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Abstract

Stroke is one of the most common diseases affecting older
adults in Western societies. Suffering a stroke can result in
a loss or weakness of mental and motor functions, severe-
ly impacting the individual’s quality of life. With effective
rehabilitation it is possible to recover from stroke and
regain some lost capabilities. However, rehabilitation can
be very taxing on the individual, both physically and men-
tally, and many struggle with maintaining the motivation

to continue.

Those who are unable to stay motivated tend to struggle
with recovery. Without regular rehabilitation of an ap-
propriate level of intensity, the individual’s progress will
wane. They may lose interest or faith in their ability to

recover, maximizing the negative impact of the stroke.

To combat this, we explored the incorporation of a digital
game system into the rehabilitation process. Such a sys-
tem introduced a more engaging alternative to existing
mundane physiotherapy exercises. The system converted
prescribed exercises into gameplay using a special shoe
controller designed to target lower-limb rehabilitation.

Health professionals were involved in its development,
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ensuring the validity of the gameplay as a substitute for
traditional rehabilitation methods. Tests were conducted
with older adults to explore the target audience’s needs

and refine the system accordingly.

The final output was a digitized dominoes game (called
12-12) that required players to perform lower-limb physio-
therapy exercises to progress gameplay. 12-12 incorporates
Dr. Signal’s Strength for Task Training (2014), a novel

and contemporary rehabilitation scheme, supported by
the custom shoe controller developed by co-researcher
William Duncan. 12-12 explored engagement through

the themes of adaptability, connectivity and meaningful

interactions.

Lr]



vi



Table of Contents

ACKNOWIEdQeMENTS ..cciiiiiiceiiieiiiiceeeeeeereeee e ii
P 0153 { e You SN Vv
List Of FIQUIES ..eeeeeeeieeeeeeeeeeeeeeeeeee e X
Press Start 3
1.1Setting the Scene......ceiriiiiiiicieercrccer e S

[V 1 o Y= [o 11 19 aY =Y Yo E R 6
1.3RESEANCH AIMS weeeiiiiiieieeieeee e eeaens 7
The Tools at Hand 9
2.1 A Theoretical Perspective......ccvvuuuceeeiiiiiiinnccennns 1

2.2 MethoJOlOgY ..eevrvueeiiiriiiiiiceeiretiiieeeeeeeeriieeeeeee 12
2.3 Methods DY AiM e eeeaes 13
ARG T I S T3 02 [0 o WP 13
PRCIVANT=Yolo] a0 I\ [ o FEU N 13
You're Never Too OId to Have Fun 17
3.1 Literature ReVIEW ....uueveeeieeiieiieeeiee e 19
3.1.1 Why digital games? ......ceevviiivieiiceenieiienniieeenes 19

3.1.2 Games for older adultS....cceveeveeviniiniinninnennen. 21

12-12: A Physiotherapeutic Rehabilitation Game for Older Adults Recovering From Stroke

3.1.3 Level of ConfildeNCe..uuuiieiieiiiiiiiieeeeeennen, 21

3.1.4 ErQONOMICS w.uuiiiiiiiiiieineeeeiinieeeeeeeennnieeeeeens 22
3.2 CASE STUTIES .cvviiiiceiriiiiiiiceereecrriceeeeeeeenaieeeeeees 24
3.2.1 Towards Customizable Games for Stroke
Rehabilitation ...cceueeeeiiriiiiicccece e, 24
3.2.2 SilverBalance & SilverPromenade.............. 25
3.2.3 BrooksTalk & Virtual Teacher.......cccceeeeeeens 27
3.3 Design Precedents......cuuueeeeereeiiiiiccenneciinniceennes 29
3.3.1Nintendo Wii & Wii Fit ccccevvvreieiiiiiiceiieeeennn, 29
3.3.2 GArbarello ....coeeeeeeveieceenieiiiiiiieeeeeeereieeee e 32
3.4 A Clinical Point of VIieW .....ceeviiiiiiiiicennniiiiniiieennees 34
3.4.1 A Research Session with Dr. Nicola Kayes...34
3.4.2 Application of Kayes’ [deas.....ccccceeuvveeenne. 36
3.4.3 A Research Session with Dr. Nada Signal ... 39
3.4.4 Application of Dr. Signal’s Ideos................. 4]
Win Conditions 49
4.1 Criteria for SUCCESS ...ccvvuuueeiiriiiiiiiceeerecteiieeeeeees 51
4.1.1 Establishment of Criteria.....ccceeeeeeevvueeennees 51
4.1.2 AJaptabIlity cooeeeeeeiiiiieiiiiii e, 58
4.1.3 ConNECtiVity coeireeieieiee e, S8
4.1.4 Meaningful Interactions........ccceeeeeeeeeeeennn. 59
4.1.5 A Criteria-based Thesis Model............euu.eens 60

% vii



viil

Variety is the Spice 63
5.1 Beginning hypotheses ......cccevvviiviiiieenriiiinnicennnens 65
5.2 First [teration Concepts .....coevvvvveeeieevvereveeennnnnnee. 66

5.2.1 - FOUr SEQSONS....cccevviiiriiireeicieceeeee e 66
5.2.2 - Plane ConcCept .ccuvuuueeriiiiirniceeeeeeeriiieeeeees 68
5.2.3 - Dominoes Concept ....cevvvvuceeeriiernnneceennens 69
5.2.4 - Perpetual Motion Concept.....ccccvvvueueennns 70
5.2.5 - Painting Concept...cccuviirimeeeiniciceeceeeeennnn. 70
5.2.6 - Sports CoNCePl..cuuuceiriiiiiiiiicieereeeriieeeeees 73
5.2.7 - Sneaking CoNCePl ...covviiiiiiiceirreiriiieeeeeees 73
5.2.8 - Mountain Climbing Concept......ccccceeeeeeens 74
5.2.9 - Cycling Concepts...ccoevvmmmmerrereeeieeeeiiiinnnn. 75
5.3 First Concepts ReVIeW ......ceviiiiiviiiceeniiiiiniieeeneens 77
5.4 Expansion of [€QS....cccuuuueeeriiiiiiiecenreiiiiieeeeeens 78
5.4.1 - Tabletop GOMES ..cuueeeiriiiiiiiceiereetiiieeeeeees /8
5.4.2 - Single Input GaMes ........eeeveeeeeeieiiiiiiniinne. 81
5.4.3 - Literal Motion Games ........ueueueiccccecennnnnn. 82
5.4.4 - Digital Colouring .....ceeveeeveeueceeereeevunnceenens 85
5.4.5 - Cooperative GOmMES.....ccevvuueeereervennnceennens 86
5.4.6 -Puzzle GOMES ....ccoveeririiiiiiriiiieecieeeeieeee 89
5.5 EXPONSION REVIEW ...viiiiiiiiiiiieiieiriiiiceeeeeeeniiieeeees 9

New Game 93
6.1MVP (Minimum Viable Product).......cccccveeeecuveeenns 95
6.1.1 Inclusion of Strength for Task Training (STT)
........................................................................................ 99
6.2 AlPNQ e 103
6.2.1 Tiddlywinks t0 12-12 V1.0...uuuueeeerreeeeeeeeeeennnnne. 103

6.2.2 Preliminary Testing ....cccevveveeeenceerreerennennnnn. 109
6.2.312-12v2.0to V3.0 ceriiiiiieeeeeeeeeeee 10

6.2.4 Integrating the Device ......uuuueeeveeeeceeeennnnnn. m

6.3 User Testing «.cccvuuuceeiiiiiiiiiieeeiecetiiiceeeeeeeennieeeeees 17
6.3.1 THE PlOYerS ivuuieeieeeie et eeeeeeeeeeeeeraeernneees 118

