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Abstract. Software accessibility has recently become a legal require-
ment in most countries. Minimal guidance into the legalities of this mat-
ter has been provided, leaving most software engineers to adapt software
they write to ”skim” the surface of what is acceptable, such as providing
simple screen reading capability. Even less information is available for
users with two disabilities. In this work, we provide a user-centered de-
signed game example, with a participatory design approach, to address
not one but two disabilities, vision and dexterity impairments, concur-
rently. We show how entertainment and interaction can take priority in
the development process while not compromising on the usability and ac-
cessibility of the games. We provide the reader with seven guidelines from
our findings to create accessible mobile games that can be entertaining
for people with dual disabilities and non-disabled individuals equally.
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1 Introduction and Motivation

As of March 2021, 84% of adults above 16 possess a smartphone [18]. With
this widespread of smartphones, mobile gaming is more accessible to a broad
audience. However, the current state of game accessibility remains a significant
concern, with more than 94.8% of Android applications containing accessibil-
ity violations [1]. Research has shown that most developers ignore accessibility
guidelines due to two main reasons, the lack of awareness and the lack of tools
to support them in the requirement specification and the implementation stages
[3].

Researchers have surveyed 836 papers published in ASSETS and CHI venues
and have found that only 1% of the published research have targeted users with
multiple disabilities [15]. Multiple disabilities involve people with more than one
disability in "cognitive, physical and/or functional abilities" [16]. Meanwhile,
the majority of accessible games focus on rehabilitation purposes [23], [28], [17].
In a recent systematic analysis of video game accessibility, it is concluded that
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entertainment is not targeted as much and that future research should have
more accessible games in the entertainment genre [8]. Indeed, it is important
that we target entertainment rather than pure educational, rehabilitation, or
therapeutic purposes. There is a clear call for future research projects for users
with multiple disabilities or complex needs [24], which highlights the necessity
for more inclusive guidelines for mobile application development.

Although specific statistics around users with both vision and dexterity im-
pairments are limited, affected people are more than one could expect. For ex-
ample, there are an estimated 1.6 million people with complex disabilities in the
UK, which is projected to increase to 2 million by 2029 [22]. Complex disabili-
ties involve individuals having two or more sight, hearing, or learning disabilities
[21]. Similarly, conditions, such as cerebral palsy, multiple sclerosis, or certain
stroke experiences, affect speech and dexterity. 764,000 people have at least one
symptom of cerebral palsy in the U.S. [20], and 130,000 adults in the UK [13].

Lazar has proposed a framework for "born-accessible development" [14]. In
this approach, "accessibility is considered as a primary design goal from the start,
and people with disabilities are included from the start" [14]. Our work aims
to develop a framework for mobile game development accessible to users with
dual disabilities addressing the need apparent in this area. We utilize Artificial
Intelligence (AI) to enhance accessibility and entertainment. This paper presents
the initial prototype of our ongoing project focusing on different dual disability
combinations. We present one dual disability combination, limited vision and
dexterity impairments. We plan on creating new prototypes targeting other dual
disability combinations in future projects. We propose seven guidelines for mobile
game development to ensure that the game is "born-accessible" for users with
limited vision and dexterity. The proposed design guidelines were concluded by
developing an accessible mobile game using a user-centered participatory design
process. ”Cell Escape” is available for anyone to explore and try out suitable for
adults with computer literacy.

2 Related Work

WGAG [27] and other guidelines, such as Android Developers [7] and IBM [11]
are available for developers. WCAG guidelines cover a range of disabilities, such
as vision, hearing, movement, and speech along with combinations of these [27].
For example, part of the guidelines suggested by the UK government include en-
suring that the service works with assistive technologies, such as screen readers
[26]. Indeed, this guideline helps users with visual and speech dual disabilities,
but it would not ensure accessibility for users with vision and movement impair-
ments because screen readers heavily rely on tapping or keyboard use. Guidelines
are limited to complex disabilities or less common disabilities.

