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Abstract

PARTIAL automation is a games accessibility technique that can improve the

accessibility of digital games to novices and players with disabilities. Un-

der partial automation, the player shares control of the game with an AI

copilot that performs gameplay actions that the player has difficulty controlling.

Through a series of studies, we found that this technique can extend a game’s ac-

cessibility to players who might be unable to play otherwise. This thesis contributes

an exploration of the design space of partial automation, including many examples

of partial automation created for use in our studies, as well as empirical evidence

that partial automation can improve a game’s accessibility.
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CHAPTER 1

Introduction

T
HIS thesis proposes and investigates partial automation as a games acces-

sibility technique that can assist players who have dif�culty controlling

digital games. In partial automation, players share control with an AI

copilot that controls those parts of the game that the player cannot. For novices and

people with disabilities, there may be multiple aspects of play that make controlling

a digital game dif�cult. Players need to quickly make sense of what is happening in

the game, decide what to do about it, and manipulate a gaming controller to make

that happen. But novices may not yet be capable of making gameplay decisions

quickly and may not yet be pro�cient in using gaming controllers. Players with

physical disabilities may have dif�culty manipulating controllers quickly enough to

keep up with the game, they may be unable to use some parts of controllers, or

1
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they may be unable to use any compatible controllers. Overall, providing input to

games can be overly challenging for some players and may render them unable to

play. Although there are several existing approaches to accessible game design that

can make games easier to control, the ef�cacy of these approaches has limits. In

this thesis, we propose and evaluate a new approach that can extend a game's ac-

cessibility further by dividing control of the game between the human player and

an AI agent.

In partial automation we say that games haveinputs that players control to make

things happen in the game. For example, the gameSpace Invaders[289] has a Shoot

input, which makes the player's avatar shoot when the player presses a button, and

a Moveinput, which makes the player's avatar move horizontally when the player

tilts a joystick. Partial automation provides a copilot AI—an intelligent partner such

as in GitHub Copilot1 or Microsoft Copilot 2—that shares control of the game with

the player. For example, if a Space Invadersplayer is able to press a button but

cannot use a joystick, then partial automation can control the Moveinput while the

player controls the Shoot input. This approach may improve a game's accessibility

to players who have dif�culty deciding what input to provide, who have dif�culty

manipulating a controller precisely enough to make the game do what they want,

or who cannot use some parts of the game's controller.

Although there are many interactive systems that employ thehuman-AI shared

control interaction paradigm, in which a human user and an AI agent cooperatively

control a system, it is not yet know whether partial automation can improve the

accessibility of digital games. Several existing games have accessibility features

1GitHub Copilot
2Microsoft Copilot
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that could be called partial automation, but the ef�cacy of this approach has not

been investigated systematically. For example,Mario Kart 8 Deluxe[219] provides

`Smart Steering' and Àuto-accelerate' features that putatively improve the game's

accessibility3. However, it is not yet known whether these features can extend the

game's accessibility, how using these features might affect players' experiences of

play, or what new problems might arise.

This thesis is intended to establish the fundamental design knowledge needed to

improve the accessibility of digital games using partial automation. We relate par-

tial automation to other uses of human-AI shared control and demonstrate partial

automation's capacity to extend a game's accessibility to non-gamers4 and players

with motor impairments. Through an in-hospital study in which patients played

rehabilitation games with partial automation, we learned that partial automation

can help disabled players to play games that they are unable to play otherwise.

Participants liked playing rehabilitation games with partial automation and highly

valued being able to personalize the assistance afforded by partial automation as

well as the hardware interfaces they used to play. Through an in-lab study in which

non-gamers played fast-paced action games with partial automation, we learned

that partial automation can make players confused about how games are controlled

if players' understanding and awareness of the copilot are not properly supported.

