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ABSTRACT

Autism Spectrum Disorder (ASD) is a prevalent neurodevelopmental disability
among gamers where individuals belonging to this group of conditions have difficulty
understanding non-verbal cues. Though game accessibility is a focal point in the games
industry, there has been a keen focus placed on developing accessibility. Consequently,
this study examines the perspective of video games from individuals who have autism
to gain further insight into the needs of these individuals. The preliminary study is to
discover if autistic users’ difficulty reading non-verbal cues extends to their perception
of a game environment and if these individuals can experience sensory distress while
playing video games. A prototype was created to further understand the non-verbal
cues to help shape the foundation of accessibility framework. The preliminary results
concluded that autistic users frequently misread or fail to pick up on the non-verbal
cues used by developers to drive game flow and narrative (e.g., sign-posting), in
addition to experiencing sensory distress while playing video games.
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INTRODUCTION

Autism Spectrum Disorder (ASD) is an umbrella term for a range of cognitive
impairments that affect a person’s ability to communicate with others, interact socially,
and influence their interests and behavioral patterns (Autism org uk, 2016). Those
with Autism perceive the world differently to neurotypical people in a way that can be
overwhelming and cause considerable emotional distress. For some individuals with
Autism, everyday stimuli such crowded public places (Falkmer, et al., 2015), lighting
(Grandin, 2009), sounds (Boddaert et al., 2003), and even touch (Kaiser et al., 2015) can
be extremely unpleasant and, in some cases, painful (Marco et al., 2011). Individuals
who have high-functioning Autism may appear outward and intelligent, often initiating
communication and social interaction (Holland, 2018). These persons can typically
take care of themselves and carry out rudimentary tasks without assistance, whereas
others may need daily care. Strickland, (1997) stated, “As adults, about two-thirds
of persons with Autism remain severely disabled and unable to provide even basic
personal care”.

ASD affects one in 59 minors in the United States alone, which accounts for
between one and two percent of the country’s population (Centers for Disease Control
and Prevention, 2018). Similarly, one percent of the United Kingdom’s population is
also affected (Baron-Cohen, et al., 2009). Brown et al. (2011), expand on the research
carried out by Baron-Cohen et al., (N.D) and indicate in the UK that, “Around 25
people in every thousand have mild or moderate intellectual disabilities and about
four or five per thousand have severe intellectual disabilities”. Brown et al. (2011),
or as The Guardian Newspaper indicates, “One in every 100 people in the UK has
ASD, with more boys diagnosed with the condition than girls” (Guardian Newspaper,
2018, P1). Literature does indicate that individuals with disabilities often have other
forms of impairments from; sensory, excellent motor control to mobility impairments
that restrict their everyday abilities. The authors indicates that through changes to
more adaptable widespread screening approaches to Autism prevalence in the US
(Wright, 2017) and other countries would likely be higher similar to that of the UK.
Subsequently, more parents would be inclined to have their child(ren) tested for ASD
if they did not incur significant medical bills (Buescher, Cidav, & Knapp, 2014;
Shimabukuro et al., N.D.). As such, it is essential to consider that many people out
there are playing video games utterly unaware of their developmental disorder (The
Independent, 2018). These users have needs that differ from neurotypical persons,
and yet there is minimal framework suggesting creative solutions to meet the needs
of these consumers (Yeun et al., 2010; Torrente et al., 2012).

Accessibility in games is an area that is continually evolving (Barlet & Spohn,
2012); however, focal areas cater to the hard of hearing and those with motor
impairments. Large companies such as Microsoft have produced peripherals that enable
physically disabled individuals to play video games using adaptive hardware (Spencer,
2018). However, there has been minimal research into accessibility methods suitable
for those with cognitive impairments (Brown et al., 2011). Researchers like Yeun et al.
have outlined that, “A significant number of people encounter barriers when playing
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games due to a disability. Accessibility problems may include the following: (1) not
being able to receive feedback; (2) not being able to determine in-game responses”.

