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Abstract

As recent legislation requires that public sector websites meet the Web Content
Accessibility Guidelines (WCAG), this thesis explores how accessibility can be
improved for the individual user rather than the needs that come with specific
disabilities. In order to improve digital accessibility for the individual, personalisation is
employed to allow users to change the user interface of e-commerce websites, to
better meet their needs.

This research analyses literature relating to the difficulties in conforming to the WCAG,
development methods used for improving accessibility and previous work around the
subject within the same area that looks at adaptable user interface solutions.
Following this, developer interviews are used to provide an understanding as to how
developers define accessibility, as well as the challenges that are being faced when
trying to implement accessible websites. This work illustrates that between those
interviewed, there was no single definition of accessibility and that the needs of
businesses are prioritised ahead of the needs and goals of individuals.

With an understanding of the problems facing individuals and those seeking to create
accessible websites, 2 studies were conducted. The first, Bog Roll Business Builder,
used an interactive study to understand the features of a user interface that could be
personalised to better meet the needs of an individual. The second study, Miss
Thread, puts these features into a typical fashion e-commerce website, allowing for
the testing of affordances and development methods with both disabled users and
developers respectively.

The implications of this work provide a foundation for future investigation into
personalisation. The results of the studies conducted show a promising insight into
personalisation and how it could feasibly be implemented to improve accessibility for
the individual.
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1. Introduction

This introduction provides an overview of the background context of the subject area,
key terms used throughout this thesis, the problem space; and as a result, the
research questions, before detailing the research objectives, scope and outline of the
project.

1.1 Background context

The World Wide Web has allowed for communication and interaction of different users
and cultures like never before. The use of the Internet puts the world’s wealth of
information at a user’s fingertips; a quick search for ‘Online shopping’ returns
25,270,000,000 results. It is easy to imagine the benefits of the Internet: everyone can
use their own device, wherever they are, all with access to the same content. There
are no longer physical barriers in place preventing people with accessibility needs from
achieving their goals. The World Wide Web Foundation, led by Tim Berners-Lee, a key
architect of the Internet’s form, designed a Contract for the Web (2020) to safeguard
the use of the Internet. Within this contract, a key principle is to ‘Make the Internet
affordable and accessible to everyone! In order to help make the web more accessible,
the Web Content Accessibility Guidelines (WCAG) have been developed. The aims of
the guidelines are to make websites perceivable, operable, robust and understandable
by anyone, no matter their accessibility needs.

In 2019, an automated test of 1,000,000 of the world's most visited websites was
conducted to check for WCAG conformance. The testing found that 97.8% of the
homepages were not accessible, as they did not meet the WCAG (WebAIM, 2019).
That means that at least 978,000 of the world's 1,000,000 most visited websites
contain at least one page that is inaccessible to users who are accessing the web with
the use of assistive technology. New legislation attempts to tackle this issue. The
European Union introduced a directive in 2016, enforcing that all public sector
websites (from September 2020) will have to conform to WCAG Level 2.1 AA (European
Union, 2016). This is the first time that legislation has required compliance to a
testable, quantifiable accessibility standard.

However, a website that achieves WCAG 2.1 AA conformance may not be usable by all
users. The Web Content Accessibility Guidelines have been created to make content
accessible for people with different disabilities (Lopes et al., 2010). The guidelines do
not take into account an individual's context of use, their needs or their goals when
accessing content. The guidelines highlight this gap in their coverage with the
following statement, taken from the WCAG Introduction (W3C, 2020):

Although these guidelines cover a wide range of issues, they are not able to

address the needs of people with all types, degrees, and combinations of
disability.
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1.2 Key terms

Given the way that terms in the space are somewhat new and continually evolve
alongside the release of new specifications and standards, this subsection will seek to
explain these terms and the context in which they will be used within this thesis.

Given the subject matter of this thesis, the term 'web[site] accessibility' is a key
concept, referred to frequently. Accessibility is ensuring that websites can be used by
as many people as possible and that nobody is excluded. This definition of web
accessibility also recognises that accessibility is not static; accessibility needs can
change depending on location, health or the equipment being used (Government
Digital Service, 2019).

In this thesis, the term personalisation is employed in relation to the action of an
individual customising an object (either physically or digitally) in order to align with the
individual's needs and goals. In this field, the terms 'customisation' and
‘personalisation’ are used somewhat interchangeably to denote this activity. However,
a user could customise an object for a number of reasons, such as for mass appeal or
as an act of protest. Therefore, the term personalisation has been chosen specifically
for use in this thesis for its semantics in relating directly to the user's needs and goals.

1.3 The problem space

The Click-Away Pound Report 2019 (Williams and Brownlow, 2020), is a report that
focuses on the loss of business caused by e-commerce websites' lack of accessibility.
The study identifies the value of business lost due to inaccessible processes and also
highlights the most frequently encountered issues that prevent users from accessing
websites. The report estimates that in 2019 alone, the combined value of users that
clicked-away when encountering an inaccessible website was £17.1 billion. It is
estimated that the UK's population spent around £106.46 billion on e-commerce sites
in 2019, meaning that 16% of spending has been lost due to inaccessible websites.
86% of participants answered that they would spend more online if sites were more
accessible, allowing them to complete their purchases.

However, these statistics alone fail to depict the discrimination faced by those with
disabilities. As an individual with a disability, you may not be able to purchase an item
or access a service online, because the website has not been designed with your
accessibility needs in mind. Instead, you must now find an alternative method to
purchase the item or access the service. However, this may be a service that you are
required to access, for example paying your council tax online through your local
council's website. The onus is how on you, an individual, to find an alternative way to
complete this process. As a result of the failings of designers and developers, your
experience online is worse than those who do not share your accessibility needs.
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To enforce accessibility compliance, legislation has been enacted to require websites
to adhere to standards, such as the WCAG. The EU Accessibility Directive (European
Union, 2016), which is enforced in the UK as of 2018, enforces that Public Sector
websites meet WCAG 2.1 AA specification. Guidance around this legislation explains
that public sector websites will be monitored and tested for compliance with the
guidelines (Government Digital Service, 2018). However, as mentioned earlier in this
section, the WCAG cannot accommodate for all needs, particularly when there are
individuals with combinations of disabilities whose needs do not match those of whom
the WCAG were designed for (W3C, 2018). Therefore, even though the WCAG provides
a way for a lot of individuals to access content on the web, there is still room to make
further improvements to help as many people as possible have access.

As individuals, all seeking to use the web within different contexts, with our own
independent needs and goals, it is inconceivable that there is a single design for a
website that will accommodate the needs of all users. This has been apparent from
the early days of the web, with a paper from 2003 by researchers at the University of
Washington, Google and IBM (Weld et al., 2003), who investigated automatically
personalising user interfaces, to directly tackle this issue of 'one-size-fits-all' designs.
The researchers identified that each user deserves an individual interface, designed
for their device and objectives, but explained that this is not possible due to the lack
of designers to manage extensive studies. In regards to customisation of interfaces,
the researchers explain that it is not possible as users are not able to ‘customise
effectively’, due to a lack of understanding of scripting and other manual overrides that
were afforded at the time.

The majority of research around personalisation in the field tends to relate to
automation and machine learning, attempting to discover ways to send the most
relevant content to a user without them having to do anything. This automation and
learning is based on historical data of the user's interactions and vague peripheral
information that can be scraped from the browser. This overcomplicated approach,
giving users what we think they need based on partial data, is a concept labelled as
colonial design. Colonial design is explained by Laura Kalbag (2017) as an issue
caused by a lack of diversity in teams, where developers and designers will create
solutions that they believe will solve everyone's problems, failing to take into account
the differences in individuals' needs and goals. In-turn, colonial design leads to
‘patronising and incorrect solutions'. Instead, this thesis will aim to understand how
users can be empowered to make their own decisions, based on their own individual
needs, in order to make websites more accessible to them.

1.4 Research questions

This research will seek to understand the accessibility problems encountered on
popular e-commerce websites in the UK and will investigate the causes for these
issues. By answering the following question, it should be apparent the areas that need
tackling to make websites more accessible to individuals.

