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Digital games have o ered enjoyment to countless people, however, people with
disabilities are often excluded from these experiences. Visually impaired individuals,
in particular, encounter challenges in gaming as the majority of digital games heavily
rely on graphics and visual content. While there are accessible games, such as audio
games, tailored for them, there remains a lack of an assistive tool that can support
a wide range of digital games.

To |l this gap, this thesis aims to explore the feasibility of a universal assistive
technology to support multiple HTML5 games. HTML5 games are a subset of web
games that can be played via web browsers without the need for installation. An
assistive technology prototype in the form of a Chrome extension was developed in
this thesis, with a requirements design drawing insights from existing accessibility
guidelines and related accessible games. The prototype covers common accessibil-
ity features such as font, cursor customization and magni er, along with advanced
features including narration, highlight and soni cation.

Exploratory testing and task-based usability testing were conducted to evaluate
the prototype. Testing results indicate that most features of the prototype can
e ectively enhance game accessibility, yet some require further optimization. Despite
limitations, this work sets a solid foundation for further research and development
in this area.

Keywords: HTML5 game, Assistive technology, Accessibility, Soni cation, Chrome
extension, Audio game, Accessibility guideline



Contents

1 Introduction 1
1.1 Scope and Objective . . . . . ... ... . . ... ... 2
1.2 Research Questions . . . . . . . . . . . . . .. i 4
1.3 Thesis Structure. . . . . . . . . . . 4
1.4 Acknowledgment . . . . .. ... ... ... 5
2 Background 6
2.1 Visual Impairement . . . . . . . . . ... 6
2.1.1 Challenges for Visually Impaired People in Gaming . . . . .. 7
2.2 Accessibility . . . ... 9
2.2.1 Assistive Technology . . . . .. .. .. ... . ... ...... 10
2.2.2 Accessible Game . ... ... ... . ... 11
2.2.3 Accessibility Guidelines . . . . . ... ... o oL 12
3 Relevant Research and Work 19
3.1 KeyTermsand Concepts . . . . . . . . . o v i v i it 19
3.1.1 Sensory Substitution . . ... ... ... ... ... L. 19
3.1.2 Binaural Sound . . . ... ... ... ... 21
3.1.3 Sonication . . . ... ... 21
3.2 Audio Games . . . . . ... 22
3.3 Experimental Games in Prior Research . . . . .. ... ........ 27



4 Design and Development 31

4.1 Requirement Analysis. . . . . . . . .. ... 31
4.1.1 Feasibility Assessment . . . ... .. ... ... ... ..., 34
4.1.2 Challenges and Limitations . . . ... ... .......... 35
4.2 Project Architecture . . . . . . .. .. .. 37
4.3 UIUXDesign. . ... .. . e e 40
4.4 Feature Implementation . . .. .. ... ... ... . ... . 41
441 FontCustomization . . . . . . ... . ... ... 42
4.4.2 Cursor Customization . . ... ... ... ... .. ...... 44
443 Magnier . . ... .. 46
444 Narration . . ... ... . ... 47
4.45 Interactive Elements Highlighting . . . . . .. ... ... ... 50
446 Sonication . . .. .. ... 50
5 Testing and Evaluation 53
5.1 Methodology . . ... ... . . . ... .. 53
5.2 Result Analysis . . . . . . .. . . .. 55
5.2.1 Demographic and Background Information . . . . . ... ... 55
5.2.2 General Use Experience . .. ... ... .. .. .. ...... 58
5.2.3 Feature-Specic Use Experience . . . ... ... ... ..... 60
5.2.4 Task-Based Use Experience . ... ... ............ 63
5.2.5 Feedback and Expectation . . .. ... ... .. ........ 65
5.3 DISCUSSION . . . . . . o e 68
6 Conclusion 69
References 71
Appendices



A GAG - Vision

B Project Source Code

C Web Games Assistive Technology Survey

A-1

B-1

C-1



1 Introduction

Over the past few decades, digital games have become a prominent source of en-
tertainment for countless individuals, with their market share steadily on the rise
[1]. Despite ubiquity, many people are still excluded from this activity due to var-
lous factors, among which, the lack of accessibility stands as a primary concern,
especially for individuals with disabilities [2][3].

