DESIGNING CONTROLLERS FOR COLLABORATIVE PLAY

A Dissertation
Presented to
The Academic Faculty

Erin J.K. Truesdell

In Partial Fulfillment
of the Requirements for the Degree
Doctor of Philosophy in the
School of Literature, Media, and Communication
Department of Digital Media

Georgia Institute of Technology

May 2023

© Erin J.K. Truesdell 2023



DESIGNING CONTROLLERS FOR COLLABORATIVE PLAY

Thesis committee:

Dr. Brian Magerko, Advisor

School of Literature, Media, and Commu-
nication

Georgia Institute of Technology

Dr. Michael Nitsche

School of Literature, Media, and Commu-
nication

Georgia Institute of Technology

Dr. Anne Sullivan

School of Literature, Media, and Commu-
nication

Georgia Institute of Technology

Dr. Noura Howell

School of Literature, Media, and Commu-
nication

Georgia Institute of Technology

Dr. Katherine Isbister
Jack Baskin School of Engineering
University of California, Santa Cruz

Date approved: April 7, 2023



Do not be afraid. Play life to the full!

Pope Francis



For Mom, Dad, and Dom. I love you so much.



ACKNOWLEDGMENTS

My time at Georgia Tech has been an exciting and chaotic 4 years, and an experience
that I would certainly not have gotten through without a robust support system. I have been
so fortunate to have spent this chapter of my life surrounded by some of the most incredible
people I’ve ever met, and I owe thanks to a huge number of wonderful people for making
this dissertation possible.

First and foremost, Id like to thank my advisor, Dr. Brian Magerko, for taking me on
as a young, excited, and somewhat directionless student and guiding me through finding
my passion and my voice. Brian has given me numerous opportunities to explore new and
exciting projects and research directions, pushed me out of my comfort zone and into all
manner of interesting things. Beyond this, he has offered encouragement and moral support
when I needed it most. I have especially appreciated his willingness to not only approve but
actively support some of my wackier ideas with enthusiasm. There are very few people out
there who would be sign off on and be excited about giant hats and space hallucinogenics,
and I am very fortunate that Brian is one of them.

I would also like to acknowledge my committee members — Dr. Anne Sullivan, Dr.
Michael Nitsche, Dr. Katherine Isbister, and Dr. Noura Howell — for making time to chat
with me about my work and giving me guidance despite busy schedules and a condensed
timeline. They have helped me further my research by posing fascinating questions and
prodding me to consider new perspectives on my work, and they have done it all with a
tone of encouragement that has made me excited to chase new ideas.

Marianna Madera deserves her own shoutout. None of the work published here would
have been possible without her help. From scheduling study sessions to dealing with pa-
perwork to coordinating the schedules of a team of video coders, she has been an absolute
joy to work with. I am grateful not only for her hard work and exceptional planning abil-

ities, but also for our between-studies conversations and for her friendship. I know she



is destined for great things. I'd also like to thank Morgan Duvall and Jace Walden for
their tireless video coding work and their playtesting and for the wonderful folks from the
LuminAl project for lending me two extra sets of hands to get my analysis done.

Moving to Atlanta, a city where I did not know a soul, by myself was one of the scariest
things I have ever done. It was almost immediately made less intimidating by the wonder-
ful, smart, talented, and, above all, passionate people I have been fortunate enough to work
with. The members of the Expressive Machinery Lab — Duri Long, Milka Trajkova, Tak-
eria Blunt, Sarah Mathew, Manoj Deshpande, Atefeh Mahdavi, and Rachel Donley — as
well as members of the EarSketch-CAI team — Jason Smith, Ash Vinay, Amanda Grif-
fith, Gloria Katuka, Amogh Mannekote, Tom McKlin, Taneisha Brown, Jason Freeman,
and Kristy Boyer — have made working in and outside of the lab a great joy and have
been welcome company during some of the otherwise dull days of writing and coding. My
Ph.D cohort as well — Jordan Graves, Sara Milkes Espinosa, Terra Gasque, Daniel Phelps,
Jisu Park, Brandy Pettijohn, and Yuchen Zhao — has been a source of joy and friendship
throughout the trials and triumphs we’ve been through.

The regular crew at the weekly Thirsty Thursday DM happy hour — Anuraj Bhatnagar,
Terra Gasque, Duri Long, Patrick Fiorilli, Allie Riggs, Sunny Pait, Sosuke Ichihashi, Lane
Lawley, and especially Claire Stricklin — have been a very important part of my weeks
here for many years. Thank you for all of the laughs and camaraderie, and for making this
city feel a lot less lonely.

To my Drexel family — especially Dr. Frank Lee, Dr. Wesley Broadnax, and Corey
Arnold — thank you for believing in me. Special thanks are owed to Dr. Lee, without
whom I would not have decided to pursue a Ph.D. in the first place. A very long time ago,
Dr. Lee began to nudge me towards a career in research, believing it would be a good fit
for me. I am eternally grateful that he was absolutely correct, and am further thankful for
all of our coffee chats over the years (and for him allowing me to lurk at the EGS whenever

I’m in town).

vi



I also would like to thank the staff and parishioners of the Basilica of the Sacred Heart
of Jesus, who have given me a spiritual home for the duration of my time in Atlanta. No
matter what happened around me or where I was living or working, Sacred Heart was a
constant in my temporary home city and a place where I was able to find peace and beauty
on a regular basis. I'd also like to thank the women of my bible study for their friendship
and inspiration over the years.

I want to thank the Rhizome community — including, but nowhere near limited to,
Anthony, Anuraj, Bean, Drew, Gabby, Jamie, Jake, Jeff, Jo, Josh, Julia, Junshu, Lee, Matt,
Michael, Philip, Q, Quinn, Remrie, Sam, Soham, and Stephen — for being an endless
supply of comfort, memes, good conversation, and sturdy friendship, especially during the
height of the pandemic and during the times where I spent far too many hours without going
outside. This incredible group of people has been there for me through every challenge and
triumph, and more than a few late nights. From beta-testing my classroom activities to
giving me advice on a large variety of strange topics (for which I owe a special shoutout to
Mikey Pruitt) to giving me a space to decompress by playing space dwarves with friends
around the world, this little chaos realm has become an integral part of my life and one I
wouldn’t trade for anything.

To my beloved best friends — Amanda Dombroski, Samara Painter, Sydney Oswald,
and Jill Shater — thank you for always always always believing in me, often more than I
believe in myself. Y all are the best. Thank you also to Maryann Driscoll, for her constant
encouragement and all the goodies that made Atlanta feel a little more like home.

To my mom and dad, Chris Terrell and Dan Truesdell, thank you for more things than
I will ever be able to enumerate. You have given me the confidence, support, cheerleading,
and anything else I possibly needed to chase my dreams, even the weird ones. Thank you
for helping me find the parts for controllers and for being willing to spend one of your
visits putting a giant hat on a pallet and wrapping it. Thank you for feeding me delicious

home-cooked food and making sure I did occasionally consume actual nutrients. Thank

Vil



you for always being there for me to celebrate my triumphs and to keep me company when
things were difficult or tedious. I love you so, so much.

Finally, to Dom, who has been a steadfast supporter and a loving boyfriend and fiancé,
and who has racked up hundreds of airline miles coming to visit and support me through
our years of long-distance. I could not have done this without your constant encouragement
or the time you have spent making sure I enjoy things outside of school and research. I love

you and I’m so excited to marry you.

viil



TABLE OF CONTENTS

Acknowledgments . . . . . . . . . . i ittt e e e e e v
Listof Tables . . . . . . . ¢ i i i i it i i e i it ettt et et ot e s e nnas XV
Listof Figures . . . . . . . i i i i ittt ittt ittt et o onoeneseas Xvi
SUMMATY . & & v v ittt et e vt o ot o oo ot o oo oo oo oo oeesoeos XX
Chapter 1: Introduction and Background . . . . . ... .............. 1
1.1 Motivation . . . . . . . . . . e e e e e 1

1.2 Thesis Statement . . . . . . . . . . ... e 5

1.3 Research Questions . . . . . . . . . . . . . . i e 5

1.4 ThesisOVerview . . . . . . . . . . v i it e e e e e e 7

1.5 Definitions . . . . . . . . .. 8
1.5.1 Alternative Controller . . . . . . . . . .. .. ... ... ...... 8

1.5.2 Sense-Making Terms . . . . . ... ... ... ... ........ 9
Chapter 2: Methodological Approach . . ... ............00..... 10
2.0.1 Boundary Artifacts . . . . ... ... 12

2.0.2 Creative Sense-Making Analysis and Design Guidelines . . . . . . 13

2.1 Contributions . . . . . . . .. e e e e 14

1X



2.1.1 Documented exploration of the design space via creation and anal-
ysis of boundary objects . . . . ... ... Lo 14

2.1.2  Application of creative sense-making curves to describe collabora-
tive play patterns with alternative game controllers . . . . . . . .. 15

2.1.3 Documentation of correlation between game and controller design
and players’ creative sense-making activities . . . . . . . . .. . .. 16

2.1.4 Design guidelines for alternative controller design to promote pat-

terns of creative sense-making . . . . . . . ... ... ... 16

Chapter 3: Background . . . . . . . . . . . i i i i it ittt ittt nnnas 18
3.1 Historical and Contemporary Approaches to Custom Controllers . . . . . . 20
3.2 Themes for Collaborative Alternative Controllers . . . . . . ... ... .. 23
32.1 Safety . . ... .. 24

322 Social Spaces . . . . . . ... 29

323 Imterreliance . . . . . . . . . ... 32

3.3 A Taxonomy for Collaborative Controllers . . . . . ... ... ... .... 33
33.1 Safety . . . . . .. 34

33.2 Social Spaces . . . .. ... 35

333 Imterreliance . . . . . . . .. ... 36

3.4 Describing Alternative Control Artifacts using the Three Themes . . . . . . 36
3.5 Creative Sense-Making . . . . . . . ... ... o 47
Chapter 4: Boundary Artifacts . . . . . . . ... .0ttt 51
4.1 HaberDasher . . . .. . ... 51
4.1.1 Controller . . . . . . . .. 52

4.1.2 Design Process AndGoals . . . . ... .. ... .......... 56



4.1.3 Collaborative Principles . . . . ... .. ... ... ........ 56

4.1.4 Haber DasheiGamepad Control Version . . . . . ... ... ... 58
4.2 SoundHappening . . . . . ... ... 59
4.2.1 Controls and Technical Implementation . . .. ... .. ... ... 60
4.2.2 DesignProcessandGoals . .. ... ... ... .. ........ 61
4.2.3 Collaborative Principles . . . . .. ... ... ... ........ 62
4.3 TRIP: ACosmic Adventure ForTwa . . . . . . . . ... . ... ..... 63
431 Gameplay . . . . . . .. 63
4.3.2 Controllers . . . . . ... 65
433 Game . . . .. 67
4.3.4 DesignProcessAndGoals . .. .. ... ... ........... 68
4.3.5 Collaborative Principles . . . . . ... ... ... ... . ..... 69
Chapter 5: Creative Sense-Making Analysis . . . ... ... .......... 171
5.1 Generation of Creative Sense-MakingCurves . . . . .. .. .. ... ... 71
5.2 Haber DasherAnalysis . . . . . . . . . . . . . .. ... 75
5.2.1 Codebook Development . . ... ... ... ... ... ...... 75
5.2.2 Sense-Making Curve Generation . . . . . . .. ... ... ..... 76
5.3 Sound Happeningnalysis . . . . . . .. .. .. ... .. ... . ... 79
5.3.1 Codebook Development . .. ... ... ... ... ........ 79
5.3.2 Sense-Making Curve Generation . . . . . . .. ... ... ..... 81
5.4 Trip: A Cosmic Adventure for TwAnalysis . . . . . ... ... ... ... 81
5.4.1 Codebook Development . .. ... ... ... ... ........ 83

Xi



5.5

5.6

5.4.2 Sense-Making Curve Generation . . . . . . ... .. ... ..... 84
Haber DasheirController Condition Analysis . . . . . . . ... ... ... 85
5.5.1 Codebook Development . .. ... ... ... ... ........ 86
5.5.2 Sense-Making Curve Generation . . . . . ... ... ........ 86
Analysis of Sense-Making Curvesand Trends . . . . . .. ... ... ... 87
5.6.1 Occurrence of Sense-Making States By Session Progress . . . . . . 88

