibility. Developers can start accessibility improvements from high
priority or more popular web pages. By following suggested steps, the development team can

develop accessible websites using limited available resources.

5.4 Benefits of the Proposed Approach

The propose approach incorporates the benefits of accessibility testing, screen reader testing as
well as combined benefits of both. Screen reader testing could also play some of the role of user

testing.
5.4.1 Benefits of Automated Accessibility Testing

Some benefits of automated accessibility evaluation tools are:

= These tools are free and easy to use.
= They are cheap in terms of effort, time and cost.
= They provide fast way of detecting accessibility critical problems such as forms without

labels, missing alt, colour contrast errors, font readability errors. The evaluation report is

89



generated in short time period. The errors are located with code snapshot so can be traced
easily and these types of error are very important to remove.

Developer can easily fix the errors by using hints provided to resolve errors.
Inexperienced developers can easily use these tools to evaluate and work on website

accessibility.

5.4.2 Benefits of Screen Reader Accessibility Testing

Some benefits to test for screen reader compatibility are:

It helps to understand how the website works for those people who use screen readers.
Many of the digital accessibility lawsuits were filed by screen reader users who get
frustrated because they could not complete desired task using screen readers either on a
website or mobile app [66]. Therefore, screen readers can help to identify existing
barriers and motivate developer to develop screen reader friendly websites.

Many screen readers are free and easy to use.

5.4.3 Benefits of the Combined Approach

For better results, one should use both testing types. Such a combined testing approach provides

an effective way that leads towards higher levels of accessibility. Some of the benefits of using

combined testing approach are:

Website accessibility problems of dyslexic people are also related to no support for screen
readers. Therefore, screen reader testing can overcome some of the limitations of
automated testing such as automated testing can detect the absence or presence of alt text

in images while the screen reader testing could depict that alt text is meaningful or not.

Automated tools alone does not provide complete solution, so, for effective results human
judgement is required and thus, screen reader testing can be considered as an accessibility
best practice. Testing using accessibility evaluation tools is a great initial step but testing
with screen reader will give much closer view of how screen reader users experience the

website.

This approach has potential to encourage even those development teams that neither have
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the knowledge required to produce accessible content nor can afford the cost to hire
accessibility experts from outside to examine and correct the source code by applying

their knowledge.
5.5 Summary

An accessible website development framework is presented in this chapter that will assist
developers to create accessible websites for dyslexic people by using limited resources. The
approach focuses on the automated accessibility testing and screen reader testing that is often
ignored by developers. This approach is easy to follow because both testing tools are free of

cost.
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Chapter 6

EVALUATION RESULTS

6.1 Overview

In this chapter, a prototype of website is developed using recommended guidelines and
framework. The website is evaluated for accessibility and evaluation results showed that the

proposed website is accessible.

6.2 Tools Used For Evaluation

Two tools are used for the evaluation process.

1. AccessScan: It evaluates website accessibility against WCAG 2.1. This tool scans full
website and needs website link for scanning.

2. Screen Reader: It gives an idea about the website look and feel for those users who use
such tools i.e. dyslexic people. The Screen Reader extension was added from chrome web

store as shown in Figure 6.1.

~ chrome web store * hamnarac786@gmail.com v
Home > Extensions > Screen Reader
Sereen Reader
{2} chrome.google.com
Y % % 974 (D | Developer Tools | 100,000+ users
G By Google

Figure 6.1: Screen Reader used for Testing Website

6.3 Website Prototype

The website is developed using the proposed guidelines and methodology. The website is tested
frequently for accessibility and via screen reader during development phase. The detected
accessibility issues are removed frequently throughout the development. Figure 6.2 show the
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website development phase, Figure 6.3 represent home page, Figure 6.4 represent categories,

Figure 6.5 represent the products and Figure 6.6 represent contact page of website.

&« C @ spacesw3schools.com/space/dyslexiawebaccess/editor

{ Backtofiles B8 @ 8
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Figure 6.2: Website Development Phase
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Skip to main content Home About Games Shop Events Contact

ADDING FUN TO YOUR
LIFE

Having fun is good for you because physiologically, it helps to
balance out our stress and feel-good hormones, preventing diseases
long-term. It helps to boost our creativity, energy, productivity, and
overall cognition. It's like our brains revert back to being a child
again. So fum is so important for all oof us!