Players may experienceautomation confusionand misattribute the copilot's actions

to themselves when they cannot make the game do what they want. These �ndings

have informed the design of a reference software architecture and an associated

development toolkit intended to facilitate the creation of partial automation in a

3The Family Gaming Database's accessibility report forMario Kart 8 Deluxe
4We de�ne non-gamers as people who do not play games for their own enjoyment.
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typical game development process. Ultimately, this thesis serves to substantiate the

following thesis statement:

Partial automation can improve the accessibility of digital games to non-

gamers and players with motor impairments.

1.1 Thesis Overview

This thesis is organized into three parts composed of multiple chapters. Part 1:

Background establishes the context and motivation for the work described in sub-

sequent parts. It introduces two groups of players who encounter accessibility bar-

riers in games (i.e., non-gamers & players with motor impairments), explains how

some of these barriers have previously been addressed by existing approaches to

accessible game design, and describes how human-AI shared control has been used

to improve users' interactions with other interactive systems. Chapter 2: Motiva-

tion describes the social and medical contexts in which digital games are played

and argues for the necessity of games accessibility. Chapter 3: Games Accessibility

& Partial Automation describes fundamental problems of games accessibility and

explains, through illustrative examples drawn from the literature, the various ap-

proaches designers can take to improve the accessibility of games. This chapter

also introduces the notion of partial automation and explains its potential bene�ts

with reference to the limitations of other approaches to accessible game design.

Chapter 4: Human-AI Shared Control & Human-Machine Cooperation introduces

the notion of human-AI shared control and describes some of the ways in which



CHAPTER 1. INTRODUCTION 5

interactive systems have been designed for human users to share control with AI

agents. This chapter also discusses common issues of human-machine cooperation

and explain how they relate to players' interactions with partial automation.

Part 2: Research in Partial Automation presents our novel research on partial

automation. It contains an analysis of the human-AI shared control design space

and two studies in which players with motor impairments and non-gamers played

games with partial automation. Chapter 5: Shared Control Design Space Analysis

describes uses of human-AI shared control in six problem domains and proposes a

dimension space intended to guide the design of human-AI shared control systems.

This chapter also discusses a design space analysis to elucidate the most common

design patterns used across multiple domains. The research question posed in this

chapter is RQ1: “What are the dimensions for design and design patterns support-

ing human-AI shared control?” The research reported in this chapter was published

at the ACM CHI Conference on Human Factors in Computing Systems[54]. Chap-

ter 6: Personalizable Partial Automation describes a personalizable form of partial

automation and presents an in-hospital study in which partial automation made re-

habilitation games accessible to patients with different abilities due to spinal cord

injury. This chapter also discusses partial automation's capacity to broaden a game's

accessibility as well as the themes generated through a thematic analysis of par-

ticipants' feedback. The research question posed in this chapter isRQ2: “Does

personalizable partial automation make games accessible to players with radically dif-

ferent motor abilities while remaining fun to play?” The research reported in this

chapter was published in the Proceedings of the Annual Symposium on Computer-

Human Interaction in Play[52] and in the Proceedings of the 23rd International ACM
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SIGACCESS Conference on Computers and Accessibility[51]. Chapter 7: Automa-

tion Confusion presents an in-lab study of non-gamers playing partially automated

one-button action games. This chapter also presents a grounded theory of partic-

ipants' automation confusion and demonstrates how automation confusion occurs

through examples drawn from our analyses. The research question posed in this

chapter is RQ3: “What are the sources and types of confusion engendered by partial

automation?” The research reported in this chapter was published at theACM CHI

Conference on Human Factors in Computing Systems[53].

Part 3: Discussion & Conclusion summarizes our �ndings and their potential im-

plications for the design and development of partial automation. Chapter 8: Partial

Automation Architecture & Toolkit proposes a novel reference architecture for par-

tial automation intended to facilitate the iterative re�nement of partial automation

in a typical game development process. This chapter also presents an associated de-

velopment toolkit and demonstrates its use in a game implemented using the Unity

game engine. Chapter 9: Conclusion summarizes our �ndings, discusses the limita-

tions of our studies, and proposes several promising directions for future work.