5.6.2 Most Prevalent Sense-Making State By Session Progress . . . . . . 95

Chapter 6: Design Guidelines . . . . . . . . . ... ... .. .. ... ...... 100

6.1

6.2

Shared Qualities . . . . . . . . . . .. 100
6.1.1 Relevant Aspects of Sense-Making Analysis . . . . . ... ... .. 102
6.1.2 Shared Qualities idaber Dasher. . . . . .. ... ... .. ... 106
6.1.3 Shared Qualities Bound Happening. . . . . . . .. .. ... .. 110
6.1.4 SharedQualitiesifvip. . . . . . . . . . ... 113
DesignGuidelines . . . . . . . . . . .. e 115

6.2.1 DG1. Promote coupled play with goals or promote exploration
with open-ended play.. . . . . . . . . ... ... L. 115

6.2.2 DG2. Prompt renegotiation of controller use with interruptions
nplay. . . .. e 116

6.2.3 DG3. Encourage exploration after interruptions with novelty.. . 117

6.2.4 DGA4. Encourage exploration with multiple axes of control and/or
distributed controls. . . . . . .. . ... .o 118

6.2.5 DG5. Focus information exchange or coupled action by tuning
shared attention.. . . . . . .. ... ... ... .. ... 120

Chapter 7: Discussionand Future Work . . . . . . . . . .. .. ... ...... 122

Xii



7.1 Limitations and Future Work . . . . . . . . . .. . ... . ... ... 123

7.2 Revisiting Research Questions . . . . . . .. ... ... ... ..... 124
7.3 Contributions . . . . ... 127
7.3.1 Three Themes and Taxonomy for Design Generation . . . . .. .. 127
7.3.2 Designed Artifacts Addressing Three Themes . . . . . . . ... .. 128
7.3.3 Use of Creative Sense-Making to Analyze Gameplay . . .. .. .. 128
7.3.4 Documentation of relationship between game and controller design
and players' creative sense-making activities . . . . . .. .. .. .. 129
7.3.5 Design Guidelines for Collaborative Controllers . . . . . . .. . .. 129
7.4 Broader Contributions . . . . . . . .. .. 130
7.4.1 Collaborative Tangible Interface Design . . . . .. .. .. .. ... 130
7.4.2 Collaborative GameDesign. . . . .. .. ... ... ........ 131
7.4.3 Alternative Controller Design for Adaptive Controllers . . . . . . . 132
AppendiCes . . . . . 133
Appendix A: Haber DasheHat Control Codebook . . . . . .. ... ... ... 134
Appendix B: Sound HappeninG@odebook . . . . ... .. ... ... ..... 136
Appendix C: Trip Codebook . . . . . . . ... ... ... .. ... .. .. ... 137
Appendix D: Haber DasheiGamepad Codebook . . . . . . ... ... ... .. 139
Appendix E: Haber DasheHat Control Creative Trajectory Curves . . . . . . . 141
Appendix F: Sound Happenin@reative Trajectory Curves . . . . . . . ... .. 147
Appendix G: Trip Creative Trajectory Curves . . . . . . . . . . .. .. .. ... 165
Appendix H: Haber DasheiGamepad Control Creative Trajectory Curves . . . . 171

Xiii



References

Xiv



LIST OF TABLES

2.1 Methodological summary, organizedbyRQ. . . . . .. ... ... .....

3.1 Several methods of ful lling each theme for collaborative alternative con-
trollers. . . . .

5.1 Inter-rater reliability data for all four sense-making analysis . . . . . . . ..

XV



11

1.2

3.1

3.2

3.3

3.4

3.5

3.6

3.7

3.8

3.9

LIST OF FIGURES

Loominarysystem for visualizing narrative choices, from Sullivan et al.,
2018 [10] . . o o e 3

Rope Revolutiosystem for collocated and remote social play, from Yao et
al, 2011 [11] . . . .. 3

Visual representation of the nested nature of the three themes for collabo-
rative controllers. . . . . . . . ... 24

Hotaru gameplay, from Isbisteretal., 2018 [43]. . . . . . . .. .. ... .. 37
Taxonomic classi cation dfotaru. . . . . .. ... ... ......... 37
Ola de la Vidagameplay, from Love and Bozdog, 2018 [57]. . .. ... .. 38
Taxonomic classi cationo®ladelavida . .. ... ... ........ 39

Controller and gameplay images freit©OT SWARfrom Gyory et al., 2019
[B4]. . . . e 41

Taxonomic classi cation dHOT SWAP . . . . . . . . . . . . . ... ... 41

A Nintendo Labd/ehicle Kitpromotional image, showing the game's con-
structable cardboard peripherals [60]. . . . . . . . ... ... ... . .... 43

Taxonomic classi cation o¥ehicleKit . . . . .. . ... ... ... ... 43

3.10 Mad Mixologistsetup and player views, from Grasse et al., 2021 [64]. . . . 45

3.11 Taxonomic classi cation dflad Mixologist . . . . . .. . ... ... ... 45

4.1

The three boundary artifacts developed for this thesis, described using the
three themestaxonomy. . . . . . . . . . .. .. ... .. ... ... ..., 51

XVi



4.2

4.3

4.4

4.5

4.6

4.7

4.8

4.9

4.10

411

412

4.13

4.14

4.15

5.1

5.2

5.3

TheHaber Dashethat controller. . . . . . . . . .. ... ... ....... 52
Two players interacting with thdaber Dashercontroller. . . . . . . . . .. 53

Haber Dashelbrie ng screen outlining in-game goals and animated control
instructions. The hat and the human suit on the right are animated, showing

all four directions of tilt and the resulting directional movement. . . . . . . 53
Haber Dashemgameplay. . . . . . . . . . . . .. . . 54
The two axes of control iHaber Dasher . . . . . .. ... ... ... .. 55
Taxonomic classi cation oflaber Dasher. . . . . . ... ... ... ... 57

A parent and child interacting withound Happeningt the Children's Mu-

seum of Pittsburgh, from Long, Guthrie, and Magerko [70]. . . . . . . . .. 59
Individuals interacting witlsound Happeninguring the preparations for

the publicstudy inAtlanta. . . . . .. ... ... ... ... ... ..... 61
Taxonomic classi cation dbound Happening . . . . . . ... ... ... 62

A mockup of player controls foFrip, with the Driver shown at left and
Navigator shown atright. . . . . . .. ... ... ... ... ... ..., 64
A player interacting witfArip's navigator control panel and display. . . . . 65
A player interacting witfTrip's driver controller and interface. . . . . . . . 66
A player interacting witfrip's navigator control panel. . . . . . . ... .. 67
Taxonomic classi cationofrip. . . . . . ... .. . ... ... .. ..., 69
Individual sense-making curves froniHaber Dashersession. . . . . . .. 72

Creative sense-making curve frorilaber Dashersession. The black line

shows the joint creative trajectory curve created by summing the left and
right player curves. Shaded regions indicate joint sense-making state. An-
notated points represent events during play: coffee pickups nad coffee spills. 73

Creative sense-making curve fromHaber Dashersession with sense-
making states shaded. Note the initial period of mutual exploration, fol-
lowed by periods of coupled play interspersed by shorter periods of mutual
thinking. . . . . . . . . . 78



5.4 Creative sense-making curve fromHaber Dashersession with sense-
making states shaded and coffee spills marked. Note the periods of mutual
thinking immediately following each coffee spill. . . . . . ... ... ... 78

5.5 Creative sense-making curve fronBaund Happeningession in which
players engaged in mutual exploration, coupled play, and nally mutual
thinking. . . . . . . . e e 82

5.6 Creative sense-making curve fronSaund Happeningession in which
players engaged in mutual exploration and coupled play during most of the
SESSION. . . . . e e 83

5.7 Creative sense-making curve fromirgp session in which players engaged
in various sense-making states throughout the session. . . . . . . . ... .. 85

5.8 Creative sense-making curve frorfirgp session in which players engaged
in alternating periods of coupled play and mutual exploration. . . . . . . .. 85

5.9 Sense-making state occurrence per 1/1000th of sessiblabar Dasher . 90
5.10 Sense-making state occurrence per 1/100th of sessi@ofmd Happening 91

5.11 Sense-making state occurrence per 1/1000th of session kealtlee Dasher

gamepad condition. . . . . . ... 92
5.12 Sense-making state occurrence per 1/1000th of sessibngdor . . . . . . 93
5.13 Coupled play occurrence litaber DasherandSound Happening . . . . . 94
5.14 Mutual exploration occurrenceifaber Dasherconditions. . . . . . . .. 95

5.15 Most prevalent sense-making state per 1/1000th of sessiblaf@r Dasher 96

5.16 Most prevalent sense-making state per 1/100th of sessi@otord Hap-
PENING . . . . o o o e 97

5.17 Most prevalent sense-making state per 1/1000th of session fbtather
Dashergamepad condition. . . . . . . . .. .. .. .. ... ... 98

5.18 Most prevalent sense-making state per 1/1000th of session foriphe . . 99

6.1 The most prevalent state charts Haber Dasherand Sound Happening
show differences in users' transition from exploration into coupled play. . . 104

XViii



6.2 Occurrence of mutual exploration idaber DasherandSound Happening105

6.3 Most prevalent state féttaber DashemandSound Happeninghowing dif-
ferences in the prevalence of coupled play during sessions with each . . . .

6.4 Mutual exploration occurrence Heaber Dasherconditions. . . . . . . .. 108
6.5 Mutual thinking occurrence iHaber Dasherconditions. . . . . . .. . .. 108
6.6 Most prevalent sense-making state per 1/1000th of sessibtabmr Dasherl09
6.7 Occurrence of coupled play per 1/1000th of sessiok&drer Dasher . . . 109
6.8 Occurrence of mutual thinking ifrip user sessions. . . . . . . . ... ... 114
6.9 Occurrence of mutual explorationTnip user sessions. . . . . . ... ... 115

6.10 Creative trajectory curve for a dyad in tHaber Dashelhat condition with
mutual thinking following coffee spills. . . . . . .. ... ... ... ... 117

6.11 Creative trajectory curve for a dyad in tHaber Dasheihat condition with
mutual thinking following a coffee spill. . . . . .. ... ... ... .... 117

6.12 Creative trajectory curve for a dyad in tHaber Dasheihat condition with
fourcoffeespills. . . . . . . .. 118

6.13 Creative trajectory curve for a dyad in tHaber Dashergamepad condi-
tion with four coffee spills. . . . . . . . .. ... ..o L 119

6.14 Coupled play in the rst 30% of sessions and interreliance classi cation. . . 120

XiX



SUMMARY

Physical inputs are an integral part of the play-experience in digital games. Recent ad-
vances in technology and controller creation have led to a proliferation of a great variety of
game controllers outside the console gamepad and mouse-and-keyboard paradigm. These
alternative controllers offer a broad space of design opportunities and can be con gured to
support a wide variety of interaction types and amplify digital game mechanics. Alternative
controllers are particularly well-suited to collaborative play contexts because they may be
designed to take multiple or complementary inputs and thus support multiple simultane-
ous users. However, there are few resources speci ¢ to collaborative alternative controllers
available to designers.

My work applies cognitive approaches to human-computer interaction to play to gen-
erate a holistic understanding of the relationship between the physical affordances of con-
trollers and the sense-making experiences of players. This allows for the generation of
actionable design guidelines that take into account both physical design choices and play-
ers' social experiences and the establishment of a novel means of quantifying collaborative
embodied gameplay. This dissertation includes four primary contributions: 1) the devel-
opment of three themes and a taxonomy for collaborative alternative controllers; 2) the
documented development of three boundary objects for the purpose of investigating play-
ers' sense-making processes with each; 3) the rst use of creative sense-making analysis
to describe and quantify goal-oriented embodied collaborative play; and 4) a series of de-
sign principles developed from an annotated portfolio of the boundary artifacts developed
for this thesis and annotation of creative sense-making curves for each. In addition to con-
tributing speci cally to the eld of alternative game controllers and design for collaborative
play, this work contributes to research in games and play studies, tangible and embodied

interaction design, and human-centered computing.
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CHAPTER 1
INTRODUCTION AND BACKGROUND

1.1 Motivation

Alternative game controllers — physical input mechanisms for interactive media that are
distinct from traditional console-af liated handheld controllers or computer inputs such as
mice and keyboards — are a growing design space in digital games, owing largely to the
democratization of the creation of artifacts with programmable microcontrollers and the
widespread availability of consumer electronic toolkits. While non-traditional controllers
have had a home in arcade spaces for decades, the popularity of games and art festivals
for custom controllers — that may be designed for humor, novelty, or accessibility [1, 2,
3, 4] — and a signi cant presence within streaming media [5, 6, 7, 8], marks a substantial
public interest in such objects outside of arcade settings. As is the case with “game,” the
term “alternative controller” is dif cult to de ne. It is likely that such a de nition must
allow for fuzzy boundaries, similar to those found in works seeking to de ne what a game
is [9].