Follow us on Social media

Figure 6.3: Home Page of Website
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Skip to main content Home About Games Shop Events Contact

LIST OF GAMES

Playstation

Skip to main content ome About

Keyboard

12 items
Price Range: 1000-5000 Rs

?k°\/

Headphone

40 items
Price Range:1500-3000 Rs

9 Address

\7
¥

Fighting

p

OUR STORE

Server

15 items 25 items
Price Range: 5000-20000 Rs Price Range: 800-2000 Rs

Monitor Joystick

10 items 10 items
Price Range: 30000-50000 Price Range:2000-10000 Rs

Figure 6.5: Products Page of Website

REACH OUT TO US

! Receive weekly update email L. Phone

Shop No 12, Street 14, Naval Islamabad com 0300-9533781

Shop No 34, Besan Road Multan

0333-7343591

shop No 15, Block L, Gulberg Lahore

Figure 6.6: Contact Us Page of Website
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6.4 Results

The website is evaluated using the "AccessScan" tool and evaluation results show the website is
Compliant according to WCAG 2.1 Level AA. Accessibility evaluation results and remarks are

shown in Figure 6.7 and Figure 6.8.

ar v 0@

& aceessiBe announces $58 Million fundina! IOGIN  SUPPORT __ COMPLIANCE FREE AUDIT
Sk nain Home About Games Shop ( _
e out Games  Shop ¥ X

o accessScan dyslexiawebaccessy /

C @ accessibe.com/accessscan?website=https://dyslexiawebacc

Search

Compliant! ADDING FUN TO YOUR I-IFE

Great work, you are compliant

with the WCAG 21 level AA Having fun is good for you because

physiologically, it helps to balance out our stress
and feel-good hormones, preventing diseases
long-term. It helps to boost our creativity,
energy, productivity, and overall cognition. It's
like our brains revert back to being a child

Get the full PDF report to your email B in. S huih o0 importagt for A

Follow us on Social media

Figure 6.7: Evaluation Results of Proposed Website Using "'AccessScan' Accessibility Evaluation Tool

#  accessiBe announces $58 Million funding! >

e accessScan dysloxiewsbooosssy 7
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Figure 6.8: Proposed Website Compliant according to WCAG 2.1 Level AA
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The screen reader testing is done by using chrome extension and the results have shown that
website works well with screen reader. The screen reader testing process is shown in Figure 6.9

and Figure 6.10.

Skip to main content Home About Games Events Contact

ADDING FUN TO YOUR
LIFE

Having fun is good for you because physiologically, it helps to
balance out our stress and feel-good hormones, preventing diseases
long-term. It helps to boost our creativity, energy, productivity, and
overall cognition. It's like our brains revert back to being a child
again. So fum is so important for all oof us!

Follow us on Sodal media

Figure 6.9: Testing with Screen Reader

REACH OUT TO US

9 Address ! Receive weekly update email %o Phone

Shop No 12, Street 14, Naval Islamabad ab ain.com 0300-9533781
Shop No 34, Bosan Road Multan 0333-7343591
Shop No 15, Block L, Gulberg Lahore

Figure 6.10: Testing with Screen Reader

6.5 Summary

The evaluation results provided in this chapter have shown that the developed website according
to proposed guidelines and development approach has significantly improved the website

accessibility for dyslexic people.
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Chapter 7

LIMITATIONS

7.1 Limitations

Some of the limitations are mentioned below:

There are multiple methods for accessibility evaluation. In this research, two methods are
used in combination to assess the website accessibility. First method include an automated
tool to evaluate accessibility and the second method includes examining the website for
screen reader compatibility. Other evaluation methods such as expert based manual checking
can also be used for this purpose. Dyslexic people can also be involved to evaluate usability

of website and their involvement could further describe how well their needs are met.

Due to the diversity of the topic and time constraint, only key guidelines are discussed. This
work has focused only on some common website elements while there are so many other
elements available for websites such as multimedia (videos, audios), tables, live chat,
shopping cart etc. Accessibility of carousels, tables, deleted texts (used to show previous
price), fast moving text, fast moving video, audios, videos, breadcrumbs, moving or blinking
content, advertisements, reviews and ratings etc., are not discussed in this study. Therefore,
depending upon the type of element that developer is going to use on website, it is

recommended that developer should learn and implement relevant accessibility concerns.