Through exploring accessibility and ASD, one of the main areas of literature is
how to support and encourage diversity within the games industry. This would involve
analyzing different variant gamer’s abilities and facilitating them every need (Bierre,
et al., 2019). When a user begins playing a video game for the first time, they met
with the onboarding process, which is a core level design component for any game
(Byrne, 2005). Onboarding is a method used to educate users on the fundamentals
required to play the game. It introduces game mechanics, tools, and the necessary
skills to be successful at the game. At a glance, onboarding is user experience and
first impressions (Chou, 2014). User experience, however, encompasses how the user
perceives and interacts with their game environment (Barlet, 2014). Researches like
Hodent suggest creating a lucrative user experience, “Video game developers must take
into account the perception, memory and attention limitations of the brain, as well as
the emotions and motivation felt by the players.” As mentioned previously, those on
the Autistic spectrum perceive the world differently to neurotypical people and have
difficulty understanding non-verbal cues. The researcher would like to theorize that
this difference in perception would extend to the Autistic user’s perception of a game
environment and, if true, result in overlooking signals and other non-verbal cues used
by developers to drive game flow and narrative.

Researchers like Marco et al. (N.D) have stated that “What does appear to be
common to individuals across the spectrum are the atypical behavioral responses
to sensory information.” As a result, the researcher would also like to consider the
negative sensory feedback ASD persons may experience when playing video games.
Considering everyday stimuli may prove difficult for someone on the Autistic spectrum,
it is reasonable to assume that these difficulties would also present while playing
video games. Researchers like Mazurek et al. have outlined that, “Research has not
yet examined the perspectives of individuals with ASD themselves on this topic”
(Mazurek, et al. n.d.). As such, the researcher of this study would like to conduct a
thorough investigation into this subject area using both primary and secondary sources
to understand the subject further while exploring two key areas:

1. A perspective of video games from individuals who have ASD and their needs
2. To gain further insight to discover if Autistic users’ experience difficulty reading
non-verbal cues within a gaming environment using VR

These two critical particular research areas will set the scope for the over-arching

aim of this project, focusing on VR and how cues within gaming can be deployed to
assist Autism spectrum disorder (ASD) users in improving gameplay.
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LITERATURE REVIEW

Playing video games allows us to partake in experiences which individuals would
not be able to otherwise and provides escapism from the mundanity of everyday life
(Pang, 2017). Researchers like Granic, Lobel, & Engels, (2014) and Lobel, Engels,
Stone, & Granic, (2019) suggests that players can transfer skills gained through repeat
gaming exercises to real-life applications (Hertzog, et al. 2009; Owen et al., 2010).

Diversity in video games is currently a focal point in the games industry, with
large studios making a conscious effort to support underrepresented people (Griffiths,
2002; Johnson, 2013; Chess, Evans, & Baines, 2017). This new approach towards
inclusivity focusing on racial diversity, opportunities, and identifying who is playing
the games across the world is helping to shape the next generation of characters
(Stuart, 2017; Passmore, Yates, Birk, & Mandryk, 2017). Disability visibility is also
garnering much attention from the mainstream media (Resene, 2017) and research
(Gent, 2015); large movements, particularly online, endeavor to push content onto
the internet to highlight ableism and inclusivity to support and encourage disabled
individuals (Disability Visibility Project, 2019; Hemmann, 2020). These developments
highlight the importance and demand for a more inclusive games industry; developers
have a moral and ethical obligation to consider the needs of their consumers (Barlet
& Spohn, 2012; Passmore, Yates, Birk, & Mandryk, 2017).

Video Game Accessibility

With the rise of video game culture and disability awareness movements, how video
games are designed is changing (Gaddes, 2018; Disability Visibility Project, 2019;
Hemmann, 2020). Large companies such as Microsoft have considered the needs of
disabled gamers when designing game experiences (Gerling, Livingston, Nacke, &
Mandryk, 2012). However, Microsoft and others who have attempted such inclusivity
have placed a keen focus on physically disabled gamers through the development of
adaptive hardware/controller (AH/C) (Ibrahim, 2011; Wouters, Downs, Carter, &
Moere, 2015; news.microsoft, 2020). AH/C was designed to cater to those who have
experienced difficulties through the loss of limbs or have motor impairments such
as Parkinson’s disease (Parker, 2018). Though this approach to game accessibility is
essential and should continuously be developed upon, these methods do not address
the barriers those with cognitive impairments face when playing games (Bierre et
al., 2019).