1.2 Thesis Contributions

The major contribution of this thesis is partial automation itself, which has gone

unnamed and uninvestigated until now. The chapters of this thesis make numer-

ous contributions in service of exploring the design space of partial automation,

understanding its capacity to improve games accessibility, and facilitating its use in

digital games. Below, we enumerate these novel contributions in the order of their

appearance in subsequent chapters.
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Chapter 3: Games Accessibility & Partial Automation An ontology of approaches

to accessible game design (Section 3.4)

Chapter 4: Human-AI Shared Control & Human-Machine Cooperation A scop-

ing review of human-AI shared control systems and application domains (Sec-

tion 4.1)

Chapter 5: Shared Control Design Space Analysis A dimension space of human-

AI shared control designs (Section 5.2) and an analysis of shared control de-

sign patterns used within and across application domains (Section 5.3)

Chapter 6: Personalizable Partial Automation A personalizable form of partial

automation for players with motor disabilities (Section 6.1.4), examples of

partial automation in two rehabilitation games (Section 6.1.5), empirical ev-

idence that partial automation can make rehabilitation games accessible to

players with motor impairments (Section 6.2), and a thematic analysis of

spinal cord injury rehabilitation patients' experiences of playing partially au-

tomated games (Section 6.3)

Chapter 7: Automation Confusion Examples of partial automation in two action

games (Section 7.1.1), empirical evidence that partial automation can im-

prove the accessibility of action games to non-gamers (Section 7.2), and a

grounded theory of non-gamers' confusion when playing partially automated

action games (Section 7.2.1)

Chapter 8: Conclusion A reference architecture for partial automation (Section 8.1)

and an associated development toolkit demonstrated in a simple game (Sec-

tion 8.2)
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CHAPTER 2

Motivation

P
LAYING digital games is a popular pastime and cultural touchstone. Ap-

proximately 61% of Canadians play digital games [77] and approximately

74% of video game playing parents play with their children [78]. How-

ever, games can be dif�cult for some people to play. For example,novices who are

unfamiliar with games and how they are controlled may have dif�culty understand-

ing what is happening in the game and deciding how to respond, while players with

motor disabilitieswho are familiar with games may have dif�culty controlling some

games and be unable to play them. Although the reasons why gaming is dif�cult

for these two types of players are fundamentally different, the same forms of player

assistance may help them to play. Partial automation can control parts of games

that players with motor disabilities cannot and can make gameplay decisions that

9
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Figure 2.1: The game interaction model of Yuan et al. [329].

novices do not yet understand. This chapter identi�es two groups of people who

may bene�t from partial automation, recounts the reasons why they play digital

games, and advocates for improving games accessibility for these players.

2.1 Gameplay Barriers Facing Disabled Players

Users encounter barriers to access when interacting with a system demands abilities

that users do not have [278]. For example, video games are inherently visual and

players with vision impairments may be unable to see game elements rendered

onscreen [302]. Games designed with the expectation that players have perfect

vision may use text sizes that are too small for players with low vision to read or

may use colors that are dif�cult for players with color blindness to distinguish [329].

Therefore, vision-impaired players may encounter barriers to access in some games.

When playing digital games, players �rst receive stimuli displayed onscreen,

then determine a response, and �nally provide input to the game using its con-

trollers [329] (Figure 2.1). Providing input changes the game's state and conse-

quently the stimuli players receive before once again determining a response and

providing input. If a player is unable to perform even one of these steps, then

they may be unable to play. Players with sensory disabilities, such as those caused

by low vision [302], may be unable to receive stimuli displayed onscreen. Players
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with cognitive disabilities, such as those caused by fetal alcohol spectrum disor-

der [268], may be unable to determine a response. Players with motor disabilities,

such as those caused by spinal cord injury [52], may be unable to provide input by

manipulating the game's controller.

