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[bookmark: _xfms34ta2sxr]Chapter 1: Introduction

Accessibility is an essential component of design. It impacts how all users use a product by dictating who can use it and who cannot. In the last ten years, there has been progress in how accessible computer games are. In 2008, [1] many of the most popular games and systems were inaccessible to various forms of disability. However, in 2020 Game Maker's Toolkit [2] noted that “Almost every major game release this year includes some kind of accessibility option or a full accessibility menu.”

The goal of this report is to understand how to improve accessibility in computer games. To achieve this, it must examine what accessibility is, how to encourage good accessible design, the key areas that computer games need to improve in, and where demand for accessibility is and is not met. As accessibility is a broad topic, the report will primarily focus on the needs of individuals who have a disability.

Chapter 2 will be a literature review focusing on what accessibility is, why it's important and how to encourage accessible design practices. Chapter 3 and 4 will cover the development of and results of primary research from my target demographic. Chapter 5 will discuss my conclusions and Chapter 6 will be a reflection on the development of this report. Finally, all research discussed can be found in the bibliography in Chapter 8.
[bookmark: _fur2epjq5yf5]

[bookmark: _rjtfjjj5nyot]Chapter 2: Literature review

[bookmark: _j0ktxd57zh9p]Definition of Accessibility
To understand how to design in a way that is accessible, we first need to define what accessibility is. The Oxford Learner's dictionary defines Accessibility as “How easy something is to reach, enter, use or see.”[3] A similar definition is also used by the Cambridge dictionary as “the fact of being able to be reached or obtained easily” or “the quality of being easy to understand.”[4] However while these definitions tell us what accessibility is, these definitions are also vague in explaining how accessibility works and how it should be designed. Alister Duggin of the Civil Service’s definition gets closer to the heart of what accessibility is. His definition of accessibility is how “people can do what they need to do in a similar amount of time and effort as someone that does not have a disability.”[5] Through this definition, a method of determining whether something is accessible or not is created. This is useful as it sets a goal for developers to achieve. However, one flaw in this definition is that it assumes all users of accessibility must be "disabled." As a worldview, this idea is limited as not all users of accessibility have a disability. Accessibility is a support framework for those who need it, which includes able-bodied users and children. Treating it as entirely built for disabled peoples can encourage stigma by designers and users. Therefore, as a method of approaching accessible design, It may be most useful to define accessibility as "the correction of a mismatch between a person and their environment.”[6]

[bookmark: _4vy7bmynelbs]Benefits of accessibility
By nature, computer games require an active participant and so accessibility options are required to cover a broad spectrum of needs. Audio-visual accessibility primarily covers players ability to perceive information from a game. Motor accessibility focuses on how players can interact with a game. Finally, cognitive accessibility looks at how design impacts the user’s ability to understand what is happening within a game. All three forms of accessibility are vital to designing Computer Games as different players have different needs that must be taken into account. Accessibility levels the playing field, providing equal access and equal opportunity for all players.

Designing with accessibility in mind widens the potential market of players. In the UK “14.1 million people reported a disability in 2018/19.” [7] As that accounts for one in five people, That is a large population of players who are excluded from inaccessible games. Therefore as Games are designed to reach a widespread audience they should ensure that those with disabilities can play. Otherwise, they risk 1/5th of their audience becoming frustrated by how poor design choices hold them back. Players becoming frustrated with a game that stops them from playing can also reduce the chance of them playing other computer games from that brand or franchise.

A mismatch between a player and their environment can take many forms, Especially within Computer Games. Players struggling to react to audio dialogue could be caused by them having a disability, as being Deaf would prevent them from hearing them. However, it is equally if not more likely that something in the player's environment could stop them from being able to respond. If the game is being played in a loud room, noises from the game could be muffled, Or if the sound is turned off so as not to disturb others then the player equally cannot hear them. All three situations cause the same accessibility problem - In that a player cannot listen to the information being conveyed through sound alone. Yet only one of the three situations was caused by a player being impacted by their disability. Therefore it comes to no surprise that data shows that the vast majority of players prefer to have subtitles turned on. "97% of players in Far Cry: New Dawn didn’t turn off the subtitles that were automatically enabled and a similar number can be found in Assassin’s Creed Odyssey with 95% of players never turning the subtitles off. In The Division 2, a game that’s far less reliant on its narrative, 75% of players turned subtitles on during their time with the game.” [8] As a consequence of this, the vast majority of recent video game releases now provide some form of subtitling as it is clear players prefer to have them. Data such as this shows that accessibility can have much wider benefits to players and so suggests that other accessibility features exist which could have widespread appeal in games.