Barlet & Spohn, (2012), suggested other, less explored approaches to game
accessibility in their document ‘Includification.” Their comprehensive publication
was intended as a framework and sent to developers around the world. The authors
hoped that their in-depth research would encourage developers to consider the needs
of disabled gamers when designing game experiences. Accessibility methods outlined
in the text suggest that features such as user interface modularity, subtitles, and
multiple difficulty settings are compelling ways to reach disabled gamers. However,
these methods do not adequately address all the needs the full range of disabilities
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among gamers (Kochar, n.d.; Bierre, Chetwynd, Ellis, Hinn, Ludi, & Westin, 2005;
Scott & Ghinea, 2013; Turner, Velloso, Gellersen, & Sundstedt, 2014; Cairns, Power,
Barlet, & Haynes, 2019).

Autism Spectrum Disorder

Autism Spectrum Disorder (ASD) is an umbrella term for a range of cognitive
impairments that affect a person’s ability to communicate with others, interact socially,
and influence their interests and behavioral patterns (Autism org uk, 2016). Those
with Autism perceive the world differently to neurotypical people in a way that can be
overwhelming and cause considerable emotional distress. For some individuals with
Autism, everyday stimuli such as crowded public places (Falkmer et al. 2015), lighting
(Grandin, 2009), sounds (Boddaert et al. 2003), and even touch (Kaiser et al. 2015) can
be extremely unpleasant and, in some cases, painful (Marco et al., 2011). Individuals
who have high-functioning Autism may appear outward and intelligent, often initiating
communication and social interaction (Holland, 2018). These persons can typically
take care of themselves and carry out rudimentary tasks without assistance, whereas
others may need daily care. Strickland (1997) stated, “As adults, about two-thirds
of persons with Autism remain severely disabled and unable to provide even basic
personal care.”

Autistic users are more so attracted to video games (Rigney, 2012) than their
neurotypical peers, with more Autistic males showing interest in video games than
their female counterparts (MacMullin, Lunsky & Weiss, 2015; Health24, 2013).
Playing video games not only allows us to partake in new experiences but also gives
us a great deal of control over those experiences (Mazurek & Engelhardt, 2013). For
those with ASD, this is just one of the many plausible attractions; users can immerse
themselves in a video game and play it on their terms, enabling them to practice skills
without outside pressures. Video game worlds are visually stimulating, organized, and
Autistic users can escape the chaos of the outside world, a place that too many of these
individuals are confusing and intimidating (Becker, 2019). Some researchers have
speculated that though video game worlds may be busy, they are within the confines
of a relatively small screen allowing Autistic users to hyper-focus on tasks and shut
out unpleasant outside noise (Thomas, 2015). Those with Autism are hardwired
for logical thinking. Researchers such as Cross (2018) support this knowledge and
suggest that an, “If this happens, this is the expected outcome” mindset is the kind of
consistency and reliability that resonates with Autistic gamers. Though Autistic people
are attracted to games and various researchers have examined why that is, there have
been limited studies into the perception of video games from these users (Mazurek,
Engelhardt & Clark, 2015). This suggests that researchers understand why Autistic
users frequently use video games but have little understanding of how they interpret
and understand game mechanics and surroundings.

Researchers have suggested plausible issues those with cognitive impairments
may face when playing games. Yuan, Folmer & Harris (2010) highlighted that
“Problems may include: (1) not being able to receive feedback; (2) not being able
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to determine in-game responses”. Considering this, developers would be able to
reach gamers with cognitive impairments if suitable design framework for those with
ASD were established and used by developers. Knowing those with Autism react
unusually to stimuli in everyday surroundings, it is reasonable to assume that these
individuals would also be affected while playing video games. For example, jarring
sounds, repetitive patterns, and sequences are just some of the ways. Autistic people
can experience sensory overload, an extremely distressing occurrence in which the
person experiences more input than their senses can handle. Such features of which
are typically present in video games and may affect other users, for example, those
with Epilepsy (Ferrie et al. 1994). Sensory overload can lead to concerning symptoms
such as; difficulty focusing, irritability, and anxiety (Watson, 2018). As a result, users
experiencing sensory overload would be less receptive to methods used by developers
to teach game mechanics and engage the player. Frauenberger, Spiel, & Makhaeva,
(2019) and Tang, Chen, Falkmer, Bolte, & Girdler, (2019) has similar thoughts to
(Watson, 2018) and indicates that design principles and theories should be taken into
consideration when looking at supporting autistics individuals.