13



Research question 1. What are the accessibility problems encountered on popular
e-commerce websites in the UK?

Key to this research will be understanding whether personalisation can be utilised by
the individual, to make websites more accessible for themselves, given their own
accessibility needs. If an individual can personalise an e-commerce website to
become more accessible, there may be principles that can be drawn from this project
and applied to other websites to make more experiences accessible to as many people
as possible.

Research question 2. Would allowing users to personalise an e-commerce website’s
user interface cause users to perceive their personalised design as being more
accessible than the standard design?

1.5 Research objectives

For research question T.

e To conduct a literature review, critically analysing relevant work within the field
and contextualise the work.

e Tointerview developers to understand developer behaviours in development
and attitudes towards accessibility.

e To conduct an online study, to understand if personalisation can resolve any of
the identified accessibility problems by allowing individuals to personalise an
e-commerce website’s design.

For research question 2:

e To conduct an online study, using a custom designed e-commerce website, in
order to identify features of a design, that when personalised, will improve
accessibility.

e To conduct an online study, asking a small number of individuals with
disabilities to complete tasks on a typical e-commerce website, personalising
the website through different affordances, in order to identify methods that
allow for ease of use and increased accessibility.

1.6 Scope of the research

The scope of this project will be targeted to website accessibility only, focusing on the
user-interface (elements of the content that are accessible to the end-user), as
opposed to any accessibility improvements afforded by physical peripheral devices.
While this project may draw inspiration from projects that have been conducted with
other forms of interactive media, such as mobile applications, video games or physical
implementations, this project will not offer accessibility improvements for these
mediums.

14



This project may be limited due to the nature of the research being conducted in the
UK, with English (written left-to-right). As such, accessibility problems that arise from
the changes in layout and information architecture when using languages with
different writing systems will not be covered in this project.

1.7 Project outline

In order to contextualise this research, the following section, section 2 - the literature
review, summarises the difficulty and poor compliance associated with the current
web accessibility guidelines before analysing literature in relation to current design
and implementation practices and our understanding of accessibility. Interviews with
designers and developers provide an understanding of how people in these roles
define accessibility in addition to the challenges that they face when trying to
implement accessible software. These are detailed in the developer interviews,
section 3. Subsequent work then summarises the two studies conducted: Study 1: Bog
Roll Business Builder and Study 2: Miss Thread. The first study describes an
interactive survey conducted online and provides insight into the type of user interface
features that benefit individuals when personalised and analyses the difference in
selection between disabled and non-disabled participants. The findings are then
implemented into an example e-commerce website titled, Miss Thread, in the ensuing
section, providing a summary of testing with a screen reader participant and
developers to understand whether the designed method for personalisation is
effective and if it could be implemented in other systems. Following these studies, the
final section concludes on the work, answering the research questions, commenting
on the limitations of the project and suggesting applications of the outcomes of this
thesis.

15



2. Literature review

2.1 Understanding the difficulties with current accessibility
guidelines and reasons for poor compliance

To start, we must first establish an understanding of the current state of accessibility
guidelines that have been enforced through European Union (EU) legislation (European
Union, 2016). To propose areas for improvement, we must understand the groups for
which the accessibility guidelines are designed to aid as well as the content covered
by the guidelines. It will also be important to understand who the guidelines are
designed for, how the guidelines can be tested and adhered to from a development
perspective and to then explore whether guidelines are being used as intended. This
section will demonstrate that a large proportion of sites are not currently conforming
with the Web Content Accessibility Guidelines, suggesting that developers are not
creating accessible websites, and will explore reasons for why that may be the case.
The goal of this is to identify areas for end-user accessibility improvements by
questioning how websites could be better suited to delivering accessible experiences
for the user. In comparison, the accessibility problems apparent in e-commerce
websites will be identified and analysed to illustrate how the accessibility needs of
users are being exploited.

2.1.1 The Web Content Accessibility Guidelines and legislation

The Web Content Accessibility Guidelines, also referred to as WCAG, are a set of
guidelines designed to help make websites perceivable, operable, robust and
understandable by anyone, no matter their accessibility needs. The guidelines are
constantly being developed and refined by the World Wide Web Consortium (W3C), in
cooperation with invited web experts and individuals from companies developing web
browsers. The first set of WCAG, WCAG 1.0 (W3C, 1999), were published in 1999 and
focused primarily on HTML content. The more recent guidelines are more technology
agnostic in an attempt to cover emerging technologies such as those in the
augmented and virtual reality spaces. The guidelines include testable success criteria
at three different levels (A - the minimum, AA, AAA - highest conformance), to give
developers an understanding of how their website must work or respond. For example,
the guidelines include recommendations such as ensuring that alternative text is used
to provide a description of an image to users that are blind or have a visual impairment
or who may not have an internet connection able to download images; increased
contrast between elements will mean that users can read a site without experiencing
eye fatigue (University of Washington, 2019). The most recent set of guidelines, WCAG
2.1, were released in June 2018 (Henry, 2018). The EU Accessibility Directive
(European Union, 2016) requires that public sector bodies meet the WCAG level 2.1 AA
accessibility standard to ensure public sector websites are somewhat accessible and
inherently more usable for all audiences, not just those with access needs (Henry,
2019). This legal enforcement requires public sector websites to meet specific
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guidelines that can be checked and tested, this is somewhat of a first for legislation of
this nature.

In comparison, the most recent piece of legislation employed in the UK to enforce web
accessibility was the Equality Act 2070, which required that service providers consider
“reasonable adjustments” for disabled people (Equality Act 2010, s.2). The EU
Accessibility Directive (European Union, 2016) builds upon the requirements outlined in
the UK's Equality Act, meaning that both laws must be adhered to. A recent interview
with a user of screen readers (Turner and Barrick, 2019) highlighted existing issues
with e-commerce websites in the UK. Screen readers are typically used by blind or
visually impaired users; a screen reader will scan the text available in a HTML
document and synthesize speech (WebAIM, 2017). Turner provides their opinion on
general web accessibility when it comes to e-commerce sites in the UK, describing
issues such as poor text contrast, small font sizes, menus being difficult to navigate.
The user explained that while these features may only seem like small issues, for them,
this can make websites ‘difficult or impossible to shop on. Towards the end of the
interview, Turner explains that the community of users with accessibility needs make
up an average annual spend of £274 billion which is a similar figure to that identified in
an article by the Evening Standard in early 2019 (Silva, 2019) at just over £249 billion.
In comparison, consumer product companies spend £6.8 billion in an attempt to
capture a small portion of the £80 billion spent by UK shoppers in the 6 weeks before
Christmas (Butler, 2019). When comparing the amount of Internet sales against all
retail sales in the UK, as of February 2020 (Office for National Statistics, 2020),
Internet sales account for 19.6%. This is a five percent increase in comparison to
February 2019. The growth of Internet sales as a percentage of retail sales has been
consistently trending upwards. As a result of the increasing popularity in e-commerce,
it is common to see items for which the only option is to only purchase them online.
This is the case with ticketing for events which is done through popular sites such as
Ticketmaster and Eventbrite. Clothing retailers such as ASOS operate online only with
no physical stores, this means that ASOS's own ranges are only available by
purchasing the items through their website. There is no alternative way to purchase
items.

2.1.2 Accessibility in the context of e-commerce

ASOS was one of the websites tested for accessibility by Sohaib and Kang (2016),
who were reviewing the accessibility of Australian e-commerce websites. Out of 30
Australian e-commerce websites that were tested, only ASOS met the minimum
success criteria for WCAG 2.0 Level A accessibility (the lowest level). These findings
align with the WebAIM (2019) report, where 97.8% of websites did not meet WCAG
Level 2.1 AA criteria. Sohaib and Kang found that there was a mean of 19.3 WCAG
Level A violations per site. The amount of potential problems identified was
considerably higher, at 782 per site. Similarly, an article by Gongalves et al. (2017)
evaluated the accessibility of Portuguese e-commerce websites. Their research
included automated accessibility testing of websites, a few rounds of expert
evaluation and then testing by blind users. Instead of attempting to identify usability
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problems based on the WCAG, Gongalves et al. decided instead to conduct user
testing with existing websites, to understand how users would actually fare with the
tasks. Examples of tasks include selecting specific products, identifying social media
links and finalising a purchase through a checkout process. 20 blind users were asked
to complete the six tasks, four of the tasks were completed successfully, one of the
tasks (identifying the social media links) had a 90% success rate and the task to
complete the checkout process had a 30% success rate. The 7 participants that could
complete the task required 35 attempts between them. This illustrates just how poor
the state of web accessibility is within e-commerce sites.