[bookmark: _z622c7xmo68c]Designing good accessibility. 
[bookmark: _e3r2ytg8osjl]Audience
A key aspect of good design is understanding our intended audience. This allows us to design game features with them in mind. However little consideration is made to who is excluded as a consequence of design choices. [9] "Inclusion also needs to be at the heart of the brief, not treated as a separate issue.” If early design decisions are made without considering accessibility, this can have a negative and potentially costly impact on the rest of the game’s development. Games without this consideration are designed to be less accessible than they could have been. As a result, additional time and money is spent later on to develop accessibility features when flaws in the design of the game are revealed. These last-minute solutions may never be as elegant or effective as the solutions that could have been built if only accessibility was considered within the design from the start.

Colourblind accessibility features are a good example of this. Players with any form of colour blindness struggle to distinguish certain colours from each other - the most widespread being Red and Green. This can be an issue in areas of games where colour is the primary method of distinguishing key information. One common accessibility method for this that can be put into games late in development are colourblind filters. These aim to completely adjust game colours so that players with colour blindness can more clearly distinguish between the colours they need to get information from. However, Colourblind filters have the key flaw in that they often fail to work as intended. Recolouring the entire game often doesn’t fix the issue with being able to distinguish one colour from another, as “for many, they don’t really work and end up making the game look utterly bonkers” [2].  Some games, such as Among Us (2018), have been able to retroactively add symbols for colourblind players to distinguish between, which is a more useful solution. However, these later additions to the game would have been unnecessary if the accessibility needs of colourblind players had been considered within its initial development. The use of symbols, shapes, adjustable colour pallets or even a careful consideration of a game's colour pallet are all ways a design can be inclusive to colour-blind players.

[bookmark: _5r76tgcaxqjp]Making Accessibility Useful
Accessibility features are built to help players who need to access, use and understand the game. If the feature doesn’t do this, then it is not useful. So how can developers ensure that accessibility features are useful? Playtesting and user feedback is the most robust way of ensuring that accessibility is useful. It allows developers to gather data on how a feature is being used and whether it helps the players it is built for. As an extension to this, gathering data from disabled audiences before designing features is essential. As the primary user of accessibility, they are likely to know what design has worked for them before and what hasn’t. Previously existing accessibility standards and options across different media can also aid accessible design. They provide practical examples of how accessibility needs have been met before. From a designers perspective, this is useful in building an understanding of how the needs of disabled people can be put into practice. Users are familiar with the design conventions of these standards so a developer can use this as a shortcut to developing accessibility features of their own.

Finally, accessibility features should provide an equal or equitable experience to the player using them. “it is not enough to ﬁnd a technical way allowing access to all information needed in the interface, the result must be as interesting and as usable as the original game, and additionally it must be possible to succeed!” [11]. All players, regardless of ability, have an equal right to an immersive and enjoyable experience. Accessibility features should not detract from the players gaming experience. Accessibility should also not be seen as removing the game difficulty. [12] Noted that "A heated discussion about difficulty options was suddenly linked to accessibility, and by association linked to disability." Hard games are not inaccessible games. Beating the game is still possible in a hard game so long as a player dedicates time to it. Accessibility's role is to support players who could not effectively enjoy the gaming experience otherwise. Therefore, inaccessible games cannot be considered as 'hard' but inherently designed to sabotage the gaming experience of players.
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                
[bookmark: _opsaya3wm7x]Accessible Environments
Inaccessible design is widespread within all fields of design. This is rarely caused by a lack of empathy towards people with disabilities but primarily the result of ignorance. [13] “a lot of companies just don’t actually think about disabled people when they’re designing anything, because they don’t really realize how many of us exist and take part in society. Gaming’s a particularly bad offender.” From a designers perspective, It is difficult to see how design can exclude others when they and those around them are not personally impacted in any meaningful way. As it is harder to see a problem exists, It is far less likely that a design will cater to it.