Stenros' cluster theory approach suggests that the de nition of game includes multiple
features (such as “rules governing action” and “results or pay-off”), and the more of these
features something has, the more likely it is that it is a game [9]. “Traditional controllers”
may be described in a similar fashion, with the term “alternative controller” describing
those artifacts that are less likely to have many features from the “traditional controller”
category. Features of traditional controllers include physical forms that do not resemble
other objects, generalizable controls (buttons or axial controls de ned by their location or
letters, numbers, or shapes used as identi ers), and widespread use or mass-production

for inclusion with one or more popular game platforms. A cluster theory approach would



de ne a given game controller as more or a less a member of the “traditional controller”
category based upon how many of these properties it includes..

“Alternative” controllers can be considered as de ned in opposition to “traditional’ con-
trollers; the less a controller belongs to the “traditional controller” category, the more it
can be considered to belong to the “alternative controller” category. This approach places
“alternative mainstream” controllers suchReck Bandoeripherals and the Wiimote in a
“middle ground” between the traditional and the entirely alternative, and controllers such
as the pudding bowls from v21RBunch The Custards least likely to belong to the “tradi-
tional controllers” category.

Alternative controllers are particularly well-suited to collaborative play contexts be-
cause they may be designed to take multiple or complementary inputs and thus support
multiple simultaneous users. "Collaborative play* as used in this thesis encompasses any
play in which multiple interactors share responsibility for some output or outcome of the
activity. This includes play in which teams of players compete against one another (where
collaboration occurs within a team), play in which players for temporary alliances, and
more conventional cooperative play in which all players succeed or fail together. There are
currently few resources speci c to collaborative alternative controllers available to design-
ers. Typically, creators of alternative-control games must draw on design knowledge from
a variety of related elds rather than more targeted principles that account for the unique
properties of alternative controllers. My work applies cognitive approaches to human-
computer interaction to play to generate a holistic understanding of the relationship be-
tween the physical affordances of controllers and the sense-making experiences of players.
This allows for the generation of actionable design guidelines that take into account both
physical design choices and players' social experiences and the establishment of a novel
means of quantifying collaborative embodied gameplay.

The wide design space of alternative controllers — unconstrained by the traditional

user-experience notions of ease-of-use, transparency, and ef ciency — offers designers



Figure 1.1:Loominarysystem for visualizing narrative choices, from Sullivan et al., 2018
[10]

Figure 1.2:Rope Revolutiosystem for collocated and remote social play, from Yao et al.,
2011 [11]

great exibility in creating playful experiences, which allows for design that supports a
multitude of interaction types. Alternative game controllers can be designed to support
and augment a variety of player experiences. They may heighten enjoyment and presence
[12], visualize narrative choices [10], and facilitate remote social play [11]. Many forms of
play are fundamentally social activities, and cooperative gaming is an immensely popular
activity among game players [13]. Design for social playful experiences is not only relevant
within games, but extends further into the realms of installation design and other forms of
collaborative tangible media.

Connecting the multitude of approaches for controller and interactive media design to



the play and sense-making activities of users is primarily an unanswered challenge. Studies
of various design choices in games have enumerated a number of ways in which the design
of sound, dialogue, environments, and characters relate to player actions during gameplay.
However, this type of study largely focuses on a particular outcome variable, such as so-
cial closeness [14], emotional response [15], or immersion [12]. These approaches, while
distinctly useful in designing for various player responses within a speci ¢ domain, do not
cover the broader trajectories of a play session.

Practice-focused game design literature often centers on approaches to game design
aimed at generating entertaining interaction. Best practices and recommendations in this
eld are largely derived from industry practices rather than formalized study [16, 17], and
are thus limited to covering design techniques for mass-produceable games within one
or multiple existing genres. This practice, centered heavily on existing work, limits our
understanding of how to design physical affordances for patterns of collaborative play,
which is a smaller and relatively newer eld with fewer extant artifacts. Additionally,
such literature rarely covers controller setups beyond what is assumed to be typical due to
challenges in mass-producing and selling custom controllers for large audiences. As more
alternative-control works are created and exhibited at games festivals and similar events
[3, 1], it becomes necessary to investigate and formalize a language with which to discuss,
conceptualize, and evaluate them.

Creative sense-making, a cognitive framework that applies the concept of participatory
sense-making to the creative domain, offers an apt lens for deepening the eld's understand-
ing of the relationship between controllers and players' experiences by taking into account
both embodied action and social cognition [18, 19]. Both participatory and creative sense-
making, which have grown from the enactivist paradigm, consider both embodied action
and social interaction as key components of social cognition. Given the fundamentally
embodied, social, and improvisational nature of collaborative alternative game controllers,

creative sense-making is a potentially ideal lens for examining the means by which players



make meaning via their experience of controllers and one another. It can be used to capture
the joint activities of players over the course of a full play session, which can be used to
describe the trajectory of play.

My work seeks to remedy the gap in understanding between controller design and pat-
terns of play by analyzing dyadic (two-player) collaborative play with alternative con-
trollers through the lens of creative sense-making, connecting these analyses to design
knowledge about alternative controllers from the literature, and offering a robust under-
standing of the interactions between alternative controllers and players' social cognition.
Through the creation and creative sense-making analysis of three playful, interactive arti-
facts, aricher understanding of the interplay between physical affordance and play becomes
possible. This work provides actionable knowledge for the designers of future systems
that promote playful social experiences, such as designing in-game events that prompt re-

neogtiation of strategy or controller use by interrupting coupled play.

1.2 Thesis Statement

Understanding the relationship between the physical affordances of alternative controllers
and the creative sense-making patterns of players can yield new insights into designing

games and controllers that promote collaborative patterns of play.

1.3 Research Questions

* RQ1: How does creative sense-making play a part in how people collaborate in

embodied collaborative play?

— RQ1.1: Can creative sense-making states be used to describe actions in embod-

ied collaborative play?

» Objective: Using existing creative sense-making literature and observa-

tions from study sessions, develop lists of behavioral markers that corre-



spond to creative sense-making states during interaction with each arti-
fact/condition.
» Outputs and measurable outcomesCreative sense-making codebooks

for video data of interactions with each artifact/condition.

— RQ1.2: Can patterns of creative sense-making be discerned from analysis of

embodied collaborative play?

» Objective: Using the codebooks developed as part of RQ1.1, analyze
video data of player sessions for each artifact/condition and produce cre-
ative sense-making curves for each pair of interactors.

» Outputs and measurable outcomes:Creative sense-making curves for
all sessions quantifying and describing collaborative sense-making trajec-

tories; description of observable patterns within/across artifacts/conditions.

* RQ2: How do the physical affordances of alternative controllers correlate to features

of the creative sense-making experiences of players?

— RQ2.1: Can creative sense-making patterns from embodied collaborative play

sessions be mapped to the physical affordances of the controller used?
*» Objective: Compare characteristics of sense-making curves from game
sessions with traditional and alternative controllers.
» Outputs and measurable outcomesCreative sense-making descriptions
of differences in patterns of collaborative play with traditional versus alter-
native control conditions.

— RQ2.2: Do generalized creative sense-making curves from embodied collabo-
rative play sessions with different alternative controllers exhibit different prop-
erties?

» Objective: Compare characteristics of sense-making curves from sessions

with three distinct alternative-control artifacts.
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» Outputs and measurable outcomesCreative sense-making descriptions
of differences in patterns of collaborative play with alternative controllers

with varying physical affordances.

* RQ3: How can creative sense-making analysis of play with collaborative alternative

controllers yield generalizable knowledge for the design of other artifacts of the same

type?

— RQ3.1: Can observed events in embodied collaborative play sessions be mapped
to creative sense-making states or changes in creative sense-making states dur-

ing an embodied collaborative play session?

* Objective: Annotate creative sense-making curves from alternative-control
play sessions with timing of observable play events; describe any observ-
able patterns in sense-making curve characteristics before or after events.

*» Outputs and measurable outcomes:Descriptions of interplay between

play-events and sense-making processes of players.

— RQ3.2: What design guidelines can be developed for the creation of alternative

controllers that promote patterns of creative sense-making?

» Objective: Using observed sense-making patterns from RQs 2.1, 2.2, and
3.1, annotated sense-making curves, produce intermediate-level design guide-
lines for applying knowledge gained from this analysis to future artifacts
of a similar type.

» Outputs and measurable outcomesSeries of design guidelines for de-

veloping alternative-control games and playful experiences.

1.4 Thesis Overview

The next chapter of this thesis covers the methodological approach taken to investigate

these research questions. Chapter 3 lays out background literature in the elds of controller
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history and design, game design practice for collaborative play, and participatory and cre-
ative sense-making. | propose three themes for collaborative controllers based upon the
literature and existing work, and discuss several existing artifacts as they relate to each
theme for collaborative controllers. Chapter 3 closes with a taxonomy for collaborative
controllers based upon these themes that may be used to describe shared and disparate
characteristics of collaborative alternative-control artifacts.

In Chapter 4, | present an overview of the three boundary artifacts designed to support
this thesis, positioning them using the taxonomy from Chapter 3 and highlighting relevant
design choices for each. This chapter gives an overview of the design process, a techni-
cal description, and a description of user studies conducted for each artifact. Chapter 5
provides a detailed description of the creative sense-making analysis process, including
codebook developmenRQ 1.1), and production and annotation of creative sense-making
curves for each artifact and conditioR@s 1.2, 2.1, 2.

Chapter 6 discusses the development of mappings between artifacts' position using
my taxonomy and properties of their sense-making curiR€3 8.1). These mappings
support the design guidelines developed from my w&® 3.2). Finally, Chapter 7 covers
discussion of the thesis work in terms of its outputs, limitations and directions for future

research.

1.5 De nitions

Provided in this section are de nitions of terms as they are used in this thesis.

1.5.1 AlternativeController

As used in this thesis, aaternative controllercan be de ned as a physical input mech-
anism for interactive media that are distinct from traditional console-af liated handheld
controllers or computer inputs such as mice and keyboards. This de nition is not exhaus-

tive and leaves substantial room for interpretation; however, it is more than suf cient in



describing the artifacts discussed here.

1.5.2 Sense-Makingerms

Sense-Making

De Jaegher and Di Paolo provide a concise de nitiorsehse-makings “the creation
and appreciation of meaning” [19]. This de nition assumes a sense-making agent that
interacts with the world in a way “signi cant to the cogniser” to gain information about its

surroundings [19].

Participatory Sense-Making

In this thesis, | us@articipatory sense-makings de ned by De Jaegher and Di Paolo in
2007: “the coordination of intentional activity in interaction, whereby individual sense-
making processes are affected and new domains of social sense-making can be generated

that were not available to each individual on her own” [19].

Creative Sense-Making

Creative sense-makinge ned by Davis et al. in 2017 as a concept grown from partici-
patory sense-making, refers to a framework that draws on participatory sense-making and
the authors' empirical investigations of creative activity during open-ended @agative
sense-makingescribes embodied creative interaction as a series of states alternating be-
tweenclamped cognitionwhere an agent acts based upon its mental model of a situation,
andunclamped cognitianin which the agent disconnects either physically or perceptu-
ally from the task at hand in an attempt to re ne its mental model [18]. The framework,
as described by the authors, allows for theanti cation of interaction dynamics during

open-ended creative activity



CHAPTER 2
METHODOLOGICAL APPROACH

My methodological approach can be viewed as part of the braadearch through design
paradigm, in which the activity of designing artifacts, as well as the artifacts themselves,
comprise a key component of inquiry [20]. Within research through design, “design prac-
tice is brought to bear on situations chosen for their topical and theoretical potential, the
resulting designs are seen as embodying designers' judgments about valid ways to address
the possibilities and problems implicit in such situations, and re ection on these results
allow a range of topical, procedural, pragmatic and conceptual insights to be articulated”
[20].