In this section, we will discuss the barriers to access encountered by two groups

of disabled players: players with motor impairments and non-gamers. Although the

term “non-gamer” is dif�cult to de�ne [98; 39; 68], we de�ne non-gamers as people

who do not play games for their own enjoyment. We also view disability through

the lens of social model of disability, so it may not yet be obvious why we consider

non-gamers to be disabled. As we will explain in the rest of this chapter, non-gamers

and players with motor impairments both have dif�culty providing input to games

and, as we will explain in Chapter 3, both can be assisted by partial automation.

Non-gamers' dif�culty providing input is rooted in the complexities of determining

responses in games: players have to use their knowledge of the game's rules to

decide what to do and their knowledge of the game's control scheme to make that

happen. Therefore, games that require players to quickly respond to in-game events

and precisely manipulate a controller, which non-gamers are not yet pro�cient in

using, are disabling for novices [304].

In the rest of this thesis, issues of accessibility will be discussed from the perspec-

tive of the social model of disability [185]. In contrast to the medical model, which

considers the individual to be the locus of disability (i.e., people are disabled), the

social model considers disability to be the result of barriers to access imposed by

the individual's social and built environment (i.e., people are disabled by their en-

vironments). In this way, non-gamers and players with motor impairments are both
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(a) The CX40 joystick con-
troller for the Atari VCS. (b) The standard gamepad layout on an Xbox controller.

Figure 2.2: Example game controllers.

disabled by gamesthat expect them to have abilities that they do not. While the

medical model of disability might consider only persons with a medical condition

that causes impairment to be person with a disability, we consider anyone who

cannot conform to a game's interaction demands to be a disabled person.

2.1.1 Gameplay Barriers Facing Players with Motor Impairments

Although most recent games have been designed to be played using a mouse and

keyboard or a gamepad, there is no universal interface that can be used to control

all games. Each game places its own set of interactive demands on its players

and, from the Atari VCS' simple joystick (Figure 2.2a) to the Xbox One's complex

dual analog stick gamepad (Figure 2.2b), the interactive demands of games have

increased over time [62]. This means that players with motor impairments enjoy

only precarious access to games.
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(a) The Wii Remote controller and
Nunchuk expansion. (b) Kid playing Wii Bowling by daveynin (Flickr)

Figure 2.3: A child playing Wii Sportsand the controller used to play it.

Dalgleish explains that as a child he played video games by placing his controller

on the �oor and manipulating its buttons with his right hand and left foot, because

he did not have a left hand [62]. Since he was not required to hold the controller,

the interactive demands of the games he played did not disable him. However, he

could not employ this style of play to Wii games, which are controlled using two

separate devices designed to be held in each hand (Figure 2.3a), and so was unable

to play them. Dalgleish's experience of being disabled by Wii games illustrates how

players who cannot use even one part of a game's controller may be summarily

excluded from play. The interactive demands of controllers may be one of the

most disabling aspects of games, since the majority of disabled gamers have motor

impairments [246; 19].
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Games involving physical activity, suchWii Fit [218] and Wii Sports [217] (Fig-

ure 2.4b), are designed to be physically demanding, which can limit their acces-

sibility. For example, Skyfarer is a shoulder rehabilitation game that tasks players

with performing external rotation, rowing, diagonal pull, and diagonal lift exer-

cises [112]. Players who can perform some, but not all, of these exercises may be

unable to play and bene�t from these therapeutic movements. If, however, these

games could be personalized somehow to remove the interaction demands that dis-

able each individual player, then their bene�ts might be realized by players with

a broader range of physical abilities. But, unfortunately, these sorts of modi�ca-

tions, such as a sleeve to help paraplegic players hold motion controllers [199] or

a balance board that can be used by players with mobility aids [296], can require

signi�cant effort to engineer and may only extend access to a portion of the people

who might bene�t from the game. Overall, players with motor impairments are

disabled by the in�exible interaction demands imposed by game controllers.