Console developers have a lot of power in the games industry in regards to accessibility. They have a say on what games can be on their platform and therefore could produce and enforce regulations relating to accessible design. Furthermore, Console developers design controllers and other input devices for their platform. These devices can have a major impact on how accessible a game is to an individual, especially those with motor-based accessibility needs. Microsoft seems to have realised this as in 2018 they released their Xbox adaptive controller [14]. This controller was designed to be a hub for specialised input devices which is vital for people who cannot use a traditional controller setup. Despite this, console developers do not have sole responsibility in encouraging accessible design, as [15] "Getting past Hardware Barriers can often mean finding more barriers in the games themselves.”

To counter this, It is also important that companies develop an environment that encourages accessible design. [9] "In many cases, poorly designed technology is not a result of limited understanding or ability among designers and developers, but a lack of company structure that would promote inclusive design.” There are several ways a company can structure itself to promote accessible design. Accessibility specific design principles or rules can ensure games designers know that accessibility is a core part of the design brief. This means that accessibility will likely be considered early in development.

Diverse workspaces can also be a factor in how company structure can encourage accessible design. By having people of different backgrounds or disabilities working on a project you can develop robust designs. This is due to how different people have different perspectives on what designs work and which don’t. Diverse workspaces also provide benefits such as [16] “increased organizational efficiency, effectiveness, profitability, innovation, and return on investment.” However, Diversity does not just mean having diverse hiring practices. An environment that is open and accommodating to the needs of those with different backgrounds and personal needs is essential.

Companies can often fail to accommodate the needs of disabled workers. For example, in Canada [16] “less than one in five people with a disability receive accommodations in the workplace.” In addition to this, many disabled workers may also face workspace discrimination. From an employers perspective, ignorance towards what accommodating the needs of an individual might mean can be a primary cause. Employers may focus too heavily on the perceived cost of accommodation or they may not have employee materials designed for disabled employees to use. Disabled workers may even be forced away from doing specific job tasks due to the perception that their disability prevents them from being able to do it. Factors such as these can cause a lack of diversity in the workspace to be a self-perpetuating cycle. Inaccessible company structure causes a disabled candidate to be less attractive to an employer, while a disabled employee will prefer to work elsewhere due to the discrimination they face.

[bookmark: _inzsbuwfm9cl]Chapter 3: Survey Methodologies

A key component of good design practice is getting feedback from the community of people who will be its primary users. Accessibility is most often used by, though not limited to, those who are disabled, neurodivergent or fall in the category of having other accessibility needs. Therefore, this demographic is the primary focus group for my survey. My aim is to develop an understanding of what accessibility features or design choices are needed and desired in computer games. To this extent, my research will focus on what accessibility is available and what features and design choices are needed.

The type of feedback required to achieve my goal is Descriptive Research. This type of feedback “aims to examine a situation by describing important factors associated with that situation.” [17] It is best at describing factors such as demographics, health characteristics, attitudes, experiences and knowledge. These factors are essential for me to develop an understanding of the needs and experiences of those with accessibility requirements. The two methods I could use to gain this information is through a Questionnaire or an Interview. Questionnaires are “where a list of questions is distributed by mail, online or in person, and respondents fill it out themselves” whereas interviews require “ the researcher to ask a set of questions by phone or in person and record the responses.” [18]

I chose to use a Questionnaire for my research. The largest factor behind this decision was the COVID-19 pandemic and subsequent lockdowns. This meant that in-person gatherings were not advisable and so in-person interviews could not occur. Furthermore, online or phone interviews would be less accessible to my target market as well as difficult to arrange. A questionnaire also provided several other key benefits for my research. Questionnaires provide clear quantitative data. They can reach a wide range of participants in a short time and will be a relatively low effort for most of my target market to access and use. The largest downside to using a questionnaire was that qualitative data and follow up questions would be far more limited.