This approach centers upon three primary activities. The rst is the design and im-
plementation of three alternative-control (and one traditional-control) games and playful
experiences, which supports two primary research outputs. The rst output is the artifacts
themselves, which “embody the myriad choices made by their designers with a de nite-
ness and level of detail that would be dif cult or impossible to attain in a written (or dia-
grammatic) account” [20]. Designing new artifacts rather than using existing artifacts was
necessary to support analysis of player experiences with particular combinations of phys-
ical affordances. Without artifacts representing speci ¢ affordances, the analysis of the
relationships between those affordances and players' sense-making activities would not be
possible. The second output of these designs is documentation collected throughout the
design process, outlining design choices and modi cations as the controllers and games
were developed, in order to support the inquiries made in the second and third research

activities.
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Table 2.1: Methodological summary, organized by RQ.

RQ Research Question Methodological Approach

RQ1.1: Can creative sense-making states be use evelopment of creative sense-making codebooks for

to describe actions in embodied collaborative pl gg\ch artifact; use of codes to analyze video data from

D

RO1 _ _ ser s_tudies _ _ _
RQ1.2: Can patterns of creative sense-making | Creative sense-making analysis of video data from use
be discerned from analysis of embodied studies; inspection of resulting sense-making curves
collaborative play? for general patterns in play with each controller

RQ2.1: Can creative sense-making patterns from . .
. . : omparison of sense-making analysesiaber Dasher
embodied collaborative play sessions be mappe

o the physical affordances of the controller use 'j,§essions with hat controller and sessions with gamepa

RQ2 | RQ2.2: Do generalized creative sense-making
curves from embodied collaborative play Comparison of sense-making analyses of sessions acr
sessions with different alternative controllers all three alternative controller artifacts
exhibit different properties?

RQ3.1: Can observed events in embodied Plotting of event points and gameplay data (e.g., coffee
collaborative play sessions be mapped to creativepills in Haber Dashe) on sense-making curves;
sense-making states or changes in state during| observation of any associated changes in creative
an embodied collaborative play session? sense-making state near event points

RQ3.2: What design guidelines can be developedevelopment of design guidelines for collaborative
for the creation of alternative controllers that alternative controllers using creative

promote patterns of creative sense-making? sense-making data

RQ3
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The second is the analysis of video data from user sessions with these boundary objects
and development of joint sense-making trajectory curves for each. Unlike approaches that
measure outcome variables (e.g., social closeness, enjoyment, immersion) after play has
ended or approaches that track player metrics within a digital game (e.g., events logging),
creative sense-making offers an account of players' activities and collaborative processes
throughout the entire play-session. A grounded theory-based coding approach to analyz-
ing play-sessions may also yield this result; however, the creative sense-making frame-
work, which has already been developed and focuses speci cally on joint sense-making
processes, allows for much more rapid analysis of play sessions and thus the analysis of
a greater amount of data. The increased analysis speed is a considerable advantage when
investigating a large number of play-sessions across multiple artifacts, as is the case in
this thesis. Creative sense-making analysis, presented in concert with the designed physi-
cal affordances of the artifacts themselves, supports the generation of generalizable design

knowledge, such as the design guidelines presented in Chapter 6 of this thesis.

2.0.1 BoundaryArtifacts

A primary component of the work in this thesis is built upon the development of three
alternative-control artifacts to support investigation of my research questions. The three
artifacts developed or this purpose are intended to probe the boundaries of the alternative
control space. The development of each was accompanied by design notes during and
following the period of development that supports the use of the artifacts and design pro-
cesses themselves as exemplars for use in guiding the development of the design guidelines
presented in Chapter 6.

| propose a series of three nested themes for as well as a translation of these themes into
a taxonomy for collaborative controllers, which is described in detail in Chapter 3. The
artifacts developed for this thesis are intended to probe the boundaries of the collaborative

controllers space by examining artifacts that approach the three themes for collaborative
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controllers using highly disparate physical affordances. This aim guided the selection and

design of each artifact, a process that is described in greater detail in Chapter 4.

2.0.2 CreativeSense-Making\nalysisandDesignGuidelines

Davis et al.'s creative sense-making framework is ideal for understanding collaborative,
embodied play. The framework, due to its relative novelty, has seen some use use in an-
alyzing embodied, collaborative activities (such as dance and sketching), but draws from
the more broadly-recognized participatory sense-making framework. Participatory sense-
making analysis has previously been applied to a wide variety of collaborative efforts,
including musical improvisation [21], language [22], therapeutic interventions [23], online
learning [24], and digitally-augmented music [25]. The framework is widely applicable
to a large number of socially embodied settings, and takes into account the sense-making
processes of each individual as well as “new domains of social sense-making...that were
not available to each individual on her own” [19].

The selection of creative sense-making over participatory sense-making draws from the
key advantages it offers in describing playful interaction. The rstlies in the creative sense-
making framework's ability to quantify sense-making dynamics. The ability of creative
sense-making categories to be translated into numerical values allow for the production of
curves that can be analyzed mathematically, which allows for the generation of additional
descriptors of an interaction that would not have been possible otherwise, including de-
scriptions of an interaction as a continuous series of joint sense-making states. Further,
the creative sense-making framework supports this numerically-based modeling in multi-
ple domains, allowing for comparisons between interactions with highly disparate artifacts.
Finally, coding for creative sense-making states is substantially less time-consuming that
a traditional thematic analysis; while this alone would not be a good reason to choose one
over the other, use of creative sense-making has allowed for hte inclusion of more artifacts

than would have otherwise been possible, and the speed of analysis can be considered an

13



additional advantage of the framework.

In addition to using creative sense-making analysis to produce creative trajectory curves
for interactors engaged in play with the artifacts developed for this thesis, | employ addi-
tional levels of analysis to expand upon this data. Creative trajectory curves from each
dyad have been augmented with highlighting of creative sense-making states (using mod-

i ed criteria from Davis's formal descriptions of joint sense-making states [26]), plotting

of in-game events along the curves, and annotations drawn from live and retrospective ob-
server notes. Selected trajectory curves are presented along analyses presented in Chapters
4 and 5. In Chapter 6, | present a series of ve design guidelines, generated from the de-
signed properties of the boundary artifacts and their mappings to creative sense-making

processes outlined by the analysis of each.

2.1 Contributions

2.1.1 Documentedxplorationof the designspacevia creationandanalysisof boundary

objects

A primary component of my work is the design, creation, and analysis of boundary artifacts
within the realm of alternative controllers. The design of each was guided by the design
themessafety social spacesandinterreliance(described in greater detail in chapter 3),
drawn from literature in games studies, game design, and tangible interface design. These
themes, another contribution of this work to the eld, offer a novel framework for con-
ceptualizing and classifying alternative-control games and playful interfaces. The artifacts
developed for this thesis are meant to explore distinct strategies for approaching these three
themes, and disparate means of addressing each theme provided key elements of the design
of the artifacts.

The three boundary artifacts developed for this thesis approach these themes using a
variety of approaches, which is intended to explore disparate means for designing for col-

laborative play with alternative controllers. Two of these artifacts are games: a two-player
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game where players share a large, wearable hat controller and a two-player game in which
players use asymmetrical controls to guide a virtual spaceship through an asteroid eld.
The third artifact is an open-ended interactive installation that uses colorful beach balls to
generate musical output. In contributing to a growing body of work within the alternative
controller space, | expand upon previous theorizing and experimentation by de ning new
points in the design space and pairing them with analysis that situates them among existing

artifacts.

2.1.2 Applicationof creativesense-makingurvesto describecollaborativeplay patterns

with alternativegamecontrollers

Play is an activity that relies heavily on improvisation in generative activities such as col-
laborative pretend play and in goal-oriented situations such as games. Davis et al. [18]
found creative sense-making to be an apt framework for describing dyadic, improvisational
pretend play and representing players' introduction of new ideas to the play-world and
subsequent negotiation of narrative between players. In playing a collaborative game, par-
ticularly with an unfamiliar controller, players must generate meaning, coordinate actions,
and develop a shared approach to play, all of which relies on improvisational social action
not unlike that undertaken by individuals involved in pretend play.

| postulate that the creative sense-making analysis proposed by Davis et al. [18] is
appropriate for the analysis of dyadic play with alternative game controllers given the em-
bodied and exploratory nature of the activity. In the application of creative sense-making
as a lens to understand controller-mediated play, | illustrate that creative sense-making pro-
cesses indicate important patterns in embodied playful collaboration. These patterns can
yield new insights into design for such activities. The use of the creative sense-making
framework offers a quantitative means of describing interaction with games and playful
media, as well as with the controllers that mediate such experiences. The resulting creative

sense-making curves uncover new insights about the ways people collaborate in playful
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settings. This thesis represents the rst case of creative sense-making being applied to de-
scribe collaborative, goal-oriented play; previously, the framework had only been applied
to open-ended, improvisational activities, such as pretend play and collaborative sketching

[18].

2.1.3 Documentationof correlationbetweengameand controller designand players'

creativesense-makingctivities

| hypothesize that there is a relationship between the affordances of alternative controllers
(and the experiences they mediate) and the creative sense-making patterns of players. The
work presented in this thesis is intended to investigate this claim and yield insights into the
play-patterns of interactors. The development of mappings between controller affordances
and players' sense-making activities is detailed in Chapter 5. | contend also that the in-
formation generated by this investigation offers game and controller designers additional
knowledge on which to rely when designing and situating new artifacts; this documentation
and mapping supported the generation of generalizable knowledge in the form of design

guidelines.

2.1.4 Designguidelinesfor alternativecontrollerdesignto promotepatternsof creative

sense-making

This thesis outlines a series of preliminary design guidelines that transform the correlation
and descriptions developed from my research into actionable design guidelines. While
these principles are most useful within the speci ¢ space (alternative controllers to promote
collaboration) for which they are developed, they will additionally be relevant in related
elds, most notably installation design and adaptive controller design. Though these realms
do not often aim for the same goals as play for entertainment, there is substantial overlap
among them in terms of design practices and processes. The principles developed as part

of this work have been published and made freely accessible to support the creation of
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game controllers, installations, exhibits, and other playful artifacts that seek to promote

collaborative ludic activity.

Design Guidelines

* DG1. Promote coupled play with goals or promote exploration with open-ended play.
* DG2. Prompt renegotiation of controller use with interruptions in play.
» DG3. Encourage exploration after interruptions with novelty.

* DG4. Encourage exploration with multiple axes of control and/or distributed con-

trols.

* DG5. Focus information exchange or coupled action by tuning shared attention.
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CHAPTER 3
BACKGROUND

Game controllers have been recognized in recent years by games scholars as vital but under-
theorized components of the digital gameplay experience [27, 28]. Blomberg theorizes that
the game controller occupies a unique space as the mediator between the physical world
and the world of a digital game, additionally arguing that the “video game experience is
enabled, shaped, and formed by material preconditions like a speci ¢ hardware with a
speci ¢ input device” [27]. Despite this key positioning within the digital game experi-
ence, the controller is often overlooked or assumed to support transparency as much as is
possible. Contemporary control schemes draw from decades of mouse-and-keyboard and
handheld-control paradigms, which have become so ubiquitous that designers are able to
make assumptions about players' familiarity with conventions such as “press A to jump” or
WASD controls. These conventions are particularly useful for designers who wish to lever-
age their players' familiarity with standard control patterns to forefront other elements of
play.

Such effort towards invisibility, however, causes great reduction in the types of experi-
ences that may be afforded within the digital games space. Controllers offer a rich space for
the disruption of conventional game design practices, and rejection of transparency can be
utilized towards a number of ludic ends, (e.g., increased immersion [12], accessibility (as
with Xbox Adaptive Controller), or queering games [29]). The creation of controls outside
established paradigms opens an expansive design space within which entirely novel player
experiences may be created through the design of new media for interacting with digital
games and other playful artifacts.

