






Figure 5.5: A screenshot of Minecraft [120] patch 1.12.2, with closed captions
displayed in the bottom right corner, along with arrows showing the direction
of the sound.

Figure 5.6: The colourblind settings from Overwatch [33]. For each type of
colourblindness, Overwatch overlays a filter over the entire game screen, with
the intensity of the filter being adjustable by the player.
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5.3 Prominent Disabled Gamers

Among those individuals with disabilities, there are a few who have gained a
degree of prominence through their gaming.

5.3.1 Competitive Gamers

Pro-gaming, or eSports, take PvP (player vs player) video games and turn them
into professional competitions, much in the way of traditional sports, chess, or
poker. It is a rapidly growing industry, with many competitions having tens
of millions of viewers from around the globe and prize pools worth millions of
dollars. The 2016 League of Legends [158] World Championships, for example,
had a total prize pool of $6.7 million, and the finals match had a viewership of
14.7 million concurrent viewers [87]. Other major eSports include first-person
shooters such as Overwatch [33] and Counter-Strike [86], real-time strategy
games such as StarCraft [30], and fighting games such as Super Smash Bros. [81]
and Street Fighter [46]. Much as with traditional sports or games, becoming
a professional player requires both talent and dedication, and is an incredibly
rare opportunity which is out of reach of the average player. Nevertheless, many
players aspire to one day “go pro”, including some with disabilities. While there
are occasional competitions dedicated to people with disabilities (akin to the
Paralympics) [16], many competitive players with disabilities participate in the
same competitions as their able-bodied peers.

One such individual is Sven van de Wege (BlindWarriorSven), a professional
Street Fighter player who has been blind since age 5. Due to the degree of detail
in the Street Fighter games’ sound design, van de Wege is able to use audio
cues to determine the positions of the characters and anticipate his opponent’s
attacks [60].

Another Street Fighter player is Randy Fitzgerald (N0M4D), who also plays
games such as Super Smash Bros and Call of Duty. Fitzgerald has difficulty us-
ing his hands and arms due to arthrogryposis, and instead operates the controller
using the side of his face, with the controller being affixed to his wheelchair via
a stand. The developers of Call of Duty have added alternate control scheme
to the game called N0M4D in honor of Fitzgerald [61].

In the StarCraft community, there is Matthew Fink (LookNoHands) who, as
his gamer name suggests, has no hands. Fink’s arms end just above the elbow,
and he operates the mouse and keyboard with the “stumps” [6].

In addition to pro-gaming, there is an additional type of competitive video
gaming called speedrunning. Rather than competing with each other through
the game itself in a PvP setting, speedrunners compete to see who can complete
a single-player game the fastest, sometimes by exploiting bugs or cheats within
the game, though not always. As an example, the world record for Pokémon
Red or Blue [76] is a mere thirteen minutes [144], while the game usually takes
dozens of hours to play through. Notably, the speedrunning community hosts a
biannual charity event named Games Done Quick [77] where speedrunners live
broadcast their runs online and ask for viewer donations. While the donations
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usually go to charities such as Doctors Without Borders and the Prevent Cancer
Foundation, a special event in 2015 saw its proceeds go to the AbleGamers
Foundation [95].

5.3.2 Streamers

In addition to professional eSports, streaming has become another way for peo-
ple to spectate video games. Using a livestreaming platform such as Twitch [181],
streamers broadcast their gameplay to the internet, often coupled with with
a webcam feed and a microphone for commentary. Unlike on-demand online
videos, streamers interact with their viewers, replying on-air to chat messages
that viewers send in real time. Viewers, in turn, may support their favorite
streamers in the form of small monetary donations or tips. In this way, a num-
ber of streamers, especially those with large followings, are able to turn their
game playing into a career.

Given the flexible hours and the ability to work from home, some people
with disabilities see streaming as an ideal job, either with or without additional
sources of income. Indeed, there are a number of gamers with disabilities who
have done just that. While some of them are people who first made their name
in the pro-gaming or speedrunning scenes, others have grown their audience
from streaming alone.

64



6 Analysis of Games and Gamers

Through the hard work of disabled gamers and their allies, the disabled gaming
scene has changed over the years. We set out to examine the state of game
accessibility as it currently stands, particularly for disabled gamers who par-
ticipate in the broader gaming culture. To form a more holistic and nuanced
view of the state of affairs, we approach the issue from two different angles: an
analysis of the players and an analysis of the games.

6.1 Analysis of Players and Player Sentiment

To better understand the issue of game accessibility from the perspective of
disabled gamers themselves, we wanted to invite some disabled gamers, partic-
ularly those with mobility impairments to test out some alternative devices and
give us their thoughts. In particular, we wanted to try out eye-tracking devices,
which members of the disabled gaming community had spoken of hopefully as a
potential means of facilitating game inputs. Unfortunately, as the intersection of
people with disabilities and people familiar with video games is relatively small,
recruiting participants for user testing proved challenging. Instead, we decided
to examine what disabled gamers thought of game accessibility more generally,
by examining opinions expressed online, a questionnaire we disseminated, and
secondhand sources such as interviews.

6.1.1 Notable Gamers

As noted above, there are a number of gamers who, despite their disabilities,
are able to play certain games just as well as – and sometimes better than
– their able-bodied peers. These players, most often through trial and error,
have developed interesting and unique ways of playing in order to compensate
for their disability. It stands to reason that by examining how these “expert
users” play games, one could glean something about game accessibility in the
general case. An online questionnaire was sent out to the disabled gaming
community, and several members responded, including a few notable streamers.
In examining their responses, we have coupled our analysis with observations
of their gameplay from their streams. All four of these streamers are gamers
with mobility impairments who primarily play games with a significant degree
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of mechanical complexity. Additionally, numerous game and eSports journalism
outlets have published interviews or articles about these streamers, which we
have also included in our analysis.

HalfCoordinated

(a) Lexa at Games Done Quick
2016.

(b) Lexa playing a game with his con-
troller.

Figure 6.1: Clint Lexa (HalfCoordinated). Images from [63, 107].

Clint Lexa, also known as HalfCoordinated (figure 6.1), is a streamer and
speedrunner affected by hemiparesis, which causes partial paralysis to the right
side of his body [80]. Consequently, he plays games using his left hand only. A
self professed challenge seeker, he began speedrunning after watching streams of
other speedrunners on Twitch. As he has gained notability within the speedrun-
ning scene, he has been approached by other gamers with disabilities who say
that he is an inspiration to them, and he has leveraged his position to advocate
for game accessibility.

Lexa describes his disability as akin to “having a mitten on your hand at
all times” [80]. Mobility in his right hand is limited to only performing a basic
clasping motion, with the moving of individual fingers being difficult or impos-
sible.

While Lexa primarily plays games on a computer rather than a console, his
impairment renders the typical keyboard-and-mouse set-up impossible to use,
as it requires both hands. Instead, he uses an Xbox One controller by the
game peripheral company Razer [155], which features programmable buttons
that Lexa utilizes heavily. For games without native gamepad support, Lexa
uses AntiMicro [128], an open-source program which remaps keyboard keys and
mouse functions to a gamepad.

Lexa reports that a major challenge for him are games without gamepad
support or remappable controls. He also has difficulty with control schemes
that require several buttons to be pressed and held at once, especially if the
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Figure 6.2: Michael Begum III (Brolylegs) playing a game with his controller.
Image from [102].

buttons in question are far apart. He states that remappable controls should
become a standard across all games, and additionally cites the importance of
options such as a colourblind mode and epilepsy-safe mode.

Additionally, Lexa believes that more work should be done in allowing people
with disabilities to excel at a game, not merely play it.