Several online platforms were considered while developing this survey. Survey Monkey, while well known, was quickly discarded as an option due to response limits being 40 participants. Google Surveys was also considered, however, I found it limited my ability to design questions. Another downside was that while it can reach a broad audience, this service required payment for responses that may not include my target demographic. Finally, I settled on Google Forms. This platform was easy to use and share, while also allowing me to be flexible and adaptive in the questions my participants received.

Designing Survey Questions
One goal while designing the questions for the survey was to design them in a way that would allow as many participants as possible to contribute. Though my primary target audience was people with disabilities, I was aware that some of my participants would not fit into that category, yet still provide useful data. These participants may not consider themselves to have accessibility needs or could have second-hand knowledge from friends or family members who are disabled. These perspectives are also important to the wider discussion surrounding how accessibility is used and perceived. With this in mind, a demographic question was put into place so that I could understand the perspective each participant was answering the survey with.

While surveys are best at providing quantitative data, It was also necessary to provide the participants with a way of explaining their thoughts and experiences qualitatively. Some questions, such as how they interacted with computer-based interactive experiences, were personal to the participant Furthermore there was an understanding that if all the data collected was quantitative there would likely be perspectives that would be missed due to my own bias impacting the available responses to a question. However, during the process of designing survey questions, I realised that most of the data I required was of the quantitative kind, such as the question asking what accessibility needs a participant had.

Initially, this question was going to ask the participant what disabilities they had. However, I soon realised that not all my participants with accessibility needs would consider themselves disabled. Furthermore, Knowing someone's diagnosis would not have been the most helpful way to understand what accessibility needs they had. People within a diagnostic category can present with different needs, and those with multiple diagnoses can have an even wider variety of needs. Therefore rather than asking someone what their disability was, the question was reframed to ask “do you (the participant) have one of the following needs.”

As information such as an individual’s accessibility needs can be extremely private, I decided to have the survey be completely anonymous. As noted in the British Psychological Society Code of Ethics and Conduct (2018) [19]. Participants have the right of respect for dignity, which “recognises the inherent worth of all human beings, regardless of perceived or real differences in social status, ethnic origin, gender, capacities, or any other such group-based characteristics.” Due to this, survey participants have the right to privacy and confidentiality. This was especially important if respondents were, or were answering questions on the behalf of, people under the age of 18 or were classed as vulnerable for one reason or another. If this data wasn’t anonymous it could be open to abuse due to Issues of power which also falls under the category of “Respect.” Overall, anonymity also meant that users were more likely to be comfortable expressing the information I requested as their personal risk in offering that information was reduced. While a key downside of having the questionnaire be anonymous was that follow up questions could not be pursued, from an ethical and moral standpoint, it was a vital component of doing this research.

Throughout the design process for this survey, I gave the survey questions to a few individuals to test that the questions were clear, concise and would provide useful data. Using the feedback I received, questions were adjusted and tested again. In the first iteration of the survey, I discovered that one question was being misunderstood by participants and so the wording was adjusted for clarity. Questions regarding accessibility features also went under heavy modification and were expanded to generate more specific answers. The question order was another area that had several adjustments. At first, this was to ensure participants would not have to answer questions that did not relate to them, such as data regarding accessibility in computer games if they did not play them. Later modifications adjusted the question order to group related questions to improve clarity. There was some debate as to whether to filter out respondents who did not need accessibility or were not linked to someone who did, however, I decided their data could also be useful in showcasing those who use accessibility features without necessarily needing them. Finally, some unnecessary and repetitive questions were removed to reduce the time needed to take the survey. Overall, The survey went through 4 iterations before I was happy with the questions.

The survey was shared online through social media and through the connections I have with Disabled Communities. Most of my connections were primarily through Deaf communities, which as anticipated has led to a strong bias in the demographics of those who responded to it. My reasoning for sharing the survey in this way was that it greatly increased the likelihood of getting a large pool of respondents. Furthermore, by sharing it through the connections I have with disabled communities the likelihood of a respondent being a part of my target demographic was greatly increased.