The proposed website prototype is tested using single accessibility evaluation tool and screen
reader software. Multiple accessibility evaluation tools and multiple screen readers can be

used for achieving much better results as more tools can give more valuable feedback.

This research has discussed about accessibility basics and highlighted only the importance of
semantic HTML and WAI-ARIA guidelines to achieve accessibility. This study has not

discussed other practices such as CSS and JavaScript accessibility practices.
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Passing through automated accessibility testing tools does not guarantee that the website is
fully accessible. Automated testing tools can be a good starting point to quickly find key
issues on the website, but automated testing alone is not enough and there is always a need
for humans to manually review each item or review using screen reader to assure that website
is fully accessible. Few examples to describe that sole dependence on tools is risky because

there are some limitations of tools:

= Tools cannot test that the content is easy to read and is in logical flow.

= Tools can only tell about presence or absence of “alt” text. They cannot verify
that texts written in alternatives are meaningful.

= Tools cannot ensure that the navigation order is logical using tab key from

keyboard and desired path is followed.

To summarize, each testing type has its own importance. Some issues are only identified by
expert analysis. Also, user testing is important because users can reveal those issues that may
be overlooked by automated testing and experts testing. Finally, to fully provide better

accessibility, a combination of all these approaches is required.
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Chapter 8

CONCLUSION & FUTURE WORK

8.1 Conclusion

The main goal of any website is to reach as many customers as it can. A fully accessible website
according to WCAG is one that is easy to use by everyone including people with various
disabilities. By following WCAG properly, we can develop perfect websites but enough time,
effort and dedication is required to make the website fully accessible for all disabilities. Also, be
practical because the concept of 100 percent accessibility is an unattainable target. Therefore,
developers should make websites accessible as much as they can. Although, WCAG exists for

the past 20 years, dyslexic people still struggle to use websites.

Despite the fact that nearly 15 to 20 percent of the population is dyslexic [7], accessibility is
rarely a consideration for website developers. Mostly the websites are developed without giving
attention to accessibility. Generally, dyslexic people are affected by website inaccessibility
because when they use websites, they often experience discrimination and receive poor quality
services. Discrimination means that these people are treated less favorably due to their disability.
This discourages them from using websites. This discrimination may occur as a result of a lack
of awareness of key website accessibility issues and best practices to overcome those issues.

This research has presented a high level overview of website accessibility, highlighted its
benefits and importance, presented statistics of increasing number of lawsuits and exposed the
current accessibility evaluation results. Additionally, key accessibility guidelines and a
framework is provided to help developers to quickly and easily identify and fix the accessibility

obstacles faced by dyslexic people.

Previous facts and figures and our accessibility evaluation results have shown that dyslexic
people are unable to fully utilize the website offerings. They usually use assistive technologies
and mostly screen readers are used by these people. Despite the fact that screen readers can help
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dyslexic people to understand website content, barriers to access still exist. Accessibility will
remain an issue unless the content is created in a way that can be understood by the screen
readers. Therefore, testing alone for accessibility is not enough and in order to achieve higher
levels of accessibility we suggest that it is necessary to test websites with screen reader for
checking screen reader compatibility. This research has also highlighted the importance of both

accessibility testing and screen reader testing.

In this research, key guidelines and framework are proposed for making websites accessible for
dyslexic people to encourage their participation and to open up opportunities for them.
Selection, design and adaptation of material according to guidelines from the beginning is very
crucial to keep the websites dyslexic friendly. We have suggested that testing of website for
accessibility should be prioritized from the beginning to minimize the efforts and costs of fixing
it later. Testing for accessibility early and regularly using automated tools is ideally a good
initial step towards accessibility. It helps to easily and quickly find out the programmatically
detectable HTML and WAI-ARIA issues such as missing alt text (alternative test) from images
or links with bad text such as “click here”, “see more”, missing labels from form controls,

contrast errors etc. Semantic HTML and WAI-ARIA guidelines are a good basis for addressing

main accessibility issues.