2.1.2 Gameplay Barriers Facing Non-gamers

Despite gaming's popularity, there are still many people who prefer not to play.

Thesenon-gamershave given many reasons why they do not play, citing a lack of

interest in games, not �nding them fun, and seeing them as a “waste of time” [68;

39]. While non-gamers are not attracted to games for their own enjoyment, they

may have people in their lives, such as their friends and family, that they want to

play games with [68]. However, games are designed to challenge players and for

some these challenges can exclude [246; 62; 101].
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Non-gamers have not spent the necessary time to learn gaming conventions

and so are unfamiliar with the language of games[68]. Games are systems of

rules [292], made of smaller games [170], and the fun of play is in learning the

game's underlying mathematical patterns [169; 316]. Non-gamers may not know,

for example, that hearts represent their avatar's health points or that red contain-

ers explode. They may have dif�culty deciding what to do in the game and in

what order. Since non-gamers may need to learn how to play a game while play-

ing it, they may misinterpret what happens onscreen and come to learn the wrong

lessons [250], making games even more dif�cult to understand.

Non-gamers also �nd game controllers dif�cult to use [68; 39; 98] and �nd

complex input sequences especially dif�cult [105; 101]. The complexity of games

and their controllers has increased dramatically over the last �ve decades [62]. For

example, Frogger[165] can be played with a single joystick, whereas more recent

games involve multiple sticks, triggers, buttons, and accelerometers. Non-gamers

can �nd these newer devices daunting and may be unwilling to invest the hundreds

of hours needed to learn them or may be unable to use them at all. In terms of

the game interaction model shown in Figure 2.1, non-gamers face a range of cog-

nitive barriers that make determining appropriate responses and providing input

to games dif�cult. They are disabled by conventional representations of game el-

ements (e.g., red explosives) and may have dif�culty interpreting stimuli from the

game. Non-gamers may not understand how to play games competently and may

have dif�culty deciding what to do, deciding what order to do it in, and doing so

quickly enough to keep up with the pace of the game.
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In summary, the interaction demands of games can disable players who do not

have the abilities games require of them. Players with motor impairments may be

unable to perform the bodily movements involved in play or use game controllers

in the way they were designed to be used. Non-gamers have little or no gaming

knowledge to rely on; they may not understand what they are supposed to do in

the game or may have dif�culty using a controller to make the game do what they

want. Despite the sometimes signi�cant barriers to access these types of players

encounter, they may still �nd themselves compelled to play digital games in speci�c

situations. In the next section, we discuss the reasons why non-gamers and players

with motor impairments may want to play digital games.

2.2 The Uses of Digital Games

There are many reasons why disabled players may want to play digital games.

Games are a powerful artistic medium; they can engender new experiences in play-

ers [56], enable them to engage with others in new ways [171], and motivate

players to perform tasks that they might otherwise be uninterested in doing [258].

This makes games especially useful for both social and productive purposes. Many

games are designed to be played cooperatively or competitively with multiple play-

ers [24]. Parents may use games as a way to connect with their children and

groups of friends may play games as a way to foster togetherness [308]. Games

also present challenges to players that push them to the limits of their abilities and

games can motivate players to extend their abilities further. Some rehabilitation

games—games designed for use in physical rehabilitation—have been shown to im-

prove players' sensorimotor function and overall physical capacity [200; 201; 199].
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(a) The Magnavox Odyssey. Its controller has
three knobs; two for controlling the position
of the player's dot and one for controlling the
Englishon the ball.

(b) Tennis for the Magnavox Odyssey (em-
ulated using Odyemu)

Figure 2.4: The �rst video game console and one of its games.

These examples illustrate some of the positive gaming experiences that are missed

by those excluded from play. In this section, we �rst describe how games are used

by non-gamers and people with motor impairments as a social activity and then

show how games can motivate patients to exercise in physical rehabilitation.