Level Design Principles and Theory

On-boarding is a technique used in level design to teach players game mechanics in a
controlled environment before presenting challenges (Chou, n.d.). Mechanics that are
poorly implemented may confuse those with cognitive impairments, and if so, cause
the player to fail to understand how a game works. This disconnects between the player
and the developer’s intentions pose a potential barrier to gameplay progression. It is
essential to consider that level design relies heavily on the non-verbal cues used by
developers to drive game flow and narrative. Frauenberger, Spiel, & Makhaeva, (2019)
and Tang, Chen, Falkmer, Bolte, & Girdler, (2019) builds upon this and indicates that
levels designs should also focus on maintaining social interactions to assist them to
remediating social skills.

According to Carrington, et al. (2019) an example of supporting autistic social
interaction would be the through the use of sign-posting and subtle techniques, which
in the level design can be used to subconsciously guide the player through a game
environment toward their objective(s) (Wright, 2019). Considering those on the
spectrum have difficulty picking up on non-verbal cues in real-life scenarios (Yavuz,
Selcuk & Korkmaz, 2019), it is reasonable to assume that this difficulty, much like
sensory distress, would extend to their perception of a game environment (Kean, 2014).
Regarding the perspective of video games from Autistic users, researchers such as
Mazurek et al. have identified that “Research has not yet examined the perspectives
of individuals with ASD themselves on this topic.” These issues address the need for a
clearer understanding of how Autistic users perceive game surroundings, non-verbal
cues they can interpret, which ones they may have difficulty understanding, to discern
practical design considerations to cater to this specific disability. Implementation of
Universal Design (UD) is one-way developers can move towards designing games so all
users may thrive regardless of ability or circumstances (Maisel et al. 2017). Researchers
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such as Mustaquim & Nystrom (2019), among others, highlight the importance of
this concept. Universal Design, when applied to general game development, is the
process of designing a game so that everyone may succeed to the best of their ability
(Anderson, 2010). Researchers like Maskey et al. (2019) and Politis, Sung, Goodman
& Leahy, (2019) have indicated that another way of assisting autistic users within
gaming is through the use of Virtual Reality (VR) as this will aid in empowering
individuals, support social stimulation and highlight repetitive behavior in a variety
of different situations.

Virtual Reality (VR)

At the time of its creation, VR was developed to push the boundaries of technology.
It is no longer considered niche and has since been used across multiple industries for
both entertainment (Chirico, Lucidi, De Laurentiis, Milanese, Napoli, & Giordano,
2016), military (Whittenburg, Schall, Wehman, McDonough & DuBois, 2020),
education (Costello, 2020) and scientific research (Novotny, Tveite, Turner, Gatesy,
Drury, Falkingham & Laidlaw, 2019). At present, the development of VR games is
a focal point in the video games industry. Significant gaming platform Steam, which
sees ‘forty-seven million daily users’ (Felon, 2019), which, when released Steam VR
mode, enabled users to play a generous selection of titles using their VR equipment
(Fenlon, 2019). Steam is also responsible for the creation of VR equipment, “Vive,”
developed in collaboration with mobile company HTC (Store steampowered, 2016).
These developments in the use of VR as entertainment means that other companies are
competitively focusing on the development of VR titles for current and next-generation
hardware in a race to be at the forefront of VR innovation (Moersen, 2018).

METHODOLOGY

This section examines and focuses in detail the type of study required to answer the
following aims:

1. A perspective of video games from individuals who have ASD and their needs
2. To gain further insight to discover if Autistic users experience difficulty reading
non-verbal cues within a gaming environment using VR.