Similarly, games accessible for dual disabilities are limited. Theil, Buchweitz,
et al. have presented one of the first game design recommendations for users
with dual sensory loss, particularly deafblind users [25]. They propose user-
driven game design recommendations based on different categories, such as tim-



Guidelines for Users with Visual and Dexterity Dual Impairments 3

ing, turns, instructions, etc. [25]. Nevertheless, they focus on hearing and vision
impairments with an ability-based design framework rather than disability.

Binaural sound [4], haptic feedback [12], and audio-based approaches [5] are
used effectively in research projects to enhance game accessibility for blind users.
Nonetheless, these games are not compatible with users with limited dexterity
due to their dependency on tapping and swiping on phones. Similarly, Google
has developed the TalkBack feature embedded into the Android platform, a
great tool for visually impaired users. Many mobile text-based games using this
feature are accessible for the blind, such as the Zork series adventure game [2].
Nevertheless, these games rely on tapping or keyboard keys to play are not
applicable to people with limited hand dexterity.

Meanwhile, there are tools and research projects around enhancing accessi-
bility for users with limited dexterity on mobile devices. Google’s Voice Access
allows users to navigate using voice commands [6], which benefits those with
dexterity issues. Yet, it is not accessible for blind users because it numbers the
user interface elements requiring users to say the number of the element they
want to tap.

The games mentioned rely on visual elements or tapping to move forward.
Future endeavors should focus both on technological innovations and ensuring
that these advancements contribute to a gaming environment accessible to users
with multiple disabilities.

3 Developing the Cell Escape Game Prototype

The Cell Escape Game is a mobile game offering an entertaining experience
without the need for tapping on the screen or relying on visual elements. Speech
is used as the main input. Sentiment analysis is used for the processing stage and
deciding upon where to divert the user. With no visual elements implemented,
the game relies on audio files as the main output to communicate with the
user. Therefore, the game is accessible for users with both dexterity and visual
impairments with speech input and audio output. User input is only taken when
the player is asked a question or expected to do a task. It is timed at three seconds
because constant consideration of user input is not viable in this instance, as
it would result in a disorganized experience due to the nature of the game’s
input/output process. Figure 1 shows the game’s architecture with the devices
needed for each operation. The game does not have visual elements as they are
not necessary.

In this game, the main character has recently been brought to a prison cell.
There is a man in his next cell asking for help to escape. The non-playable
character (NPC) gives different options and answers based on what the player
says. However, the game story has a linear progression, and the NPC will try
to convince the user to help them if the user disagrees to help. This will help
and move forward in the game accordingly as shown in Figure 2. Fixed options
with no sentiment analysis needed include "start game" and "end game". While
"start game" is available only in the introduction scene. The "end game" option
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Fig. 1. I/O operations for the game prototype with the technologies used for each
process. No visual elements are used.

is available throughout the game. In the final scene, the story will conclude and
the user will be notified that they have reached the end of the prototype. The
application will automatically exit afterward. Finally, targeting ethical consid-
erations, permissions are taken from the player to use the microphone from the
beginning of the game.

Fig. 2. Linear progression for the
first prototype

We developed the game using a participa-
tory design approach involving ten user ex-
perts, two of whom were legally blind. The
experts were user experience and accessibil-
ity specialists with extensive professional or
academic research backgrounds 3. The initial
requirements were set, and the game went
through multiple design iterations. The user
experts provided constant participation and
support throughout the design and develop-
ment process. We received comments on the
inclusion, entertainment, and efficacy of the
accessibility and AI integration in each iter-
ation. This will help with refining the stories
and technologies for our upcoming projects.
The initial requirements included accessibility
for visual and dexterity impairments, enter-
tainment as an essential aspect of the game,
and ethical considerations for microphone per-
missions.