6.3.2 Testing Protocol ........ceeviriiiiiiceinniniiinieennnes 19
6.3.3TEST 1 121

6.3.4 Feedback T..iiiiiiiicieeeeeeeeceeeee e 121

6.3.5 TEST 2t 122

6.3.6 Feedback 2 ....cccovvviiiiiiiiiiiinieecccceeeeeee 122

6.4 Results ANQLYSIS....ciivvueeeieeiieeeeeieeeeercee e eeeanen. 124
End Screen 129
7 0BeO et 131
7ATN12-12 it 141

7.2 Evaluation Through Criteria .....ccceveeeeeeeeceeeennees 141
7.2.1 Limitations of the Research ...........ccuuuuu..... 143



7.2.2 Final Evaluation .......eeeeeeeiiiiiniiiceniccceennnne. 144 PY CLINIC cetiieeiiiiiiiiceee et eeeerraee e e e e eeeaaa e 193

An Interview with Saomantha Ogilvie ................. 194
New Game + 147 Appendix B - Expanded Concepts....ccccceeeereevennnnnnnn. 196
FOUr SEQSONS .ccoviiiiiiiiiiireccccccceeee e 196
8.1 FUtUre WOrk ..ceeeeeeeeeiciciiiiieeiecccccccccceceeees 149 Plane Concept 0]
8.2 CONCIUSION evvrrriiiiniiiiiiieeeeeeeeeeeeeeeeeeeeeeeeeeeenennns 151 R 01
Mountain Climbing Concept.....ccccccveeeerereernnneee. 202
Reference List 155 Perpetual Motion Concept......cceeveveerervrvreennnnnee. 203
LIt@rOIUIE ceevieeeeeeicrie ettt ses 157 Painting Concept ..., 203
IMAGES ..ottt 163 SPOMtS CONCEPL ..ocviiiiiiitiitiiis 204
Sneaking CoNCePl... ettt 205
o Second Concept Matrix Evaluation Expanded
Bibliography 167 CIIOIIcverereeeeeeeeeeeeeeseeessseceeeeeeesesssssmeeeeee e 206
AGJitioNAl SOUICEeS ...euueiieeeiieeeeeeeeeeeeeeeeceecceeeeeees 169 Appendix C -User Testing ...cccceeeveeeeeeeeeeceeeeeeeeennnnne. 207
SrenQths o 207
Appendices 173 Weaknesses........ccevvveeeiiiiiiiiiiiiiiiiiiiiiiiiieiee 207
_ Additional User Information: “Bernie”.............. 212
Appendix A -Background RESEarch .....wweeesvvvvees ke User Test 1 = AQditional NOtes .......vervverreeenn... 212
Additional Notes on a Research Session with Dr. "
NICOLO KQYES ..eueiiiiiiiiiiiiiiiiiiciciciiitititti 191 User Test 2 - AJOIIONQLNOtES ...ccoooooososissvvven 215
Additional Notes on o Research Session with Dr-. Appendix D - Additional Online Resources ............. 219
NOGQ SIGNQAL i 192
Additional Notes on a Research Session with Dr.
DL=) o1 [T= N Fo )] L] ol U 192

Qbservation at NeuroRehab Results Physiothera-

12-12: A Physiotherapeutic Rehabilitation Game for Older Adults Recovering From Stroke % ix



List of Figures

3.1-SIlverBalanCe.....ccivvuieeiiiiiiiiiceeeeeecee e
3.2 - SilverPromenade
3.3 - BrooksTalk
3.4 - Nintendo Wii Console

3.5 -Lokomatinuse 1

....................................................
---------------------------------------------------------------
......................................................

3.6 - Lokomat in use 2

3.7 - Aspirations, Goals & Tasks

3.8 - Progression of Tasks
3.9 - The Ideal Practitioner

3.10 - Level Progression (Fruit Ninja)

............................................
.............................

3.11 - Rewards (Jetpack Joyride)

3.12 - Contextual Factors Diagram

3.13 - Strength for Task Training
3.14 - Bruce
3.15 - Janet
3.16 - Paxton
4.1 - Adoptability
4.2 - Connectivity

.....................................................................
---------------------------------------------------------------------
.............................................................
...........................................................

4.3 - Entrusting

4.4 - Investing

4.5 - Knowing

..................................................................

4.6 - Reciprocating

.........................................................

5.1 - FOUI SEASONS ...iiiiiiiiceieieetiiiceeeeeecreeeee e eeerenaeeeeees 69
5.2 = PlANE et 70
5.3 - DOMINOES cctvuiiiiiriiiiiieeeeeettiieeeeeeeereaeeeeseeennaaaeeeees 71
5.5 - Perpetual Motion & Painting .....ccceeeeeeieeienereeeeeeeennes 73
5.6 - Sports & SNEAKING .cccevviiiiiiiiieeeeeeeee e eeeeeeeeeeeee 74
5.6 - Mountain CliMbING ...eeeriiiiiiiieieeieiiiiceeeeeeeeiieeeeeee 76
5.7 = CYClING trtettruieerrritiiiieeeereettiieeeeeeeennnieeeseerennnnsssaens 77
5.8 - First Iteration Matrix Evaluation........ccceeeeeeeeeeeeee. 78
5.9 - TADLETOP «eeeeeeieieeeeee e 81
5.10 - SINGLE INPUL ..ttt 82
ST - Literal MotioN ...ccevveeeeieriiiiiicceeeeeereiceereeceveee e 85
5.12 - Digital ColoUriNg eeeeeeeeremeeineiieeeeeeeeeeeeeeeeeeeeeeeennns 86
5.13 - COOPEIrAtiVE ..ttt 89
S04 —PUZZIE ittt 90
5.15 - Second Iteration Matrix Evaluation.........c..eeeeeeeee 92
6.1 - TIAOIYWINKS 1.0 .eeeiieieeeiiieeeeeee et eeeveeeeevneeeeennees 98
6.2 - DeCISION Tre@...iiiiiiiieeeieeettiiceee e eceeeriee e eeeeena e 100
6.3 - Calibration Concepts....cuviuureeirieiiriiiieeeneeeiennnnennn. 103
6.4 - Representation of Exercise ......cccccvvuveeenricivnnnnnnnn. 104
6.5 -Main Menu ConCepts....oviiiruiceirieiiiiiieeenreceennenennn. 106
6.6 - Options CONCEPLS wuvuueeiiiiiitiiiieieieecrticce e, 107
6.7 = TULOFIQL PlAN ..ttt 108
6.8 - In-Game Ul Concepts.....covvrvuuceeriiiiiiinceenneciennnnennn. 109

6.9 -User FIow WIireframe ... eeeeieeeieeeeeiieieeeeeeneennes 110



6.10 - Menu Development .....cccuuveuemieiiiicicciececeeeeeeeeenen, 114

6.11 - Options Development......ccceeeviiiiiiiiiceenieeinnnnnennn. 115
6.12 - Tabletop Development........ccevvveiiiiiceinriiiiinieennnens 116
6.13 - Buttons and Tile Development......ccccccevevereeeeeeceens 117
6.14 - Scoring Development.........euceeeeeeeeeiiiininieeeeeeceeeeees 118
6.15 - User Testing Setup Diagram ......ccceeeeeeeereeevnnnnennn. 122
6.16 - Clinician Interface (Speculative) ......cccveeeecneene. 128
70 -MAINMENU ...ciiiiiiiiiiiiiiiiiiiiiiiiiiii 134
7.2 -BaSiC OpPtioNS ..cceiiiiiiiieiiiiiiiieeiieeeee e 135
7.3 - Advanced OptioNS .....ccevriierrieiceereeeiriieeeereeeenennennn 136
74 = PrimiNgG..ccccceieeeeeretiiiieeereetinnieeeeseennnneeesseeeennnnennns 137
7.5 - TODLIEIOP e 138
7.6 - Task Repetitions.......coeeeeeiiiiiiiiiiiiccceceeeeeee, 139
7.7 = SCOMINQuuiiiittunieeeerietiuniieeeeeetnnnneeeeeeeernnsesssseeeensnnsnnns 140
7.8 -GAME OV ..ttt 141
7.9 -User Flow Wireframe .......cccccceeeeiiiiiciciiiineeneeeeeeee. 142