Brolylegs

Michael Begum III, known online as Brolylegs, is a competitive Street Fighter [46]
player and streamer affected by arthrogryposis. He is also the first professional
player sponsored by the AbleGamers Foundation [193]. Begum’s condition in-
hibits typical muscle growth, resulting in physiologically stunted limbs. Conse-
quently, he cannot use his hands for most typical tasks, including video games.
Instead, Begum plays with his face, a technique he developed as a child. By
propping an NES controller on his wrists, a young Begum discovered that he
could use his nose and cheeks to press the d-pad and action buttons, and that
his tongue could serve as a stand-in for his thumb. For the shoulder buttons,
common in later controllers, the limited movement in his hands is sufficient [53].
On a PC, Begum types by utilizing a chopstick as a mouthstick. When playing
games, however, he prefers using controllers with a layout typical to that of an
Xbox 360, which he cites as the most comfortable controller layout due to its
analog stick placement [21].

In Street Fighter, Begum’s most played character (or “main”) is Chun Li,
which has become somewhat of a signature character for him. Begum has stated
that the reason for his preference is that Chun Li only requires four buttons,
making her much easier to play given his physical limitations [53].

A major difficulty in gaming that Begum encounters is one that arises before
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Figure 6.3: Keith Knight (Aieron) at his computer. Image from [100].

the game even starts: connecting the controller and switching game discs. He
has also cited difficulties in playing games that heavily utilize the shoulder
buttons. In the future, Begum hopes to see a greater degree of flexibility in key
remapping options, as this would allow players to utilize the button layouts that
would be the most comfortable for them.

Begum has said that he greatly enjoyed gaming while growing up as it was
one of the few activities he could do with some degree of normalcy. In the game,
and to his opponents, he is simply “a good player” rather than “a disabled
guy” [45].

Aieron

Keith Knight (Aieron) is a streamer who plays a number of different games,
including League of Legends [158] and Guild Wars 2 [15]. He has amyoplasia
arthrogryposis, a condition similar to that of Michael Begum III (Brolylegs)
mentioned above. His method of gaming, however, is vastly different.

To play games, Knight lies down on his stomach. With the right side of his
face, he nudges his mouse to move it and uses his ear and jawbone to operate
the buttons (figure 6.3). A pen in his mouth allows him to press keyboard
keys. He additionally has four programmable switches by his right foot, with an
additional modifier switch that he operates with his elbow [49]. Previously, he
had made use of a speech recognition program for certain keyboard inputs, but
complained that the slowness of the input made certain games difficult to play
and certain playstyles impossible. As a child, he had also played console games,
using a standard game controller, but as game controllers evolved to become
more and more complex, they became too difficult to use [99]. In his answers to
our questionnaire, he has expressed interest in eventually acquiring a QuadStick
(section 3.1).

Because of the nature of his set-up, Knight reports that his mouse move-
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Figure 6.4: Mike Olson (Handi) at his computer. Image from [133].

ments are not very precise, resulting in difficulty with first-person camera games,
such as first-person shooters (FPS) and some role-playing games (RPGs). Ad-
ditionally, he finds himself consistently disappointed when new gaming systems
enter the market, as they are always initially impossible for him to use.

Knight plays a great deal of online games, where the relative proficiencies
of players matters. To compensate for his deficiencies in the physical and me-
chanical aspects of a game, Knight ensures that he has a good grasp of in-game
knowledge and tactics and uses this knowledge to find success. [99]

Handi

Mike Olson (Handi) is a Counter-Strike: Global Offensive [86] streamer who
also sometimes streams other games like PlayerUnknown’s Battlegrounds [150].
Olson has congenitally absent hands and feet, with his arms ending just below
the shoulder.

Olson uses a standard keyboard when operating a computer and playing
games, placing it on a stack of phone books to elevate it to an appropriate
height. For games, he disables the down arrow key and rolls the stump of his
arm over the other direction keys to activate them (figure 6.4) [164]. Similarly,
Olson rests his other arm stump on his mouse, using the friction between his skin
and the plastic to “hold” the mouse and move it [134]. He additionally makes
use of custom keybindings to accommodate his range of motion. Occasionally,
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he will utilize his nose to press certain keyboard keys [1].
In our questionnaire, Olson stated that he would like to see more games

which allow multiple actions to be mapped to the same key, so that fewer buttons
are needed to perform all the actions in a game.

6.1.2 The Community at Large

In addition to the gamers mentioned above, we also looked at sentiments ex-
pressed by the rest of the community by examining discussions on various forums
and other online spaces. A few gamers also responded to our survey when we
put out a general call for responses.

Not surprisingly, different gamers have different needs, and address those
needs in different ways. Similar to the notable gamers mentioned above, many
“layperson” disabled gamers have also developed their own ways of playing
games. Interestingly, specialized hardware seems to feature very little in how
people with mobility impairments play games. For the most part, gamers with
mobility impairments seem to prefer to “make do” with a typical gaming set
up as much as they can, even when it places limitations on what games they
can or cannot play. One respondent pointed out, however, that such makeshift
solutions often result in ergonomic issues that can cause or exacerbate pain, due
to their often requiring players to contort into strange positions.

Despite the lack of adoption, there is still considerable interest in specialized
hardware, showing that the trend of disabled gamers “making do” is most likely
due to the difficulties involved in acquiring such specialized devices. When a user
shares the existence of a new specialized game controller or modification, the
response is overwhelmingly positive. However, these devices are often bemoaned
as being too expensive, especially for people who are otherwise capable of using
computers for everyday computing tasks, and therefore cannot justify spending
so much money on a hobby. In addition to cost, availability can also be an
issue, as the devices are sometimes manufactured by hand or in limited runs,
such that they are impossible to acquire even by those willing to pay the price.
Several users of the Disabled Gamers subreddit, for example, have complained
of the difficulty in acquiring foot controls such as the Stinkyboard (section 3.1).
Another factor affecting the adoption of specialized input devices is that they are
not always compatible with all games. Currently, the burden of compatibility
lies largely with the hardware or accompanying drivers, rather than on the
games, and often this compatibility is achieved by the device “masquerading”
its inputs as events from a more typical input device, such as a keyboard or a
common commercial game controller. If a game listens for input events directly
from the device, rather than through the operating system, special input devices
often fail. Consequently, disabled gamers may be even more reluctant to invest
large amount of money on a device that may not even be compatible with all
of the games they want to play.

Advice and suggestions for specialized hardware are often requested, both
by people with disabilities and by their friends and families. Often, these re-
quests are for people who acquired their disability later in life, or who only
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recently became interested in gaming; those who have been gaming with their
disability since childhood are most likely to be comfortable using conventional
hardware. Future research on such demographic patterns within the disabled
gaming community could be illuminating.

In online discussions and in the results of our questionnaire, there are sev-
eral recurring requests or complaints. One common request is for rebindable
keys (or complaints about the lack thereof). While key remapping has lately
become a commonplace feature, it is evidently still by no means universal. An-
other complaint is games that are incompatible with alternative input devices,
as mentioned above. Additionally, more than one respondent of our survey
lamented the lack of left-handed gaming mice and ergonomic mice available on
the market.

There are also complaints directed towards the ecosystem surrounding the
sale of games. As different players have different limitations, it is often impossi-
ble for a disabled gamer to know ahead of time whether a game will be playable
or not. Games do not typically list their accessibility features in promotional
material, and the amount that can be gleaned from reviews is limited, particu-
larly for new or lesser known titles which may not have many reviews to begin
with. Often, the only way to determine if a game is playable is for the indi-
vidual to attempt to play it. As playable demos have become increasingly rare,
disabled gamers often need to purchase a game in order to try it, only to return
it when they realize that they cannot play it. The return of playable demos
would be a great help to disabled gamers, as would simply listing accessibility
features in promotional material. A more immediate concern, however, is that
digital game distribution platforms such as Steam have been known to mistak-
enly flag a disabled gamer as abusing the refund system. The decision is usually
automated, and while the it can be reversed by customer service, the process is
tedious and results in the player losing access to his or her game library in the
interim.

It should be noted that when disabled gamers “out” themselves in more
general gaming spaces, typically forums for a specific game or franchise, the
reaction of their able-bodied peers is primarily that of innocent curiosity. When
the idea of accessibility features are introduced, players of networked games will
often voice concerns regarding competitive integrity. Once these concerns are
allayed, however, able-bodied gamers tend to be welcoming of their disabled
peers, and players of competitive games in particular will express admiration
that the disabled player is able to be “that good” despite their disability. This
attitude is reflected in the size of the audienceship of the disabled streamers
mentioned above.