2.2.1 Gaming as a Social Activity

The �rst video game consoles (e.g., Home Pong [13] and Magnavox Odyssey [262])

made their home debut in the mid-to-late 1970's. They were simple devices, with

only a few buttons and knobs [62] (Figure 2.4a), that came with a limited selection

of preprogrammed sports-themed games designed for a young [66] and male [142]

audience. As these consoles aged, so did their players. Today, digital games are

far more complex and the contexts in which they are played are far more varied

than they were in the early days. Nintendo's family-oriented Wii home console,

released in 2006, ushered in a new era of video game design that once again invited

the Atari generation, who were by then in their 40's and 50's [66], to play with
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their children and grandchildren. Games such asWii Sports [217], designed for

players of different ages and levels of physical ability [47], gained popularity and

video game consoles became thedigital hearth of the household [309]. This section

explores gaming as a social activity and identi�es the reasons why people choose to

play together. Although both non-gamers and players with motor impairments play

games as a social activity, this section is concerned primarily with non-gamers.

2.2.1.1 The Social Motives of Play

Unlike other social activities involving entertainment media, such as seeing a play

or �lm, digital gaming is inherently interactive and affords opportunities for play-

ers to interact with each other in novel and delightful ways. While the reasons

why players choose to play with others may be different, all players may use games

as a resource that they leverage for their own social purposes [1]. For gamers—

people who choose to play games for their own enjoyment—games provide an “ex-

cuse” [308] to socialize with others. In 2020, during the COVID-19 pandemic,

approximately 43% of Canadian adult gamers and 70% of teen gamers used digital

games as a way to stay socially connected to friends and family while physically

isolated [78]. Playing together has been shown to enhance both players' enjoy-

ment of games [96; 95; 153] and the quality of players' relationships [230]. Social

play at large-scale events in particular, such as tournaments and LAN parties, can

be socially validating for dedicated gamers and provides a forum for the exchange

of gaming knowledge [144; 4]. It is perhaps unsurprising that people who enjoy

playing digital games want to play games with others who share their interests;

however, it is not only gamers who choose to play for social purposes.
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With the majority of Canadians regularly playing digital games [77], those who

choose not to play—so callednon-gamers—may be compelled to partake in gam-

ing activities at the behest of their gamer friends and family. One often consid-

ered scenario involves families comprised of members from different generations

and with different levels of gaming expertise, playing together to promote family

bonding [47; 313]. Parents and grandparents have reportedly used games as a

means to connect with their gamer children and “bridge the gap” between their in-

terests [308]. Parents may also choose to play games with their children to monitor

and control their exposure to potentially harmful content in games [47; 276; 173].

Conversely, children reportedly use games as a means to invert intergenerational

hierarchies [1; 49], instructing their elders and performing the role of mentor,

since children typically have greater expertise in the domain of gaming [308; 309].

Due to the many potential differences between gamers and non-gamers, as well as

within intergenerational families, games for social play must be designed with con-

sideration for differences in players' interests [144; 171], physical abilities [156;

157; 194; 155], and familiarity with gaming technologies [256; 251].

Non-gamers play digital games because they want to play with their gamer

friends and family. Every so often a game designed with consideration for a casual

non-gamer audience, such asWii Sports [217], becomes popular among gamers

and both groups can play together. But it may be that gamers will most often invite

their non-gamer friends and family to play games that were not designed for them.

If we want to improve the accessibility of digital games to non-gamers and players

with motor impairments, then we need to �nd ways to broaden the accessibility of

popular commercial games to players who may have greater dif�culty using some
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parts of the game's controller, understanding some of the tasks involved in play, and

making some decisions regarding how to perform these tasks. In the Chapter 3, we

will explain how partial automation might alleviate some of these dif�culties.

2.2.2 Gaming in Physical Rehabilitation

As a second example to motivate improving the accessibility of digital games, in

this section we describe how games can contribute to the rehabilitation therapy of

people with motor impairments, such as patients in spinal cord injury rehabilitation.