12-12: A Physiotherapeutic Rehabilitation Game for Older Adults Recovering From Stroke % xi






“Defining ‘patient engagement’ is not
an easy or clear exercise”
- Gallivan, Kovacs Burns, Bellows, &

Eigenseher, 2012

Chapter 1

Press Start







1.1 Setting the Scene

“Quality of life is defined as psychological well-being,
which is dependent on the realization of both social and

physical needs.”
(Jung, Li, Janissa, Gladys, & Lee, 2009)

Stroke, or a cerebrovascular accident, is one of the most
common causes for long term disability among older
adults in industrialised nations (Alankus, Lazar, May, &
Kelleher, 2010, p. 2113). It is the equivalent of a heart attack
for the brain. A clot forms and blocks blood flow to a
portion of the brain, causing the cells deprived of oxygen
to start dying. Depending on the part of the brain that

is deprived, the victim may suffer cognitive, visual and
motor losses (ibid., p. 2113). The effects can be devastating

and achieving a full recovery is not always possible.

Hemiparesis (the weakening or loss of control of one side
of the body) is the main post-stroke impairment (Shirzad
et al., 2015, p. 361). This can result in the non-use of the

affected limb(s), which reduces chances of recovery. Such

impairment greatly restricts a person’s ability to lead an

independent life. It not only affects their motor capabili-

ties, but their sense of individualism and self-esteem.

Older adults’ sense of identity is very important, thus
‘elderly’ is a problematic term for researchers to use. Many
people find the label stigmatizing and it may not reflect
their physical or mental capabilities correctly (Blythe,
Monk, & Doughty, 2005, p. 673). Any product or service
developed to suit an older demographic should account
for their desire for independence and identity. Additional-
ly, it should enable friends, family and caregivers to sup-

port them in a meaningful way (ibid., p. 687).

Rehabilitation is the process of adaptive response to an
unexpected change in lifestyle imposed by disease or
trauma (Moreira, Rego, & Reis, 2010). It can only be effec-
tive if repeated regularly. More often than not, this can

be incredibly tedious for patients and a lack of interest

or motivation can result in incomplete treatment and
lower recovery rate (Barzilay & Wolf, 2013, p. 182, Gerling
Schild, & Masuch, 2010, p. 67, Lee, Tien, Chen, & Chen,
2012, p. 435, Moreira et al., 2010, Schonauer et al., 20m1).
Consequently, the exploration of patient engagement with

physiotherapy has been acknowledged as a priority for
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researchers (Jack, McLean, Moffett, & Gardiner, 2010, p.

227, Lee et al., 2012, p. 435).

The physiotherapeutic focus of this thesis is on low-
er-limb rehabilitation. The loss of lower-limb functional-
ity in particular can produce a feeling of social isolation
through a loss of independence, affecting one’s sense of
identity (Binstock and George, 2001, p. 232). Lower-limb
functionality impacts a person’s basic needs (e.g. walking,
going to the lavatory, getting out of bed), yet we found
lower-limb rehabilitation research to be less prominent

than upper-limb.

1.2 The Task Ahead

“Success in rehabilitation requires three key concepts: feed-

back, repetition, and motivation.”

(Barzilay & Wolf; 2013, p. 182)

Games are an excellent means of generating engaging
experiences. They generally involve the repetition of spe-
cific behaviours, yet elements of their design keep these
behaviours from becoming monotonous. These elements
can be utilized to motivate patients undergoing physio-
therapeutic rehabilitation. Motivation-based cognitions
have a large impact on patients’ choices during training, as
well as subsequent performance (Orvis, Horn, & Belanich,
2008, p. 2428). A player who enjoys the content of rehabil-
itation expressed through gameplay will likely play more
often and for longer, exposing them frequently to bene-
ficial content (Flores et al., 2008, p. 381, Liu, Ip, Shum, &
Wagner, 2014, p.4).

The development of computer technology over recent
decades has improved accessibility to digital gaming.
Research into the benefits of digital games is relatively

new, but results include increased attention span, hand-

Press Start



eye coordination, mental functions, motor skills, problem
solving, reaction time, short-term memory, and vision
(Jung et al., 2009, Lee et al., 2012, p. 436). In this thesis,
we explored the incorporation of digital games into the

rehabilitation process, asking the question:

How can digital games facilitate engagement for
lower-limb physiotherapeutic rehabilitation for older

adults recovering from stroke?

The concept of engagement has been broadly discussed
with “little critical exploration of the underpinning con-
cepts the term may represent” (Bright, Kayes, Worrall,

& McPherson, 2015, p. 643). In this paper the word ‘en-
gagement’ will be defined as ‘the active participation and
investment in one’s own health care, involving energy,
enthusiasm, and commitment. This definition is derived
from the works of Bright et al. (2015), Gallivan, Kovacs
Burns, Bellows, & Eigenseher (2012), and Menichetti, Li-

breri, Lozza, & Graffigna (2014).

1.3 Research Aims

In order to investigate the research question, the main

aims were as follows:

1: Define criteria for designing a digital lower-limb
rehabilitation game that engages older adults recovering

from stroke.

+ Systematically analyse existing digital game theory
and systems to situate the research in a body of knowl-

edge.

* Acquire professional insight on how digital games

can facilitate lower-limb rehabilitation for stroke.

2: Create and test a prototype digital game that facilitates

lower-limb recovery from stroke.

+ Explore game mechanics and genres that incorpo-
rate rehabilitation into gameplay and evaluate with

clinician reviews.
+ Iterate chosen concept to develop a final design.

+  Critically evaluate the game through clinician
reviews and user testing, iterating the design process

based on the findings.
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“Our most important tools are the
ones that involve and empower players
to make their own decisions”

- Church, 2006, p. 379

Chapter 2

The Tools at Hand







This research is grounded in a constructivist epistemol-
ogy. This chapter discusses the postmodern theoretical
perspective of the researchers and elaborates on the user
centered design methodology that framed the research
process. It covers each chosen method and why they were
selected.

2.1 A Theoretical Perspective

Games deal in providing fun experiences, but what is
defined as “fun” differs greatly from person to person.
Fun has not been operationalised (Baranowski, 2014) and
arguably cannot be. Too much is dependent on what the
audience wants or expects from a game. This research
was conducted under a constructivist epistemology;,
where meaning was drawn from the views of all parties
(Crotty, 1998, p. 58); the clinicians, the participants and
the researchers’ own interpretation of acquired knowl-
edge. A postmodern theoretical perspective was adopted
in acknowledgment of the multiplicity, ambiguity and
ambivalence of the subject matter (Gray, 2014, p. 28).
Many researchers of digital games have acknowledged the
subjectivity of their findings (Alankus et al., 2010, p. 2121,
Chen et al., 2014, p. 8, Flores et al., 2008, p. 383, Holden &
Dyar, 2002, p. 70, Nap, Kort, & Ijsselsteijn, 2009, p. 260).

Therefore, we consolidated the contributing perspectives
to minimize personal bias and improve the integrity of

the research.