6.2 A Heuristic Evaluation of Modern Games

To get a better idea of the state of accessibility within modern mainstream
video games, we examined some recent popular video games released for the
PC. We decided to evaluate these games with a heuristic evaluation, using a set
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of heuristics we have developed for this purpose. A heuristic evaluation is an
inspection method developed by Jakob Nielsen which aims to identify usability
issues in a user interface by comparing the interface against a set of heuristics
which represent the ideal principle or best practice [129].

The goal of our evaluation is not to determine whether a game is universally
accessible (as such a game does not exist, and may be impossible) but whether
it has maximized the number of people who can play it, given the limitations
inherent in its core gameplay. In other words, our heuristics seek to evaluate
the parts of the game that enable gameplay rather than the gameplay itself.

6.2.1 Heuristics

Usability heuristics for traditional, non-game user interfaces tend to emphasize
that tasks should be completed with minimal barriers. Games, however, are
not like non-game software in that they are supposed to be fun, and oftentimes
that fun arises from barriers deliberately erected in the game. Removing or
reducing these barriers would change the game experience, usually negatively.
Therefore, heuristics devised for non-gaming contexts may be inappropriate for
the evaluation of games.

Currently in academia, there does not exist a definitive set of heuristics for
the evaluation of computer games for accessibility. Desurvire et al. proposed
a Heuristic Evaluation for Playability (HEP) designed to evaluate games in a
general, non-accessibility context [57]. The HEP evaluates games as a whole,
including facets such as gameplay and game story. As it is from 2004, it neglects
more recent trends in video games such as multiplayer play and particularly on-
line play. Desurvire et al. later presented a follow-up to the HEP that focused
primarily on usability, called the Heuristics of Playability (PLAY) [58]. Building
on the earlier work of Desurvire and others, Pinelle et al. also developed a set
of heuristics that focus primarily on usability, ignoring issues such as storyline
and graphic quality, which they claim are artistic and technical issues, respec-
tively [142]. Pinelle’s heuristics were developed by examining a list of game
usability problems found within a wide range of games. Similarly, Sánchez et
al. developed their own framework for the evaluation of playability (which they
call PX), including a set of heuristics for evaluation [162]. Recently, a paper by
Fortes et al. examined both heuristic evaluation and user testing in the context
of game accessibility [70]. However, the paper failed to highlight or present any
new or improved heuristics or evaluation methods.

Outside of academia, there are the developer-centric guidelines proposed by
the groups mentioned in section 5.1. We examined the AbleGamers Includi-
fication document [3], the Game Accessibility Guidelines website [75], and the
IGDA Game Access SIG’s 2004 white paper [91]. Both Includification and Game
Accessibility Guidelines categorize their guidelines by the type of impairment
addressed, and there exists a great deal of overlap between the two. Some of
the guidelines are also shared by the IGDA white paper, though being older,
aspects of the white paper are outdated and inappropriate for modern games.

Based on the principles of playability highlighted by the academic sources
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and the practical concerns presented by the various developer-oriented guide-
lines, we have created a set of heuristics for the evaluation of accessibility in
video games. Our heuristics were compiled based on the following criteria:

1. General game usability heuristics should not be violated when the game is
played by a person with a disability. For example, the heuristics proposed
by Desurvire, Pinelle, and Sánchez all state that information on game
status should be clearly presented to the player. However, should that
status be conveyed via colour information only, a colourblind player may
not be able to interpret it clearly. Therefore, in the case of that player,
the heuristic would be violated.

2. Game accessibility guidelines which would alter core game mechanics or
invalidate entire genres will not be taken into account. For example, we
have chosen to omit guidelines requesting games to remove actions that
require precise timing.

3. Challenges encountered by the player should be the result of gameplay, not
of their disability, and should motivate rather than frustrate the player.
If the frustration is the same as that encountered by able-bodied players,
then it will be considered a game design issue rather than an accessibility
issue.

Often, these criteria will overlap.
Due to the fact that many heuristics correspond to more than one type of

impairment, we chose not to categorize our heuristics along those lines. Rather,
we have sorted our heuristics into the categories of player input, information
clarity, learnability, and gameplay options. Each of these categories contain
three heuristics. A table of our heuristics is presented in table 6.1.

“Partially accessible” is a common state of affairs within games, and it is
important to acknowledge these partial compliances. Therefore, each heuristic
should not be evaluated on a binary basis. Rather, they should be evaluated on
a scale of zero to three, depending on the degree of compliance. However, even if
a game fully follows all of our heuristics, it is still not necessarily universally ac-
cessible. As mentioned above, our heuristics deliberately do not consider issues
inherent to mechanics of the gameplay itself, nor does it account for individu-
als whose disabilities are extremely profound. Unfortunately, some games will
always be inherently inaccessible to some players, and some players will always
be very limited in what games they can play.

Heuristic Explanation Reason for inclusion
Player Input
Customizable input Game natively allows

for the remapping of
keys and/or the cre-
ation of macros.

Players with mobility
impairments may be
unable to use the stan-
dard control scheme, or
find it difficult or un-
comfortable.
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Support for alternative
technology

Game can be played
with alternative input
devices, such as special-
ized hardware or an on-
screen keyboard.

Players with a vari-
ety of disabilities re-
quire assistive technol-
ogy to play games, or
even standard alterna-
tive devices such as a
game controller on a
PC.

Adjustable sensitivity Game features settings
for adjusting camera
sensitivity, mouse sen-
sitivity, or sensitivity
for any other analog in-
put. Also sensitivity
for things such as click
speed, if applicable.

Players with mobility
impairments may have
limited scope of move-
ment, requiring greater
sensitivity, or limited
precision, requiring
lesser sensitivity.

Information Clarity
Closed captioning Game includes subtitles

for any dialogue, as well
as any sound effects or
ambient noise, partic-
ularly those impacting
gameplay. The direc-
tion of the sound and
identity of the speaker
should also be clearly
indicated.

Players who are deaf or
otherwise hearing im-
paired may miss key di-
alogue or sound effects.

Text readability Game utilizes a clear
and readable font, with
the text colour clearly
contrasting the back-
ground. Language and
word choice should also
be clear and easy-to-
understand, excepting
character dialogue re-
sulting from a deliber-
ate choice of character-
ization.

Players who are visu-
ally or cognitively im-
paired may have diffi-
culty parsing in-game
text if the font or lan-
guage are unclear.
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Multi-modal feedback Any information, par-
ticularly important or
time-sensitive ones,
should be conveyed via
more than one mode.
For example, visual
feedback should be
accompanied by audio
cues, and vice versa.

With feedback pre-
sented in multiple
modes, players with
visual or hearing im-
pairments are less
likely to miss critical
information.

Learnability
Tutorial mode or level Game should include a

tutorial mode or level.
This tutorial should ad-
ditionally be skippable
for those who are al-
ready familiar with the
game.

While tutorials are
helpful for all players,
a lack of one more
disproportionately
punishes players with
disabilities, who may
have a harder time
grasping game con-
cepts, iconography, or
mechanics compared to
their able-bodied peers.

Context-specific tips or
hints

Players should be pre-
sented with tips or hints
specific to their current
task. These tips should
be able to be turned off
in the settings.

Similar to the above,
a lack of in-game hints
more disproportion-
ately affects players
with disabilities, par-
ticularly cognitive
impairments.

Penalty-free practice Players should have the
opportunity to practice
without risk to their
score or progress, either
with a dedicated prac-
tice mode or the ability
to recover from errors.

Players with disabilities
may require a greater
amount of practice be-
fore they are ready to
tackle the game’s chal-
lenges, and should not
be punished for it.

Gameplay Options
Adjustable difficulty or
game speed

Players are able to
change the difficulty or
speed of the game.

The ability to adjust
game difficulty and
game speed allows
players with disabilities
to tailor the game’s
challenges to better
suit their abilities.
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Frequent “stopping
points”

Game features the abil-
ity to pause, frequent
save points, or suffi-
ciently short matches
(for multiplayer).