[bookmark: _pl8adnk0ewfq]Chapter 4: Survey Results 
[bookmark: _xyfxnh0sdhr]Demographics
52 Individuals responded to the survey. Of this, 66% said they had some kind of accessibility need while 46% supported someone else with accessibility needs. As expected, Deaf and Hard-of-Hearing individuals made up the vast majority of respondents at 56%. The next largest demographics were those with Mobility or Dexterity needs at 40.4%, followed by those whose needs related to information processing (38.5%). Furthermore, just under half of the participants reported having more than one set of accessibility needs at 48%. A full breakdown of respondents accessibility needs can be seen in figure 1 below.
[image: Forms response chart. Question title: are you / they (check all that apply). Number of responses: 52 responses.]
 figure 1
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 figure 2

The majority of those whose accessibility needs were discussed in this survey were over the age of 30, the largest demographic of which being 30 to 50-year-olds at 31.4%. Of those under 30, the responses were mainly split between the ages 20-29 and 10-19, each group composing 22% of respondents. As my respondents were from a wide variety of age groups, my findings will likely be more relevant to all age groups rather than those at any specific stage of their life.



[bookmark: _4iz4doy5rry6]Common Accessibility Problems
Three out of four respondents reported that their accessibility needs impacted their ability to interact with digital-based interactive experiences as an able-bodied user would. As that accounts for a large majority of those surveyed it is clear that accessibility is a vital part of the user experience that all developers should take into account.
[image: Forms response chart. Question title: Does this condition impact yours / their ability to use computer-based interactive experiences (ie. Websites, Social Media, videos, conferences, computer games, VR / AR experiences) as an able-bodied user may. Number of responses: 52 responses.]
 figure 3

[bookmark: _3nhid41g18pr]Subtitling
The most common issue that respondents remarked on, at 30%, was a lack of good subtitling or visual warnings. Several noted that they were unable to understand spoken dialogue or react to in-game warnings, which good subtitling and visual cues are built to solve. A lack of subtitling is a key accessibility issue. It prevents players who cannot react to dialogue or audio cues from playing. Players who are Deaf, Hard-of-hearing or those who play with the sound off are all demographics affected by this. If key information is only available through sound, none of these user groups can access it and so will become frustrated as the game has not given them the information they need to progress.

Furthermore, it was also noted that when subtitling is available it is often of poor quality. One respondent remarked that “The quality of subtitling varies massively across media types. Games in particular can have no subs, no ambient sound subtitles or poorly formatted subtitles that are difficult to read.” 

It should however be taken into account that while subtitling was the most common issue amongst respondents that there is a bias in my data. just under 60% of survey participants were Deaf or Hard of Hearing. Therefore it is notable that only half that amount regarded subtitling as being a key issue. Regardless, one potential solution for a lack of good subtitling is to follow the example of the Film, TV and streaming service industry. All three industries have developed a clear standard for subtitles, and so it only makes sense that games should follow suit. To create good subtitles, the following should apply:

First, Subtitles should be large enough to be clearly legible. BBC guidelines state that the authoring font size “should be set to fit within a line height of 8% of the active video height" [20]. This ensures that the subtitle is scaled large enough for users to read it. Subtitles should also have a clean sans-serif font. Stylistic or branded fonts are not appropriate as they are more difficult to read and understand quickly.

The location of subtitles is also crucial. According to Ofcom’s Code on Television Access Services [21], Subtitles should:
· Be placed within the 'safe caption area' of a 14:9 display
· Normally occupy the bottom of the screen unless that would obscure the speaker's mouth or other vital information

For a game's Heads Up Display, this should also not overlap other icons or windows to ensure legibility. The layout and speed of subtitles are also crucial to developing good subtitling. Ofcom goes on to define these factors as:

· Ensuring subtitles only comprise of a single sentence occupying no more than two lines
· Placing any breaks within a sentence where voices naturally pause
· Synchronizing subtitling with speech as much as possible
· Ensuring the speed of subtitles doesn't exceed 160-180 words per minute. For younger children, slower speeds should be used as they are still developing their reading and comprehension skills.