Alternative game controllers have gained widespread appeal in recent years in popular

culture, owing largely to democratization of creation and an expansion in streaming me-
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dia. Technologies such as consumer-programmable microcontrollers like the Arduino Uno
and other consumer-grade controllers such as Joyldkekey Makeynake the creation of
unique controllers accessible to individuals with a large range of manufacturing and pro-
gramming abilities. There is a thriving alternative controller festival scene; Alt.Ctrl.GDC

is a dedicated outlet for such works, and other events such as Indiecade include games
with alternative controllers among their nominees. Additionally, there is a substantial body
of alternative-controller streaming media present online. Content creators such as Rudeism
and SuperLouis64 reap tens of thousands of views on videos of them playing various games
with custom, often humorous, controllers [7, 6, 5, 8].

A key affordance of alternative game controllers is the inherent exibility in design they
offer creators. While traditional controllers shipped with game consoles must be mass-
produced, and control schemes for PC games largely take advantage of existing keyboard-
and-mouse PC control paradigms, alternative controllers are not bound by requirements
of mass-production or input ef ciency; constraints for alternative controllers are the much
wider restrictions to controllers that are physically possible to build and program. When
not restrained by ideals of usability or simple manufacture, designers are free to experiment
with novel con gurations and interaction systems. Such freedom in form and function can
be directed in any of a number of directions; the removal of these constraints widens the
space of controller design to encompass anything that may be supported by the current state
of technology.

Flexibility of design, combined with the relative novelty of unique alternative controller
design as a practice, means there is little formal inquiry with regards to the ways the physi-
cal affordances of such devices may be used to support different patterns of play. Literature
from the elds of human-computer interaction and play studies lend paradigms useful for
approaching a more robust understanding of design for embodied playful interaction. Three
design themes emerge from the literature, and from existing works in the eld of alterna-

tive controllers (both those designed to facilitate collaboration and otherwise) that support
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the creation of such experiences. These themes support the categorization of collaborative

controllers along three axes, which is described in Sections 2.2 and 2.3.

3.1 Historical and Contemporary Approaches to Custom Controllers

Contemporary approaches to alternative controllers re ect several key aspects of controller
design for home and arcade use, starting with the introduction of inputs for digital sys-
tems and extending through the coalescence of the contemporary gamepad and commer-
cial and independent explorations of ways twenty- rst century technologies could support
new forms of input in the home and beyond. Lessons for modern alternative controls can
be drawn from the full history of game controllers, beginning with the custom electronic
inputs developed for the earliest computer games. From these early artifacts, designers can
draw approaches that center on mapping controllers' physical forms to individual game ac-
tions, as the rst game controllers did. As games evolved and found spaces in the home and
in arcades, a variety of controllers beyond the mainstream were developed. Arcade games,
which have greater spatial resources, offer lessons in designing for large-scale and public
interactions; mainstream in-home controllers provide contrasts to alternative controller de-
sign approaches; and the array of alternative controllers for consoles developed over the
years provide a foundation for theorizing about similar contemporary or future artifacts.
Though alternative controllers have seen a great expansion in recent years due to tech-
nology access and increasing outlets for showing such work, there exists a substantial his-
tory of alternative controllers leading to the contemporary design scene. The rst game
controllers could not, and thus did not, subscribe to control conventions that were estab-
lished over the course of following decades. Often, controllers were designed to support
speci ¢ games, such as the dual-dial controller that was included with home versions of
Pong[30] and gun-shaped controllers shipped with various shooting games. In these sys-
tems, controllers took multiple forms owing to a lack of established design paradigm for

game inputs. Instead of generalizable controllers, each games' input devices were designed
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as an immediate mapping to player actions in-game: dials or joysticks to control motion;
switches and buttons mapped to single in-game actions, and the like. Controllers in this pe-
riod included various combinations of buttons and joysticks as well as “gloves with built-in
sensors, wired pads or platforms to be controlled with your feet or body weight”[30].

Arcade cabinets, which could take advantage of larger spaces and did not have to be
generalized for multiple games, were a space with greater controller variety. Even as home
console controllers converged in their designs, arcade controllers remained a category of
artifacts that leveraged game-speci c inputs. Examples of these inputs can be seen in con-
temporary arcade spaces, which often including replications of car seats, pedals, and steer-
ing wheels for racing games, guns for shooting games, dance pads for dancing games, and a
wide variety of newer interfaces as well. A contemporary example that illustrates custom-
control arcade game design practice is the rhythm g@meno Circle which rings its
circular touchscreen display with with buttons; both the buttons and the touch screen are
used during play [31].

As home consoles grew in popularity and needed to support a larger variety of games,
controller design converged, with the emergence of the Atari 2600 joystick and then the
NES gamepad [30], a “more universally applicable device”[32]. As home-console con-
trollers evolved further, this universal applicability remained a goal even as additional d-
pads, thumbsticks, and shoulder buttons were added. Commonly used controllers grew
more complex, but remained highly generalizable using the gamepad format, which re-
mains the model for controllers shipped with current-generation Xbox and Playstation con-
soles. As several commercial control schemes emerged and eventually converged , a small
number of “alternative” commercial controls also arose (steering-wheel controls, dance-
pad controls, glove-based controls, microphones, guitars, and even drums in the case of
Nintendo's Donkey KonggB83])). These commercial controls, frequently inspired by ar-
cade counterparts but sized and con gured to support use in the home, were met with vary-

ing levels of commercial success. Despite this, gamepads still reigned supreme, owing to
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their ability to provide a generic controller type that supports a broad array of interactional
mappings.

The convenience of the gamepad design was and remains highly advantageous for game
designers. The contemporary gamepad offers a number of abstract components that may be
used as inputs for a large variety of game mechanics. The conventions that have developed
during the decades of the gamepad's popularity (pressing A to jump, using a trigger-like
shoulder button to shoot) gives creators of games within popular genres existing control
scheme paradigms to work within. Further, the contemporary gamepad allows for players
to build uency across hours of gameplay, enabling the physical input for a gaming system
to become atransparent tool. In these settings, the controller is subsumed by the experience
of play; the player does not consciously consider the pressing of the button or the moving
of a joystick, but plans and executes actions in the real world while focusing on the input's
effects in the game world.

This is not to say the gamepad has entirely erased other kinds of controllers. The early
years of the 21st century saw the introduction of several new commercial forays into non-
gamepad controls, which included developments such as the WiiMote, EyeToy, and Kinect
[30]. Advancements in technology enabled the creation and marketing of such controls, but
companies were and are still limited to the constraints of what can be mass-produced and
used to support a variety of games on a console. Perhaps the most notable development
of this period was the release of the Nintendo Wii in 2006 which broke with gamepad
conventions and relied instead on motion tracking [30]. The advancement of technology
has allowed for further explorations in the years since, and it is reasonable to presume that
new developments in consumer alternative controllers will continue in coming years.

Also recently resurgent are alternative controllers that are designed for use outside the
home in non-arcade settings. Rather than being designed for permanent use as money-
making arcade installations, these artifacts typically make appearances at games festivals

and other events where temporary public art may be installed. These games and con-
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trollers are often developed by small, independent designers who leverage commercially-
available technology to produce novel play experiences. Developments in making technol-
ogy, including the low cost and availability of the Arduino series of microcontrollers and
consumer-model 3D printers have allowed hobbyists and independent artists to engage in
production activities that would not have been previously possible. In addition to games
festivals and similar events, these artifacts have also become popular content on Youtube,
Twitch, and other outlets for streaming video. Like arcade games, these artifacts are not
required to be mass-produceable, and can be designed to support game-speci c interactions

and large-scale inputs.

3.2 Themes for Collaborative Alternative Controllers

The existing body of alternative controls work, which spans academic, industry, and inde-
pendent creator spaces, offers a wide variety of exemplar artifacts that re ect designers'
approaches to creating controllers to support collaborative play, which encompasses

| have synthesized information from these works to propose a trio of themes by which
the exible and user-novel design of alternative controllers may support collaboration in
play: Safety Social Spacesandinterreliance These themes may be used to conceptualize
alternative controllers, position them in the design space with relation to one another, and
can additionally be used in a generative capacity in the early stages of game and controller
design. Each of these relies on and builds upon the theme before it; in order to create a
playful experience that successfully engages players in a social space, players must rst feel
socially safe interacting. Interreliance, similarly, requires that players are able, willing, and
encouraged to take on the roles asked of them by the magic circle so they may experience

the interplay between those roles.
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Figure 3.1: Visual representation of the nested nature of the three themes for collaborative
controllers.

Table 3.1: Several methods of ful lling each theme for collaborative alternative controllers.

Safety Social Spaces Interreliance

* Novel/Unfamiliar e Large : |\P/|r:}|/ts| |(|:2IIy|aSk;ar1£ed

« Shared « Visible ple play
control one avatar

* Humorous » Wearable .

» Unwieldy * Forces proximity * Asymmeltrical
 Multiple components

3.2.1 Safety

In order for potential players to choose to engage in any playful experience (including a
collaborative one), they must rst feel socially safe playing in the rst place, and must be
willing to engage in playSafetyidenti es means by which a controller (and the accompa-
nying game) allows for a play experience in which players' feelings of self-consciousness
may be mitigated to reduce discomfort with the interaction. While other types of safety,
such as physical safety, are important considerations in game and controller design, social

safety is of particular concern in collaborative play contexts due to the inherently social
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nature of collaborative interaction. Trust and safety, especially social safety, as theme of
play appears in the works of a number of important play scholars. Salen and Zimmerman
[34], as well as de Koven [35] highlight the importance of creating safety and trust within
the play-space. Play requires the player to agree to a “contract for arti ce” in which all
players must “buy in” to the game's ction, and agree to be bound by its rules [34].

Though games scholars may disagree as to the exact nature, positioning, and boundaries
of the magic circle [36, 34], they generally agree that the play-space or play-community
has boundaries of some sort and must include some element of safety among its members
[37, 38]. The notion of “safety” may be used to describe the stakes within the play-space
as necessarily lower than those of “real life,” or may refer the related idea that players
must feel they will not be judged or harmed socially based upon their actions within the
play-space. Safety as a key theme for collaboration in games draws primarily from the
latter conception of safety, drawing heavily from Salen and Zimmerman's and De Koven's
conceptions of trust in play [34, 35]. De Koven in particular emphasizes the entrance of
players into a self-sustaining play community in which, for a “well-played” game to occur,
all actors must trust that the others intend to play well together: “The safer we feel in the
game we're playing, the more willing we are to play it"[35].

A play-space that successfully supports interpersonal interactions (collaborative or oth-
erwise), must then engender some construction of player safety, or at very least offer a
space within which players may trust one another. Players must be able to believe that
others who enter and engage with the space will not cheat, ruin the game, or break the
boundaries, however rm or pliable, of the play-space. The boundaries are precarious;
should even one individual enter the play-space but reject the social contract for arti ce,
the boundaries are diminished and may dissolve entirely. Huizinga's “spoilsport” ruins the
play-activity, rejecting arti ce and “threatening the existence of the play-community” [36].
Designs that promote feelings of social safety should prevent “spoil-sporting” as much as

possible, thus decreasing the perceived social risk of interactors and allowing them to fully
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participate in play.

The challenge of developing a play-space that engenders feelings of safety is partic-
ularly relevant in designing playful spaces for adult users. Some types of play among
adults may be seen as embarrassing, and this social hurdle may cause reluctance to enter
into a playful interaction [39]. If players feel as though engaging in a game (or with its
controllers) presents a level of social risk which they are uncomfortable with, no play can
occur. In order to take on the roles endowed by the magic circle and engage in interreliant
play, players must rst feel comfortable becoming part of the game. The theme of safety
addresses this concern. Design for play-spaces that can be perceived as safe for social in-
teraction can remove some of the barriers to social safety, and the work of multiple play
theorists describe varying means of achieving player safety from a design perspective.

These barriers, in order to be counteracted, must rst be identi ed. Works from play
scholars focused on both social risk in play and more general design work include descrip-
tions of multiple aspects of play that increase social risk. Identifying the variety of risks
presented by alternative-control play allows for the design of game mechanics and con-
troller properties to mitigate those risks. Voida and Greenberg's work on the console as
computational meeting space outlines barriers to play with game consoles more generally,
but controller interaction is included as a key consideration within this depiction: “With-
out exception, every gamer who spoke about selecting a gaming platform that would be
appropriate for a breadth of expertise levels cited the input device as the central factor in
the decision-making process. Input devices that afforded simple motion were preferred.
Input devices with a lot of buttons were generally rejected as having too much of a learn-
ing curve” [40]. While this investigation covered mainstream console gaming, controller
performance considerations were also key in Love and Bozdog's considerations in the de-
velopment oOla de la Vida in which the “leveling effect” of the unusual controller is cited
as a major design point [41]. Other sources of embarrassment may stem from perceived

absurdity of controllers; Deterding notes that “[n]Jovel play forms and unconventional in-
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stantiations therefore run higher risks of being perceived as improper or strange,” due to
a lack of institutionalized or conventional framing. To design for safe play is to provide
players with means of mitigating feelings of performance unease or impropriety, which can

be achieved through one or more of a number of different methods.