Many disabilities may
result in the player fa-
tiguing more quickly
than their able-bodied
peers or otherwise need-
ing to stop. Games
should minimize the de-
gree players are pun-
ished for being unable
to continue playing due
to real-life reasons.

Multiple paths to suc-
cess

Game allows a variety
of win conditions or
play styles.

Often, a given play
style or mechanic will
simply be impossible
due to a player’s dis-
ability. The player
should nonetheless be
able to find success
within the game.

Table 6.1: The game accessibility heuristics which we have devised.

6.2.2 Games Selected

The games selected for this evaluation have all been released within the past
ten years and have at least 5 million players (counted in terms of either copies
sold or number of active accounts). Our selection attempted to choose games
from across a variety of genres. Additionally, half of the games selected are
free-to-play, while the other half follows a more traditional business model that
requires the player to purchase the game.

Most of these games, due to their popularity, also have lively online com-
munities spring up around them. Often, these communities will provide unoffi-
cial secondary resources that may be helpful for accessibility, such as tutorials,
guides, or third-party modifications (mods). The existence or possibility of such
resources will also be acknowledged. However, as they are only available to those
who know to look for them, they will not be included in the evaluation.

League of Legends

League of Legends [158] is one of the most popular computer games in the world,
boasting over 100 million active players worldwide [188]. It is considered to have
codified the multiplayer online battle arena (MOBA) genre, the same genre as
Dota 2 [186] and Heroes of the Storm [32]. While there are several gamemodes
with different goals and maps, gameplay remains largely the same. Players,
each controlling one character, work together as a team to defeat the opposing
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team, breaking the enemy team’s structures until they can destroy the nexus
structure at the heart of the enemy team’s base. Players looking to play a game
of League of Legends are typically grouped into teams of 5 by the server on the
basis of skill, and matched with similarly skilled opponents. Players can also
choose to form their own teams with their friends.

The game is real-time, featuring a top-down perspective and absolute pointer
movement. It is additionally multiplayer online, primarily with team-based PvP,
though “Co-op vs AI” modes exist. The game is both mechanically intensive
and requires a great deal of in-game knowledge, making the barrier to entry
relatively high even for able-bodied players. However, due to the social nature
of the game, many people are willing to put in the effort of learning the game
in order to play with their friends, including people with disabilities. While
the developer of League of Legends, Riot Games, are aware of their disabled
playerbase, they have always prioritized the competitive integrity of their game
over accessibility. The wide proliferation online of tutorials, guides, and similar
resources has helped to lower to barrier to entry somewhat, for both disabled
and able-bodied players, though it is still a game that requires effort to learn.

While it was first published in 2009, the game has been regularly updated
and maintained, with the early versions being largely unrecognizable compared
to the latest versions. A new patch is released roughly once per week, with major
changes introduced once or twice per year. Our evaluation was performed on
patch 7.23.

Hearthstone

Hearthstone [31] is an online trading card game (TCG) developed by Blizzard
Entertainment, currently with over 70 million players [34]. As with non-digital
TCGs involving physical cards, Hearthstone players collect cards by opening
randomized card packs, then use their collection to build decks with which to
play against other players. Gameplay revolves around players drawing cards
from their decks into their hands, then playing the cards from their hands,
using the cards’ effects to reduce the opponent’s health to zero.

The game is turn-based online PvP with absolute pointer movement. How-
ever, to ensure that players are not held hostage in the game by an idle opponent,
there is a time limit to how long a player can take before they forfeit their turn.
While the time limit is typically sufficient for an able-bodied person, some play-
ers may find it to be too short. For example, a player with dyslexia may be too
slow in reading card text to be able to make their move within the time limit.
Notably, the length of this timer was shortened since its release, so that a player
who was once able to play may now be unable. While the game is relatively
simple to learn, the initial lack of cards in the player’s possession nonetheless
poses a barrier to entry. Unlike with League of Legends, online guides are not
always helpful for new players, as they often suggest cards that the player does
not yet possess.

Hearthstone was released in 2014. Like League of Legends, the game is
currently regularly updated. Our evaluation was performed on patch 9.4.0.
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Minecraft

A game that is popular among both younger players and adults is Minecraft [120],
which has sold over 27 million copies of the PC version, and over 122 million
copies across all platforms [119, 163]. Occasionally described as “digital Legos”,
Minecraft is a sandbox game featuring building and exploration. Players are
dropped into a procedurally generated landscape composed of voxel-like blocks.
Players are then left to explore this landscape, using the resources gathered to
craft tools, build shelters, and create whatever structures they desire. In sur-
vival mode, players must also contend with hunger, health, and AI-controlled
monsters, though the presence of hostile monsters can be toggled off in the diffi-
culty settings. In creative mode, players do not have health or hunger concerns,
and are given infinite resources and the ability to fly.

Minecraft features relative pointer movement, with either a first person or a
third person camera angle. The game can be played singleplayer or multiplayer
with others on a server. Whether it is PvP or PvE will depend largely on
the server and on the other players. While it is a real-time game, there is no
real pressure on the timeliness of the player’s actions outside of combat, which
is optional. Additionally, the game can be paused in singleplayer mode. For
multiplayer, players can either be online via a server or connect locally via LAN.

A great variety of third-party add-ons or mods have been developed for
Minecraft. These mods revolve primarily around game mechanics and graphics,
but user interface mods exist as well.

Originally released in 2009, Minecraft is regularly updated by its developers,
with new updates released several times a year. Our evaluation was performed
on the original PC edition (now known as Java Edition), on version 1.12.2.

Overwatch

Overwatch [33] is a relatively recent addition to the ever-popular first-person
shooter (FPS) genre, having been officially released in 2016, though it has al-
ready sold over 35 million copies [19]. Like most FPSs, players in Overwatch
work with their team and against the enemy team to accomplish a variety of
objectives, in the course of which they must kill their opponents and avoid be-
ing killed. Possible objectives include capturing a point, defending a point, or
escorting a vehicle to its destination. Overwatch is set apart from other FPS
titles by the various unique skills that are available to the characters in addition
to their primary weapon.

Like all FPSs, Overwatch features relative pointer movement with a person
camera angle, and is real-time. It is multiplayer online, primarily team-based
PvP, though “Co-op vs AI” modes exist. As with League of Legends, an auto-
mated matchmaking system places players with teammates and opponents of a
similar skill level.

Similar to other multiplayer online games, Overwatch is regularly updated.
Our evaluation was performed on patch 1.17.0.2.
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The Sims 3

The Sims [112] is a popular series of life simulation games which have collectively
sold around 30 million copies [156]. It is akin to a virtual dollhouse, where
players control a household of virtual characters (called Sims). The Sims are
partially AI controlled, but players can override the AI by issuing commands.
The player’s ostensible goal is to fulfill the needs of the Sims (such as hunger
or hygiene) while guiding them through life, though many players enjoy more
nefarious forms of gameplay, such as ruining their Sims’ relationships or forcing
them to drown. Some players also enjoy simply building and furnishing the
Sims’ houses, without paying much mind to the Sims themselves.

The game is singleplayer and uses absolute pointer movement, though players
have the option of toggling to relative pointer position via a keyboard shortcut
for repositioning the camera. While the game technically qualifies as real-time,
the in-game time can be paused or sped up at will, and commands to the Sims
can be issued and queued while the in-game time is paused. Additionally, the
game does not strictly require the use of any inputs apart from the mouse. How-
ever, keyboard shortcuts and hotkeys greatly facilitate gameplay and expedite
certain aspects.

While The Sims franchise has always had a community of players creating
player-made content, such content is mainly additional clothing, furniture, and
other in-game goods. Some mods, however, introduce “cheats” which may affect
accessibility by affecting gameplay.

Basic gameplay has remained roughly identical since The Sims 2 [113], with
the latest version being The Sims 4 [115]. For our purposes, we will be exam-
ining The Sims 3 (2009) [114], as it has sold 7.7 million copies (2 million more
than its successor) and remains incredibly popular.