The first section of which discusses the origin of the data and the methods used
to gather empirical data. These responses enabled the authors to gain valuable insight
into the perspective of video games from individuals with ASD and helped shape the
foundation of an accessibility toolkit to support users. The use of participatory design
methods to influence software development is supported by Simonsen & Robertson
(2013), among others.

The second section of the methodology delves into the approaches taken when
designing the VR game prototype, why the design was chosen, and explains how the
prototype was created using the software engine. It also provides insight into how
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the creation of the game prototype followed participatory design methods to shape
the design.

The author used thirty-two participants to undertake this experiment. The
candidates varied in age, skills, education/discipline; this enables a diverse cross-
section to be analyzed. Testing included the use of Qualitative and Quantitative analysis
to check the impact of the primary responsibility of the test participants while using
secondary sources (Getchell, et al. 2012) for supportive mechanism.

ANALYSIS OF INTERACTION

This section examines some of the responses provided by those who completed the
questionnaire to assist in answering research aim

1. A perspective of video games from individuals who have ASD and their needs

Preliminary Questionnaire

The questionnaire consisted of three parts. The first asked a series of demographic
questions to gain an understanding of the background of the participant. Questions
related to their age band, gender identity, and the highest level of education undergone.
The second section delved into Virtual Reality, and if they had previously experienced
VR.

Further questions set out to investigate the participant’s perspective of video games,
drawing from previous experience. Questions asked what genre they felt most drawn to,
if they had become lost in a video game or struggled to understand the gameplay, etc.
The third and final section was specific to ASD, asking questions relating to sensory
experiences to understand further if video games can cause distress to those on the
spectrum. The researcher incorporated Participatory Design methods to influence
design; researchers such as Benton et al. (2012), suggest that “This approach can also
potentially result in more innovative technologies.” In total, 32 responses recorded
for the preliminary questionnaire.

Age

Recorded data shows that the largest age group was those aged 25-34, making up
41% of all respondents. The second-largest demographic was 18-24, amounting to
28%, followed by 35-44 at 22%. There were just three responses recorded from the

45-54 age groups, making up 9% and no respondents who fell into the 55-64 and 65+
categories; please see Figure 1, ‘what is your age.’

Gender

More than half of those who answered the questionnaire were male. In total, 75% of
respondents were male, 22% female, and 3% identified as another gender as indicated
in Figure 2, what is your gender. When distributing the questionnaire, the researcher
reached out to those with ASD who play video games. As such, the researcher
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Figure 1. What is your age

What is your Age?

g

m18-24
m25-34
m 35-44
m45-54
m 55-64
m 65+

anticipated figures which would lean towards a male-dominated response. Literature
indicates that Autistic males are most attracted to video games (Mazurek & Engelhardt,
2013), which supports the preliminary finding of this current study.

Figure 2. What is your gender

What is your Gender?

® Male
®m Female

m Other
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Highest Level of Education

Of those who responded, 46.9% stated their highest level of education was Bachelor’s
Degree (BA, BS, etc.). The second most significant response was for Further Education
(A-Levels, BTEC, etc.), which amounted to 43.8% of all responses. There were three
recorded responses from those with post-graduate Master’s Degrees, amounting to
9.4% and no responses for the Secondary (High) School or Doctorate (e.g., Ph.D.)
categories. For a graphical representation of these percentages, please see Figures 3
and 4.

Video Game Usage

The researcher asked how long participants played video games daily in hours. Of
those who responded, 38% replied with 2-3 hours per day, 31% said 1-2 hours a day,
3-4 hours, and more than 4 hours per day were equal at 16%. There were no responses
recorded for less than 1 hour per day, which can be seen in Figure 5, hours played.

Video Game Genre

This question set out to investigate participants’ preferred genre of the video game by
providing seven categories to choose from and an option for the participant to add a
custom genre that was not listed. There was an overwhelming response by those who
preferred the ‘Role-playing genre’ amounting to 72% of responses, 22% said they
preferred ‘Adventure’ games.

There was one response recorded for both the ‘Shooter’ and ‘Action’ genres
amounting to 3% each, and no responses recorded for ‘Platformer’ and ‘Sports’ genres.
Participants did not make use of the custom genre field. Further research was carried
out into the anomaly within the disperse spread of data, which according to Smyth,
(2007), individuals with ASD find that playing role-playing game genre is enjoyable,
offers them the abilities to help others through making friends and final socialize
within a virtual world.