A website prototype is developed using suggested guidelines and framework and by using
frequent testing approach. From evaluation results, it is observed that the proposed website
model has considerably lessened the key issues. Accessibility is an important part of the website
and should be given importance from the start and need to be focused throughout the
development so that we do not have to go back and redo all the work to become accessible.
Naturally, website accessibility seems like a big task but considering accessibility throughout is a
vital part of building and maintaining a successful website. It is often overlooked due to lack of
awareness, limited time, limited budget and limited resources but if accessibility related issues
are uncovered in the later stages then it will become very costly, time taking and difficult to fix
those issues. Accessibility of websites is a much important element to be tested throughout. It
should not be considered as an add-on or afterthought but it should be prioritized as an ongoing
process and prioritized from the very beginning of development. With the proposed approach,

the accessibility obstacles can be easily found and removed in early stages in a cost effective
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way. Hence, it is concluded that accessible design is not hard to achieve if it is focused from the

beginning of development.

This research will further increase awareness and encourage valuing the needs of dyslexic people
as a key component in website development projects. When websites are properly designed,
developed and maintained, dyslexic people needs can be accommodated without decreasing the
website accessibility for others who are not disable because dyslexia friendly practices makes
websites simpler and easier to learn and use by many other users as well. Along with its ethical
and financial benefits, there are legal risks as well in some countries that enforce developers to
implement accessibility. This research could also become a resource to build capacity among
policy makers, businesses owners, professionals and service providers to promote website
accessibility. With this view, every stakeholder involved in website development should feel
accountable for it and everyone has a role to play to eliminate existing barriers and prevent new

ones as much as they can.

The research on accessibility should be given considerable attention on the national and
international levels because accessibility is a key challenge that most of the websites are
currently facing. Based on the work described in this research, it is recommended that it is a very
critical issue and government of every country should either adapt the existing accessibility
guidelines or should develop their own guidelines that are appropriate for their context.
Government should also set some policy for website accessibility with strict enforcement
procedure, i.e., make it a compulsory requirement to create accessible websites and the owner
should be sued and accountable for providing inaccessible websites. Giving rewards to those

who provide accessible website might also help in promoting accessibility in the environment.
8.2 Future Work

The topic of accessibility is complex because with changing technology the accessibility
guidelines are evolving and increasing rapidly. WCAG 3.0 with a wide set of guidelines will be
published soon in future. In the world where technology is always developing, this topic needs
more attention because websites are of different types and can contain a lot of elements. Keeping
in view the limitations of this research work, some future directions relating to this topic are

discussed below.
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In this research, only one accessibility evaluation tool and one screen reader program is used. It
may be worthwhile to look into the results from various accessibility tools for the same website.

More tools can be used in order to extract more issues regarding accessibility of websites.

The future research can also include dyslexic people to further evaluate the usability of website.
A large sample of websites or country specific websites can also be evaluated for accessibility

using automated tools to check the current accessibility status, obstacles and statistics.

This research work has focused only on some common elements that are present in most of the
websites such as layout design, forms, links, buttons, headings, images, colors and textual data.
There are so many other elements available on websites such as multimedia (videos and audios),
tables, live chat, shopping cart, moving text, online tests etc. The proposed guidelines can be

extended by adding more accessibility factors, criteria and guidelines.

Dyslexic users face different types of obstacles on different types of websites i.e. educational,
entertainment, banking, government, news, e-commerce etc. In this research, only key issues are
discussed. Therefore, depending upon the type of website, research can specifically be conducted
to identify dyslexia friendly guidelines for a particular type of website such as conduct a study to
highlight the obstacles faced on e-commerce websites and suggest guidelines to tackle them.

Until now, most of the studies on dyslexia focused on the English language. Because of this,
several problems relating to other languages are not covered yet by current accessibility
guidelines. Therefore, the research can also be conducted to identify problems faced by dyslexics
in other languages. Also, font is one of the key factors that mostly impact on readability so there
is also a need to work on suitable font in other languages such as Urdu, Arabic etc. We can
suggest suitable font face, suitable word spacing, letters spacing, line spacing etc. based on
empirical results. Also, very limited screen readers support such languages so language specific

research also needs attention.

These dyslexia friendly accessibility guidelines can also be used to create mobile or desktop
applications for dyslexic people. Furthermore, these guidelines can be used to create augmented

reality and virtual reality based applications for dyslexic people.
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