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Abstract. As the global gaming industry continues to grow, so does the need for game design to
be accessible to people with different physical and cognitive abilities. Therefore, it is necessary
to take accessibility design into consideration when developing a game. By using the interactive
model of accessibility game design, this review explains why players with disabilities are unable
to fully enjoy playing video games while playing. It then analyzes challenges and solutions
related to visual, auditory, motor, and cognitive accessibility to gain a comprehensive
understanding of how these elements interact in the game environment. Using case studies, this
article lists a few games with accessibility in mind and illustrates the usability techniques they
use. However, the process of achieving accessible gaming comes with its own challenges. This
article analyzes the technical, economic, and creative barriers that developers often encounter,
and provides a series of recommendations for game developers to address these challenges. By
championing accessibility, the gaming industry can ensure that everyone, regardless of ability,
can actively participate in video games.
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1. Introduction

Over the past few decades, the gaming industry has transformed from a niche form of entertainment to
a mainstream cultural phenomenon, evolving from simple arcade games to complex multi-platform
games [1]. In addition, games have been transformed from mere forms of entertainment to platforms for
social interaction and academic research [2, 3]. With this rapid expansion comes an increasing need to
cater to different audiences with different physical and cognitive abilities. There are 1.3 billion people
with disabilities worldwide, accounting for one-sixth of the world’s population [4], so people with
disabilities should also be considered an important consumer group of games. While the game industry
has made great strides in areas of game design such as technology and plot design, the accessibility of
game design is still an area that needs to be explored and improved.

The accessibility of video games has become an area of research and development that cannot be
ignored [5]. The core goal of accessibility is to design games that as many people as possible can enjoy,
regardless of their physical or cognitive abilities. To achieve this goal, industry and researchers have
made several important advances. For example, universal Accessible Games (UA-Games), a novel
approach to design, emphasizes inclusion in games from the start [6]. Besides, the advent of adaptive
controllers, customizable interfaces, and assistive technologies and software not only makes gaming
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more accessible to people with disabilities, but also enhances the gaming experience for all players [7].
Hardware investment and development are also driving progress in this area [8]. For example, the Xbox
Adaptive Controller released by Microsoft is a prominent example, which is “primarily designed to meet
the needs of gamers with limited mobility” [9]. In addition to hardware and software improvements,
game design has to consider all aspects of accessibility, including visual, auditory, motor, cognitive, and
environmental awareness improvements, especially when considering accessibility gaps [10]. Game
accessibility guidelines published by various organizations also provide clear direction on how to create
more accessible video games [11]. Overall, the goal in this field is to reduce or remove barriers that may
prevent players from fully engaging with the game experience. Improvements in accessibility design for
video games from 2005 to 2010 also marked a period of significant growth for the field [12].

This review aims to provide a comprehensive overview and analysis of accessibility in game design.
This review will explore each aspect that defines and constitutes accessibility design and examine
examples of games that have set benchmarks in the field. Besides, this review will discuss the challenges
and obstacles developers face in implementing accessibility features and provide recommendations in
this area.

2. Defining accessibility in game design

Accessibility in game design is defined as making video games accessible to people with all types of
disabilities. Factors such as visual impairment, hearing impairment, cognitive impairment and
movement impairment need to be considered [12]. These factors are considered to create an inclusive
gaming environment that minimizes barriers to entry and allows players with disabilities to participate
and play on an equal basis with other non-disabled players, rather than designing a game specifically
for people with disabilities [13, 14]. Accessible game design is also beneficial for non-disabled players.
It can enhance the gaming experience for players with different preferences of settings. Not only that,
but accessibility design is also beneficial for game developers, as it can increase the potential market
size, user satisfaction, and social rating of a game [15].

3. Overview of the Three-Steps Interaction Model

This cyclical model illustrates how players continuously engage with the game, processing stimuli,
making decisions, and taking actions until they win, lose, or decide to quit [5]. Three main steps: 1)
Receive stimuli: The player sense stimuli from the game, such as visual or auditory cues. 2) Determine
response: The player decides on an in-game response based on the perceived stimuli. 3) Provide input:
The player sends their input through the input device into the game. Figure 1 shows the interaction

sequence diagram.
¢ stimuli l

start

response

until gameover or finish

Figure 1. Interaction sequence diagram [5].
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3.1. Challenges at each step for players with disabilities

3.1.1. Receive stimuli. Players with visual impairments may have trouble to perceive visual cues, while
those with hearing impairments might miss auditory cues [8, 16].

3.1.2. Determine response. Cognitive impairments can affect decision-making processes, making it
challenging for players to determine the best in-game response [16].

3.1.3. Provide input. Physical disabilities might limit a player’s ability to use traditional input devices,
affecting their interaction with the game [8, 16]. Figure 2 shows the accessibility barriers at each step of
the 3-step model and the possible types of disabilities.
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Figure 2. Graphic synthesis connecting the game interactions, accessibility barriers and types of
disabilities. Adapted from [16].