Safety in Game And Controller Design

Engendering sensations of safety in the design of games may be achieved through a variety
of means, but must address the same set of player concerns: that actions within the play-
space may shape judgments outside of it; that engaging in play at all is childish, inappropri-
ate, and embarrassing [39]; that other players' backgrounds may lead to an irreconcilable
play disparity in collaborative settings [41]; or that other players in the play-space may buy
into the game's arti ce to disparate extents [36, 34].

The novelty of alternative controllers acts as both support and detriment to players'
perceptions of safety. Game controllers may cause feelings of unease in players not ac-
customed to skillfully interacting with traditional controls. Blomberg [27] describes the
dif culty experienced by players new to a controller. Experiencing a new controller among
others who are also unfamiliar with it (caused by the uniqueness and novelty that can be
designed into alternative controllers) may help to ease the social pressures that cause this
friction. Voida and Greenberg [40] offer a contrasting view of this unease, proposing col-
located console gaming space as a place where gamers of different skill levels may interact
safely. Though multiplayer spaces may put pressures on novice players, they also may sup-
port feelings of safety depending on the individuals in the space. Additionally, controllers
that are unfamiliar to all individuals in the play-space (which is true of most alternative con-
trollers) may provide a “leveling” effect, wherein no player has more skill or experience
with the control scheme than any other.

While novelty is particularly relevant within the alternative controls space, it is by no

means the only method of promoting player perceptions of safety, nor is skill-based un-
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ease the only potential cause of social risk during play. Deterding's Goffmanian account of
alibis for adult play center on frames that are used by adults in various circumstances to re-
duce the potential identity threats posed by play [42]. Thus, to create a space within which
adults may feel safe playing, designers must incorporate supports for framing play within
games and controllers. Excuses for play described in Deterding's work offer a blueprint
for keying play that are accepted by adult players and can be supported through controller
design. Those most relevant to controller design include mapping to conventional or in-
stitutionalized frames of play (thus reducing the distance of play activities from “normal”
behavior), or keyings that transform play into an acceptable activity (allowing for alibi gen-
eration through actions such as “mock performing, arti cially exaggerating, or otherwise
ironically keying the action” [42]).

Safety may be supported via a low interaction oor, thus reducing the amount of arti ce
a player must agree to in order to participate. Additionally, humor is a useful tool for
increasing players' sense of safety and decreasing the potential for embarrassment. Players
enter the magic circle with the understanding that there is an element of silliness to the play-
activity with which they engage, and may set aside reservations when encountering others
willing to engage with an amusing premise. Deterding highlights such a joint commitment
to frivolity as a means of an in-play alibi: “Few things are quite as involving as other
human beings putting their selves on the line” [42]. Designing for collaborative interaction
includes design for joint commitment to play, and this component of collaboration can be
utilized as a primary or secondary support for player safety.

In Love and Bozdog'®la de la Vida[41], safety is promoted through the custom
nature of the controller itself (lowering the barrier to entry for individuals who may not
have had extensive experience with traditional game controllers), and the use of a costume
to ease uncommon interactions and introduce humor into the play-space. Additionally,
Ola de la Vidarequires the interaction of three players, which further reduces the potential

for embarrassment: the collaborating players “may look silly, [but] at least they look silly
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together” [41]. InMad Mixologist the humor of spilling drinks and intentionally unskillful
action reduces the pressure to perform accurate movements and allows for the generation
of humor as performancélOT SWAR small controller size, conversely, addresses player
safety by asking players to take on less risk int he rst place: rather than wearing strange
costumes or engaging in large-scale actions, players sit at a table and use small controllers
that easily tinahand, in a space more closely mapped to the existing play-frame of “video
game.” Any of these techniques, or combinations thereof, or additional methods of either
reducing social risk entirely or otherwise allowing for its framing as more legitimate adult

action, can serve to support feelings of social safety.

3.2.2 SocialSpaces

Whether described as a magic circle [36, 34, 43], a framed activity nested within reality
[37], or an activity with porous boundaries that is constructed and negotiated by players
[44], play can be understood as separated from other human activity. The creation of a
bounded social space in which playful interaction may occur is the next step in supporting
collaborative play. Boundaries, even porous ones, allow for the creation of a world “set
apart” from the ordinary that enables players to take on new social roles. Applied to con-
troller design Social Spacesovers controllers' support of either roles in gameplay or the
delineation of the play-area as a distinct physical space.

With the arti ce of play, players are able to “take on” new roles (outside the realm of
the ordinary) endowed upon them by the game and its rules. The play-space is “set apart”
in time and space, and rules and events within the play-space are at least somewhat distinct
from rules and events outside it. The magic circle allows for the transformation of existing
relationships and the generation of new roles and relationships; the magic circle is a key
component of play, and thus can be leveraged in service of collaboration within a play
activity. In designing collaborative alternative controllers (and the games that use them)), it

is vital to consider how the physical affordances of the controller can serve to strengthen or
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weaken the boundaries of the play-world, and how the controller may give rise to patterns
of collaboration within it. Salen and Zimmerman propose that players take on roles as
part of the social arti ce of games [34]; these roles may, and typically do, shift and evolve

during play. The creation of a bounded social space in which playful interaction may occur

is the next step in supporting collaborative play.

Social Spaces in Game and Controller Design

To some extent, social spaces are created by the very existence of a play-activity, which
is central to understanding the magic circle as a broader play phenomenon. However,
it is possible to strengthen the role of the social space in the player-experience and thus
allow players to “step into” the roles which a game or playful experience asks of them.
Engaging with these roles is the next step towards engaging collaboratively. Game and
controller design may be aimed towards the end of imbuing players with roles to play —
whether they be “player-as-interactor” with speci c tasks but little engagement with a game
ction or “player-as-character” where players' tasks are deeply intertwined with the game's
arti ce.

Creating roles for players to “take on” can be done within-game, and does not need
to rely on controllers. This is often done in a game-world and relies upon players identi-
fying with an avatar or some other extension of themselves. These roles may be explicit
(“the player is an explorer on an unknown planet attempting to survive among dangerous
megafauna”), or implicit (“the player is one of several members of a team and must elim-
inate other players before their own team is eliminated”), but all imbue the player with a
goal, a key portion of many de nitions of games themselves. Digital games may achieve
this in virtual space using compelling narratives, character creation, or other introductions
to the game-world. An advantage of games within more substantial physical areas (includ-
ing a number of games that use large, highly visible, or wearable controllers, or games

whose play-spaces are decorated thematically) is that they may leverage additional compo-
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nents to promote perceptions of space-as-play-space.

Controllers provide an additional means of imbuing roles on players beyond what is
possible with game mechanics. Highly visible or wearable controllers may delineate the
players as part of a play-world, and further act as means of setting roles upon players.
Wearable controllers (such as those in Isbister et Hidsaru [45]) act as a particularly
clear example of such a phenomenon. Roles are quite literally “put on” by the players: one
is either a “gauntlet player” or a “tank player” and must act in accordance with their role
to successfully complete game goals [45]. In non-wearable contexts, the in uence of the
controller on game-space roles is somewhat less literal, but still present. InR2ié&h
the Custard players take on the role of “custard-puncher” within the game space, a role
which depends directly on action being taken upon the game controller [46]. The sharing
of information or physical resources, or reduction in one or both player's capabilities (and
subsequent reliance on another player) may be used to increase players' trust in one another
(as inYou Better Eat To Survijd7]) or imbue players with the play-role of “teammates.”
Teammate roles may also be created by simply tying both players' actions to an outcome.
In cooperative games where players succeed or fail as a unit, players assume joint respon-
sibility for the outcome. The arrangement of controls in a setting can additionally serve to
create a social space, creating a physical boundary to the nonphysical magic circle, and the
inclusion of large controllers (such as FlanagdgiantJoystick][48]) also serve as means
of creating an easily-perceived play space within which players can interact.

Key elements of designing for social space include considerations of how both the phys-
ical game space and the controllers (which can create game-space themselves if they are
suf ciently large) serve to support players' separation from everyday life and their taking
on of additional roles beyond themselves. Simple ways of achieving this included team-
based controller designs and mechanics, which can add “teammate” roles to players, and
created physical environments in which a game is played to make the boundaries of the

play-space visible. Additional means of imbuing roles can include segmenting information
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and resource access to give each player a designated role and the use of wearable con-
trollers to make a player's position as player and role within the game-world perceptible
to an outside spectator. Regardless of which social spaces strategies are chosen, the de-
sign of controls that imbue players with additional roles and responsibilities can support

collaboration within the magic circle of play.

3.2.3 Interreliance

Interreliance the innermost theme, translates nearly directly from digital and analog games,
and refers to design choices that require players to share responsibility for success. The
core precept underlying this theme indicates that players must assume some joint respon-
sibilities for various outcomes within the game, and there are a number of means by which
interreliance among players may be promoted. Cooperative settings make for a simple il-
lustration of this idea, in which players work together and either succeed or fail as a unit
(as they do in basketball @vercooked49]. Interreliance is also present in a number of
competitive game settings, including games in which players create temporarily alliances
to further their own goals or team-based games.

Interreliance, like social spaces, may be promoted entirely in the absence of unique or
visible controls. However, the game design practices that support interreliance in traditionally-
controlled digital games or analog games may be ampli ed by controller affordances. In-
terreliance may be achieved via shared control of a single avatar or output, asymmetrical
and complementary controls or abilities, or the limitation of a single player's capabilities to
less than what is required to successfully interact with an experience. Rocha et al.'s work
on design patterns promoting collaboration [50] includes two patterns directly related to
interrelianceshared goalswhere players work together towards a singular, common goal,
andcomplementaritywhich refers to designs in which players are given complementary
roles and abilities and must coordinate actions. These patterns were further studied by Seif

El-Nasr et al. in their investigation of design patterns to support collaboration present in

32



commercial games [51]. Harris and Hancock additionally explore the notion of “asymme-
try” with their work onBeam Me Round, Scotty!, Zhe authors highlight asymmetry in

play as a potential driver of players' “perceptions of connectedness, social engagement, im-
mersion, and comfort with a game's controls’[52] and propose actionable design principles

that may support such interactions.

Interreliance in Game and Controller Design

Cooperative games that use traditional controllers suédvascooked49] andKeep Talk-

ing and Nobody Explodg53] demand players' reliance on one another for in-game success
by providing goals that cannot be achieved with the abilities available to a singular player.
From a design perspective, this means crafting abilities and information sets for players
that are a subset of the entire ability or information suite that is required to complete the
game.

The splitting or sectioning of player abilities and information can be extended to the
design of controllers for interreliance. A controller may enforce interreliance if it is split
into multiple parts which constitute a shared resource pool among players (as in Gyory et.
al.'s HOT SWAP: All Hands On Dedk4]) or enforces asymmetrical or complementary
player abilities (as in Isbister et al.ldotaru45]). Alternative controllers may also be
designed for multiple users, as seerQfa de la Vida[41]; such a controller places the
onus of success or failure on multiple players as a single unit. Shared control of a jointly-
created outcome is a straightforward means of designing for interreliance, and multi-user
controllers allowed outside of the conventional control space allows for such designs to be

realized.

3.3 A Taxonomy for Collaborative Controllers

Drawing upon these themes, | propose the following taxonomy for describing and posi-

tioning collaborative controllers and related artifacts in relation to the eld more broadly.
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For each of the three themes for collaborative controllers, | propose a series of descriptors
representing the means by which alternative controllers can and do ful Il the theme. Clas-
sifying artifacts in this way allows for the conceptualization of works' shared or disparate
properties in alignment with the three themes, thus opening the possibility of comparing

multiple disparate artifacts.