Sid Meier’s Civilization V

The Civilization [69] series, also called Sid Meier’s Civilization is a turn-based
strategy (TBS) game that is also considered to be the premier example of the 4X
genre (eXplore, eXpand, eXploit, and eXterminate). In 4X games, each player
controls an empire, where they compete for limited land and resources, with
the eventual goal of conquering or otherwise dominating other players’ empires.
In Civilization V (2010), currently the best-selling entry in the franchise, the
game takes place on a hexagonal grid with an isometric camera angle. Each
player on the map, including AI-controlled players, take turns directing their
empire’s workers, soldiers, and other units. Due the plethora of game mechanics,
as well as the existence of multiple win conditions, grasping the game can be
somewhat complex. However, as the game is turn-based, players playing against
AI opponents can take their time examining their options and reading in-game
hints.

Civilization V is turn-based with absolute pointer movements. It can be
played as a singleplayer game (against AI opponents) or as a multiplayer PvP
game, either online or locally. As with The Sims, keyboard shortcuts serve to
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facilitate gameplay, but are ultimately not necessary.

The Elder Scrolls V: Skyrim

The Elder Scrolls V: Skyrim (2011) [22] is the fifth and latest main entry in
the popular Elder Scrolls series of role-playing games (RPGs). In such games,
the player character is placed in a virtual world and given a series of tasks
(called quests) to complete. Doing so furthers the progression of the plot. In
addition to the main storyline(s), there are also side-quests which reward the
player with weapons, armor, or other helpful items. Skyrim in particular is also
open-world, meaning the player is free to explore the game’s world regardless
of plot progression, and can even complete side-quests out of order. While the
lore and story of Skyrim can be complex, the gameplay is fairly standard and
straightforward for a game of its genre. Within the first half hour of gameplay,
players are guided through most of the game’s mechanics, including combat,
quests, and character progression.

Notably, the studio that developed Skyrim, Bethesda, is well known for their
friendliness towards third-party modifications (mods). An important aspect of
Skyrim’s popularity has been its robust ecosystem of mods, which can provide
a player with anything from an alternate user interface to custom outfits to
replacing in-game enemies with Thomas the Tank Engine.

Skyrim is a real-time singleplayer game featuring relative pointer movements.
In can be played with either a first-person or third-person camera angle.

Our evaluation was performed on the Skyrim Special Edition as it is more
recent. The majority of the difference between this version and the original
version is in graphics rendering.

StarCraft II

StarCraft [28] and StarCraft II [30] are popular games of the real-time strategy
(RTS) genre. Similar to Civilization, players control a multitude of units to
exploit the limited resources present on the map and to engage in combat with
enemy units. Unlike Civilization, action in StarCraft happens in real-time,
requiring the player to quickly and efficiently micromanage a large number of
units. The game ends when one of the players destroys the other’s base.

A singleplayer campaign mode exists for StarCraft II, where the player is
put through a series of matches against AI-controlled opponents. However,
the majority of StarCraft players prefer it as a PvP multiplayer game, playing
against opponents online. It is real-time with absolute pointer movements.
While the game can theoretically be played with only a mouse (or other pointing
device), the large number and speed with which commands must be issued
necessitates the use of keyboard shortcuts or hotkeys.

StarCraft II occasionally receives updates and patches. The evaluation was
done on patch 4.0.2.
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Rocket League

Rocket League (2015) [149] is a popular online game where players control rocket-
propelled cars that drive around on a soccer pitch attempting to knock a large
ball into the opposing team’s goal nets. While it contains elements of both typi-
cal driving and sports games, it can also be said to be a genre unto itself. While
the game is primarily based around “cars playing soccer”, there are alternative
game modes based around other sports, such as basketball.

The game is real-time and primarily features team-based PvP. A cursor is not
required for the game, although analog input from game controllers or joysticks
are recognized.

Like other online games, Rocket League is regularly updated. Our evaluation
was on patch 1.39.

Guild Wars 2

Guild Wars 2 (2012) [15] is a massively multiplayer online role-playing game
(MMORPG), the genre popularized by World of Warcraft [29] and RuneScape [92].
In an MMORPG, large numbers of players are placed in the same virtual world,
where they may interact with each other by sending gifts, fighting each other,
or forming a team to complete some quest together. Guild Wars 2 in par-
ticular also features what the developers call “living story” or “living world”,
where players’ actions can have permanent affects on the in-game world, thereby
affecting the experiences of other, future players.

Guild Wars 2 is real-time and multiplayer PvE, with optional PvP elements.
It uses both relative and absolute pointer movements; an absolute pointer is
available for players to examine their surroundings, but players can hold down
a modifier key to rotate the camera using relative pointer movements.

Our evaluation was done on build number 84555.

Candy Crush Saga

Candy Crush Saga (2012) [97] is a popular “casual” game playable on many
platforms including a Flash version that is playable in a web browser. It is a
puzzle game where players manipulate candy-themed tiles on a grid such that
three or more of the same tile are placed in a row. The matched tiles then
disappear, allowing other tiles to fall down from above. The goal of each level
varies, with some requiring players to attain a certain score and others requiring
certain tiles to be cleared.

The game is singleplayer with absolute pointer movements. It is also turn-
based, though some levels require the player to complete them within a set time
limit.

Brawlhalla

Brawlhalla [35] is a platform-style fighting game. Despite only being officially
released in 2017, it has already accumulated over 5 million players, due to its
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open beta having started two years prior [154]. Gameplay is similar to the
popular Super Smash Bros. [81] franchise by Nintendo, where players attempt
to knock each other off of a floating platform such that they fly or fall out of
the bounds of the arena. The more damage a character has taken, the further
they will fly when knocked back.

The game is primarily multiplayer PvP, either online or locally. It is real-
time, and does not use input from the cursor or other analog input.

Our evaluation was done on patch 3.05.

6.2.3 Evaluation and Analysis

Player Input

Game Customizable in-
put

Support for
alternative
technology

Adjustable sensi-
tivity

League of Leg-
ends

2 1 3

Hearthstone N/A 3 0
Minecraft 2 2 3
Overwatch 2 1 3
The Sims 3 0 3 0
Civilization V 0 3 3
Skyrim 2 3 3
StarCraft II 2 1 3
Rocket League 2 1 3
Guild Wars 2 2 3 3
Candy Crush
Saga

N/A 3 0

Brawlhalla 2 3 N/A

Table 6.2: Evaluation of the “Player Input” portion of our heuristics.

Most of the games evaluated supported custom key remapping, bar the games
where keyboard keys are not used (Hearthstone, Candy Crush Saga) or are op-
tional (The Sims 3, Civilization V ). However, none of the games support the
creation of macros. For some games, this lack may be due to the relatively
complexity of enabling macros compared to key remapping. For other games,
particularly competitive online games, disallowing macros may be a more delib-
erate choice to preserve or increase mechanical difficulty.

Support for external technology is more mixed. While some games offer near
perfect support for alternative input methods, other games do not. The general
trend appears to be that the more inputs a game requires, the less likely it is
to support alternative inputs. This trend implies that supporting alternative
input methods is not a deliberate choice, even by the games that do it well,
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but merely a happy accident: the greater the complexity of input, the more
likely it is to be incompatible with third-party technology. However, certain
games do explicitly support controller input: Minecraft, Overwatch, Skyrim,
and Rocket League. Notably, these are all games which also exist for console
platforms, and additionally all primarily use relative pointer movements. It is
also important to note that for online games, particularly competitive ones, the
use of unauthorized software to facilitate input could violate the game’s terms
of service, and thus result in a ban or other disciplinary action.

Sensitivity adjustment yielded similar results to customizable input, where
the only game that did not support such adjustments are games that do not use
analog input (Brawlhalla) and games where the setting is not critical (Hearth-
stone and Candy Crush Saga, as both require only point-and-click interactions,
and mouse speed can be adjusted externally). The exception is The Sims 3,
which could greatly benefit from an option for adjusting the speed at which the
camera moves or zooms.