Even with challenges, individuals with disabilities are inclined to engage in digital
gaming [4]. A plethora of studies indicates that digital gaming can not only promote
physical rehabilitation and improve cognitive abilities but also foster a sense of
competence and facilitate social connections, ultimately contributing to their long-
term wellness (e.g., [5] [8]). Furthermore, considerable commercial potential exists
in people with disabilities as game players. Research points out that a growing
population of gamers with disabilities actively engage in mainstream commercial
games [8]. Thus, enhancing game accessibility is a mutually bene cial opportunity.

This opportunity has not gone unnoticed by the gaming industry, which is why;,
accessibility support within the commercial gaming sector has substantially devel-
oped recently in terms of the range and variety of options available [9]. However,
accessibility options are often tailored for speci ¢ games, making them replicable but
non-transferable. The majority of games still lack adequate accessibility support, as
an assistive technology that can accommodate a variety of digital games is notably

rare.
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To address the absence of an assistive technology that e ectively supports a
wide range of digital games to enhance the general gaming experience of people
with disabilities, this thesis focuses on the possibility of developing an assistive tool

that supports multiple digital games.

1.1 Scope and Objective

Existing assistive technology solutions are often customized for a speci ¢ user group,
re ecting the common awareness that perceptions and needs on assistive technolo-
gies vary according to the type of disability [10]. Present accessibility guidelines
also tend to categorize based on speci c disability types though the breakdown may
not be clean as di erent groups can benet from common solutions [4]. The dis-
ability types that have been extensively researched concerning gaming experiences
typically include blindness and visual impairments, hearing impairments, physical
impairments and cognitive disabilities.

To minimize the scope and e ectively manage the workload, this thesis narrows
its scope to focus on the needs of people with visual impairments. Nevertheless,
assistive technology solutions for other disability groups are also studied to ensure
a comprehensive understanding and identify any insights that can be utilized.

Given the diverse range of genres and platforms of digital games [11], the focus of
assistive technology features can vary based on the speci c genre of the game [12]. In
addition, the technological platform on which the game is executed plays a crucial
role in determining the technical solution adopted during development. Factors
such as engine selection and code are implicitly impacted, thereby in uencing the
coverage and portability of the assistive tool.

This thesis primarily concentrates on HTML5 games within the point-and-click
adventure genre. A point-and-click adventure game is a story-driven game where

players progress through an overarching narrative by solving puzzles [13], the main
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interaction is done through a point-and-click interface like a computer mouse. The
mechanics and content of point-and-click adventure games o er adequate material
for assessing assistive technology.

HTML5 games are a subset of web games which can be played through a web
browser without downloading or installing [14]. The decision to focus on HTML5

games is based on several factors:

1. Signi cant developments in web accessibility support have been witnessed in
the past few decades, with many screen readers being invented to support
non-sighted people to surf online as e ortlessly as possible. This provides a

solid foundation for researching HTML5 game accessibility.

2. Compared to other platforms, it is relatively easier to modify HTML5 games
and make further adjustments to align with accessibility standards. This min-

imizes challenges for actual implementation.

3. Most HTML5 games are free-to-play and easily accessible, contributing to a
large number of active gamers. Besides, HTML5 games have a huge commer-
cial potential yet to be exploited [15]. This ensures the research ndings can

be valuable for both the gamers and the market.

In summary, based on the above-mentioned scope, the primary objectives of this

thesis are:

1. To examine existing assistive technology solutions designed for individuals with

visual impairments,

2. To explore the possibility of developing an assistive tool for visually impaired
people to support a range of narrative-driven HTML5 games with point-and-

click interaction as the major mechanics.
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1.2 Research Questions

By examining the existing solutions for visually impaired people in gaming and
exploring the possibility of developing an assistive tool for visually impaired people
to enhance their experience with a range of HTML5 games, this thesis aims to

answer the following three research questions:

N

RQ1: What assistive technology features can be integrated into HTML5 games

while preserving the integrity and originality of the games?

A

RQ2: How to implement such a tool?

A

RQ3: How e ective does the implementation of the assistive tool enhance the

game experience for visually impaired people?