12-12: A Physiotherapeutic Rehabilitation Game for Older Adults Recovering From Stroke E 1
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2.2 Methodology

This research was informed by a user centred design
(UCD) methodology (Gregor, Newell, & Zajicek, 2002,
Shirzad et al., 2015). Several studies recommend such an
approach as the involvement of users and stakeholders in
the design process allows for usability issues to be uncov-
ered and resolved (Gerling et al., 2011). A user centred de-
signer is constantly aware of the contextual needs of their
users and the functional needs of the product (Shirzad

etal., 2015, p. 363), combining these elements to improve

the final design’s accessibility. Gregor et al’s “user sensitive

inclusive design (USID)” methodology (2002, p. 152) was
found to be particularly relevant for a target audience of

older adults and influenced the design process as a result.

To develop a digital game system for rehabilitation, the
involvement of professional clinicians and medical re-
searchers became integral. We consulted regularly with
specialists from the Auckland University of Technology
(AUT). The research was developed in collaboration with
fellow Master’s researcher William Duncan. The goal of
our collaboration was to generate a game system that en-
abled play through physiotherapy exercises. This system

required a custom physical controller, designed by Dun-

can, that interfaced the user’s exercises with digital me-
dia. The process was conducted under approval from the
Health and Disabilities Ethics Committee (for the letter of
approval, see Appendix document A, p. 176).

The methods chosen were literature reviews, case study
reviews, design precedent analysis, questionnaires, inter-

views, matrix evaluation, observation and iterative design.

The Tools at Hand



2.3 Methods by Aim

2.3.1First Aim

The first research aim, to define criteria for designing a
digital lower-limb rehabilitation game that engages older
adults recovering from stroke, allowed for the findings of
our background research to be embedded in the design

process.

The first objective of this aim prompted research into
literature to gain a scope of existing knowledge. This was
followed by the revision of case-studies and design prec-
edents to systematically analyse how digital games have
been applied in a physiotherapeutic context, where these
projects had failed and what elements fellow researchers

deemed worthy of further investigation.

The second objective targeted the acquisition of a pro-
fessional perspective. Interviews with specialists from
AUT (Dr. Nada Signal, Dr. Nicola Kayes and Prof. Denise
Taylor) were conducted in the form of research work-
shops. These workshops provided specialised information
(Kuniavsky, Goodman, & Moed, 2012, p. 135) on the treat-
ment of stroke, lower-limb rehabilitation and the expect-

ed difficulties patients might experience. These contacts

12-12: A Physiotherapeutic Rehabilitation Game for Older Adults Recovering From Stroke

also allowed us to conduct a clinical observation session,
which granted insight into the nuances typical for pa-

tients undertaking rehabilitation (Zeisel, 1993, p. 113).

The knowledge obtained from this background research
was embedded into criteria that became the driving
force behind design decisions. These criteria functioned
as context-specific heuristics (Nielsen & Molich, 1990)
and were used to assess the effectiveness of the game for
supporting engagement. Several studies have effectively
used criteria-based development processes as a means

of prioritising important factors when the context of the
project is complex and time is limited (Flores et al., 2008,
Martin, Gotz, Miiller, & Bauer, 2014, Moreira et al., 2010).
The criteria were refined as developments were made to
ensure the most authentic and applicable version possible
(Hartson, Andre, & Williges, 2001, p. 153).

2.3.2 Second Aim

The second research aim, to create and test a prototype
game that facilitates lower-limb recovery from stroke,

focused on the application of our learnings within the

3 .

context of a game for stroke rehabilitation.
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The first objective of this aim was to explore game me-
chanics and genres that incorporated rehabilitation into
gameplay. Clinicians were key stakeholders, who evalu-
ated the concepts produced in this phase. We employed
matrix evaluation (also known as Pugh’s Method) to rap-
idly process several concepts simultaneously. The variant
we acquired from Milton & Rodgers (2013, p. 146) suggests
using the strongest concept as a “datum” and comparing
other concepts in a matrix using plus (+), minus (-) or
equals (=). This process generates a value for each concept
that ranks its effectiveness at fulfilling the needs of the
stakeholders (Ulrich & Eppinger, 2004, p. 131).

The second objective addresses the iteration of the final
output based on the prior evaluation. The rapid turn-
around for matrix evaluation allows it to be integrated
seamlessly into an iterative design process. Such an ap-
proach has been seen in several similar papers (Alankus
et al., 2010, Gerling, Schulte, & Masuch, 2011, Shirzad et
al., 2015, Trefry, 2010) and has been claimed by Vijay &
William as particularly effective when the theory sur-
rounding the designed system is minimal (2015, p. 224).
Game design research is too new to have any definitive
best practices, meaning such an experimental approach

seemed appropriate.

Each iteration was subject to formative evaluation from
multiple sources (Barnum, 2011, p. 12, Hartson et al., 2001,
p. 149). Designs were critically assessed by the established
criteria, as well as by the specialists from AUT. Critique
and advice from these doctors supported the integrity of
the system as a physiotherapeutic aid. Prior to formal user
testing, preliminary user tests were conducted on an au-
dience unaffected by stroke to gain an alternative view of
the game’s playability and aesthetics. These tests involved
a brief playthrough and questionnaire (for more informa-
tion on the questions, see Appendix document C1, p. 210)
and helped establish whether or not the game was usable
by such an audience i.e. caregivers, friends and family. The
physiotherapeutic functionality and the generic usabili-
ty of the system needed to be balanced because without

usability the physiotherapeutic aspects would be inacces-
sible.

The final objective involved formal user tests with the
complete system, i.e. the digital game plus custom game
controller (smart shoe) designed by William Duncan.
Recruiting for user testing began with presenting our
research project, as a combined system of hardware and
software, to local stroke clubs. Those who expressed inter-

est were contacted over the phone for an interview to test

The Tools at Hand



whether or not they met our inclusion criteria (for more
information on the inclusion criteria, see Appendix docu-
ment C2, p. 212). Three of those who met the criteria were
asked to participate in user test sessions. For the comfort
of our users, the option to conduct the test in their home
environment was provided (and taken by all three). Tests
involved users putting on Duncan’s device, complet-

ing the tutorial phase of the application and playing a
standard version of the game. During this process users
were encouraged to use “think aloud protocol” (Martin

& Hanington, 2012, p. 180). The test sessions concluded
with an interview to discuss any points the participants
missed with think aloud protocol and to explore their
thoughts on the system and how it might be changed (for
more information on the interview questions, see Appendix
document C3, p. 213). The results of these tests informed
subsequent iterations for both aspects of the system. The
iterations were tested again with the same users, with a
shortened interview afterwards. The findings from these
sessions contributed to the final evaluation of the game
system, helping articulate strengths and limitations of its

design and inform future investigations.

Information obtained from these tests provided a small

qualitative sample and cannot be expected to represent

a holistic view on the opinions of older adults. It does,
however, provide usability engineering measures that
may benefit future research (Hartson et al., 2001, p. 150).
Given adequate time and resources, it may be possible to
measure if engagement with the game system promotes
greater adherence to physiotherapy, therefore better
recovery. Measurement systems such as the Berg Balance
Scale (Chen et al., 2014, p. 3), Fugl-Meyer Test and Wolf
Motor Test (Holden & Dyar, 2002, p. 68) could be utilized

to generate quantitative data.
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“Games offer us a socially acceptable
form of play at any age, and an
enjoyable stimulus to the imagination.”

- Miller, 2004, p. 219
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This chapter discusses the findings from background
research that was conducted before the development of
the digital game (which later came to be known as 12-12).
It covers the selection of digital games, design recommen-
dations for older audiences, case studies of digital games
for older adults and rehabilitation, design precedents for
motion-based gaming and consultation with clinicians.
The knowledge obtained in this chapter formed the foun-
dation for decision-making and critique during the subse-

quent design phase.