Overall, it appears that remappable keys have become a default feature for
games requiring any sort of keyboard input. Similarly, adjustable sensitivity is
given in the majority of games that require analog input beyond simple point-
and-click. However, support for macros is nonexistent, and there also appears
to be no deliberate attempt at providing compatibility with alternative input
methods beyond game controllers.

Information Clarity

Game Closed caption-
ing

Text readability Multi-modal
feedback

League of Leg-
ends

0 2 1

Hearthstone 2 3 3
Minecraft 3 1 0
Overwatch 1 2 2
The Sims 3 N/A 2 1
Civilization V N/A 2 2
Skyrim 2 2 1
StarCraft II 2 2 2
Rocket League N/A 2 1
Guild Wars 2 2 2 1
Candy Crush
Saga

2 2 3

Brawlhalla N/A 3 3

Table 6.3: Evaluation of the “Information Clarity” portion of our heuristics.

A large number of games did not have any speech (Minecraft, The Sims 3, Rocket
League, Brawlhalla) or have speech lines that exist primarily for flavour (League
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of Legends, Overwatch, Civilization V Candy Crush Saga). However, despite
speech being unessential in the course of normal gameplay, League of Legends
and Overwatch both feature essential spoken portions in their tutorials. While
Overwatch automatically presented subtitles during the tutorial (albeit without
clearly indicating the speaker), League of Legends does not, increasing the bar-
rier to entry for hearing impaired players. Conversely, Minecraft has no spoken
dialogue, but has full closed captioning for sound effects, including indicators
for the direction of the sound. No other game had closed captioning for sound
effects, including sounds originating from events outside of the player’s view.
Apart from League of Legends, all the games with informational spoken lines
had subtitles available which clearly indicate the speaker. However, some of the
games (Hearthstone, Overwatch, Civilization V, StarCraft II ) feature cinematic
cutscenes on the game’s first launch which have spoken dialogue but no subtitles
available. While these cinematics are overall unimportant to gameplay, it serves
as a poor welcome for any hearing impaired players, particularly those who may
be unaware that the cinematic is unimportant. In comparison, Skyrim also
opens with a cutscene but allows the player access to the settings menu before
the characters begin speaking, where an option for displaying subtitles may be
found.

The majority of games opted for a simple serif or sans-serif font face for the
majority of text displayed, except Minecraft and Candy Crush Saga, which chose
more stylized fonts. However, several of the games do not always provide suf-
ficient contrast between the font colour and the background colour (Minecraft,
The Sims 3, Civilization V ). Similarly, Overwatch and StarCraft II both over-
lay text directly over the game, while Skyrim has certain UI elements rendered
as translucent. Additionally, Guild Wars 2 has text that is too small to com-
fortably read, while Rocket League has some of its text in an overly thin font,
which is also hard to read. In terms of the language itself, League of Legends
sometimes suffers from unnecessarily convoluted grammar in its item and ability
descriptions, but most of the games use fairly simple and clear language.

In almost every game where the player plays against an opponent, the game
uses colour to indicate whether a unit is an ally or a foe (League of Legends,
Overwatch, Civilization V, StarCraft II, Rocket League). Similarly, Guild Wars
2 also uses colour to indicate whether a monster or other unit is friendly or
hostile. While most of these games attempt to address this issue with either a
colourblind mode or customizable colour schemes, the colours can still be dif-
ficult to distinguish. Other games rely on colour to convey other information
(such as the Sims’ moods in The Sims 3 ) or simply have items that are can only
be visually distinguished from each other using colour (Minecraft). Addition-
ally, almost all of the games rely on sound to notify the player of certain in-game
events, such as an enemy’s attack. While sound effects are almost always ac-
companied by visual effects (and vice versa), the visual effect does not always
occur within the player’s field of view. Overwatch attempts to ameliorate this
by showing a red indicator when the player has been shot, which also points to
the direction from which the attack came. However, not all events are indicated
this way, nor does it indicate what the weapon is, despite the sounds being
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audibly distinct. In Hearthstone, Candy Crush Saga, and Brawlhalla, all of the
action is within the player’s field of view at any time, thus any visual effect is
always visible. Similarly, Civilization V uses sound effects only as flavour or to
supplement notifications that appear in the UI.

Learnability

Game Tutorial mode or
level

Context-specific
tips or hints

Penalty-free
practice

League of Leg-
ends

2 1 2

Hearthstone 3 0 2
Minecraft 0 1 2
Overwatch 2 0 3
The Sims 3 2 3 2
Civilization V 3 3 3
Skyrim 3 0 3
StarCraft II 3 2 2
Rocket League 3 1 3
Guild Wars 2 2 0 0
Candy Crush
Saga

3 1 0

Brawlhalla 3 0 3

Table 6.4: Evaluation of the “Learnability” portion of our heuristics.

With the exception of Minecraft, all of the games had some manner of tutorial.
The nature of the tutorial varied, with some games putting the player through
specific tutorial exercises, some guiding the player through a practice match,
and still others directing the player through the first portion of the game. No
matter the method, all the tutorials taught the player the basic mechanics of
the game. Games with a great complexity of game-specific knowledge (League
of Legends, Overwatch, The Sims 3, Guild Wars 2 ) do not attempt to teach
beyond the basics, relying instead on self-discovery and external resources. The
tutorials for these games are also relatively short, excepting League of Legends,
which has a second tutorial that guides players through an entire practice match.
Overall, all the tutorials are sufficient to allow players to begin the game, and
give players some idea of what to do. Again, the exception is Minecraft, which
drops the player into the world with no indication of what to do whatsoever.

Compared to tutorials, the presence of context-specific hints is much more
sparse. While some games provide detailed hints specific to the current game
state (The Sims 3, Civilization V ), most games have no such hints, or offer them
very sparingly, with limited applicability to the situation. Candy Crush Saga,
for instance, hints at possible legal moves whenever the player is idle for more
than a moment, but does not consider the requirements of the level, such that
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following the hint may put the player in a worse position than before. StarCraft
II does give somewhat useful hints, but only for a few specific circumstances:
for instance, when the player would like to build a structure but has insufficient
resources, the game helpfully informs him or her which resources are missing.

All of the competitive multiplayer games (League of Legends, Hearthstone,
Overwatch, StarCraft II, Rocket League, Brawlhalla) offer some manner of prac-
tice mode, as well as offering the player the opportunity to practice against
AI-controlled opponents. Though the utility of the modes vary, they are overall
all helpful to beginner players, if not more advanced players. For singleplayer
games such as Skyrim and The Sims 3 (and Civilization V, which is often played
in singleplayer mode), players can save at any time and return to that save in
case of mistakes. However, while Skyrim and Civilization V both support multi-
ple save files for the same character or match, The Sims 3 by default overwrites
previous saves, making it impossible for the player to recover from a point prior
to the last save. Similarly, Minecraft automatically and dynamically saves as
the player progresses, overwriting previous versions of the world, such that it is
impossible to recover from mistakes unless the player manually duplicates the
save file using an external application. However, the player can make an unlim-
ited number of worlds, and many players will simply create a “test world” in
which to try new things or practice. The only games in which potential mistakes
or practice will always have a cost are Guild Wars 2 and Candy Crush Saga.
Guild Wars 2, being online, dynamically “saves” as Minecraft does, but also
does not have an external means of practice. Candy Crush Saga gives players
a limited number of lives, with the player losing one life each time they fail a
level, such that the player has only a limited number of attempts before they
must wait for their lives to refresh. It should be noted that this limitation is
due to Candy Crush Saga’s business model, as players may purchase additional
lives for real money.

Gameplay Options

Game Adjustable diffi-
culty or game
speed

Frequent “stop-
ping points”

Multiple paths
to success

League of Leg-
ends

2 0 2

Hearthstone 2 2 2
Minecraft 2 3 3
Overwatch 2 2 2
The Sims 3 3 3 3
Civilization V 3 3 3
Skyrim 2 3 2
StarCraft II 3 2 2
Rocket League 2 2 1
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Guild Wars 2 0 2 2
Candy Crush
Saga

0 2 0

Brawlhalla 2 1 2

Table 6.5: Evaluation of the “Gameplay Options” portion of our heuristics.