3.3.1 Safety

Means to approachingafetyin controller design can be categorized as one or more of the

following approaches:

Humorous Controller and/or Premise

Low Interaction Floor

Inclusion of Multiple Players

Small or Similar to Accepted Controllers

Games that include elements of humor in their premises and/or controllers offer players
the opportunity to key their play ironically or lightheartedly, engaging without a great deal
of earnesty. Deterding presents humor as one method of generating an alibi for play. Rather
than embarrassment, which Deterding describes asia@nténtional breach of normative
expectations,” humor can be read as “a bemg@ntionalbreach of normative expectations
(McGraw & Warren, 2010)” [42]. In settings grounded in humor, players can “make a point
of mock performing, arti cially exaggerating, or otherwise ironically keying the action”
[42]: the players, along with the audience, are in on the joke.

Experiences may also make use of a low interaction oor to allow players to interact
without requiring a large amount of divergence from everyday activities. Players may
engage with these control setups by standing, walking, sitting, or using a mobile phone.
Such design allows for interactors to engage in play while retaining the potential for play-

alibis or reducing the risk of being seen performing unusual or childish actions [39].
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The inclusion of multiple players, which can, in the vast majority of cases, be consid-
ered a requirement for collaborative games, is an additional means of providing players
with a feeling of safety. The addition of one or more other people int he play-space willing
to take on unusual or potentially embarrassing activity offers players the opportunity the
shielding of a group: “although [players] may look silly, at least they look silly together”
[41].

Finally, a straightforward means of creating alternative controllers that present less so-
cial risk to players is designing controllers' size and form to be similar to those of existing
traditional controllers. Such designs offer a form of play that is similar in nature to other,

accepted forms of play (such as play with a console controller or a PC keyboard).

3.3.2 SocialSpaces

Means of approaching social spaces can be classi ed as utilizing one or more approaches
that are divided by where the controller (and its contribution to the creation of a social

space) is located in relation to the player(s):
» Held or Manipulated by Player(s)
» Worn by Player(s)
» Surrounding Player(s)

Controllers that are held or otherwise manipulated by players utilize an approach to
social spaces most like traditional game controllers: by holding, pressing, or standing on
the controller, the player is able to be identi ed as an interactor. Alternative controls,
however, offer two additional means of designing physical affordances that support the
visibility and role of the social space during play. These approaches include controllers
that are wearable and worn by one or more players, serving as costumes that allow players
to take on both the role of “player” as well as the corresponding in-game role. Further,

many venues in which alternative-control games may be installed allow for greater creative
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control over the space in which players interact with a game. Approaches that incorporate
the design of the space in which play occurs may make use of props, boundaries, or other
decorative or functional elements of the space to make the nature and boundaries of the

play-space visible.

3.3.3 Interreliance

Means of approaching interreliance can be categorized into one of four groups, based upon
whether players have access to the sasyen(metricgl or complementarygsymmetrical

sets of controls and in-game abilities, and whether players' controller inputshared

or independent In symmetrically-controlled games, players have access to identical or
nearly-identical inputs and abilities in play. In asymmetrical schemes, players share only
responsibility for outcome, but share no other control inputs or outputs. Shared controllers
are single control inputs that are used by both players, and can be used to describe games
in which players share joint responsibility for the majority of input devices. Independent

controllers are those in which players control separate input objects.

3.4 Describing Alternative Control Artifacts using the Three Themes

These themes and taxonomic classi cation techniques allow for the description of alternative-
control games according to the three themes presented in this chapter. | have selected a

small number of these artifacts to discuss below in greater detail.

Hotaru: The Lightning Bug Game

Isbister and Abe'Hotaru: The Lightning Bug Games a two-player game that makes

use of complementary player abilities and wearable controllers that additionally serve as
player costumes [45, 55, 14] Players take on the role of lightning bugs in a fantasy world,
working to collect and shoot lightning using one of two wearable controllers, a gauntlet and

a backpack, as well as sensor-enabled gloves. Players must hold hands and work together
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Figure 3.2:Hotarugameplay, from Isbister et al., 2018 [43].

Figure 3.3: Taxonomic classi cation ¢tdotaru.

to collect and disperse energy at a cloud-covered ceiling to complete the game. Spectators
are often present, and the wearable controls include illuminated elements that make them
highly visible in dark spaces [56, 43].

While the performative nature éfotaru may limit its player pool to those comfortable
in engaging in public performance, the game still provides a number of design elements
that help even more performative players feel safe in their interactions. The rst of these
is the presence and physical proximity of the other player. Though controllers designed
for collaboration are necessarily used by multiple playeistarus emphasis on physi-
cal closeness via hand-holding ensures that players have a partner in performance at all
times during play. Isbister and Abe note that within play, the costume-based nature of the
controllers allows for social exploration, improvisation, and “nuanced negotiation of social
relationship” [43], supporting a small circle of safety for the two players.

Ishister is a key proponent of approaching alternative-control and social games from
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the perspective of designing for a magic circldotaru offers a direct re ection of this
principle in practice. Isbister cites proxemics and and the costume-based controllers as
primary contributors to roles de ned within the magic circle of the game, and on players'
interactions with one another. Using costumes, players literally “put on” distinct in-game
roles. The wearable nature of the controls and performative nature of the experience further
creates a social space in which players are visually “set apart” from the rest of the darkened
space.

Hotaru additionally provides an excellent example of complementary asymmetrical
abilities driving interreliance in gameplay. In addition to players holding hands for the
duration of the experience (which creates a joint responsibility for pair location), players
must rely on one another to complete their roles towards the duo's success. The player
wearing the backpack must collect energy for the player wearing the gauntlet to use, and
the player wearing the gauntlet must use that energy in service of the game's goal; neither
player may complete the objective without the aid of the other, driving a tight interreliance

that players must engage with if they wish to succeed.

Ola de la Vida

Figure 3.4:0la de la Vidagameplay, from Love and Bozdog, 2018 [57].
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Figure 3.5: Taxonomic classi cation @la de la Vida

Love and Bozdog'®©la de la Vidais a three-player game designed for use in social
contexts such as bars, social gatherings, and “play parties,” de ned by the authors as events
that are “designed around a curated collection of games or playful artifacts, either digital,
physical or often times a mixture of both, which celebrate co-located social play” [57].
Players don a single poncho with three head-holes, and hold hands with one another; the
players on each end hold conductive maracas in their free hands. Each player stands on a
Wii Balance Board, and players collaborate to move an on-screen wave that propels small
pihata-creatures from one end of the screen to the ot®éa. de la Vidawas explicitly
designed for “play party” settings in which individuals, often game enthusiasts, gather at
public social gatherings to engage with a number of games [57].

The setting in whiclDla de la Vidais played is a crucial component of its design and its
inclusion of considerations of player safety. The game's designers describe such events as
“ecologies of participation”[58] in which "attendees can interact to a level with which they
are comfortable”[57]. For Love and Bozdog, the play party itself serves as a safe space for
play, within which other modes of play may emerge. The designers describe the creation of
a “positive performance space” within the larger safe space, in which spectators may learn
about the game from watching before playing. Within the poncho, individuals' actions are
less discernible to an observer, providing coverage for players who may be embarrassed
to interact when not offered the same visual protection. Furthermore, Love and Bozdog
highlight theOla de la Vidacontrol costume's novelty as both a means of creating a “level
playing eld” for players with varying degrees of comfort with traditional controllers, and

a means of promoting “a sense of togetherness and camaraderie” among players [41].
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In Ola de la Vida as inHotaru, the wearable nature of the controller itself plays a sub-
stantial role in the creation of social spaces among players, and among the larger player-
and-audience play community. The game's designers note the ritualization of entry into
gameplay as a contributing factor to the experience: “The staged introduction to the game
(putting on the poncho, stepping on the pedestal, taking one another's hands etc.) creates
an interaction structure for the game as a social object” [57]. The shared nature of the
wearable contributes to players' sense of camaraderie, and the continual transfer of play
responsibility among players endows players with individualized and renegotiable roles
and responsibilities within a play session. The nature of the game is such that the leftmost
player takes rst responsibility for guiding patas onto the “wave of life.” Once theffaitas
reach the area managed by the middle player, they become the middle player's responsi-
bility, and so on and so forth. Thus, players' actions are directly shaped by their position
in the poncho, and taking responsibility for one “segment” of the wave becomes central to
their activities during play.

Such continuous negotiation (and renegotiation) of responsibilities illustrates the fun-
damentally interreliant nature @la de la Vida Beyond merely sharing a costume and
succeeding or failing as a group, players share actions and responsibilities within the larger
three-person play-group due to the requirements of the game. Primary contributors to this
reliance include the fact that players must hold hands for the duration of the play session
and the transfer of responsibility for the wave “down the line” as players collaborate to
move piatas from start to end. Players “rely on one another physically and digitally in or-
der to achieve the goals of the game”[57]. The designers highlight the role of the individual
in the communal activity, noting that the leftmost player may “hold back” newly-appearing
pifiatas in order to keep the workloads of the other two players manageable [57]. In this
way, players become interreliant in physical space (it is impossible to move without moving

another player) but also interreliant within the game itself.
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HOT SWAP: All Hands On Deck

Figure 3.6: Controller and gameplay images fref®@T SWAR from Gyory et al., 2019
[54].

Figure 3.7: Taxonomic classi cation 10T SWAP

HOT SWAP: All Hands On Dechkvinner of the 2019 alt.ctr. GDC showcase, features
two player consoles and interchangeable controller attachments, a pool of which both play-
ers must share to survive in-game for as long as possible [54, 59]. Players are responsible
for driving and managing a virtual sailing ship, which requires steering, sail manipulation,
defense from enemies, and emergency reactions (including putting out res). Each player
uses a controller with slots for two “hot-swappable” controls that each address one of these
needs; there are a total of ve of these controls, and the pool of controls is shared between
the two players. Players plug these controls into their controller slots, and manipulate them
to keep their virtual ship a oat.

The appearance diOT SWAR controllers and the gradually growing intensity of
gameplay provide players with a mean of interaction that is visually similar to more con-

ventional forms of play (such as play with console controllers). When deciding to play

41



the game, players only must sit at a table in front on a controller, and are not required to
take part in actions that look “out of place” in public settings such as wearing costumes or
making large, unusual body movements. While this design choice makes the play-space
potentially less discernible to an outside observer, the non-intrusive nature of the control
and game setup reduces the social risks of taking part in play; as play goes on, players may
become louder or otherwise more visible in their play, but the extent to which this occurs
is up to the player.

Owing to its smaller controller size&]dOT SWAPR creation of social spaces and the
negotiation of player roles within play is substantially different from the rst two artifacts
discussed here. The play-space is substantially less visiBl®inSWARhan inHotaru or
Ola de la Vida however, the game's requirements of its players and shared resource pool
encourage players to develop a shared strategy over the course of a play-session. Players'
use of the various control mechanisms encourages a consistent renegotiation of roles. A
player, by taking and using a given control component, assumes responsibility for handling
any in-game tasks related to that component.

Rather than using complementary abilities to create interreliance between plé@drs,
SWAPutilizes a shared control resource pool and limitations on individual players' in u-
ence to drive player interreliance. Players must react to a number of situations simultane-
ously, but only four controls (two for each player) may be manipulated at any time. Thus,
players must not only share available control resources, but also must trust that their partner

will handle their assumed responsibilities and share control components when necessary.

Nintendo Labo Vehicle Kit

Though alternative controllers may be primarily found in festival and independent games
spaces, various games peripherals have been released by larger players in the games indus-
try over the years. Nintendo's 2018 Labo project, which enables the construction of playful

peripherals from cardboard to work with the company's Switch console controllers, sup-
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Figure 3.8: A Nintendo Lab&ehicle Kitpromotional image, showing the game's con-
structable cardboard peripherals [60].

Figure 3.9: Taxonomic classi cation &fehicle Kit

ports a recent endeavor into collaborative alternative controls witlehgcle Kitgame and
peripheral bundle [60]. The bundle includes ve constructable cardboard peripherals (three
steering devices, a foot pedal, and a “spray canister”) as well as cardboard “keys. ” These
keys enable use of the Switch's Joy-Con controllers in each peripheral and also allow for
control by af xing keys to household objects. The game offers an “Adventure Mode” with

a co-op option that allows two players using two of the game's peripherals to collaborate to
achieve in-game goals [61, 62]. Players can take on the role of pilot or driver of an airplane,
car, or submarine, while their partners take on the role of a ride-along “gunner” who can
assist with clearing obstacles; players may switch roles during play. Switch and Labo play
often occurs in players' homes, so players' social safety is not as immediate a concern as
it would be in more public party or festival settings, where several of the previously dis-
cussed works have been installed. However, physical features of the controllers for Vehicle
Kit and other Labo releases still may contribute to player social safety. The Labo project's
DIY aesthetic, supported by the materials used (cardboard) and the “build-it-yourself” na-

ture of the controllers (which are shipped as at perforated sheets that must be assembled),
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are reminiscent of childhood play [63]. While such “childish” play may create feelings

of unease or embarassment in players, it is also possible that shared use of the controllers
marks a shared buy-in to the arti ce of the play-experience, and thus an assurance that other
players in the space are willing to engage in potentially silly play too.