The game is developed using Unity 2D
game engine version 2021.3.2f1. The source
code is written in C# (version 7.3). We have

3 The participants were part of the design and prototyping processes. They do not
include the authors.
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used speech-to-text AI libraries. The experi-
mental nature of our prototype led us to employ two distinct AI libraries in
separate scripts for a comparative analysis of their efficacy. Whisper [19] is used
in the introduction scene and HiggingFace is used in the second and third scenes
[9]. Moreover, the TextClassification library [10], developed by the HuggingFace
community, is used for sentiment analysis to progress in the game accordingly.
Some of the audio files were AI-generated. They were enhanced and edited using
Audacity and Logic Pro for binaural effects. The audio files are pre-recorded
and edited. They are not generated in real-time. Figure 1 shows the technologies
used at each stage.

4 Guidelines

The prototype was developed with constant input from ten user experts, during
which we observed their interactions and solicited feedback regarding the game’s
inclusivity and entertainment. The participants found the game approach fea-
sible for our target disabled users. They also found the game entertaining with
positive feedback, highlighting the game’s potential. Using participant feedback
and developed prototype, we have concluded seven guidelines in Table 1 for de-
velopers to follow. These guidelines address accessible games for users with visual
and dexterity impairments. The ultimate goal is to encourage inclusion for dual
disabilities in mobile games by facilitating developers without compromising the
entertainment.

The first guideline listed in Table 1 is concluded from the user’s limitation
with changing the game’s accessibility settings. The game shall be accessible
if it is "born-accessible" and not leave it to the user to make it accessible for
themselves. The second guideline comes from another input from our expert
participants with their uncertainty about what the question or task was in the
gameplay. With our audio-based game that takes speech as its main input, we
programmed the "repeat" command to repeat the question or task asked. The
third guideline shows the significance of letting the user know when input is taken
to minimize confusion or unnecessary input. The user cannot see the screen.
Audio feedback (a beep sound) was considered an efficient way to communicate
when speech input was accepted. The fourth guideline is implemented in the
majority of games. It is worth noting that an accessible game shall have these
options equally as most players expect them. This is necessary regardless of the
length of the game, and users shall have the option to pause the game and get
back to it later. Tagging a game with the necessary accessibility tag helps others
find their desired accessible games more efficiently and be recognized for its
relevant accessibility category. We concluded the sixth guideline with repetitive
suggestions from the end user participants for different languages and dialects.
It impacts the speech recognition libraries providing the main game input, and
it consequently impacts the sentiment analysis. Finally, a limitation we found
was the interference of background noise. With binaural sound implemented,
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the use of headphones provides a more immersive game experience. It also helps
minimising background noise captured by the application.

ID Description

1 User shall not be responsible for adjusting their settings only to provide input
required for the game.

2 The game shall be tolerant enough to repeat the last audio if the user is
uncertain of what the task is.

3 Feedback shall be given when the voice input starts
4 The pause and resume options shall be available throughout the entire game.
5 Published applications must be put in relevant categories with necessary ac-

cessibility tags.
6 Consider the language preferences and dialects of the target audience for voice

input.
7 Recommend using a headset if it provides a more immersive experience for the

players.
Table 1. Design guidelines for creating mobile games accessible to users with visual
and dexterity impairments

5 Conclusions and Future Work

In this paper, we highlighted the need for research targeting multiple or complex
disabilities and their impact on society focusing on blind and motor disabilities.
We presented our first accessible, working prototype developed using a partici-
patory design process with ten user experts, two legally blind. We also presented
our initial guidelines concluded from the process. NLP and sentiment analy-
sis are crucial elements of the prototype to help with accessibility and enhance
entertainment. We will explore other technologies for faster and more efficient
speech recognition and sentiment analysis. Similarly, we will incorporate the par-
ticipants’ constructive feedback in our future prototypes. With the participants’
requests and feedback in mind, future prototypes will focus allowing the user
to choose between the stories. Figure 3 shows a sample of the game story pro-
gression options we are planning to implement. It allows the story to be more
personalized to the answers given by the player with different endings based on
sentiment analysis results. This allows a more entertaining experience, which
is one of the most essential requirements for creating inclusive games. Further
work is necessary to test the game in noisy and quiet environments. More de-
tails on observational feedback will be discussed at later stages of the project.
Finally, more detailed assessments of current guidelines will be published in the
upcoming papers.
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Fig. 3. Proposed future game story progression
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