Finally, the use of colour within subtitles can be a key way of ensuring legibility while also allowing readers to distinguish between speakers [21]. Ofcom recommends White, Yellow, Cyan and Green against a black background due to these colours providing the best contrast. This is not the only way that subtitling can distinguish between speakers. Some games and tag the name of who is speaking into the subtitles. This feature is also used by Microsoft Team’s auto-captioning software so could be a good solution for auto-captioning multiplayer game voice chat.

Subtitling can also be used to describe relevant audio information that isn't speech, such as music, explosions and gunfire. This will be covered later in the chapter when discussing portraying information in User Experience.

[bookmark: _grarai3qdchf]User Interface / Experience
After subtitling, User Interfaces (UI) was the next most remarked on when it comes to poor accessibility. This is not surprising as previous research has noted that "A high percentage of the reported limitations in games, refers to the design of the user interface." [22] As UI is a broad portion of the User Experience within a game, inaccessible design can appear in many forms. Key accessibility problems within this category include; Poor scaling, Poor use of colour, portraying key information with only one sense, and visual effects causing negative reactions in the player.

Poor UI scaling interferes with the user's ability to access and understand information. In many cases, UI elements such as; text, icons, and UI windows are either too small or large to the point of overcrowding. Both cases make it difficult for the user to use well so cause a negative UI experience. However, for some users aspect ratio can also create an accessibility problem. One survey respondent noted that "have no side vision that is needed for the games at times."  The problem here is that any game information in this participant's peripheral is difficult for them to access and react. Options to adjust the aspect ratio without the user interface causing problems of a game is, therefore, necessary for a good gaming experience. UI flexibility when it comes to scaling and adjusting aspect ratio is becoming more important as the demand for cross-platform and device play increases. Different devices can vary hugely in aspect ratio, orientation, and resolution. Because of this and its importance for accessibility, it is important to design games with good scaling tools.

However, creating a solution that scales to all resolutions is a difficult task. Different games require different levels of UI Complexity and so some games are better suited to large changes in scaling than others. Therefore, while UI flexibility is increasingly important in UI design there isn’t just one solution to this problem.

The use of colour is another area that can have a major impact on the accessibility of a User Interface. Players with visual impairments such as colour-blindness may find that the use of colour can limit their ability to play the game. This could be due to an over-reliance on colour or tone to distinguish key information. This is not a good way of distinguishing between two otherwise identical pieces of information Like one of our survey participants, players could struggle to distinguish between individual tones of colour or cannot see colours of certain wavelengths.  Both of these issues stop players from playing games that rely on colour. This problem was discussed further in Chapter 2 in regards to designing solutions for accessibility as a core aspect of accessible design. The best solutions mentioned within that chapter include; Use of shapes, adjustable colour pallets, or designing the game's visuals using a colour-blind friendly colour pallet.

As an extension to this, portraying key information with only one sense can also be a major accessibility issue. Game mechanics that rely entirely on sight, such as colour puzzles or written notes, are inherently accessible to blind players. Similarly, important information conveyed only by sound, like gunfire shots are inaccessible to deaf players. Because of this only using one sense to convey information should be avoided as much as possible.

Ideally, important information should have an accompanying effect that tells the player the same information using another sense. The sound of gunfire tells a player that they are in danger and where it is coming from. Therefore, a visual or motor-sensory effect should also convey that information so that the player knows how they should respond. Captions can be used for this, although they are not always the best solution in action-oriented games. For written notes, text-to-speech can allow players who are blind or have difficulty reading to access important information. If no other option is available, then the player needs to have the means to bypass the game mechanic that is causing them trouble. Without it, they will never be able to progress.

Visual Effects are usually gameplay enhancing features that are usually not essential to the core functionality of a game. Flashing lights, motion effects, and particle effects all fall under the category of Visual Effects. However, for some players, these features can cause motion sickness, dizziness, or even trigger medical conditions such as seizures. Games are not supposed to cause players harm. The option to turn off these features is vitally important to ensure players can experience the game without risking their well-being.

Scaling, Colour, Portrayal of information and Visual Effects were the most noted UI related accessibility issues by the survey respondents. However, many more potential accessibility pitfalls exist that are beyond the scope of this report. Individual respondents mentioned problems such as difficulty reading, understanding and following instructions, reaction times and fatigue as other areas that required additional support. Regardless, there is overlap in how accessibility features can benefit players with diverse needs. So the key to designing accessible designs is ensuring it is flexible to the needs of different users.