3.1 Literature Review

For physiotherapeutic rehabilitation to be effective, it
must be practiced repeatedly and regularly (Chen et al.,
2014, p. 2, Jack et al., 2009, p. 220, McLean, Burton, Brad-
ley, Littlewood, 2010, p. 514). Despite this, poor levels of
adherence to prescribed medical treatment are extremely
common in patients both young and old (Myers & Mi-
dence, 1997, p. 161). This can be attributed to a number of
individual factors such as pain, monotony, low self-esteem
or poor social support. For physiotherapy to be effective,
participants are required to attend appointments, follow
clinical advice and performing prescribed exercises cor-

rectly and frequently (Jack, et al., 2009, p. 220).

Many papers discussing the effectiveness of physiotherapy
practice use the term “adherence” when referring to the
consistency of individuals performing their prescribed
physiotherapy. While being integral to rehabilitation,
“adherence” can have somewhat insensitive connota-
tions that imply the patient to be a passive recipient of
care rather than an active participant (McPherson et al.,
2014, p. 108, N. Kayes, personal communication, 10 Au-
gust 2015). In contrast, our use of the term engagement
grants the user more agency in their relationship with
their rehabilitation. They choose to use the rehabilitation
system because they find it entertaining or compelling,

not because they were told to do so.

3.1.1 Why digital gaomes?

“By understanding what parts of the game contribute to
its enjoyability we can design games that enhance player’s
desirability to continue play, therefore prolonging their

exposure to elements of change.”

(Baranowski, 2014)
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It is generally agreed upon that games are an intrinsically
motivating platform for engagement. The more motivat-

ed a person is to perform a task, the more time and effort
they will invest into its completion and the more satisfied

they will feel as a result (Malone, 1981, p. 335).

Serious games, or “games that have a main purpose other
than entertainment” (Moreira et al., 2010), are becoming
more and more common as the industry develops. Typi-
cal applications of these games tend to be educational or
medical. Due to their nature, the entertainment value of
serious games is often seen as less effective than their pri-
mary industry counterparts. This is most likely the result
of the medium still being in a state of development and
having not fully explored the characteristics that make
games so captivating (Alankus et al., 2010, p. 2115, Flores,
et al., 2008, p. 381, Gerling et al., 2010, p. 66, Martin et
al., 2014, p. 101, McLean et al., 2010, p. 520, Moreira et al.,

2010, Orvis et al., 2008, p. 2416).

Serious games for an aging community are slowly being
recognised for their ability to improve mental and physi-
cal well-being, social connectivity, as well as simply offer-
ing an enjoyable pastime (Chen et al., 2015, p. 7, Barzilay &
Wolf, 2013, p. 183. [jsselsteijn, Nap, de Kort, & Poels, 2007,

p. 17). However, the 65+ demographic is largely underrep-
resented by commercial games (Gerling et al. 2011, Gregor
et al., 2002, p. 151, [jsselsteijn et al., 2007, p. 17, Jung et al.,
2009). This will become more relevant as those who have

grown up with digital games get older.

Some scholars suggest that serious games are simply tools
to encourage a specific interaction (Bogost, 2007, p. 57,
Moreira et al., 2010, Lee et al., 2012, p. 436). In some cases
the use of the term “tool” may be chosen arbitrarily, but
Malone illustrates the point that there is a significant,
fundamental difference between tools and toys (1981,
P-359), or in this case games. Tools should be invisible;
simply a means to an end, yet a good game deliberately
provides opposition against the user. This focus on the
“gamification” of serious topics may be what is limiting
the success of serious games. Gamification, or “the use of
game design elements in non-game contexts” (Deterding,
Dixon, Khaled, & Nacke, 2011, p. 10), is a versatile concept.
One limitation of gamification is that it functions as an
addition to the context that hosts it. The host needs to
have some intrinsic motivation already present (Deter-
ding, 2012, p. 17). Perhaps a greater focus is necessary on

generating experiences that are engaging at their core, yet
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accessible to an audience with (and despite of) specific

impairments.

3.1.2 Games for older adults

“Research results suggest that the [Nintendo Wii] is wide-
ly accepted among senior citizens and that playing Wii
games has a positive impact on the overall well-being of

institutionalized elderly.”

(Gerling et al., 2010, p. 66)

Gregor et al. notes that developers of serious games have a
tendency to separate their target audience into either “dis-
abled people” or “normal people,” overlooking the diverse
range of capabilities that exist within the user-base (2002,
p. 152). An older audience is rich with diversity, yet their
broad range of capabilities means there are numerous
barriers for engagement that can present themselves. The
following section addresses these barriers and potential

means of accounting for them.

3.1.3 Level of Confidence

Older adults have repeatedly shown open-mindedness
towards the use of new technology (Gerling et al., 2010, p.
69, Gerling et al., 2011, Ijsselsteijn et al., 2007, p.18, Jung
etal., 2009). Scholars such as Ijsselsteijn et al. (2007, p.18)
and Nap et al. (2009, p. 248) claim technology is more
likely to be positively received if interaction with it is sim-
ple and the benefits of its use are clear. Despite this, the
user’s level of confidence can limit their ability to engage
with computer systems i.e. cell phones, laptops or tablets

(Nap. et al., 2009, p. 260).

Confidence with computer technology can be drawn from
personal experience. Some studies suggest that existing
digital games deviate too much from the physical games
older adults are familiar with such as card or board games
(Mahmud, Mubin, Shahid, & Martens, 2008, p. 403, Nap
etal., 2009, p. 247, Orvis et al., 2008, p. 2418). The lack of
a conceptual model of computer functions can limit what
older users are willing to attempt. This is not necessari-
ly due to the complexity of computer systems, given the
complexity of traditional games older adults may play.
Ma et al. highlight the importance of users being familiar
with a system before it requires them to perform com-
plex actions (2007, p. 688). Therefore, if the game is built
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around concepts familiar to older adults, they can priori-

tise learning how to navigate the unfamiliar interface.

Ijsselsteijn et al. state that another way to combat ‘com-
puter anxiety’ is to provide encouraging feedback (2007,
p. 19). Self-efficacy relates directly to motivation: a user
who feels capable of accomplishing tasks is more likely to
engage with them (Sampayo-Vargas, Cope, He, & Byrne,
2013, p. 458). In-game feedback functions as a motivator
to complete the task at hand. Post-session feedback en-
ables players to track their progress and view information
about their functional ability (Shirzad et al., 2015, p. 366).
Granting players a clear sense of progression will help
maintain motivation levels as the more perceived con-
trol one has over a system, the more positively they react
towards it (Lee et al., 2012, p. 445, Mathwick & Rigdon, 2004, p.
325).

The subjective nature of self-efficacy and motivation
renders them difficult to measure. In fact, there is little
concrete evidence that one method for improving self-ef-
ficacy is more or less effective than another. This is not
necessarily a problem, as an objective perspective may

not be appropriate. Although inconclusive, these papers

provide a variety of avenues with which further research

can be pursued.

3.1.4 Ergonomics

The second main barrier for engagement is the ergonom-
ics of interaction with a computer system. The system’s
usability is one of the most important factors that con-
tributes to a user’s sense of control (Shirzad et al., 2015,
p. 364). The natural physical decline that occurs with age
includes visual and auditory decline and reduced fine

motor skills.

Visual decline greatly affects how users interpret digital
interfaces. Gerling et al. (2011), Gregor et al. (2002, p. 151),
Ijsselsteijn et al. (2007, p. 18) and Kopacz (2004, p. 212)

break down the changes as follows:
+ Aloss in static and dynamic visual acuity (keen-
ness).

*  Reduction of visual accommodation range (ability

to track an object as its distance to the eye changes).

* Loss of contrast sensitivity.
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* Decrease in dark adaptation (ability of the eye to

adjust to low-light conditions).
* Declines in colour sensitivity.
+ Heightened susceptibility to problems with glare.