Figure 3. Pie chart on the highest level of education you have completed

@ Secondary (High) School

@ Further Education (A-Levels, BTEC,
etc.)

Bachelor's Degree (BA, BS, etc.)
@ Master's Degree (MA, MS, etc.)
@ Doctorate (e.g. PhD)
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Virtual Reality Experience

This question asked participants if they had experienced Virtual Reality before. Of
the 32 recorded responses for the questionnaire, a staggering 31 responses replied
with ‘Yes,” amounting to 97%, and one response for ‘No’ making up just 3%. Further
analysis of the results belonging to this question shows that through VR, individuals
can overcome fear, understand social settings, adjust behavior, or even reduce anxiety
and phobias (Parsons & Mitchell, 2002).

Figure 4. Bar chart on the highest level of education you have completed

Highest Level of Education

15

10
€
-
Q
o

5

0

Further Education (A-Levels, Bachelor's Degree (BA, BS, Master's Degree (MA, MS, etc.)

BTEC, etc.) etc.)

Education Level

Figure 5. Hours played

How long do you play video games for on a daily basis in hours

® 4+ hoursa day
® 3-4 hours a day
m 2-3 hoursa day
® 1-2 hours a day
® 1 hour per day
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Sensory Distress — Qualitative Response

When asking respondents if they had previously experienced sensory distress while
playing a video game, the researcher anticipated some responses to indicate users
had. Twenty-seven of the thirty-two individuals who took part in the preliminary
questionnaire indicated they had experienced sensory distress while playing a video
game. Participants highlighted features such as; jarring sounds, flashing pictures, game
difficulty, the screen shakes, and poorly implemented game mechanics as sources of
this distress. Notable responses included, “Screen shakes, moving background objects,
parallax scrolling, etc. make it difficult to concentrate”, “Too much going on at the
same time on screen,” and, “I struggle to keep up with fast gameplay and prefer to take
things at my own pace.” The authors considered these findings during the development
of the VR prototype by avoiding such triggers, which again supported the work that
was carried out by (Lahiri, Bekele, Dohrmann, Warren, & Sarkar, 2013).

Game Accessibility

This question set out to answer if users had previously enabled accessibility in a video
game; however, referring to the graphical representation in Figure 6, the majority
indicated no.

Final Section of Testing

The final section of testing looks at answering the following research aim:

B) To gain further insight to discover if Autistic users experience difficulty reading
non-verbal cues within a gaming environment using VR.

To achieve this author(s) set up the following Test Procedures:

The researchers set up a VR-ready laptop and provided the participants with an
HMD (Head-Mounted Display). Participants were asked to find a gaming objective
hidden in a forest environment within a 3-minute time window.

This time frame coincided with the day/night cycle of the game engine, giving
users both a reasonable amount of time to find their objective and experience slow
transitional environment changes.

During the “day,” the environment is vibrant; path and subtle walkways are much
more visible to the player. Subtle background sounds hint the user in the right direction.

At “night” fireflies (particle systems) spawn at specified locations to aid user
navigation towards the objective, and directional audio cues are much more prominent.

To assist with the breakdown of the gaming environment, quantitative methods
were used through Google forms to gather data analysis, which is broken down into
Game Play, Verbal Cues, & VR User Experience.
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Figure 6. Using in-game Accessibility features

Previously Enabled Game Accessibility

Responses

Game Play — Objective of the Testing

Results show that most participants became lost when exploring the forest environment,
with (68%) failing to find their objective within the allocated time, while the other
32% of test candidates found the layout and features of the testing were appropriate.

Game Play — Navigation

Participants were asked during testing to navigate the testing environment without
being prompted by the authors to which 50%, who found this adequate while the other
half difficult. Further additional analysis, while in-game played showed that 84% failed
to follow the non-verbal cues used by the developers to sign-post the route towards the
objective, while 16% indicated they used verbal cues to work out a suitable pathway
within the given time limit.