[bookmark: _v6ygv2djopr5]Ease of Access
An important factor to consider when designing accessibility features is how easily a user can access them. If a designer incorporates a comprehensive array of accessibility features into a game but a player cannot access them, then none of these features can be used. In practice, this causes a game to be as inaccessible to users as a game without any accessibility features at all.

[image: Forms response chart. Question title: When they are available, how easy do you find accessibility features to access and use?. Number of responses: 33 responses.]
 figure 4

Less than a quarter of survey respondents found accessibility features easy to access when they were available. Therefore, the vast majority of respondents have had some difficulty locating and using accessibility features. One participant noted that they found accessibility settings complicated to find as they “cannot always understand the settings to get the most out of the game." This leads to them playing without using the accessibility intended to help them, which is not ideal.  This is a key design flaw as it provides another barrier to entry for these users. It is also notable that 15% of respondents found that these barriers were often so difficult to overcome that they were prevented from using the accessibility options available, or even from playing the game entirely. This is a major issue. Players who cannot play have a negative user experience. This experience could lead them to return the game or in worst-case scenarios avoid playing games from that franchise or company in future.


[bookmark: _ma6es19szhhs]Desire and Availability of Accessibility Features
As this report focuses on accessibility within computer games, It was important to know which of my participants played computer games and which did not. As the following results relied on specific knowledge relating to computer games, this data was primarily used to filter out the participants who did not play.

[image: Forms response chart. Question title: Do you / they play video or mobile games?. Number of responses: 52 responses.]
 figure 5
Those who responded “no” to whether they played video games were asked a follow-up question as to why. For the majority of those who didn’t play this was due to a lack of interest. However, 46% of those who didn’t play said it was due to problems relating to accessibility.

One of the goals of this survey was to understand how widespread certain accessibility features were. To this end, participants were asked two questions. The first question was which of the following accessibility features they had come across within a game. The second asked which of those features they would use if available to them. Knowing both of these factors allowed me to compare the desire for specific features with how widespread they currently are. The discussed features have been split into four major categories for better ease of viewing; Audio, Visual, Motor and Cognitive. While Audio and Visual features could be considered part of the same category, the range of features discussed required this to be split into two groups.

All but one of the accessibility features discussed scored higher in desirability than availability. The exception being “Tips, Reminders & Practice Zones.” This is a cognitive accessibility feature that is most useful for players that struggle with memory or managing different aspects of gameplay at once. Like many cognitive accessibility features, this is one that is common in games as it can be considered an element of good games design. This is due to how this, checklists/quest reminders, and directional aids can enhance all player experiences regardless of ability. With this in mind, it is understandable that more users would have come across this feature than those who would seek it out. For this reason, it is understandable that Cognitive accessibility features scored on average as being the most commonly available. From a developers perspective, these features may not necessarily be seen as pure ‘accessibility’ but just as good game design.
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In contrast to this, figure 7 shows that Visual Accessibility trended as the least available option to my participants. However, it was comparatively the most desired by individuals who did not necessarily need it. Of all the participants that responded to my survey, nine had sight-related accessibility needs. Despite this; Fourteen participants reported they would use in-built screen readers, Sixteen would use sound effects for visual cues, and Eighteen participants — double the amount with some sight-related accessibility need — would use text and font adjustments if they were available. This suggests there is likely a large demand for visual accessibility features outside of the needs of those for whom they are primarily built for.

Audio accessibility performed as well as expected in the survey. In this category, Subtitles were the most desired feature while also being one of the highest-scoring in availability. This is not surprising as subtitles for spoken dialogue have become a standard feature in games. Game Maker's toolkit releases an annual video on the state of accessibility in Computer Games Design which in 2019 noted that every game he played that year had subtitles [23] and in 2020 stating that “It is now more common to see a game with good subtitles then one with shockingly bad ones” [2]
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Finally, Motor accessibility also performed low in availability overall in the survey. One participant stated that "Physical access is not very often considered." Understandably, this is one area easily overlooked by games designers. Physical and Motor accessibility may be seen as only important to the design of game controllers. This is, however, a flawed perspective as noted by the features discussed in this area of the survey. Only one feature, Custom Controller compatibility, relates to the design of hardware. Even so, this data does show that Motor accessibility is one area that needs further research and consideration beyond the scope of this essay.