As explored above, it is apparent that accessibility guidelines are not being met by
e-commerce websites. More concerning, are the ways in which websites are
implementing features that prey on the needs and goals of individuals. These patterns
are commonly referred to as 'Dark UX'. Brignull and Darlo (2019) explain some of the
common types of Dark UX patterns, these aptly named types include 'Bait and Switch’,
'Disguised Ad' and 'Misdirection'. In regards to accessibility, Gray et al. (2018) expand
on the point of 'Misdirection' and refer to it as 'Aesthetic Manipulation' which can be
dissected further into 4 separate methods. These methods are ‘toying with emotion,
false hierarchy, disguised ad and trick questions’ The authors describe 'toying with
emotion' as a use of visuals to evoke an emotional reaction used to persuade a user.
Examples of this include checkout timers which encourage users to complete
purchases quickly and writing call-to-action copy in an emotive manner to evoke a
reaction. This actively goes against advice provided by the UK Home Office (Pun,
2016) when designing for accessibility. The Home Office specifies that when designing
for users with anxiety, that developers should not ‘rush users or set impractical time
limits. As a result, it appears that e-commerce websites that do display checkout
timers or display that a large number of users are viewing the same product, are doing
so to evoke an emotional reaction in the hopes that users will complete a purchase.
Mathur et al. (2019) conducted research of 11,000 shopping websites to understand
the frequency of dark patterns in use across the industry. Their findings list the
'‘Low-stock Message', where users are told that a lot of other people are viewing the
same product in an attempt to encourage the user to act quickly, as the most
frequently encountered Dark UX pattern, identified in use within 632 sites. The second
most frequently encountered pattern identified with 393 instances was the
‘Countdown Timer' used to tell users that a deal or discount would expire soon, again,
encouraging them to act quickly. This shows that e-commerce websites actively
implement designs that are the antithesis of the WCAG, with the aim to evoke an
emotional reaction from the user, preying on their access needs, in order to convert
potential purchases.

2.1.3 Understanding the lack of accessible websites

WebAIM (WebAIM, 2019) conducted an automated accessibility analysis of the
1,000,000 most visited websites’ homepages, finding that 97.8% of the analysed
homepages did not meet WCAG level 2.1 AA accessibility criteria. Automated analysis
was completed with the WAVE tool (Utah State University, 2019), which is currently
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unable to check for items such as the appropriateness of alternative image text (text
describing an image provided by developers for those who cannot view the image) or
the correct use of HTML 5 semantic elements (developers specify what sections of
content relate to, such as a navigation bar or footer). This means that if the 1,000,000
pages were to include manual checks as well as automatic ones, it is likely that more
than 97.8% of homepages would be considered inaccessible.

It is rarely the case that actual programming languages do not allow for the
development of accessible software, or cannot be developed in ways that allow
software to be accessible. One of the possible explanations for this could be that
website developers are not aware of accessibility features, nor the importance of
ensuring validity of their code (e.g. using semantic HTML elements appropriately) from
an accessibility perspective. Power et al., (2012), presented an argument that the
WCAG may not provide enough guidance to make websites accessible and suggested
the need to move to a design principles approach to improve web accessibility. A
design principles approach to web design would see a primary focus on understanding
the behaviours of those with different access needs in their use of the web, rather
than following guidelines without perceiving the use cases. The piece discusses a
number of alarming statistics, such as a 2006 study (Lazar et al., 2004) which
discovered that 22% of site owners had no knowledge at all about accessibility
guidelines. In this paper, Power et al. selected 16 websites that had previously been
used by Disability Rights Commission to test compliance with WCAG 1.0 (Disability
Rights Commission, 2004) and asked participants to complete a couple of tasks on the
site. If a participant encountered a problem with the task, they were asked to rate the
problems perceived severity using a four point scale consisting of ‘Cosmetic, ‘Minor,
‘Major’ and ‘Catastrophic’ (Nielsen, 1993, 103). When using the WCAG 2.0 guidelines to
categorise user problems that were encountered, 49.6% of the identified problems
were not covered by the WCAG 2.0 guidelines. Therefore, automated testing and
expert analysis could deem a website accessible based on the WCAG, yet judging by
this report, there would still be a number of needs that just are not covered by the
guidelines. As new legislation means that developers have to meet WCAG 2.1, if the
guidelines do not cover all accessibility problems, it still means that sites may not be
fully accessible.

To understand the source of the other 49.6% of problems not covered by the WCAG
2.0, we can look at what the guidelines do not cover. Lopes et al., (2010) argues that
the WCAG are not tailored to an individual user’'s needs or goals, more so they are
tailored towards particular disabilities. While this makes sense from a regulation
perspective, it does not offer guidance as to the changing context of different
situations and the differing ability of individual users. The Government Digital Service
(2019) advises that developers think about accessibility as a concept based on the
needs and circumstances of users when accessing a service. The Government Digital
Service article provides examples where a user’s ability would be affected, including
‘location - they could be in a noisy cafe, sunny park or area with slow wifi, ‘health -
they may be tired, recovering from a stroke or have a broken arm. These examples
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depict how difficult it can be to understand user needs and user goals as they could
be constantly changing and as such, users are dynamic in their skill and ability levels
(Gregor & Newell, 2001). Without this understanding, creating guidelines that work for
individuals cannot be created. Developers who wish to create accessible websites will
look to legislation to see what is required, they will then implement the WCAG as
required by law. However, they may not stop to question whether the implementation
suits individual users of their content. Without this, they may be developing websites
that are not accessible despite their best intentions.

2.1.4 Summarising the difficulty with accessibility guidelines and
reasons for poor compliance

In this section we have identified that more than 97.8% of website homepages may not
be accessible to users when comparing sites against the WCAG (WebAIM, 2019).
Furthermore the WCAG do not tend to account for all accessibility issues, in fact 49.6%
of accessibility problems encountered by users are not accounted for in the WCAG
(Power et al., 2012). For the majority of problems discovered that are not catered for
within the WCAG, these could be problems that relate to the individual needs or goals
of a user as the guidelines tend to focus on guidance for specific groups of users’
needs (Lopes et al., 2010). As the very definition of accessibility is that the needs of a
user are met at the point of accessing a service, it is clear that users’ needs and goals
are dynamic (Gregor & Newell, 2001) as individuals use services in different ways
through changing contexts (Government Digital Service, 2019). Looking in particular at
the e-commerce space, we have discovered that Dark UX practices, such as low stock
messages and countdown timers, are commonplace within the industry (Mathur et al.,
2019). These practices exploit the access needs of users, doing so in the hopes of
converting more sales. In order to understand how accessibility can be better
implemented, we must seek to understand development methods for front-end use.
What values are deemed important when it comes to user interface design and how
can we grow or adapt existing methods to better suit the accessibility needs of all
users on the Internet?
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Figure 1 - Screen Resolution Stats Worldwide Nov 2009 - Nov 2020 (statcounter, 2020)
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2.2 Development methods for improving accessibility
through the user interface

In order to understand areas where accessibility could be built into developers’
practices and development methods, we need to understand the frequently used
design methods in recent years. This section will cover the use of media queries, a
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technical implementation used by web developers to tailor the user interface of
websites at different display sizes, which is becoming increasingly complex given the
expanding number of screen sizes. It will also introduce design systems, a
development method and tool with the goal of creating consistency throughout
websites and we will uncover why consistency helps to make user interfaces more
accessible. Following on from design systems, we will look at the more recent
development, design tokens, allowing designers to implement core user interface
building blocks which can propagate changes throughout user interface elements. We
will then seek to critically analyse these methods with the goal to understand how
developers may go about introducing increased accessibility in their sites, without
increasing workload or adding additional processes.