1.3 Thesis Structure

This thesis is organized into six chapters. Following this chapter, Chapter 2 provides
an overview of various types of visual impairment, accessibility, and assistive tech-
nology, along with existing accessibility guidelines. Chapter 3 explains key concepts
relevant to the thesis scope and reviews previous research and work on audio games
and accessible games. Drawing insights from the prior chapters, Chapter 4 proposes
a way to implement an assistive tool for HTML5 games, adopting a classic soft-
ware development process from requirements analysis to feature implementation.
To evaluate the implemented prototype, Chapter 5 presents the adopted testing
methodology and analysis of the testing results. Finally, Chapter 6 concludes the

thesis and discusses the future work.
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2 Background

In this chapter, essential background information regarding game accessibility will
be provided to set the stage for the subsequent chapters. Section 2.1 o0 ers a concise
overview of di erent types of visual impairments and the challenges they pose in
gaming. Following this, Section 2.2 introduces key concepts related to accessibility,

including a discussion of existing accessibility guidelines.

2.1 Visual Impairement

Visual impairment, also known as vision impairment, refers to the partial or com-
plete loss of vision that cannot be corrected through the use of glasses or surgical
procedures. At least 2.2 billion individuals worldwide are a ected by visual impair-

ments [17]. Common types of visual impairments include:

~ Blindness is the complete loss of vision and, in most severe scenarios, the

inability to perceive any light.

" Low vision encompasses any partial loss of eyesight that negatively a ects
one's ability to see and therefore perform daily activities [18]. Typical exam-
ples include blurred vision, tunnel vision and blind spots, as illustrated by

simulated perspectives in Figure 2.1:

Blurred vision, such as near-sightedness, far-sightedness, presbyopia or

astigmatism, is often caused by refractive errors [19].
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Tunnel vision, the loss of peripheral vision while retaining the central

vision [20].

Blind spots, which partially obstruct or obscure the visual eld [21].

" Colour Blindness or colour vision de ciency, refers to a diminished capacity
to distinguish between colours and in severe cases, an inability to see di er-
ences [22]. It includes deuteranopia, protanopia, tritanopia, and monochro-
macy, which is complete colour blindness. Figure 2.2a shows the perception
of colours for people with normal vision, while gures 2.2b - 2.2e simulate the

presentation of those colours to people with each type of colour blindness.

(a) Normal vision (b) Blurred vision (c) Tunnel vision (d) Blind spots
Figure 2.1: The perspective of normal vision and simulated low vision. Source:

adapted from [18]

2.1.1 Challenges for Visually Impaired People in Gaming

Barriers for individuals with visual impairments can vary, but a signi cant challenge

arises from the heavy reliance on visual content, including graphics, text, and ani-
mations, to convey information in games [18], [23]. While auditory and haptic cues
often serve as a complement, useful in catching attention and enhancing immersion,

they are usually insu cient for those completely blind, making progression in the
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(a) Normal Vision

(b) Deuteranomalia (c) Protanopia

(d) Tritanopia (e) Monochromacy
Figure 2.2: How colours are perceived by people with normal vision
and with colour blindness. Source: https://www.boredpanda.com/

different-types-color-blindness-photos/
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game world and navigation in user interfaces extremely di cult even impossible.
This constraint also negatively impacts low-vision and colour-blind people.

Additionally, visually impaired individuals may require more time to process in-
formation conveyed through visual cues, thereby challenges increase when the game
quest is time-constrained or irreversible. According to [23], compared to individuals
with normal vision, visually impaired players may spend more time on a game as
they pay careful attention to dialogues and game content, thus, excess information
can become a distracting challenge, slowing down their game progress.

Speci cally speaking, for low-vision and colour-blind people, the lack of adequate
assistive tools and accessibility options remains a common challenge. A 2020 survey
shows that more than two-thirds of game developers do not consider accessibility
when designing their games [24].

Moreover, games that rely solely on colour to convey critical information can
present challenges for individuals with colour vision de ciencies. For instance, in
Super Puzzle Fighter Il Turbg a puzzle game where players must match gems of the
same colour, those with protanopia may struggle to distinguish between yellow and

green gems because they appear almost identical, as demonstrated by Figure 2.3.

2.2 Accessibility

The International Organization for Standardization (ISO) has issued a series of
standards and guidelines for accessibility across di erent sectors. According to [25],
accessibility refers to the degree to which individuals from the widest range of diverse
contexts of use can access a product or service to achieve their speci ed goals. As a
subcategory of usability, which focuses on the overall use experience encompassing
e ectiveness, e ciency and satisfaction [26], accessibility is designed to expand the
target user group [25].

A common yet inaccurate belief is accessibility is intended for people with disabil-
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