4. The Multifaceted Nature of Game Accessibility

4.1. Visual accessibility: considerations for players with visually disabilities

In-game visual assistance does more than just provide larger text or brighter colors, it aims to create an
inclusive environment that allows visually impaired players to navigate and interact with the game world
as seamlessly as possible. This requires sophisticated tools that go beyond just enlarging text or
brightening colours. Readability and recognition are improved by increasing the colour contrast between
foreground and background. This is particularly useful for the visually impaired as it reduces the blurring
and clutter of visual information [15]. The integration of screen readers transforms the game narrative
from visual to auditory, ensuring a richer understanding of the storyline and game elements [5].
Furthermore, traditional visual cues can sometimes be replaced with tactile or auditory signals. For
example, a vibration from the controller when there is an enemy nearby, or perhaps a distinctive sound
when an event such as a door opening occurs [5,15]. And for players suffering from colour blindness,
games now offer tailored colour schemes to clarify and differentiate game elements [15,17].

4.2. Auditory accessibility. considerations for players with hearing disabilities

For all video game players, the auditory dimension of the game is crucial, but players with hearing
impairments have difficulty hearing the sounds in the game. In this case, subtitles can help players with
hearing impairments to fully experience the game by showing dialogues and important sound effects
and ensuring that no narrative elements are missed [5,15]. In addition to this, the introduction of visual
elements such as icons can fill in the gaps left by auditory cues, such as flashing arrows to indicate where
the next step needs to be to move forward [S]. To further enhance this experience, the ability for players
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to independently adjust the volume (from dialog to soundtrack to sound effects) to their needs becomes
invaluable [15].

4.3. Motor accessibility: considerations for players with physical disabilities

Mobility Accessibility focuses on removing any physical barriers that may prevent players from fully
experiencing the game, allowing people with limited physical abilities to play the game. Customizable
control layouts allow players to adapt the game interface to their physical abilities [15]. In addition to
traditional gaming hardware, adaptive hardware is nowadays more and more emphasized, with tools
such as foot pedals or voice controls allowing players to redefine their approach to gaming [8,9].

4.4. Cognitive accessibility: considerations for player with cognitively disabilities

Cognitive accessibility is often overlooked but is critical for players with cognitive impairments such as
ADHD, dyslexia, or memory issues. The goal is to make the game fun and engaging without causing
cognitive overload. For people with cognitive impairments, the world of video games can sometimes be
overwhelming. This is where clarity becomes crucial. Clear and simple instructions allow players to
quickly grasp the objectives and game mechanics [15]. In addition to this, freely adjusting the difficulty
of the game ensures that each player finds their own rhythm and avoids excessive frustration [13,15].
For those players who need more time to process information or make decisions, some games now offer
generous time limits or even remove them, ensuring that players can make decisions without time
pressure [5,13].

5. Case Study: Accessible Games

Among the many games out there, there are some that are popular for their inclusive game design. These
games have made significant strides in ensuring that players of all abilities can enjoy a seamless and
immersive experience. Some of these standout games are listed here, along with the specific features
they have implemented to support accessibility.

5.1. The Last of Us Part 11

Naughty Dog developed this action game with accessibility for all players in mind. The game boasts a
range of visual assistance features, including a high-contrast mode, a customizable HUD, and a fully
navigable 3D audio mode tailored for blind players. For those with auditory needs, the game integrates
subtitles complete with speaker labels and offers adjustable sizes, sound visualization, and distinct audio
cues. Players with motion challenges can benefit from features like lock-on aiming, camera assistance,
and the option to skip specific game segments. Additionally, to cater to players with cognitive challenges,
the game provides multiple difficulty settings, lucid in-game instructions, and the flexibility to
decelerate the game’s pace. Figure 3 shows some alternate controls settings in the game, and Figure 4
shows some navigation and traversal settings in the game.
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Figure 3. A screenshot of “The Last of Us Part II”. Source: “The Last of Us Part 11", produced and
published by Naughty Dog.
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Figure 4. A screenshot of “The Last of Us Part II”. Source: “The Last of Us Part 11", produced and
published by Naughty Dog.

5.2. Sea of Thieves

Rare has developed this multiplayer pirate adventure game that immerses players in expansive open
worlds, treasure hunts, and thrilling naval battles. Recognizing the importance of inclusivity, the game
incorporates a suite of accessibility features. For players requiring visual assistance, the game offers a
ping system and a colourblind mode, facilitating communication without the need for voice chat.
Auditory tools are also in place, with subtitles accompanying all in-game dialog and visual cues
signalling crucial sound events. Those seeking motion accessibility can benefit from the game’s fully
customizable controls, ensuring gameplay is tailored to individual needs. Additionally, to assist players
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with cognitive challenges, the game introduces simplified map reading tools and allows for adjustable
game pacing. Figure 5 shows some accessibility settings in the game, and Figure 6 shows some keyboard
and mouse settings in the game.
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Figure 6. A screenshot of “Sea of Thieves”. Source: “Sea of Thieves”, produced and published by Rare.