Verbal Cues — Qualitative Response

Participants were asked to indicate features that inspired them to move toward a
specific location within the environment and provide examples. Notable answers
highlighted, “I followed distant animal sounds,” “Interesting plants and sounds,”
“Wind and birds mostly.” Even though within the gaming setting, the authors were
looking at Visual Cues, some of the responses from qualitative does indicate that
Autistic users are more receptive to audio rather than visual cues. Researchers such
as Stiegler & Davis (2010), validates the author’s research by indicating that Autistic
users are more sensitive to sound. When asked what features users would like to see
later added to the testing environment, frequent responses included, “An inventory
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system,” “Enemies,” “A storyline,” and, “Some environmental storytelling to explain
why the player has found themselves in that situation.” These features are typically
present in Role-playing games which Smyth, (2007) indicated that individuals with
ASD find games belonging to this genre more enjoyable.

Virtual Reality User Experience of the Proposed
Accessibility Framework (PAF)

This question set out to investigate users’ experience with Virtual Reality Framework
by asking them of their experience on a scale from 1-5 (1= Not at all effective, 5=
extremely effective).

Referring to Figure 7, 50% of the test candidates thought the idea of using
navigation and game cues were significant within the testing prototype. However,
as seen 25% of individuals selected somewhat useful due to the factors of lacking:
“them the ability to make friends through helping others and socializing within a
virtual world” to “the environment not having a story,” the final, 25% suggested that
the environment was not at all productive and more details should be on “steering the

9

players through the game with Sound and Pop-up’s.

THE PROPOSED ACCESSIBILITY FRAMEWORK

Through extensive research, the authors have composed the following accessibility
framework in addition to highlighting design considerations to cater to those with
Autism Spectrum Disorder when designing game experiences. Current literature on
ASD, game accessibility, VR, and level design principles and theory alongside the
results from the preliminary and user feedback questionnaires made the creation of this
framework possible. The framework is not exhaustive and demonstrates the essential
components developers should implement into their video games to support a multitude
of ASD needs. For the Proposed Accessibility Framework (PAF), please see Figure 8.

Perception Markers

When enabled, this feature places a series of markers above all significant in-game
objects. A cross symbol is referring to objects and other assets that may pose a threat
to the player. Examples include; enemies, harmful elements such as fire, and similar
dangerous obstacles. A circle corresponds to neutral encounters, non-threatening static
or moving objects such as allied characters, friendly players, etc...

That cannot cause harm to the player. A square symbol should indicate containers
the player can open, and finally, a triangle symbol should distinguish other interact-
able objects. For example, buttons, switches, doors, etc. Professional Level Designers
have highlighted the importance of shape theory in level design and everyday objects
and how the use of various shape types may impact a player’s psyche (Pears, 2019).
This feature borrows elements from traditional shape theory, and how humans are
more (or less) receptive to being attracted to or apprehensive of an object based on its
underlying shape (Velarde, n.d; Yavuz, Selcuk & Korkmaz, 2019; Carrington, et al.
2019). Featuring perception markers would enable those with Autism to distinguish
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Figure 7. Experience of VR PAF Framework

VR User Experience of the Proposed Accessibility Framework

B Extremely effective
@ Very effective

@ Somewhat effective
@ Not so effective

@ Not at all effective

Figure 8. Proposed accessibility framework (PAF)
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objects they can interact with from non-interactable objects developers have used
to populate a game environment for decorative purposes. This design consideration
would not only aid those with ASD who may become confused by busy surroundings
but also keep them on track by subtly hinting towards mechanics, which may aid
gameplay progression. Additionally, research suggests that those with ASD are less
inclined to perceive danger due to their sensory processing, and visually outlining
threats in a video game is one approach developers can take to reach those with this
kind of cognitive impairment (Sicile-Kira, 2012).

Player Input Markers

When enabled, this feature allows the player to create their markers and visual notes
within a game environment. This could be done by allowing the player to hold down a
button and drawing using their input device. The need to enable this feature is purely
situational and may perhaps be most beneficial to players in big open-world games
to aid navigation and gameplay progression. Researchers such as Moreno and O’Neal
(2000) suggest that “People with autism have trouble with organizational skills,
regardless of their intelligence and/or age” and that “Aid should be provided in the
least restrictive way possible.” Although many developers have developed systems that
allow players to place custom waypoints on an in-game map, this approach is somewhat
limiting and only allows the use of pre-determined symbols (Barlet & Spohn, 2012).
Inclusion of custom play input markers would allow players to add as much or little
visual assistance as they require keeping them on track.