With the exception of Candy Crush Saga, all of the games that are singleplayer
or can be played singleplayer offer adjustable difficulty settings. (The Sims 3,
while not having a defined “difficulty” parameter, allows other settings to be
adjusted which directly affect difficulty, such as Sims’ lifespan and degree of
free will.) For games that are primarily played competitively online (League
of Legends, Hearthstone, Overwatch, StarCraft II, Rocket League, Brawlhalla),
all of these games have a dynamic matchmaking system which matches players
with opponents of an appropriate skill level, though how well the system works
may vary. Additionally, all of these games allow players to choose the difficulty
of AI opponents in their “Co-op vs AI” modes. The ability to adjust in-game
speed is far less common, with the only games that permit the adjustment
being Civilization V and StarCraft II ’s singleplayer mode. The Sims 3, while
technically having the option to change in-game time, only permits for it to
be sped up, not slowed down. However, in-game time can be paused at any
time. Guild Wars 2 has no adjustment settings for difficulty, likely due to the
difficulty of implementing such settings in such a large multiplayer environment.
As for Candy Crush Saga, as mentioned above, the game’s business model of
incentivizes a certain degree of player failure. This incentive could explain
why the game does not offer difficulty settings, which could otherwise be easily
implemented by altering the move or time limit for each level.

Similarly, all of the singleplayer games can be saved and exited at any point,
excepting Candy Crush Saga, which the player cannot leave during a level with-
out losing the progress for that level. Guild Wars 2 and multiplayer Minecraft
can also be exited at any point, though if the player does so near enemies, there
is the risk of de-sync between the client and server resulting in the character
taking damage before being removed from the game world. However, while the
game allows the player to leave at any time, there may be social ramifications
for abandoning other party members in Guild Wars 2. For competitive online
games, while the player can always leave in between matches, the consequences
of leaving during a match will vary. Primarily, the consequences for leaving
a match depend on the degree to which teammates are negatively impacted.
In League of Legends, matches typically last 30-45 minutes, but will on occa-
sion exceed an hour. Leaving a match prematurely will typically result in the
player’s team losing, due to the imbalance between the teams, thus may result
in disciplinary action, particularly if a player does so chronically. In Hearth-
stone and StarCraft II, whose matches last for 5-10 minutes and 20-30 minute
respectively, a player may leave the match by forfeiting, and are not penalized
beyond the loss as the games are 1v1 and therefore no teammates have been af-
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fected. Similarly in Brawlhalla, which is primarily played as a free-for-all (every
player is opposing every other player), players are considered to have forfeited
but are otherwise not punished. Players in Overwatch and Rocket League are
only punished for leaving ranked matches; in other game modes, the matchmak-
ing system will place incoming players into ongoing matches to compensate for
players who leave early.

The majority of the games evaluated offered some degree of character se-
lection or customization that impacts (to varying degrees) the way the game
is played, except Minecraft, Rocket League, and Candy Crush Saga. However,
games like Minecraft and The Sims 3 allow players to choose their own goals
rather than (or in addition to) the tools with which to accomplish those goals.
To a lesser extent, Civilization V also allows players to choose their goals, in
that there are different victory conditions, and players can choose which to aim
for. Similarly, all of the competitive online games, including Rocket League, have
alternative game modes where the goal may be slightly different from that of the
primary game mode. The only game that does not give the player any choice in
how to play is Candy Crush Saga. While its different levels have different goals
or requirements, players are required to complete the levels in order, such that
at any point there is only one way to progress further in the game.

Other features

Many of the games included features not covered by these heuristics but which
might nonetheless improve accessibility. In particular, most of the games fea-
ture sound mixers where the volume of different types of sound effects can be
adjusted independently. This features is not only helpful for hearing impaired
players, who may need to eliminate background music and ambient noise to
hear game events properly, but is also helpful for visually impaired users who
use stereo sound to locate in-game objects. Of the five games that feature rel-
ative cursor movements, three of them (Minecraft, Rocket League, Guild Wars
2 ) have the option of disabling camera shakes, such as the “head bob” often
present with first-person camera angles when the character is walking. Some of
these games (Minecraft, Overwatch, Rocket League) also feature a field-of-view
slider, for players to change the width of the camera angle to one that they find
the most comfortable. League of Legends, Minecraft, and Rocket League also
have the option of changing the size of the heads-up display (the UI elements
overlaid over the game), a feature which could potentially be helpful for some
impairments. Minecraft and Skyrim have adjustable brightness settings which
changes the brightness of the game environment. Minecraft additionally has
two other accessibility features not present in any other game: a built-in screen
narration feature for in-game chat, and auto-jump, which allows the player to
automatically jump up on to a platform when it is approached.

It is worth noting, as well, that there are some features that are helpful for
accessibility which are not present in the games surveyed, but exist in other
titles. Chief among these features is that of “anti-frustration” measures, which
allow a player to temporarily change the difficulty or to skip a level entirely
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after failing it a number of times. In L.A. Noire [174], for example, after failing
a mission several times, particularly action-filled sequences, the game asks the
player if they would like to skip the mission. If the player chooses to do so,
the game progresses as though the mission had been successfully completed.
Such features make it impossible for a player to become “stuck” and unable to
progress further, locking the rest of the content behind a barrier that the player
cannot easily overcome. Without such features, players with disabilities may
often find themselves requiring outside assistance to complete game, reducing
both their sense of autonomy and sense of accomplishment.

This rather ample list of features has illuminated certain deficiencies in our
set of heuristics, particularly for the task of evaluating specific games. While the
four categories of our heuristics are sound, the members of each category could
be further refined or added upon when evaluated individual games, depending
on factors such as the game’s camera (first-person, top-down, etc), game speed,
and whether it is single or multiplayer. In particular, features such as gameplay
aids (auto-jump, auto-steer) and adjustable sound mixing should perhaps be
included in future versions of these heuristics. Additionally, a fifth category may
be added that relates to player safety and comfort, which would aim to reduce
the risk of ailments such as motion sickness, vertigo, or epileptic seizures. This
category would include the disabling of unnecessary camera movements (such as
the first-person head-bob), adjustable field of view, and the absence of rapidly
flashing visual effects.

Nonetheless, due to their general nature, the heuristics we have proposed
serve their purpose adequately when it comes to evaluating accessibility across
multiple games. From our evaluation, certain trends are evident. While remap-
pable keys and adjustable sensitivity have become fairly standard, support for
alternative input devices (apart from game controllers) and macros is largely
absent.

Subtitles are likely to be neglected for areas outside of core gameplay, such
as during tutorials or cutscenes, but are likely to be present when the dialogue
affects the core game experience. When present, the subtitles tend to only
cover spoken dialogue and not other sound effects, and the direction of sound is
likewise also neglected. This lack of closed captioning is especially felt in games
where not all of the game’s actions can be viewed at once, as sound is still often
the only indicator of in-game events when the source of the event is outside of
the player’s view. For any text in a game, including subtitles, most developers
use an easily readable font face at a reasonable size. However, the contrast
between the text and its background is often low, making the text difficult to
read for those with certain visual or cognitive impairments.

While helpful and instructional tutorials are commonplace, most games stop
giving helpful context-specific hints afterwards. Competitive games give players
ample opportunities for practice without needing to play against real opponents,
and most singleplayer games allow players to freely recover from a previous save.
The exceptions are MMORPGs and microtransaction games like Candy Crush
Saga which rely on player failure as a source of revenue.

Similarly, all the competitive games offer AI opponents of varying difficulties
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for the player to play or practice against. For PvP matches, these games all have
a dynamic matchmaking system to pair players with opponents of an appropriate
skill level, such that players should never be put into a match where they have no
chance to succeed, nor a match where success is guaranteed. Varying difficulty
levels are available for almost all the singleplayer games as well. Again, the
exceptions are MMORPGs, due to logistical reasons, and games for which player
failure is a source of revenue. Additionally, all non-competitive games permit
the player to stop at any point (once again except Candy Crush Saga) without
loss of progress. For competitive games, the permissibility of leaving during a
match varies depending on how much other players would be impacted. The
time required to play out the match can vary wildly as well. Regardless of
whether the game is singleplayer or multiplayer, competitive or not, almost all
the games allow for a variety of playstyles, by providing the player with a choice
of either the goal to accomplish or the tools available. The outlier once again is
Candy Crush Saga, for which there is only one fixed path for progressing in the
game.