5.3. Summary

“The Last of Us Part II” and “Sea of Thieves” are just two examples of games that considering
accessibility, but they represent a growing trend in the industry. As developers continue to recognize the
importance of inclusivity, expect more games to integrate full accessibility features to ensure that
everyone can enjoy the game.
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6. Discussion
6.1. Fun and Accessibility

6.1.1. Challenges. As technology advances and players’ expectations of the gaming experience
continue to rise, the design and content of modern video games has become increasingly complex. This
complexity includes detailed graphics, a full storyline, diverse character interactions, and diversified
game mechanics. For many players, this complexity enhances the game’s appeal and immersion.
However, in order to ensure that all players can fully enjoy the game, especially those with cognitive
impairments, it may be necessary to simplify the game mechanics or provide additional tips. This can
reduce the difficulty of the game, which can affect the experience of other players, making the game too
easy or uninteresting for those who don’t have these needs.

6.1.2. Solutions. Different groups of players can be tested internally during game development,
allowing developers to better understand their needs and preferences. This can help developers find the
right balance of accessibility without compromising the fun of the game. In single-player games,
multiple game modes or difficulty levels can be designed to suit different players. For example, a
simplified mode can be provided for novices while providing a greater challenge for experienced players.
Games can also provide tutorials and guides for players to help them understand and master the game
mechanics. This ensures that all players can enjoy the game without reducing its difficulty or complexity.

6.1.3. Conclusion. Overall, ensuring a balance between fun and accessibility is a challenge, and the
addition of some accessibility features could change the initial gameplay and end up developing an
uninteresting game. For example, it would not be appropriate to have the option to adjust the difficulty
of a game in a multiplayer online game to ensure that multiplayer games are on a level playing field.

6.2. Platform Constraints

6.2.1. Challenges. A major problem game developers often face is that different game platforms (pc,
console, mobile, etc.) have their own unique hardware and software architectures. This means that
accessibility features developed for one platform may not be directly available for other gaming
platforms and may require extensive modifications before they can be used for other platforms. For
example, some consoles may not have specific audio Settings for visually impaired players, or some
mobile devices may not support specific input methods designed for players with muscle disorders. In
addition, each platform has its own development and distribution standards, which can limit developers
from implementing certain accessibility features.

6.2.2. Solutions. Developers can work with major game platform vendors to understand their
accessibility standards and technical requirements. This way, developers can ensure that their games
provide a consistent accessibility experience across every platform. Using a cross-platform game
development engine, such as Unity or Unreal Engine, can also help developers ensure that their games
have similar accessibility features across different platforms. Additionally, accessibility functions can
be designed as modular components so that they can be adapted or replaced according to the specific
needs and limitations of each platform.

6.2.3. Conclusion. In summary, while each gaming platform has its own unique requirements, by
working with platform providers, using cross-platform tools, and adopting a modular design approach,
developers can make their games provide a consistent, high-quality accessibility experience across all
platforms.
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6.3. Higher development costs

6.3.1. Challenges. Ensuring accessibility during game development often requires additional time,
resources, and expertise. This may involve conducting specific tests for specific disability groups,
purchasing or developing specific tools, or hiring experts with experience in accessibility design. For
small development teams or independent developers, this can mean higher development costs and longer
development cycles. This extra burden may keep them from thinking about implementing accessibility
features, especially when budgets are limited, or development cycles are tight.

6.3.2. Solutions. While the initial investment in accessibility may increase costs, given the size of the
global population with disabilities, such an investment may lead to greater market returns that can boost
sales, expand the user base, and increase revenue. Beyond financial rewards, making accessible games
available to all players is a social responsibility. Not only does this help build a positive brand image,
but it also provides more entertainment and social opportunities for players with disabilities. Developers
can also seek financial assistance opportunities, such as government grants, grants from non-profit
organizations, or partnerships with other developers. These resources can help spread the costs of
accessible development and provide the necessary expertise and tools. There are many free or low-cost
accessibility development tools and resources on the market. Developers can use these tools to reduce
development costs while keeping their games accessible.

6.3.3. Conclusion. Overall, while accessibility development may require additional costs, the
investment is worth it considering its long-term market and social returns. By finding financial
assistance, partners, and leveraging existing resources, developers can effectively manage these costs
while ensuring that their games provide an inclusive experience for all players.

7. Conclusion

Accessibility in game design is not only a technical requirement, but also a moral and social obligation.
From the definition of accessibility to specific case studies, it highlights the importance of everyone
being able to participate equally in video games. These case studies highlight the potential of the industry,
showing that modern video games are gradually beginning to value accessibility and take a workable
approach to achieving it. However, challenges remain, from technical limitations to economic
considerations. However, with the right training, tools, and mindset, these challenges can be transformed
into opportunities for innovation that not only improves the gaming experience for all groups of players,
but also increases developer revenue.

Over time, there will likely be significant advances in future technologies and design methods that
will further improve the accessibility of games, such as speech recognition, neural interfaces, and
adaptive artificial intelligence. These technologies will greatly help the implementation of accessibility
in game design, making accessibility in game design has a bright future.
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