2.2.1 Contexts of use and resulting development trends

A trend towards responsive design began in 2010, when Ethan Marcotte defined the
term as the use of flexible grids and images to create designs that respond to different
screen sizes with the use of media queries (Marcotte, 2010). In 2011 Smashing
Magazine, a website with 3,000,000 monthly page views, published an article detailing
why developers should begin to use responsive design (Smashing Magazine, 2011), an
approach whereby developers can make the existing site ‘flexible’ and fit for mobile
and tablet devices (Andrews, 2018). The article offers approaches such as making use
of percentage sizes as opposed to traditional static pixel values, so that elements can
scale; using additional style sheets paired with media queries, so that developers can
specify different styles to be rendered when the browser size meets those rules.

The recent adoption of new layout methods, such as CSS’s Flexbox (World Wide Web
Consortium, 2018) and Grid (World Wide Web Consortium, 2017), specified by the CSS
Working Group show an acknowledgement that design has not been flexible enough in
the past to create responsive websites, without developers adding in numerous media
queries. These new layout methods offer developers the power to be able to tell the
browser how to adapt content without having to specify different media queries for
different screen sizes. This development seems to acknowledge that the differing
contexts of use and diverging screen sizes (Figure 1) have made it too difficult for
developers to solely use media queries to adapt the layout of content. The Internet of
Things is an umbrella term given to the array of devices that have the capability to
connect to the Internet, with the end goal of allowing these devices to be able to
automatically communicate with each other (Commission of the European
Communities, 2009). The recent development in Internet of Things (IoT) technology,
means that more and more devices are able to access the Internet with a browser. An
example of this would be Samsung’s Family Hub fridge that allows users to browse the
Internet from a screen on the outside of the fridge door. New wearable technologies
such as interactive smart watches allow users to browse the Internet on their watch
screens. Game consoles such as the Nintendo 3DS and Playstation 4 come equipped
with browsers to allow users to browse the Internet. It is hard to imagine that a single
developer would be able to test their designs across all these systems or develop
media queries to match all these devices. The workload seems too high and even
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conceiving the use case for doing so may seem extremely minimal. However, from a
user's perspective when accessing sites through these devices, they will receive an
experience less than that they would have had when browsing from a desktop device.
It is also important to remember that accessibility and context of use may differ when
using these devices. If a user is accessing the web through their smart watch, they
may be on the move, walking past people and trying to concentrate on getting to their
destination and not focusing on the text on their watch. A user may be viewing a
recipe on their fridge while baking in the kitchen, trying to pay attention to their baking
and intermittently checking the instructions. It seems completely impractical that a
developer would be able to check how their website performs in all of these different
scenarios as the context depends entirely on the individual using the site.

In order to improve the user’s experience between different contexts of use and across
different websites, Pickering (2017) believes it is important for the user interface to be
consistent with not only itself, but also with similar, frequently used interfaces. To
ensure consistency throughout products, companies have produced documents that
explain how their user interface elements should look and how they should be used.
These are often referred to as ‘Design Systems’ or ‘Pattern Libraries. One of the most
notable approaches to this methodology is by Brad Frost, who proposed the idea of
Atomic Design (Frost, 2016). This approach requires designers focus more on the
consistent design of user interface elements which can be put together to build pages,
instead of thinking about building pages first. This modular approach to design means
that by designing the smallest elements of user interfaces first and then slotting these
into larger groups to build up Ul components, the smaller ‘atoms’ are propagated out
throughout the system. An example of this could be a search bar and filters for
discovering events at a local venue. Instead of going and designing the search page
and implementing it straight away, using atomic design, first we would design our
buttons and drop-down lists, our atoms. Next, we would design our search bar which
consists of a text input field and a button, together these become a molecule. Pairing
our search bar with our filter atoms creates an organism. This can continue to then
create reusable templates and pages. This approach is illustrated in Figure 3, Frost’s
Atomic Design approach to the Instagram application (Frost, 2016). By utilising atomic
design and design systems in this way, designers and developers can decide on the
best design for a Ul element which can then be implemented once. If developers can
ensure that their atoms and molecules are accessible, accessibility should then be
propagated out across systems. Jina Bolton expanded on this with her work at
Salesforce on design tokens (Bolton and Levine, 2016), which clearly define
fundamental user interface elements such as colours and typography, used as building
blocks for Ul elements. A number of generators have appeared online, which can take
values and then generate several different files, providing design tokens for use in
Android applications, iOS applications and websites. Using design tokens in this way
helps to cover aspects that Atomic Design does not cover, such as ensuring
consistency in the use of font sizes across different elements. Design tokens used in
this way allow for easy propagation of core user interface features throughout a whole
design system, providing designers with an increased control of visual consistency. If
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different individuals' needs could be captured in a series of design tokens, when
applied, the changes to the entire design could be propagated out across the whole
user interface; this could provide all the benefits of consistency while accounting for
the individual’s access needs and goals.

ATONS TEMPLATES PAGES
ool c R
al2]@)
PHOTO
thisistheusersinstagramhandle thisistheusersinstagramhandle

XXXXXX likes
thisistheusersinstagramhandle

Lorem ipsum dolor sit amet, consectetur
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thisistheusersinstagramhandle Lorem A Q@ Q 2o
ipsum dolor sit amet, consectetur adipisici

A Q @0 Q 2
A Q@ Q 2

Figure 3 - Example of Atomic Design applied to the Instagram application (Frost, 2016)

2.2.2 Consistently failing users

These approaches aim to make websites usable and accessible by ensuring
consistency across devices. Interactions on the website will not require re-learning, all
elements should work consistently. However, consistency does not always mean that
accessibility will be improved. It does depend on features being accessible when
implemented. Implementing designs that have poor accessibility consistently, does not
increase accessibility. A key example of this has been identified by Norman (2019)
who argues that Apple's designers make text within Apple’s iPhone operating systems
extremely hard to read. The iPhone operating system is based on Apple's Human
Interface Guidelines (Apple, 2020), which ensure consistency throughout their
software. This means that text size, colour contrast and spacing are all accounted for
and will appear consistent throughout their systems. ‘The designers at Apple
apparently believe that text is ugly, so it should either be eliminated or made as
invisible as possible’ (Norman, 2019). Norman discusses that for an older person, the
designs break fundamental design rules in terms of being understandable and usable.
Norman goes on to advocate that the practice, inclusive design, should be adopted by
all designers as it has the potential to make everyone’s lives easier. Norman cites
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examples where users who may not typically experience issues in relation to
accessibility, suddenly due to a change in health, location or context experience
access issues similar to those previously discussed in this research. These include the
user being unable to read text when their device is in direct sunlight or an athletic
parent carrying a baby with one hand, shopping in the other and trying to open a car
door. Norman even goes as far to suggest something sounding very similar to
personalisation, posing the question, ‘wouldn’t it be nice if the display, whether
cellphone, watch, or tablet, could switch to large, higher contrast lettering?:

2.2.3 Summarising development methods for improving accessibility

To summarise, developers have been adopting different methods to create responsive
designs (Andrews, 2018), moving away from frequently used media queries towards
methods that allow for adaptive designs that respond to different screen sizes without
having to specify all the different screen sizes, which are increasingly diverging. Not
only does this seem to suggest that developers are not able to keep up with the
development of responsive websites to fit the different screen sizes, but that
developers are less sure of the context of use for their sites as more devices with web
browsers are released and adopted by the public. To attempt to ensure consistency,
design systems or pattern libraries have been developed to create consistently
designed components for use within organisations. Frost’s approach to this is modular
(Frost, 2016) in the way that the approach advocates for starting from the smallest
possible Ul items (such as a button or an input field) which can then be built up and
inserted into larger, more complex elements. The benefit of doing so is that changes
will propagate out throughout a system’s elements, meaning a developer would only
have to update an ‘atom’ element once, with all other components using this ‘atom’
then receiving the changes. From an accessibility perspective, an ‘atom’ could be
tested and once deemed accessible, could be used universally across a website,
without having to update everything individually. This would save development time
and effort, while reducing the amount of testing required. Design tokens build upon
this concept further by introducing tokens which capture the fundamental building
blocks of a user interface design, such as colours, fonts and font sizes (Bolton and
Levine, 2016). Once updated, as you would expect with design systems, these
changes propagate out to all components without the developer having to manually
update anything. When considering the governance that large companies experience
when controlling and updating design systems (Churchill, 2019), paired with Norman'’s
critique of current Ul design (Norman, 2019), it seems apt that a user should be able to
specify their own needs and goals in a format that can be accepted and allow for the
personalisation of a user interface. Design tokens could then be used to capture user
needs, which could then propagate throughout the system without additional
development required by developers or designers.
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2.3 Adaptable user interface solutions, investigating similar
work done in the same area

The final section of this literature review will seek projects that have allowed for the
personalisation of websites. The majority of academic work in this space is related to
the automatic adaptation of user interfaces, based on different information that
systems can accumulate about a user's context of use and/or accessibility needs.
Some of the methods for capturing different information include communicating with a
device’s operating system to get values such as the brightness of a display (Yigitbas et
al., 2017) as well as physically surveying users to get a sense of their accessibility
needs (Ji et al., 2017). These approaches differ vastly from allowing the user to
customise the interface themselves, based on their own needs. As a result of this, the
aim of this section will be to identify areas in which these projects could have been
improved in relation to their use of customisation in order to better serve user’'s needs
and goals.

2.3.1 An overview of adaptable interfaces

Adaptable user interface solutions attempt to automatically customise user interfaces
based on the information that automated systems can scrape about the user in
question. Typically, this information tends to be contextual, with examples such as
gender, geographical location and age. Based on this contextual information, systems
will then group users, as defined by developers, so that they may see a design that the
developer believes to be more relevant to an individual's needs. While the attempts in
which to provide the user with a more relevant version of a user interface differ from
this thesis, the aim for both this project and these adaptable user interface solutions
are the same - to provide the individual with a design to better meet their needs.

‘While each user deserves a personalized interface... there aren’t enough
ethnomethodologists and designers to manage, interpret, and respond to so many
studies’ (Weld et al., 2003), were the beliefs of those at the University of Washington,
IBM and Google; starting on a project to automatically personalise user interfaces in
2003. However, the paper goes on to say that most users ‘fail to customize effectively,
speculating few users are comfortable with methods of programming. The piece fails
to explore other methods for customisation. Weld et al. describe previous attempts at
customisation through the use of programming as opposed to natural language
interfaces, as well as various models that can be used and improved upon to predict
user behaviour. The paper concludes by finding that at the time, the project was
constrained by the lack of methods for adaptation and customization. Weld et al. also
discovered that a device should only display capabilities available in the current
context and that if a user interface were to automatically personalise itself, that a user
should be able to ‘control the adaptation process at any level, at which point it begs
the question, why can a user not personalise the user interface themselves?
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Stuerzlinger et al. (2008) provide a set of criteria for adaptable user interfaces.
Adaptable user interfaces should feature: (1) fast, simple, just-in-time customization;
(2) not only global customizations, but also local ones; (3) deep customization (the
ability for the user to define their preferences directly, not just be able to select
options from presets); (4) cross-application customization. Although these criteria are
based around desktop applications, | believe that they could be applied to websites or
other forms of interactive media personalization, due to their flexibility. The examples
given in the paper, as well as the current implementation in modern web browsers,
focus on global customizations (i.e. changing the font size for all websites that you
visit). To ensure conformance with criteria 2 (not only global customizations, but also
local ones), it makes sense to first utilise the user's global customisations set in the
browser (font-size, font family, specified colours) and then personalise these for
individual websites (local customizations). It will be key to understand the affordances
that will be needed to highlight that customisation is allowed, as well as how and when
users will want to customise. In this project, | will attempt to achieve criteria 1-3,
however | believe that for the scope of this project, criteria 4 (cross-application
customization) will not be met. To advance this piece or as part of future work, criteria
4 could be considered.

2.3.2 Summarising the research into adaptable user interface
solutions

In summary, this section has presented existing research that highlights the same
issues as argued in this literature review: that users require their own user interface,
personalised to their individual needs and goals. However, the methods for capturing
user needs, discussed in this section, would mean additional work on top of a
developer’s existing workload. The methods utilised would require developers to
create criteria for when the adaptation will occur, this also means that they will have to
tell the system how to adapt and for which users the adaptation will occur. The
findings of Stuerzlinger et al. (2008) should also prove a solid basis to design
personalised affordances from, ensuring that the system is fast, simple, global and
local in scope and allowing for in-depth changes, all of this should be in place
consistently throughout the system.

2.4 Conclusion

To conclude, this literature review argues that users can receive a more accessible
experience by developing a system that can allow the user to define their own needs
and their goals through the use of a personalisable user interface.

By identifying shortcomings in the WCAG, where the guidelines are developed for
groups of users with different needs, the guidelines do not recognise the needs of
individual users (Lopes et al., 2010). This paired with a lack of use of the current
WCAG means that the amount of websites that have at least one inaccessible page is
above 97% (WebAIM, 2019). However, we can build upon this definition of web
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accessibility. Using the definition for accessibility provided by the Government Digital
Service (2019) and taking into account the issues that Norman raised (2019),
accessibility should be understood as the needs and goals of all users on the internet
which can change depending on the context of use. Users are not static in their
abilities (Gregor & Newell, 2001), they are constantly changing and this can be as a
result of minute factors outside of our control. To be accessible is to take into account
a user’s differing levels of abilities and skills and to deliver an experience that caters
itself to the individual and is still easy to use.

As we understand the movement from website designers to create more consistent
user interfaces, which require less learning and are consistent within themselves and
when compared to external sites (Pickering, 2017), we can start to design user
interfaces that are easily recognisable and can be easily understood. As identified
earlier, making use of design tokens (Bolton and Levine, 2016) as the fundamentals of
a user interface (colours, fonts, font size) and opening up these values as options for
users would allow for personalised changes that propagate throughout an entire
system, without increasing the workload for a designer or developer.

Finally, identifying existing work relating to delivering the user with more relevant user
interfaces has allowed for an understanding of what has worked well in the past and
what could be improved. Based on the research in this literature review it seems that
adaptable user interfaces may not have been successful due to the increased
workload that it required from developers and as the overwhelming majority of
websites are not accessible, it seems hard to believe that developers would be willing
to spend a lot more time to make websites accessible. However, Stuerzlinger et al.
(2008) provide criteria that accessible user interfaces should follow, providing a
foundation for this project to begin from.
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3. Interviews with web designers and
developers: Understanding attitudes towards
accessibility

3.1 Introduction

The material covered in the literature review has highlighted that 97% of the website
home pages tested did not conform to Web Content Accessibility Guidelines (WCAG)
(WebAIM, 2019) and that 22% of website owners interviewed had no knowledge at all
about accessibility guidelines (Lazar et al., 2004). These problems illustrate that there
may be issues such as a lack of understanding or a lack of awareness of the WCAG
present within the website development community. These issues are still prevalent, at
a time when guidelines are being enforced by legislation (European Union, 2016),
requiring public sector websites to meet WCAG 2.1 AA.

In order to be able to better understand the cause for the lack of accessible websites,
the interviews conducted provide an understanding as to how developers define
accessibility, the challenges that they face when creating accessible designs and
opportunities or challenges that they see for accessibility in the future. As such,
evaluation of the responses provides an insight as to why access problems are
encountered on websites and, through a critical analysis of responses, it is possible to
identify methods and opportunities for implementing personalisation. Additionally,
these interviews provide the opportunity to understand directly from developers the
causation for the lack of accessible websites. The literature discovered and analysed
in the previous section did not provide much insight as to this causation, which is
important to understand so that it can be improved upon.