Although games are played primarily because they are fun [78] some games have

been designed for more serious purposes, such as physical rehabilitation [258].

Exergamesare digital games that are controlled by performing exercises [210]. They

are closely related toactive games, which are games involving movement [257], and

exertion games, which are games involving physical effort [210]. While exergames,

such asWii Fit [218], are used by a small percentage of gamers [78] as a way

to motivate themselves to exercise, there are patients in rehabilitation services for

whom exercise is not a choice, whose experiences of physical rehabilitation might

be improved by exergaming.

In this section, we will describe the physical rehabilitation of one speci�c group

of people with motor impairments: people with spinal cord injury. We chose to

examine this group because it is especially dif�cult to design exergames that are ac-

cessible to them. People with spinal cord injury can have radically different physical

abilities; for some their motor function is considered normal while others may have

no sensation or motor function at all below their necks [254]. As we will explain in

Chapter 3, the extreme variability in the motor abilities of players with spinal cord
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injury greatly constrains the design of games that are accessible to this population

and precludes the design of exergames, which are physically demanding by de�ni-

tion. We will now summarize the use of games to improve patients' rehabilitation

outcomes and experiences. Although both non-gamers and players with motor im-

pairments may undergo physical rehabilitation, this section is concerned primarily

with players with motor impairments.

2.2.2.1 Spinal Cord Injury Rehabilitation Gaming

Spinal cord injury rehabilitation seeks to improve patients' physical capacity and

functional performance so that they can live healthy lives with independence [128;

140; 162; 215]. However, this requires patients to perform exercises that are often

considered “boring” and “monotonous.” [200; 201; 202; 224; 23; 22] Rehabilitation

games can improve patients' experiences of exercising by incorporating rehabilita-

tion exercises into players' control of the games. Here, we present three classes of

rehabilitation games designed to help players improve their functional performance

and physical capacity.

Balancing and Reaching Games: Spinal cord injury can cause motor impairment

in the hips and trunk [161; 254; 140], which can make balancing and reach-

ing tasks more dif�cult [22; 23]. Balancing and reaching rehabilitation games

turn these, possibly uncomfortable [23], movements into game controls. For

example, Wii Fit [195; 196; 311] and similar standing [22] and sitting [23]

balance games use pressure sensors that players activate by leaning to con-

trol the games. Reaching games use camera-based motion sensors to play

games that involve reaching out and touching virtual objects superimposed
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(a) A player performing rowing exercises
while playing Skyfarer.

(b) A screenshot of rowing in Skyfarer. Row-
ing makes the player's boat move forward.

Figure 2.5: The Skyfarershoulder mobility game.

over video of the player [162; 85]. These games provide players fun and

compelling ways to train functional motor skills, thereby improving players'

quality of life.

Shoulder Mobility Games: Skyfarer (Figure 2.5) is a mixed reality game that in-

tegrates exercises from the STOMPS protocol, a shoulder exercise program

for manual wheelchair users [212], into the player's control [113; 111; 112].

Players navigate the game world in a seafaring vessel [112] by performing

rowing, external rotation, diagonal pull-down, and vertical lift exercises [111]

using resistance bands [113]. The shoulder exercises that players perform

control in-game activities that mirror the player's physical movements. For

example, players row to move their vessel forward and do external rotation

movements to pull buckets of water out of the sea [112]. Since the creation of

Skyfarer, another game calledDash Lanehas been designed around shoulder

exercises recommended for wheelchair users [198; 197]. Players drive along

multi-lane tracks while shooting and switching lanes to avoid obstacles. Play-

ers raise their arms to shoot and punch to the left or right to switch lanes.
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Games such asSkyfarerand Dash Laneprovide players a more enjoyable and

compelling experience of performing shoulder exercises by transforming the

player's physical activity into movement-based metaphors for gameplay activ-

ities [112].