* Fine text becomes difficult to focus on and loses

readability.

Digital interfaces allow for high flexibility in this area,
where it is possible to include features such as resizable

font or colour filters.

Older adults also experience auditory decline meaning
pure tones and notes of higher frequencies become diffi-
cult to hear. According to Ijsselsteijn et al., 500-1000 Hz
is the preferable range for audio elements (2007, p. 18). It
is also recommended to use multiple modes of output to
generate layered information, such as haptic vibration and
synchronized visual and aural cues. This enables users
who are less receptive to still receive information through
their strongest sensory channel (Gerling et al., 2010, p.

67, Gregor et al., 2002, p. 154, McLean et al., 2010, p. 516).
Sampayo-Vargas et al. warn against confusing this with

oversaturation, as redundancy should be avoided (2013, p.

453).

The decline of motor skills also impedes the user expe-
rience for older adults. This affects balance, posture and
the person’s ability to interact fully with their environ-
ment (Gerling et al., 2010, p.67, Gerling et al., 2011). Con-
sequently, default input methods for computer systems,
such as a computer mouse and keyboard, may not be
appropriate for an older user. Instead, a specialised device
that caters to their personal capabilities would be bene-
ficial, especially if the device enables intensive repetitive
training for gameplay (Alankus et al., 2010, p. 213, Dick-
erson & Brown, 2007, p. 564, Shirzad, 2015, p. 361). Such a
device needs to be easy to set up in a home environment
as not all survivors of stroke will have access to adequate

facilities for training.

Additionally, one must consider how cognitive process-
es decline with age. This includes “attention processes,
working memory, discourse comprehension, problem
solving and reasoning and memory encoding and retriev-
al” (Ijsselsteijn et al., 2007, p. 18). Studies have found that
older adults tend to favour tabletop games, i.e. games
that utilize a deck of cards or a game board (Gerling et al.,
2010, p. 66, Mahmud et al., 2008, p. 404). Gerling et al.
refer to these games as “simple” (2010, p. 66), however the

strategic complexity of games such as poker or bridge can
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be very deep. The interfaces of these games are simple;
cards in hand or pieces on a board, yet the potential for
rich, intelligent play is abundant (see chess). A similar ap-
proach can be applied to digital games. The user interface
(UI) needs to be simple for accessibility, yet the gameplay
can have deep mechanics that give players room to learn
and develop strategy. The game needs to respect the cog-

nitive capabilities of its audience.

Separate to user confidence and ergonomics, another
means of engaging users is setting goals. Goals are an
essential component of a person’s experience of life as
meaningful and worthwhile (Emmons, 2003, p. 107) and
are therefore integral for evoking the long-term com-
mitment to exercise needed for effective rehabilitation
(Dickerson & Brown, 2007, p. 569). Accordingly, goal
setting is common practice for clinicians in stroke therapy
(McPherson et al., 2014, p. 105). The close connection be-
tween goal attainment, motivation, affect and sense of self
(ibid., p. 109) indicates that goal setting should be a core
component of any digital game designed with a rehabilita-

tive function.

3.2 Case Studies

Several studies of of serious games for older adults have
been conducted with varying degrees of success. This
section discusses the work of Alankus et al. (2010), Gregor
et al. (2002) with BrookesTalk, Gerling et al. (2010) with
SilverBalance, Gerling et al. (2011) with SilverPromenade

and Holden and Dyar (2002) with Virtual Teacher.

3.2.1 Towards Customizable Games for Stroke
Rehabilitation

The goal of the work by Alankus et al. (2010) was to ac-
quire knowledge on how to generate digital games that
were effective at promoting home-based rehabilitation
from stroke. The “lessons” they learned came from rapidly
prototyping a range of games and testing them on people
affected by stroke. The lessons were compiled in a de-

tailed report (ibid., p. 2119).

One of the challenges faced by Alankus et al. was the
hardware (2010, p. 2115). For accessibility and affordabil-
ity they chose to use Nintendo Wii remotes to detect the

player’s motion. Singular remotes found it difficult to
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accurately map the larger motions common to physiother-
apy. To combat this, researchers added more remotes to
different parts of the body. Even with the inclusion of a
webcam for improved accuracy, the system’s affordability
was compromised by the additional remotes and a more

robust design would be necessary.

Alankus et al. claim the main ways games can contribute
to stroke rehabilitation are social context, motion types
and cognitive challenge (2010, p. 2117). They developed a
large quantity of games to explore these spaces and tested
them on four participants with varying degrees of affect
from stroke. Although the researchers were able to extract
a detailed and comprehensive list of qualities from their
user testing sessions, the small sample size limits the us-
ability of their results. The lessons learned through their

research can be summarized as such (ibid., p.2119):

« Assume no use of hands.

+ Simple games should support multiple methods of

user input.
* (Calibrate through example motions.
+ Direct and natural mappings are necessary.

+ Ensure that users’ motions cover their full range.

* Detect compensatory motion.

+ Allow coordinated motions.

* Let therapists determine difficulty.
* Audio and visuals are important.

+ Automatic difficulty adjustments provide adequate

challenge.

+ Non-Player Characters (NPCs) and Storylines are

intriguing.

Alankus et al. acknowledge their findings are “suggestive
rather than conclusive” (2010, p. 2121), as is to be expected
when the field of research is so fresh. What separates Al-
ankus et al’s work from the other studies in this section is
the breadth of their approach. Despite the lack of precise
findings, the sheer variety of options they explored helped
inform basic concept development, as they gave samples

of how certain features might succeed or fail.

3.2.2 SilverBalance & SilverPromenade

The studies conducted by Gerling et al. (2010) and Gerling
etal. (2011) specifically targeted the usability of digital

game systems for older adults. Both studies generated a
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prototype game that was designed around the age-related
changes older adults typically experience with cognition
and motor capabilities. SilverBalance (Gerling et al., 2010)
was developed following a set of criteria that served to
maximize the usability of the product. The criteria were as
follows (ibid., p. 67):

+ Interaction mechanisms should allow for naviga-
tion while sitting or standing.

« Extensive or sudden movements should be avoid-
ed.

T - - |
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+ Older players should be able to adjust the difficul-

ty, game speed and sensitivity of the input device.

* The game should focus on simple interactions and

provide constructive criticism.

SilverBalance’s gameplay and aesthetic was incredibly
minimalistic. This simplicity was positively received by a
focus group of nine participants (ibid., p. 68). Gerling et
al’s second game, SilverPromenade (2011), was clearly built

on the findings from SilverBalance.

SilverPromenade expanded where SilverBalance was

lacking by explored research questions regarding Inter-
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figure 3.2 - SilverPromenade

face Design, Player Experience and Game Design. Twice
as many participants were involved in the testing sessions
and the focus group was replaced with a questionnaire

to account for the increase in numbers. The use of likert
scales in the questionnaire were translated into graphs,
however the limited sample size renders these results
inconclusive in a quantitative sense. Likert scales are
efficient at producing quick results but the effectiveness is
lessened when the data is small. For this reason, question-
naires were expanded into full interviews during the user

testing phase of this research.

Gerling et al., 201

Additionally, both studies by Gerling et al. (2010) and
Gerling et al. (2011) only involved their participants once
during their research process. This leaves the sustainabil-
ity of the systems’ novelty untested. If a digital game is to
function as a means of home-based rehabilitation, playing

needs to be desirable for patients on a regular basis.