Overall, game developers seem to have some awareness of accessibility and
accessibility requirements, but only in so far as giving players with disabilities
the bare minimums required to play the game. Where an accessibility feature
would only be a quality-of-life improvement, the feature is more often than not
neglected. For example, games whose spoken lines exist only for flavour often
have no option for subtitles for these lines, and games where keyboard inputs
are optional have no means of remapping keyboard shortcuts. While the lack of
these features may not prohibit people with disabilities from playing the games,
or even impact how well they do, they may make the game less enjoyable. A
game must be, above all else, fun. In the future, developers should seriously
consider when a lack of accessibility features negatively affects the fun factor.
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7 Conclusion

Through an examination of the existing research, sentiments expressed within
the disabled gaming community, and our own heuristic evaluation, we have made
a reflection on the on the current state of game accessibility as well as some key
areas for future research.

7.1 Key Findings

One finding we have made is that disabled gamers are, by and large, not using
specialized devices. We have listed, in chapter 3, a plethora of alternative in-
put devices for individuals with mobility impairments. However, as section 6.1
shows, adoption rates for these devices are low among disabled gamers. This
lack of adoption is likely not due to a lack of interest, but to the difficulty in
obtaining such specialized devices, as the majority of these devices are either
prohibitively expensive, limited in availability, or not commercially available at
all. As a result, most gamers with mobility impairments have been forced to
adapt to typical game input devices, sometimes to the detriment of their health
of comfort. This finding is important as it shows that the efforts made within
research and academia are not translating to real benefits for disabled gamers.

Another finding is that while most modern mainstream games have at least
some accessibility features, which features are present and to what extent re-
mains somewhat inconsistent. Primarily, developers seem to prioritize those
features which are mandatory for a player to be able to play the game. While
this is preferable to the alternative, developers are also neglecting accessibility
features which would be quality-of-life improvements, leading to disabled players
often having a reduced experience compared to able-bodied players playing the
same game. Additionally, gamers requiring macros or special assistive technol-
ogy are more likely to be unable to play their desired games. Hearing impaired
and colourblind players, while able to play most games, are often at a disadvan-
tage compared to their able-bodied peers due to missing information, despite
the relative ease of accounting for such impairments.

The issue of digital distribution platforms is one we have stumbled upon that
is not currently discussed elsewhere, and merits further investigation. Through
no fault of their own, gamers with disabilities are often forced to return pur-
chased games due to discovering that they cannot play the game. The fact that
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platforms such as Steam may automatically flag such customers as abusing the
refund system is an unintentional form of discrimination, which unfairly pun-
ishes gamers with disabilities. While some of the game accessibility advocates
have mentioned the disappointment and inconvenience of returning a game due
to inaccessibility, physical stores are at least unlikely to bar a customer from
future patronage and cannot ban someone from their existing game library.

Our analysis also seems to suggest that games such as Candy Crush Saga [97],
for which player failure is a source of revenue, are reluctant to implement fea-
tures that aid in player success. This reluctance could mean a deliberate ab-
sence of accessibility features, where the absence would not prohibit gameplay
altogether. This revenue model is one shared by many microtransaction-based
games, which in turn is an increasingly common business paradigm in the game
industry in general. As such, this correlation could have serious implications
on the future of game accessibility. Thus far, no literature has emerged which
discusses these implications, possibly due to such “failure-based revenue” being
more common in casual games, which are often viewed with some derision by
self-identified gamers.

7.2 Future Work

Within academia, much of the existing work on game accessibility has been
on the development of additional specialized hardware or specialized games.
However, this direction does not appear to be as useful as researchers seem to
believe. Such specialized technology may be useful to those whose disabilities
are so profound that games are otherwise entirely inaccessible, but most disabled
gamers appear unaffected by these efforts. Certainly, the interest seems to be
there for novel input devices that will facilitate gameplay, but existing devices
do not appear to be adequately fulfilling that need.

Instead, disabled gamers would be better served by the development of ac-
cessible middleware, such as game engines and platforms, which would in turn
improve the accessibility of future games on the software side. Such endeav-
ors would be best undertaken by the industry in conjunction with academic
researchers, especially as such collaboration has been lacking thus far.

Another area requiring the collaboration of industry and academia is that
of a unified rating system for the accessibility of a game. Similar to how the
ESRB ratings inform consumers about the maturity of content, an accessibility
rating would give disabled gamers some idea of whether or not they will be able
to play a given game. Multiple people, both developers and gamers, have raised
the idea of legislation to ensure game accessibility, but legislation is unlikely to
happen while there is no good and clear way of identifying how accessible a game
is. Such a rating system could be created by refining the Game Accessibility
Heuristics we have developed.

To aid in these areas, as well as to highlight other potential areas of research,
work should be undertaken to better understand the demographics within the
disabled gaming community. Not only should such work account for those dis-
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abled individuals who already play games, but also those who would like to
play games but believe themselves unable. Questions of interest include the age
distribution of disabled gamers, the types and severity of their disabilities, their
degree of self-sufficiency outside of games, their reason for playing games, and
what sorts of games interest them the most. The answers to these questions
could serve to help researchers better target the “pain points” experienced by
individuals with disabilities who are interested in games.

Other areas of potential future research include developing a better under-
standing of the issues of competitive integrity and competition parity. As games
have portions that are meant to be challenging, games face a somewhat unique
problem in software accessibility in that accessibility features can overcompen-
sate, making a game too easy. Analogies to this problem can be found in
competitive sports, where certain certain types of prosthetic limbs are barred
from certain events. More research can also be done on the accessibility benefits
of features such as tutorials, skippable levels, and gradually increasing difficulty.

Overall, the main issue with game accessibility research thus far has been
that the research has existed in an isolated bubble. Not only does it overall fail
to target what concerns disabled gamers the most, any results are not passed
on to the industry, as shown in the overall results of our heuristic evaluation.
Even if the overall amount of research does not increase, game accessibility
research has the potential to be dramatically more impactful if we researchers
can work with those outside of academia and direct our energies towards the
correct problems.

7.3 Virtual Reality and the Games of Tomorrow

In a work about a field that evolves as quickly as computing, it would be remiss
to neglect mentioning the technology of tomorrow. While current models of
gaming – be it with a video game console or on a PC – are unlikely to become
obsolete, the emergence of new technology is nonetheless changing the landscape
of gaming.

Mobile games – games developed for mobile phones or tablets – have been
increasing their share of the industry for many years. However, the accessibility
of mobile games has only been briefly touched upon, both by academia and by
the disabled gaming community. A part of this is due to the idea that “casual
gamers” are not “real gamers” in that they are perceived as being less invested in
their games. However, games are still games, and many of the same arguments
in favor of the importance of other video games will apply to mobile games as
well. More research is needed on the accessibility of mobile games, particularly
as touchscreens offer a dramatically different interaction paradigm compared to
either video game controllers or the keyboard and mouse. Additionally, there
is the issue mentioned above of games whose revenue comes from player failure,
which is exceedingly common in mobile games compared to other platforms.

Virtual reality (VR) is another emerging area of gaming, one which follows
organically from the emergence of devices such as the Nintendo Wii and the
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XBox Kinect. These, too, present an entirely different interaction paradigm.
Rather than sitting still before a screen, virtual reality games have the display
strapped directly to the player’s head, and offers interaction by way of the
player’s own bodily movements. Many disabled gamers have already expressed
apprehension towards this new mode of gaming, seeing it as the epitome of
inaccessible as it requires so much of the player. While VR devices are not
currently mainstream, they are rapidly growing in popularity, and work on the
accessibility of VR may soon become critical.
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