To conduct these interviews, 5 participants, each with different roles in the website
design and development field, were interviewed. A semi-structured approach to
interviews was taken, to allow for the ability to explore different concepts raised by
participants' answers (Wilson, 2014). Initially, the plan was to interview participants in
person; following which, the participant could be shadowed to provide a more
in-depth analysis into their design and development methods. However, due to the
Covid-19 pandemic, this was not possible. Instead, only one interview took place
face-to-face, another via video conferencing and the remaining three by email. Those
conducted by email led to an asynchronous approach, meaning that there was more
time to analyse responses and reply with further questioning.

3.2 Goals

As a result of the analysis conducted throughout the literature review and the
knowledge gaps identified, the following goals were developed:
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To learn how developers define accessibility. The lack of understanding of
accessibility seems apparent in the sector, evidenced through statistics such as
22% of site owners not being aware of accessibility guidelines (Lazar et al.,
2004). By understanding the individual's definition, it may provide context as to
the way that accessibility is being implemented and who it is being
implemented for. This goal may highlight accessibility features that are being
implemented and as a result, features that are inaccessible. This will provide
more answers to research question Tand may uncover other accessibility
issues not discovered in the literature review.

To understand challenges faced by developers trying to implement
accessible software. Essentially, this goal is to understand some of the causes
behind 97% of websites containing at least one inaccessible page. Is it as
Power et al. (2012) proposed, that the Web Content Accessibility Guidelines
(WCAG) do not provide enough guidance for those implementing websites, to
understand what they need to do to make content accessible? This goal may
have two parts as there could be both technical limitations (i.e. developers
cannot understand the WCAG) as well as pressure from other parties (i.e. the
business wants the product to be in production as soon as possible with
accessibility not being a key focus). Identifying challenges faced by developers
should lead into identifying solutions that would work for developers.

Identify potential opportunities or challenges for accessibility in the future.
The majority of the literature review covers critiques of current or previous
guidelines, but do not offer much in the way of future work. Understanding
developers’ thoughts on challenges in the future, regardless of the type of
challenge, may provide valuable information for research question 2.

Interview questions can be found in the Appendix, section 7.1.

3.3 Participant roles and coding

For brevity, individuals are referenced as their abbreviations throughout the following
sections. The abbreviations used can be found below and relate to the roles of the 5
participants.

DPDM - Digital Projects Design Manager

UXRL User Experience Research Lead

AS - Accessibility Specialist

UIDL - User Interface Design Lead

EFWD - Educator and Freelance Web Developer

To analyse the data provided by participants, a round of deductive qualitative coding
was employed on the transcribed interviews. This approach was adopted to allow for a
more in-depth analysis of the knowledge gaps. For a deductive coding approach there
must be a set of predefined codes, the codes used to analyse these developer
interviews are a result of the interview questions designed to address knowledge gaps
as well as the goals for this section.
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Accessibility opportunities

Challenges when designing accessible websites
Measuring success

Priority planning

Requests and reporting

Role

Testing

A description for these codes can be found in the Appendix, section 7.2.

The data was coded, following methods from Rubin and Rubin (2005, 201-223) in
order to further understand the issues around accessibility by identifying concepts
and comparing different accounts and themes. The coding was conducted using an
application called Taguette which works locally on a user's machine (no information is
sent elsewhere) and allows the user to code any imported transcripts. Once coded,
that information is then collated into individual views for each code, making
comparison much easier.

3.4 Working towards a theory

When looking through the different coded categories and analysing the themes and
concepts that have emerged, there are key strands that run across the different
themes.

The main strand can be identified as the idea that business goals are being prioritised
ahead of the user's needs. This issue stretches across accessibility opportunities,
challenges faced when designing accessible websites and can also influence the level
and scope of testing that is conducted on products.

In general, this concept adversely affects the experience delivered to all users. The
quote, “... a product owner is trying to flog you [a] loan or a mortgage. You know their
objectives are for more people to click this button and to go through and convert on
this journey, rather than, we want people to make the right choice for their finances...
(DPDM), provides us with an understanding of a business' priorities. In the example
given, the user's goals may not align with the business'. The user will want to make the
right choice for their finances, yet may not know what that choice is. Regardless of
this, the business’ goals are to increase sales and further promote their products and
as such, they will attempt to continually sell additional products to the user. As such,
the business prioritises its goals above the user’s needs. As the business does this, it
may even create designs that prey on disabled users, as evidenced during the
literature review. The business may supplement their marketing and promotion efforts
with dark UX patterns, using copy to invoke an emotional reaction with users or may
apply pressure by displaying low stock messages, all adversely affecting users with
anxiety. This aligns with the general thoughts of interview participants, with one
interviewee commenting, ‘I'm also increasingly concerned about the political
motivations of some of the tech industry, where right-wing free-market principles
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seem to be in conflict with the ethical, human-rights principles that should underpin
inclusive design...” (UXRL).

As the goals of the business grow and change, there's the need for additional
functionality and existing products with the challenge of beating competitors to
market leading to short deadlines and faster projects, 'There’s a tension between
adding more functionality and providing a simpler user experience—too many people
value the former over the latter, and complexity makes solving accessibility more
challenging'. As the business wants to increase functionality and expand products to
capture more business, it develops products quickly, de-prioritising usability and
accessibility . When discussing with participants the challenges of designing
accessibly, one of the participants highlighted that there is not a challenge if they are
involved with a new project from the start, however if it is a project that has
accessibility issues and the implementation has been completed before, then the
constraints and challenges are much greater. As such, accessibility faces a losing
battle from the start. Businesses do not consider accessibility when developing
projects, waiting until a redesign or a legal challenge before taking action, at which
point the constraints in place make creating accessible interactive media much more
of a challenge and increases costs as it takes more time.

As the demand for more functionality increases, the tools, frameworks and libraries
that developers use need to allow for quicker and easier development. As evidenced,
tools such as React (Facebook Inc., 2020) focus on providing a better developer
experience with little focus on usability or accessibility recommendations. As
discovered from the literature review, tools, frameworks and libraries that provide the
best chance of allowing for accessible development are those that plan and integrate
accessible development from the start. In modern cases, the developer experience is
being considered from the start with little regard to the accessibility allowances of the
project. This negatively impacts the chances of accessible websites, but benefits the
business as these technologies reduce implementation time and therefore the cost of
development.

For those that are trying to implement accessibility at their companies, the definition
of accessibility has a different meaning to individuals. To some web accessibility
purely means meeting the WCAG to a sufficient level, such as WCAG 2.1 AA.
Accessibility consultants understand that the WCAG are criteria to ensure that
websites should work correctly with assistive technologies and do not ensure an
accessible experience to users with disabilities.

The difficulty to understand the WCAG and the needs of disabled users means that
even those with the best intentions are not able to accurately convey the needs of
disabled users. As a result, websites will continue to not be accessible unless there is
a significant change in culture as suggested by the interviewees. Interviewees believe
an opportunity for accessibility to be legislation that will challenge businesses and
require them to implement accessibility or face legal action. This legislation will
challenge the business and force their goals to meet the needs of individuals.
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However, the participants acknowledged that understanding the new legislation, as
well as how it will be enforced, is difficult. As a result, it is difficult to understand
whether it will have the effect as the Domino's Pizza case (Robles vs Domino's Pizza,
LLC, 2019), forcing companies to make their websites accessible, as many of the
interviewees had hoped.

The Robles vs Domino's case was frequently referenced by participants. It is a case in
which a blind individual (Robles) could not use the Domino's app and website as the
content was inaccessible and as a result, sued Dominos for failure to comply with the
Americans with Disability Act of 1990 (commonly referred to as the ADA). Initially, the
lawsuit was dismissed in 2017 after it was argued that while the ADA did apply to the
Internet, there were no clear guidelines enforced that explained how websites should
be implemented in order to comply with the ADA (Level Access, 2020). However, the
case was taken to the United States Court of Appeals for the Ninth Circuit, where the
dismissal ruling by the district court was overturned (Robles v Domino’s Pizza, LLC,
2019), meaning that the lawsuit will now proceed again back in the district court. In a
lawsuit there is a discovery period where parties can request ‘books, records or other
documents for inspection’ (American Bar Association, 2019). As such, this case may
reveal internal attitudes towards accessibility within a large private company.