3.2.3 BrooksTalk & Virtual Teacher

Both the studies conducted by Gregor et al. (2002) and

Holden and Dyar (2002) explore the significance of adapt-
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figure 3.3 - BrooksTalk
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ability with digital systems. Gregor et al. claim adaptabili-
ty within the system is a necessity due to the immense lev-
el of diversity within an older demographic (2002, p. 152).
Their sheer range of physical and cognitive capabilities
makes developing systems for older adults very complex.
It is understandable then that many of the studies in this
field reach inconclusive results. Even Holden and Dyar,
whose detailed process involved subjects to perform thirty
test sessions over several weeks and mapped their clinical
progress using the Fugl-Meyer Test and Wolf Motor Test,
used only nine participants and warned readers to inter-

pret their results with caution (2002, p. 70).

) «

Gregor et al’s “user sensitive inclusive design (USID)”
(2002, p. 153) methodology provides a largely applicable
alternative to the traditional user centred design (UCD)
approach. USID has enough differences to address a
complex audience but not be so bold as to claim universal
application. Ultimately USID is a formal way of acknowl-
edging that any user groups involved in tests will not be
truly representative of the whole demographic, nor would
it be possible to achieve such a thing. Instead, Gregor et
al. discuss the many of the ways diversity can manifest;
vision, confidence, memory and how one might account

for these (2002, p. 153). In most cases it comes down to
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having a flexible interface, which Holden and Dyar agree
improves learning and performance (2002, p. 66). It is
clear that any design ‘solution’ developed alongside an
older user base will only ever be representative of that
particular group of users. This does not lower the value
of any solutions of this type, as all contribute to a rapidly

growing field of research.

A recurrent theme throughout the studies presented is
the lack of conclusive findings. Many targeted a specific
aspect of the user experience such as game mechanics,
visual design, hardware, etc. The complexity of an older
user-base means focusing too heavily on one element will
lead to inevitable errors. In this paper we attempted to
develop a digital game for rehabilitation from a holistic
viewpoint, where aspects of human-computer interac-
tions, game design, visual and sound design and rehabili-

tation were considered in equal portions.

3.3 Design Precedents

Many commercial games require rapid or complex re-
sponses from players as part of their interaction. This
makes them unsuitable for older adults with motor im-
pairments. However, there are digital game systems that

enable engagement from an older audience.

3.3.1Nintendo Wii & Wii Fit

A reoccurring system in studies is the Nintendo Wii. The
Wii’s games, particularly Wii Fit, are very popular in older
communities and are heavily referenced in relevant liter-
ature (Bainbridge, Bevans, Keeley, & Oriel, 2011, Chen et
al., 2014, Gerling et al., 2010, [jsselsteijn et al. 2007, Jung
et al., 2009). Wii Fit’s popularity can be derived from its
beneficial nature; providing a means to stay both fit and
socially connected with peers (Gerling et al., 2010, p. 66,
Jung et al., 2009). Wii Fit strikes a balance between func-
tioning as a serious game for personal health and a com-
mercial game for entertainment. The serious aspects of
the game are packaged in yoga classes, training regimes
and personal statistics, but players are given the freedom

to meet their exercise targets within playful contexts such
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as ski-jumping or tightrope walking. The use of vibrant
colour and humour enhances the joyful nature of the

interaction.

Engaging with Wii Fit provides the extrinsic motivation of
improving one’s physical health. Physical development is

a slow process with very little gratification during the early

phases. Wii Fit counters this by rewarding regular inter-
action and gradual development through badges, high
scores and personal goals. It even includes a “fitness age”
which can serve another means of extrinsically motivating
players to either maintain an age similar to their own, or

achieve a lower age to feel fitter than average.
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The Nintendo Wii also expands the opportunities for
player engagement through “real-time visual representa-
tion of the player (i.e., avatars)” (Jung et al., 2009). These
customizable avatars enable players to invest in their
gameplay experience. They also foster social interaction

between players through online leaderboards and social
hubs (ibid., 2009).

Many commercial games that use motion-based input are
unsuitable as rehabilitation aids due to the expectation
that their audience has a full range of motion (Alankus et
al., 2010, p. 2114). The Wii is no different. However, the Wii

has clear personal benefits in its use, such as focusing on

figure 3.5 - Lokomat in use 1

Hocoma, 2016

hand-eye coordination and balance to help reduce the risk
of falls. The Wii encourages goal setting, which is integral
in a physiotherapeutic context (McPherson et al., 2014, p.
105). The popularity of the Wii debunks the notion that
digital games are explicitly for younger audiences (Jung

et al., 2009) and greatly contributes to the acceptance of

modern technology by the older community.

3.3.2 Garbarello
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figure 3.5 - Lokomat in use 2

Hocoma, n.d.

A less versatile but highly applicable game developed for
lower-limb rehabilitation is Garbarello. Although pri-
marily designed for children, there are many elements of
Garbarello that are relevant to this study. Garbarello was
designed with the purpose of making physiotherapy mo-
tivational, optimized and purposeful (Martin et al., 2014,
p. 101). To play, patients strap into a Lokomat: a driven
gait orthosis that guides patients walking on a treadmill,
which can be connected to an interactive virtual environ-
ment. The combination of the Lokomat’s physical support
and Garbarello’s virtual guidance provides patients with a

sense of individualism and frees the practitioner from the

need to intervene. In addition to the Lokomat, “Pediatric
Interactive Therapy System” (PITS) gloves are used to per-
form tasks with the patient’s upper limbs. By diverting the
focus of the patient to upper limb functions, Garbarello
trains the user to automate the gait process (Martin et al.,

2014, p. 102).

The main restriction of this system is the size of the
Lokomat. Interacting with the device is strictly limited
to time spent in the clinic as its price and size restrict
accessibility. Despite this limitation, there are several
things to be learned from Garbarello’s development. The

game is aimed at helping people physically recover from a
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traumatic incident, balancing the physical and cognitive
demands on the player and offering positive incentives
only, even at minimal exertion (Martin et al., 2014, p. 103).
The creators of Garbarello used analysis of gait-orthosis
therapy training and consultation with target audience ex-
perts to generate criteria for the development of the game.

These criteria were as follows:

It must be self-explanatory for the benefit of both
the target audience (children) as well as for therapists
in order to avoid introducing additional stress to the

therapy setting.

This is highly applicable beyond Garbarello. Not only does
it cater to a broad user-base, it is essential for the game to

be set up and played in a home environment by patients.

It had to be naturally, subtly and constantly moti-

vating, even after several training sessions.

The game cannot rely solely on novelty to keep its audi-

ence engaged.

+ It had to have no gender or age bias.

Keeping the game gender-neutral and age-neutral is a se-

cure way of keeping it accessible to a wide audience. This

12-12: A Physiotherapeutic Rehabilitation Game for Older Adults Recovering From Stroke

is important as there is no guarantee of survivors of stroke

sharing any personal traits.

+ It had to be easily integrated into therapy and
could not distract the therapist from monitoring the
patient.

If the game requires too much effort to set up, is difficult
to interpret, or detracts from the therapy process in any
way, then it limits its application in a physiotherapeutic
setting. The game’s primary purpose is rehabilitation,
therefore any elements that may hinder the process

should be removed.

O
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3.4 A Clinical Point of View

To expand and challenge our understanding of developing
a system for stroke rehabilitation, we consulted with three
doctors from Auckland’s University of Technology. These
specialists were Prof. Denise Taylor, Dr. Nada Signal and
Dr. Nicola Kayes. Throughout the development process
several subsequent meetings were conducted to ensure
the medical integrity of the system was maintained. This
section explores the ideas the doctors presented and ap-

plies them to the criteria established in Chapter 2.

3.4.1 AResearch Session with Dr. Nicola Kayes

Dr. Kayes, a specialist in the field of neuro-rehabilitation,
has conducted studies into understanding the perspective

of people suffering from stroke.