The cardboard peripherals offered by the Labo Vehicle Kit are signi cantly larger than
the Switch Joy-Con controllers they are built to contain, and substantially larger than hand-
held gamepads as well, making them much more visible designations of players as players
of a game. Furthermore, the controllers included in the kit are specialized, serving one
or two purposes in-game (dependent on which vehicle is being used). This allows for the
controllers themselves to endow players with roles inside the magic circle; players become
a “driver,” a “pilot,” a “gunner,” or a “pedal controller” based upon the controllers they are
using. This is similar to the role-based effect$loftaru's wearable asymmetric controllers,
in which the interface players use are directly related to their roles in-game.

Interreliance invehicle Kits Adventure Mode is optional, which sets it apart from the
other artifacts highlighted here. Missions may be completed by a single player, and the
inclusion of a second player can aid in completion but is not necessary. The game cannot
therefore be considered to be truly interreliant, because the second player is not required.
The controllers' relationships with one another during multiplayer mode is, however, worth
discussing. Controllers fovehicle Kitdemonstrate exible complementarity. Controllers
may serve two or more purposes (steering, aiming), and their uses may be renegotiated
during play; switching positions and vehicles requires a coordinated button-press from
both players. Regardless of vehicle or players' roles, players' controllers remain tied to
fundamentally interdependent dynamics; actions must still be coordinated, and control of
the vehicle itself may be distributed between both players as seen in The Nintendo Power
Couple's YouTube video describing their experience playing Wehicle Kit[62]. Despite
the lack of requirement for a second playéehicle Kits controllers nevertheless display

asymmetry and shared control that line up closely with games that do require interreliance.
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Mad Mixologist

Figure 3.10:Mad Mixologistsetup and player views, from Grasse et al., 2021 [64].

Figure 3.11: Taxonomic classi cation &lad Mixologist

Mad Mixologistis a mixed-reality collaborative game where players wear virtual reality
headsets that display the perspective of the other player [64]. Players collaborate to mix
a drink in real space while looking at themselves from the other player's perspective. The
game, designed to promote collaborative tangible interaction, alternates instruction steps
between players: one player is shown odd-numbered steps, and one is shown the even-
numbered steps. Between steps, players ring bells assigned to each individual to progress.
Players must work together and share information (and coordinate the direction of their
head-mounted cameras) to successfully complete the task at hand.

Mad Mixologistrelies on humor and absurdity to drive a sense of social safety. There is
great potential for embarrassment when players must both don augmented-reality headsets
and participate in an activity in which they cannot perform an everyday action with the
usual amount of skillMad Mixologistaddresses this potential by leveraging the amusing
results of less-skilled interaction with uids. Rather than punishing players for making

mistakes in pouring or mixing, the game allows for humor to come from failure in-game.
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Even if players struggle to correctly pour liquids, a mistake can allow for players to laugh
at themselves and the absurdity of the situation.

The social space of thdad Mixologistgame is driven primarily by two components.
The rst, the augmented reality headsets worn by the players, endows the players with in-
game roles, which are furthered by the players' use of the headsets to view game instruc-
tions. Instructions are displayed via an interface superimposed over the player's camera
feed. Players alternate roles of instruction-giver and instruction-receiver based upon the
information given during each step. Further, the space itself, visible through players' head-
sets and to spectators, de nes its own magic circle. Grasse et al. delSlaibblixologist
in terms of personal and shared spaces, with players interacting with objects in both [64].

Interreliance inMad Mixologist beyond the players' shared responsibility for the re-
sulting beverage, relies heavily on asymmetrical gameplay and information. Players must
rely on one another to receive step-by-step instructions. The player who does not see an
instruction during any given step is instead offered the suggestion to ask the other player
how they can help. Players additionally share responsibility for the shared space in which
much of the gameplay occurs. Furthermdvigd Mixologistrequires players to literally
see their actions from the other player's perspective. In order to see what is happening,
players must attune their head movements to their partner's visual needs during the game.

The variety present in even the small number of alternative controllers whose designs
have been published in academic outlets highlights the multiplicity of approaches that may
be taken to addressing themes of safety, social spaces, and interreliance. Each artifact
highlighted here presents a unique combination of physical and digital features that address
needs for collaborative play. A key consideration to be made here is that the documented
controller- and mechanic-based strategies for addressing each theme, should be considered
theoretical; a central part of the work of this thesis is the pairing of physical affordances
designed for each theme to data about sense-making during play. This will be achieved

by the use of creative sense-making analysis of play with each of the artifacts developed
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for this thesis; an overview of the creative sense-making framework is presented in the

following section.

3.5 Creative Sense-Making

Dauvis et al.'s creative sense-making framework extends participatory sense-making into the
creative domain and allows for the representation of dyadic embodied interaction as a series
of states as interactors shift between uid, clamped interaction and temporary disconnec-
tions from the task at hand to re ne their mental models. Play with alternative controllers is
often inherently improvisational in nature, as players use their mental models of a game and
its controllers to craft strategies for achieving their goals during play. It is ideal for under-
standing embodied collaborative play, owing to its design for describing embodied creative
interaction, its ability to quantify interaction dynamics in such settings, and its consider-
ation of embodied and social sense-making processes. Creative sense-making has roots
in De Jaegher and Di Paolo's participatory sense-making framework, which takes both
embodied action and social interaction to be key components of sense-making in social
situations. While creative sense-making differs from participatory sense-making in both
its approach to describing social cognition and the scope of its intended use, it is worth
brie y discussing participatory sense-making as it relates to embodied collaboration, and
embodied collaborative play more speci cally.

Participatory sense-making, proposed as an extension of the enactive paradigm into so-
cial interaction by De Jaegher and Di Paolo in 2007 [19], proposes that interaction itself is
a key component of social cognition. Rejecting the idea of social interaction as a process
by which one individual attempts to “ gure out” the intentions and meanings of another,
De Jaegher and Di Paolo contend that there is mutual in uence between the coordination
of interactors and the interaction itself. The authors de ne participatory sense-making as
“the coordination of intentional activity in interaction, whereby individual sense-making

processes are affected and new domains of social sense-making can be generated that were
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not available to each individual on her own”[19]. The concept is an extension of the enac-
tive view of the individual as sense-maker into the social domain, and its de nition covers
a number of important components.

Central to participatory sense-making as an activitgosrdination de ned by the au-
thors as “the non-accidental correlation between the behaviors of two or more systems that
are in sustained coupling, or have been coupled in the past, or have been coupled to another,
common system” [19]. The activity must alsoibgentional- an agent cannot accidentally
or unwillingly participate in the joint sense-making. The process must also indkmc-
tion: here, a social interaction is de ned as a “regulated coupling” that involves two or more
autonomous agents, regulation aimed at aspects of the coupling itself, and the coupling's
existence as an “emergent autonomous organization” that does not destroy the autonomy
of the interactors.

Participatory sense-making provides two key in uences on sense-making processes, ac-
cording to De Jaegher and Di Paolo. First, it in uences individual sense-making processes
by affecting how the involved agents build meaning in their world. Secondly, it offers
“new domains of social sense-making” that go beyond what is available to the individ-
ual, and thus opens up and additional dimension of meaning-making activity. Participatory
sense-making also forms a cornerstone of Fuchs and De Jaegher's work on enactive in-
tersubjectivity, which presents social understanding an an “ongoing, dynamical process of
participatory sense-making and mutual incorporation” that includes an emphasis on the
embodiment and bodily actions of interactors within the space of a social interaction [65,
66]. It is thus appropriate to understand participatory sense-making as a valid means of
understanding social interactions in a variety of spaces, particularly those within embodied
contexts.

Creative sense-making, which builds on the participatory sense-making framework,
provides a targeted means of quantifying embodied social sense-making and is particularly

apt for use in play-based settings. Davis proposes the noticreafive sense-making
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describe the participatory sense-making processes of interactors engaged in creative or im-
provisational activity [18]. Following an initial investigation into dyadic pretend play as an
activity involving participatory sense-making [67], Davis proposes that sense-making may
be quanti ed by an examination of free energy in the mind: “Sense-making is described in
terms of free energy as the process by which free energy is gradually reduced in the brain
by experimentally interacting with the environment to gradually increase the accuracy of
the agent's internal predictive model”’[26]. The resulting enactive descriptions of improvi-
sational processes illustrate processes by which an interacting agent engages in or diverges
from a ow-state (similar to that described by Csikszentmihalyi [68]). Divergences oc-
cur when the agent has a need to re ne its mental model of the ongoing interaction space
to increase the model's predictive accuracy and reduce surprise. This may be achieved
by a “partial” or “full” physical unclampin which the agent interacts physically with its
environment to collect resources or expand its predictive model, or a “partial” or “full”
perceptual unclamgn which the agent works internally to improve its mental model (e.qg.,
thinking).

From the participatory sense-making framework, Davis et al. derive key components of
creative sense-making, including participatory sense-making's approach to understanding
social cognition as an embodied interaction in which the interaction affects interactors’
sense-making processes. Creative sense-making also is substantially narrower in scope,
and was originally used for describing open-ended, creative improvisation, rather than the
much broader scope of human social cognition which is covered by participatory sense-
making. Davis et al.'s conceptualization of improvisational activity as a continuous action
alternating or moving between clamped and unclamped cognition is further extended into
guanti able categories and a video analysis tool to simplify coding along this scheme.
This tool has been used to analyze and describe interaction dynamics and trajectories in co-
creative settings, such as pretend play and collaborative drawing with an intelligent (human

or Al) partner [69, 18].
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Davis et al.'s application of creative sense-making analysis to collaborative drawing
yielded data that allowed for the comparison of human-Al collaborative sketching sessions
with human-wizard of Oz collaborative sketching sessions, outlining differences between
sense-making activities and creative collaboration in each condition. This use of creative
sense-making analysis to support comparisons between conditions is not unlike its appli-
cation to gameplay with different artifacts. Furthermore, interaction with a new game con-
troller and exploration of its capabilities is a fundamentally improvisational activity not
unlike the creative activities described by Davis. While such activity is typically more
goal-oriented than abstract drawing or pretend play, two scenarios to which the creative
sense-making framework has previously been applied, the exploratory and co-constructed
nature of the activity gives rise to similar clamping and unclamping events. Thus, | propose
the use of Davis's creative sense-making categories to describe the interaction patterns of
individuals engaged in collaborative play with alternative game controllers. This means of
describing collaborative embodied play offers a holistic view of player's collaborative pro-
cesses during play, which can be mapped to physical affordances of the controllers. Such
mapping allows for the development of new knowledge about how controller design may
relate to the collaborative aspects of play, and thus offer designers insights into crafting

controllers to support various patterns of collaboration during their use.
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CHAPTER 4
BOUNDARY ARTIFACTS

| developed three boundary artifacts to be used in study sessions to support the collection
of creative sense-making data about dyadic interaction with alternative controllers. These
artifacts were designed to include physical affordances covering a variety of disparate ap-
proaches to address the three themes for collaborative controllers, which can be visualized
by noting the shared and disparate classi cations of each in gure Figure 4.1. Controller

and gameplay design and implementation for each artifact is described in this chapter.

Figure 4.1: The three boundary artifacts developed for this thesis, described using the three
themes taxonomy.

4.1 Haber Dasher

Haber Dasheris a game in which two players share and tilt a large bowler hat to control

an on-screen character. The hat controller, which is eight feet wide and worn by two play-
ers, was designed to explore the sense-making patterns of players engaged with a shared,
wearable, and highly visible controller. The game's ction supports awkward movement:
the players' avatar is a human-shaped suit piloted by an alien attempting to blend in with
human society. Players must coordinate their motions while wearing the hat in order to

complete a series of objectives.
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