Wheelchair & Arm Ergometry Games: GAMEWheels and GAMECycle enable play-

ers to control digital games using their manual wheelchair or an arm er-

gometer [305; 224; 225; 84; 116; 83]. Players using GAMEWheels push their

wheelchairs on metal rollers that keep them in place. The device uses the

rotation speed of each wheel to drive movement in games such asNeed for

Speed 2[84]. GAME Cycle is used by cranking an ergometer's hand pedals

and tilting the ergometer from side to side to turn. Playing games using

these interfaces has been shown to produce physiological responses that are

similar to or better than responses elicited by wheelchair or arm ergometry

alone [83; 226; 224].

Other active games have proven effective in spinal cord injury rehabilitation.

Active games have been shown to improve the physical capacity [258; 41; 255;

200; 199; 145; 94] and functional performance [311; 195; 196; 85; 162] of players

with spinal cord injury. These �ndings led Mat Rosly et al. to conclude that active

gaming can be considered to be at least as good as traditional exercise in a clinical

setting [199]. However, the accessibility of these games is a major factor limiting

their application. In Chapter 6, we will present a form of partial automation that

can make rehabilitation games more accessible to players who cannot perform some

of the game's exercises.
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2.3 Summary

Games have important applications beyond providing a fun leisure activity. For

friends and families who play as a social activity, games provide novel ways to

interact with each other that promote bonding. For patients in rehabilitation, who

play as a physical activity, games provide a challenging and compelling means to

improve players' experiences of performing routine exercises. When players are

able to access games for these important purposes, games can improve and enrich

players' lives.

Barriers to access faced by non-gamers and players with motor disabilities are

a major factor limiting the use of games for social and medical purposes. Design-

ers can take several approaches to improve the accessibility of their games to these

types of players but, as we will discuss in the next chapter, each has limits. Ulti-

mately, all games place interaction demands on their players and these demands

are only �exible up to a point. From shooting in Space Invaders[289] to throwing

a ball in Wii Sports [217], there is always something that players need to be able to

do to play. In the next chapter, we will describe several approaches that designers

can take to improve and broaden the accessibility of their games.
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Games Accessibility & Partial Automation

G
AMES accessibility is concerned with identifying, reducing, and eliminat-

ing barriers to access in games. In the previous chapter, we explained

that digital games present barriers to access to players who do not have

the abilities designers expect them to have. Games that require players to make

complicated gameplay decisions or perform demanding bodily movements disable

players who cannot do these things. We also explained that non-gamers are unfa-

miliar with games and may encounter barriers related to the complexities of making

gameplay decisions and providing input to the game. Games are usually designed

for people who like games; they, therefore, set a high barrier to entry for non-

gamers. Lastly, we explained that players with motor impairments may encounter

barriers to access in games related to their abilities to use the game's controller or

25
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perform the bodily movements involved in play. Games are often designed for peo-

ple with supposedly normal motor abilities and may disable players whose motor

function deviates from what designers consider normal. In this chapter, we will de-

scribe prior approaches to accessible game design, introducepartial automation—

the games accessibility approach explored in the rest of this thesis—and explain

how these approaches can be combined to extend the accessibility they afford.

3.1 Approaches to Designing Accessible Games

Designers can employ the following approaches to improve the accessibility of their

games. Designers can adhere to the principles ofuniversal design, and design for

the abilities held by the entire target audience. Games can also be made more ac-

cessible throughinterface adaptation, either through alternative interfaces designed

for players with similar abilities, or through personalization of interfaces to the abil-

ities of individual players. Additionally, players for whom controlling the game is

too dif�cult can be assisted using player balancingtechniques that adjust the dif�-

culty of the game's challenges. In this section, we describe these three approaches

to improving a game's accessibility.

3.1.1 Universal Design

Universal design advocates that a product should be accessible to everyone without

adaptation [278]. For example, the Liberi exergames [127; 126] (Figure 3.1a)

were designed for children with cerebral palsy who can pedal a bicycle, tilt an

analog stick, and press a button (Figure 3.1b). This means thatLiberi is accessible
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