This theory of prioritisation of business goals over the users needs is grounded in the
responses of individuals who specialise in website design and front-end web
development. To further understand this concept and prevent the case being
one-sided, other stakeholders from businesses should be interviewed and given the
chance to explain their personal points.

3.5 Conclusion

In conclusion, the developer interviews provided a great deal of context towards the
challenges facing web accessibility. In order to relate these findings to the rest of the
research, we will examine if the goals for this section have been met.

3.5.1 Goal: To learn how developers define accessibility

There is no single definition for accessibility used by those interviewed. The needs of
disabled users do not tend to be directly understood by designers and developers.
Instead, people in those roles tend to look towards the WCAG and have an
understanding that if they are able to meet a suitable level such as WCAG 2.1 AA, that
their products will be inherently accessible and usable to a large audience. This is not
the case. As evidenced in the interviews, for products to be accessible they need to
be tested by disabled users and iterated upon until users with disabilities encounter no
issues when testing them.

A lack of understanding or general definition is problematic. If people developing
websites do not understand accessibility, they stand very little chance of creating
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products that disabled users can use. This may go some way towards providing a
reason as to why so few websites are accessible.

3.5.2 Goal: To understand challenges faced by developers when
trying to implement accessible software.

The challenges faced by developers trying to implement accessible software include a
lack of understanding of accessibility needs (as highlighted above) and the
requirements by businesses to increase functionality in short time frames. The latter
explains the recent focus on the developer experience and highlights the challenges
that developers face to quickly turn around work. Therefore, any personalised
accessibility solution cannot greatly increase the workflow for developers as it stands
no chance of being adopted and used.

3.5.3 Goal: Identify potential opportunities or challenges for
accessibility in the future.

To again highlight the issue of business goals taking priority, the opportunities for
accessibility in the future given by interviewees generally related to actionable
accountability. This highlighted how businesses fail to recognise the needs of disabled
users and as a result, participants hoped that legislation and the fear of legal action
would cause businesses to create accessible websites.

Challenges all seemed to be directly linked to the opportunities. The participants
would explain challenges, this is where the Domino's Pizza accessibility case (Robles
vs Domino's Pizza, LLC, 2019) would be mentioned, explaining that the opportunity
would be to change the culture within the industry through holding businesses
accountable.
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4. Study 1: The Bog Roll Business Builder

4.1 Introduction

When styling the design of a website's content with the CSS programming language,
there are 533 distinct properties (W3C, 2020) to choose from. These properties relate
to different aspects of a design such as colour, size, position and behaviours of the
elements on the page. When writing CSS, elements on the page are targeted with
selectors and using these selectors, developers can apply multiple properties to
achieve their desired styling. The combination of a selector and property creates a
'rule' (Mozilla, 2020). Analysing the recent version of the popular CSS framework
(State of CSS, 2019), Bootstrap (Bootstrap, 2020), shows that there are 1189 rules to
achieve their desired styling. When combined, these 1189 rules build the user interface
for one of the internet’s most used frameworks. This illustrates the complexities and
scale of considerations that must be made when designing reusable frameworks.

In order to allow an individual to be able to personalise the style of a website, we need
to understand which properties offer the most benefit to the user when personalised.
For example, if users of a website struggled to read the text due to poor legibility (one
of the most frequently encountered access barriers) (Brownlow and Williams, 2020), it
would make sense to allow aspects such as the font style and colour to be
personalised. However, there may be other properties that may be good candidates
for personalisation. Considering Hick's law (Hick, 1952; Hyman, 1953), which describes
how the time to make a decision increases with the number of options and complexity
of those options, providing a user with the option to personalise all 533 properties
would be too time consuming. Instead, there needs to be an understanding of the
features of a website's design that, when changed, greatly enhance the user's
experience taking individual access needs into account.

The aim of this study was to understand whether personalisation would benefit all
users in general or specifically users with access needs, through the collection of both
quantitative and qualitative data. Given the timing of this study, beginning during the
midst of the UK's COVID-19 lockdown, the entirety of the research had to be
conducted online. With this in mind, an interactive, engaging, study was designed to
be independently completed within a modern web browser (such as Google Chrome,
Firefox, Safari). This study was designed to be comical and playful, as to attract
interest and increase the chance of the website being shared across social media so
that more people would discover it and take part. Ethical approval for the project was
obtained through the University of York - Theatre, Film, Television and Interactive
Media’s ethics process and adhered to throughout this study.

4.2 Similar projects and inspiration

There were two main sources of inspiration for this study:
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e User Inyerface by Bagaar (2020)
e Is this a Sandwich? by Sarah Drasner (2020)

Both of these projects became popular on social media throughout the first few
months of 2020, being shared for their novelty and the interactions provided to users.

User Inyerface is a website that provides users with the challenge to complete a form
within the web page as quickly as possible. The challenge is introduced on the landing
page, where users are presented with a large green button, with the text ‘NO’ An
experienced web user may assume that a large green button with large, bold, text
would be a primary call-to-action and they should click it to continue. However, this is
not the case. The link to the next page can be found in the line of text below the green
‘NO' button which reads ‘Please click HERE to GO to the next page’ The word ‘click' is
underlined, with the words 'next page' in a light blue colour. Again, given the
affordances employed within the design, an experienced, sighted web user may
believe that one of these options is the link to the next page. Yet instead, the user
must click the word, 'HERE'. The website constantly deceives the user by manipulating
common design patterns, throwing the user off by manipulating affordances and
interactions to present a confusing, almost unusable website.

Is this a Sandwich?, challenges the user by showing them pictures of sandwich-like
food, asking them to decide whether the food could be classed as a sandwich or not.
The user answers by clicking 'YES' or 'NO'. After answering 19 questions, the website
presents you with your 'score' and ranks your opinion on a scale ranging from 'Chaotic
Good' to 'Lawful Evil. Once you have your results, the website makes it easy to share
your results, with a large 'Tweet it!' button, prompting the user to share their results on
social media. Clicking the button generates a tweet, pre-filled with your results and a
link to invite others to play.

4.3 Designing the Bog Roll Business Builder website

To understand the features of a website’s design that offer the most benefit to
individuals, in relation to meeting their access needs, a study was conducted where
users could design a toilet roll retail website. The website asked them,
feature-by-feature, what their preferred way to style the content was, allowing
individuals to create a design to meet their needs as an individual.

4.3.1 Initial considerations

The aim of this study was to understand the features of a user interface that when
changed, benefit the users the most, providing further insight into research question
2. Given that the literature review (section 1) provides no framework for conducting
such a study as there is a lack of published literature on the subject, in conjunction
with the sources of inspiration, the UK Home designing for accessibility posters (Pun,
2016) were used as a framework. Reviewing these posters provided a key focus
around 5 key changes to the user interface, aimed at improving the accessibility of the
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design for users with differing levels and combinations of disability. The 5 changes to
the user interface extracted from the posters were:

e Changing the language (Users on the autistic spectrum, users with dyslexia,
users who are deaf or hard of hearing)

Changing colours (Users on the autistic spectrum, users with low vision)
Changing the layout (Users on the autistic spectrum, users with dyslexia)
Changing the interactions (Users with physical or motor accessibility needs)
Adding additional information (Users with anxiety)

The ability to personalise these user interface features were the focus of this study,
where a fun website was created allowing the user to select options for how the
website is displayed. The questions that were presented to the user in this website
can be found in the Appendix, section 7.8.