Flexible Subtitles

Subtitles should be considered an essential accessibility feature in any media with
video for the user to follow. Not only does it aid those with sight problems, but it is
also an essential feature for individuals with cognitive impairments. Those with Autism
have trouble processing sound and images, particularly in busy environments; a game
is just that but in a confined space (Thomas, 2015). The inclusion of subtitles allows
these users to immerse themselves in a game and differentiate background audio from
meaningful dialogue.

Furthermore, subtitles should have a solid black background, so they are bold and
visually stand out from the rest of the screen content; this approach is universally
considered best design practice for subtitles (Palay, 2017; Costello, Lambert, & Kern,
2019). Notably, and more unique to this toolkit, the player should be able to change
the font of the subtitles choosing from a small selection of Sans Serif fonts. Sans Serif
fonts are simplistic, without the decorative flair, and are the most accessible fonts
to read as the human brain spends less time identifying the shape when compared to
Serif fonts (Scribe com au, 2019).

Atmospheric VFX Control

The ASD or players with disabilities should be able to disable atmospheric VFX
(Visual Effects) such as; snow particles, dust, leaves, moving debris, etc. The outlined
example of VFX falls under the category of repetitive patterns and visual distractions,
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which are known to trigger sensory overload in those with Autism (Autism.org.uk,
2019). As previously outlined, sensory overload is a distressing experience in which
the individual experiences more input than their senses can handle. Sensory overload
can lead to concerning symptoms such as; difficulty focusing, irritability, and anxiety
(Watson, 2018). As a result, users experiencing sensory overload would be less
receptive to methods used by developers to teach game mechanics and engage the
player. Allowing the user control over which VFX is featured provides an opportunity
for controllable stimuli in a video game environment to reduce anxiety, a method
supported by Strickland (1997), among others.

CONCLUSION

Throughout the research, the authors tried to strive for a way to show that video games
for Autism Spectrum Disorder play an essential role in the lives of many individuals.
With the rise of video game culture and disability awareness movements, how video
games are designed is changing (Gaddes, 2018; Disability Visibility Project, 2019;
Hemmann, 2020). However, there is still limited research into accessibility impairments
and disabilities with how those with ASD interpret video game surroundings. Research
from Costello, Lambert & Kern (2019) and this current research does indicate that
players still aim for Visual Cues, but for the majority, the aid of audio was more
beneficial and less distracting, as seen in Figure 7. The preliminary framework being
suggested here within this research, the Proposed Accessibility Framework (PAF) was
aimed at supporting individuals with ASD.

The PAF framework indicates a positive way forward to using a reliable medium
for working with ASM to control stimuli. Video games could provide much needed
cognitive and perceptive benefits to autistic users if these users can be reached
at the same level playing field as neurotypicals. The preliminary results from the
data analysis sections show that some features belonging to the PAF need work and
further primary investigations is ongoing towards more massive data sets and more
advanced testing environments. One of the key points from this research is that as
highlighted above is that by applying a mixture of Visual and Audio Cues into the
game design will assist with clearer story-lines throughout the game, and additional
gaming missions, quests, and unlocking stages. This supports some of the additional
research carried out on previous research about Visual Cues (Costello, Lambert &
Kern, 2019). Future work and progression within the PAF design are to apply social
aspects to enable ASD participants to have the ability to make new friends or feel as
if there are helping others. This supports the research from others within the field
like (Wright, 2019; Maskey et al. 2019; Politis, Sung, Goodman & Leahy, 2019).
Throughout this research, it is apparent that there is a need for design considerations
to be established, and more consideration towards sensory distress and accessibility to
cater to those with cognitive impairments, which literature indicated there is currently
a distinct lack of in the video game industry. Even though the research points out that
some participants do not always use the accessibilities features, but having Audio and
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Visual Cues built-in could automatically assist in the designs of future games not just
in the Triple AAA market but also Indie too.
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