[bookmark: _caze8ow7d411]Chapter 5:Conclusions

In the last ten years, computer games have gone from mostly inaccessible to disabled players, to accessibility being a new standard in the development of computer games. Despite this, there remains room for improvement in the amount and quality of available accessibility features. Therefore it is clear that good accessible design remains a key issue in the design of computer games.

My research showcases just how widespread the needs of accessibility are, with 1 in 5 people in the UK having a disability [7] and almost half of my survey respondents having more than one set of accessibility needs . This data highlights how important it is for games to implement a wide range of accessibility features so that players can tailor the game to suit their specific needs. There is not just one method to providing accessible design as different games require different adjustments to be accessible. However, as a general rule, designing with consideration to a disabled audience should allow accessibility features to be embedded within all elements of computer games design. Games are an environment entirely designed by developers, and so the best way to prevent a mismatch between player and environment is to design games so that the players' needs are accounted for.

From my survey results, It was found that a lack of quality subtitling was the most widely reported accessibility need. This was likely due to a bias in my data in favour of Deaf individuals, as there were more deaf individuals than people who reported subtitling as an issue. Knowing this, it stands to reason that User Interfaces are where accessibility is currently most in need of improvement.

The most vital aspect of the User Interface to consider is how disabled users can access accessibility menus. If accessibility menus cannot be accessed then the features held within are functionally useless. Secondly, The design of User Interfaces should inherently incorporate relevant accessibility features where possible rather than relegate them to a specialised setting. This is because accessibility directly impacts a players ability to play a game and so should be considered as a vital part of good design practices.  

Cognitive accessibility is a good example of this. The most available features of cognitive accessibility were where it had become standardised as a function of good games design. Subtitling also seems to be following this route as more and more games are released with subtitles as standard.   

Of the features most desired by participants, Visual accessibility was surprising in how well it performed. Many users who did not have visual impairments stated they would use these features if available. which suggests that this is an area that game designers should look at. This could be related to cognitive accessibility needs such as dyslexia, but regardless games designers should look further into the viability of Visual accessibility features such as this.



[bookmark: _946753j45r4i]Chapter 6: Reflection/Analysis of work

This project was developed with the aim of achieving a better understanding of the state of accessibility within Computer Games design, and using this knowledge to look at how the medium can improve. To this extent, it has been successful. The research into the literature surrounding accessibility has been thorough and the survey performed about expectations. However, due to the author's inexperience with survey research and methodologies, there are areas where the project could have provided more useful data.

First, The demographics questions provided little detail in the breakdown of participants who were over the age of 50. This was likely caused by a perceived bias towards which demographics played video games and which didn't. Because of this, it is difficult to analyse the data compared with the younger demographic. One solution to this could have been to design the question so that over 50s would be split into smaller groups such as 50 - 69 and 70+. Another, more flexible approach would have been to ask participants directly what their age was.

Several questions provided data that wasn’t useful in retrospect. These were qualitative based questions that were intended for further analysis to see if there were general trends. However, these questions would have been better suited to collect quantitative data as that is the data that ended up being used within this report. Collecting these questions as quantitative data from the start would have streamlined the responses and so reduced the time taken for analysis.

Overall, this report has been a thorough analysis of the current state of accessibility in computer games design with discussion on how it should improve. However, there could have been a more critical focus on one specific region of accessibility over many. By doing so, more specific information as to how to be good accessibility in games could have been included. There was good reasoning behind focusing on the three categories of audio-visual, cognitive and motor disabilities rather than one. This is due to how the area most well understood by the author of this paper was audio-visual. Specifically, focusing on the needs of Deaf and Hard-of-Hearing individuals. This area has already been widely researched and discussed by other authors and consequently is one area of accessibility that is well represented in computer games. Regardless, this paper has opened up potential future research topics that may be explored in future.
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