4.3.2 Enabling live customisation

In order to allow the participant to understand the options that they were choosing
between and to display the options within the context of a shop’s user interface, a
section of the study site was used to provide the emerging design to the user. This
'live' design was based on example content affected by the user's answers to
questions and styled to look like a real website. For example, when a user picked the
‘larger’ text size in response to the ‘How big should the font on your e-commerce site
be?, the text size in the 'live' designh would change to large text. The design updates
almost instantly, as the participant selects options from the form without the need for
the page to reload. To provide this 'live' view of an example website, the
implementation used a recent addition to web browsers, CSS Custom Properties.

Using CSS Custom Properties

Reusable values are a recent addition to the CSS programming language. Typically,
when writing CSS, there will be repeated values for properties such as colours and
border styling. CSS custom properties allow for the abstraction of these values, which
can then be stored in a variable to be used throughout the code (Mozilla, 2020). This
idea is not new, with CSS tools such as Sass (a CSS preprocessor, providing a variety
of features such as variables and functions) providing similar functionality (Sass team,
2020). However, a feature that makes CSS Custom Properties stand out is that they
can be updated within the browser, taking immediate effect and providing instant
feedback to the user (Dodson, 2016). In addition to this, the value of a CSS Custom
Property can be changed when a class is applied to a HTML element. hen an option
has been selected, a class can be toggled on an element to update the styling
immediately in the browser which can be achieved with a single line of JavaScript
code
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4.3.3 Storing information

A minimal approach was taken to storing data, ensuring that only data relating to the
purpose of the study was captured in the live site. Information relating to participants’
responses to the design of their website was inserted into a MongoDB database, using
Netlify functions to transport the data securely. Information was then pulled in a
similar way from the database to present the most frequently selected optionsin a
design to the participant. Further contextual information explaining the participants’
choices once they had finished creating their design and demographic data was
collected using a Google Form embedded in the study site. As some of this
demographic data related to personal information such as disabilities, Google Forms
was used to ensure that personal and special category data was stored securely on
the University of York Google Drive and therefore compliant with the General Data
Protection Regulation (GDPR) 2018.

4.4 Accessibility considerations

4.4.1 During the design

Semantic HTML

In order to ensure that the project was accessible, semantic HTML5 elements were
used. Semantic HTML5 elements include sections, footers, fieldsets and also require
the correct structuring of heading elements to ensure that participants would be able
to correctly navigate the page and understand the content. Providing the questions to
participants in a HTMLS form, using radio button input fields correctly marked up with
labels (describing the input), meant that all users should have been able to complete
the form. To group questions and answers and create a semantic link that could be
understood by all users of the site, questions were contained within a HTML fieldset,
utilising a legend for the question itself and radio buttons and labels to provide the
different options for each question (W3C, 2019).

Additional considerations

JavaScript was used to display a single question to the user at any given time. The
participant could then answer by selecting the radio button aligning with the value that
they wished to choose. Once selected, as all the elements within the page were
standard HTML5 specification, browsers are able to acknowledge that a radio button
has been selected, so participants using assistive technology (such as a screen
reader) will know that an option has been successfully selected. As the user selects
the item, JavaScript toggles the relevant class on the HTML body element, causing the
relevant CSS Custom Properties value to change. In turn, this updates the 'live' design,
providing users with an up to date representation of the user interface they have been
creating based on their selections.
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Sighted participants are able to see, visually, the changes made to the design as the
design updates on their screen. To ensure that participants who are blind or visually
impaired and using a screen reader device can navigate the designs, an additional skip
link is provided below the fieldset for each question. Selecting this will place the
participant's focus at the start of the 'live' website view on the page, so that they may
easily test their design, without having to navigate around the page looking for it
again.

Another consideration was to provide clear feedback when interactions took place.
ARIA live regions were used to supplement the dynamic content displayed with
JavaScript, notifying assistive technologies of the visual change (Mozilla, 2020). For
example, when a participant selects the ‘Clear select option’ button, non-disabled
people will be able to see visually that the option has been cleared. However, for blind
or visually impaired users, the message ‘Your selected option has been cleared’ is
displayed on screen by some JavaScript; which is then announced with the ARIA live
region property set to ‘polite’ on the element. Setting the aria-live attribute to polite
means that the content will be announced but will not interrupt the screen reader and
what it may be currently announcing.

4.4.2 Accessibility testing

Automated testing

Three tools were used to conduct automated testing and all were used consistently
during development to check for obvious errors and mistakes, these were:

e The W3C Markup Validation Service (W3C, 2012)
e axe - Web Accessibility Testing Chrome Extension (Deque Systems, 2020)
e Lighthouse (Google, 2020)

Testing with users

As a result of the gaps left by areas that automated testing tools were unable to cover,
participants with a range of different access needs due to varying disabilities were
recruited to help understand their experiences and to identify any accessibility issues
with the developed site (as discussed in section 3.5.1). Participants were recruited by
posting messages about the planned testing of the site on Twitter. Testing the website
was planned to take roughly an hour to complete. Participants were thanked for their
participation with a £20 Amazon voucher. Those that took part were provided with a
link to the website and asked to create their own design, following which, they had to
complete a longer version of the Google Form, see the Appendix, section 7.9. This form
included an additional section asking the participant if there were any problems with
the usability of the site and understanding the aims of the website. In the end, three
participants were recruited, one of the participants is visually impaired and uses
ZoomText; another participant is blind and uses the NVDA screen-reader, navigating
websites with a keyboard; the final participant identified as having a disability but did
not wish to disclose any further information about the disability.
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None of the participants recorded any problems with the accessibility or usability of
the site, nor understanding of the aims of the study. The participant using the NVDA
screen reader stated that they thought ‘the options were clear, and the use of buttons
to choose the options and then see the different results worked well: Following the
completion of this testing, the website was opened up to everyone to participate in.
Even during the period where the study was live, small improvements were made to
further increase the accessibility and usability of the website. As part of the
recruitment of participants, an email about the project was sent to the WebAIM and
WAI mailing lists to encourage participation in the study. A reply came back from the
WAI list, explaining that the lack of focus styles on the website had been problematic
for an individual. Following the receipt of this email, the focus styles employed on the
website were improved, displaying outlines around any interactive elements on screen
when interacted with.

4.5 Method

This study investigates whether, when tasked with designing their own user interface,
there are features of a user-interface design that, when personalised, will allow for the
design to better meet the participant’s access needs. In order to identify these
elements, analysis of the results should indicate whether there are preferred options
or patterns. If there are no preferred options or patterns for a specific element, as this
thesis has covered, we can suggest that this will be due to the unique needs of
individuals given their context, health and disability. As such, these elements could be
identified as candidates for personalisation.

4.5.1 Participants

All participants for this study were recruited through social media posts that were
shared by those involved in this project as well as prominent Twitter accounts relating
to website accessibility such as The A11Y Project (@A11yProject) and Accessibility
London (@A11yLondon). 174 responses were recorded as part of this study, between
12th August 2020 and the 12th September 2020. Out of those 174 participants, 99
completed the Google Forms survey providing further contextual information: 56
identifying as male, 41 as female, 1 as non-binary and 1 participant preferring not to
say. Ages ranged from 18 to 70+ years (the mode was 30-39 years). 14 participants
identified as having a disability, such as chronic fatigue, or a visual impairment. A full
list of the participants’ disabilities and access needs can be found in the Appendix,
section 7.10. As the website was shared online through social media, participants came
from a number of countries, the majority residing in the United Kingdom, but also
included Australia, Benin, Cyprus, India and Nigeria to name a few. Apart from the first
3 participants who helped in accessibility testing the website who each received a £20
Amazon voucher, the other participants took part and were entered into a prize draw
to win 1 of 5 £20 Amazon vouchers. On the first page of the website, the purpose of
the study and the project’s background were explained to participants.
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Figure 4 - Histogram describing the frequency of the age groups selected by all participants,
whole sample (N = 99), the mode was 18-29 years old (n = 44)

4.5.2 Materials

As the study was shared online and participants were asked to independently create
their personalised designs, various devices were used: 56 participants used a desktop
computer, 32 used a mobile device, 6 used a tablet and 5 used a laptop. As
participants were using the website independently within their own homes during the
COVID-19 lockdown, there could have be