Kayes stressed the importance of differentiating between
“adherence” and “engagement.” Adherence, like compli-
ance, implies the patient is the recipient of care; that they
are following recommendations and doing what they are
told. Engagement implies active commitment to the re-

covery process; that they are a driving factor in their own

recovery. This active participation and dedication is what
allows the patient to receive the optimal benefits of their

rehabilitation.

Kayes’ research into rehabilitation from the perspective
of the patient highlighted the significance of connectivi-
ty. This can be separated into two components. The first
connection is between the patient and the practitioner.
The patient must be able to trust the practitioner in their
judgement and advice and trust them with their physical
safety. The second connection is between the patient and
their personal aspirations, hopes and goals. Each person
has their own desires of what they want to accomplish
outside of their rehabilitation. This might be playing with
their grandkids, go fishing with their friends, or simply be
able to move independently without supervision. Rehabil-
itation is the path they must travel that connects them to

these goals.

Kayes emphasised that rehabilitation is an extensive
journey, therefore it is important that those taking it have
a clear sense of progression. Without it, patients run the
risk of losing faith in their ability to recover. Therefore,

it is important to bridge the gap between the patient’s

broader aspirations and smaller, manageable goals.
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figure 3.7 - Aspirations to Tasks

Goals Tasks
(in rehab) (rehab specific)

Aspirations

Each patient’s therapy tasks should be linked to their Dr. Kayes illustrated the ideal qualities of a practitioner.
broader aspirations, allowing for a more personal and rel- These qualities should be apparent in any system that is
evant experience. Examples of such are depicted in figures substituting the role of the practitioner.

3.7and 3.8.

(For additional notes on this session, see Appendix A, p.
The system must also be noticeably connected to the 193)

clinic to function as an extension of it. To support this,
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figure 3.8 - Progression of Tasks

If | con do forty leg ralses now...

3.4.2 Application of Kayes’ Ideas

-1 could be walking by the end of the month.
And If | con be walking by the end of the month...

In light of Kayes’ comments, each quality could be rep-
resented in a different way; be it in the UI, the use of
language, the nature of interactions with the system, or
the information that is shared between the clinician and
patient. Some are more easily accomplished than others.

For example; a digital system can be highly adaptive and

-l con see my friends ot the cafe
down the rood whenever | want.

reciprocating but lacks the human qualities that allow it

to be “entrusting.”

There are plenty of successful games that utilize endowed
progression to provide addictive and satisfying gameplay.
Endowed progression entails granting artificial momen-

tum towards a task by giving the person free points (e.g.
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figure 3.9 - The Ideal Practitioner

The Ideal Practitioner

Investing Entrusting

The practitioner has real emotional investment \ / | have confidence in the practitioner's skills
in me and the rehabilitation process. They and competence. | trust that they will do what
want me fo recover fully and believe that | can. i1s right for me_ They have my best interests at

‘« heart.

Adapting Reciprocating

The practitioner is able to respond to my Knowmg The practitioner is able to engage and

needs and preferences. They are able to push reciprocate emotionally with me as | recover.
me forward and challenge me when | am The practitioner knows who | am as a They &
ready for it. They 1en to pull back and person. They are adaptive and
let me experience success before challenging responsive, and underst:

re able to make me feel that they are as
invested in my recovery as | am.

and my goals
me further. and motivation. The experience they
provide Is personal.

12-12: A Physiotherapeutic Rehabilitation Game for Older Adults Recovering From Stroke

I 7



38

figure 3.10 - Level Progression (Fruit Ninja)

LEVEL Up!

CONGRATULATIONS!

Halfbrick Studios, 2010

stamps, badges, or stars) while extending the goal to
account for the free points. Although both versions of
the goal require the same amount of work to accomplish,
the one with free points elicits stronger motivation for its

completion (Nunes & Dreze, 2006, p. 504).

Jetpack Joyride and Fruit Ninja utilize multiple layers of
progress tracking to encourage repeated attempts. The
layering of simple ‘missions, gaining experience for levels
and earning points for buying upgrades combines to give
players a staggered series of goals that are never too far
away. Nunes and Dreze’s experiment suggest “people are

increasingly motivated to complete a task as the get closer

Q) 518 L

UITNIgA (B 53D s1@ siis (4%

BASIC BLADE

Your first blade, given
to you by Sensei

CLOUD KICKER

| Arcade/Zen: Each fruit
8 bounces back once

STUDENT

to completion” (2006, p. 507), meaning these staggered

goals can generate consistent, high levels of motivation.

Many of the elements Kayes discussed relate to extrinsic
motivation and are evident in game systems like Wii Fit.
The popularity of the Wii (Bainbridge et al., 2011, p. 127,
Jung et al., 2009) improves the credibility of these ele-
ments. The effectiveness of personalized goals and prog-
ress tracking shows a lot of promise for embedding extrin-
sic motivation into the game. Players can see their goals
reflected in the game’s design and are rewarded for reach-

ing them. This combines with the intrinsic motivation of
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playing the game for entertainment to make a compelling

and engaging experience.

3.4.3 A Research Session with Dr. Nada Signal

Dr. Signal is a physiotherapy expert and researcher. She
has conducted research into developing physiotherapy
practice and has explored the benefits of “Strength for
Task Training” (STT) (2014).

Signal explained how the clinical reasoning that deter-

mines each patient’s type of rehabilitation comes from a

12-12: A Physiotherapeutic Rehabilitation Game for Older Adults Recovering From Stroke [

e E—
%‘*" O/

TY i, a

CLOTHING JETPACKS s UTILITIES

GADGETS MY PROFILE

ACHIEVEMENTS GET COINS

Halfbrick Studios, 2011

mixture of circumstances. These contextual factors are
both subjective (what is important to the patient, what is
their social context, who looks after them, or what their
goals are) and objective (patient difficulties and limita-
tions determined through tests). These do not determine
why the patient has their problems or restrictions but do

indicate the level to which they are affected.

Personal factors include the individual’s view on their
rehabilitation scheme, their relationships with others and
their perspective on personal health. Signal spoke of how

a patient’s mindset can have a heavy influence on their
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figure 3.12 - Contextual Factors

_\\
Health Condition
(disorder or disease)
. J
Body Structure v
& Function Act::wty
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ability to recover, therefore it is important for them to feel

empowered by their recovery process.

These factors interact with each other; a person’s ability
to perform an activity is dependent on both their contex-
tual factors and the symptoms of their health condition.
The combination of these factors illustrates the sheer
complexity of each individual’s journey towards recovery.
While patients’ symptoms may be similar, the nature of
their impairment(s) can vary greatly, thereby requiring
different treatment. The types of impairments commonly

experienced by survivors of stroke include the following:

Motor impairments:
*  Passive range (amount of motion at a given joint
when the joint is moved by an external force)

*  Muscle length (the distance the muscle tissue

stretches)

*  Muscle tone (the tension in the muscle; its resis-

tance to passive stretch)

*  Muscle strength (how much force the muscle is

capable of exerting)

12-12: A Physiotherapeutic Rehabilitation Game for Older Adults Recovering From Stroke

«  Neuromuscular control (the amount of influence
the individual has over the nerves that control their

voluntary muscles)
Sensory impairments:
« Pain

+ Somatosensory (touch, pain, temperature, proprio-

ception - static and dynamic)
*  Visual

*  Vestibular (balance, eye movement)
Perceptual and cognitive impairments:

*  Memory

+ Attention

3.4.4 Application of Signal’s Ideas

Signal made it clear that developing a solution that could
be deemed ‘universal’ would be impossible. Achieving

such complexity and detail is not within the scope of this
research. Rather, focusing on a more refined set of quali-
ties will allow our solution to be more usable. As it is not

within our capabilities to embed clinical reasoning into

L]
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figure 3.13 - Strength for Task Training

42

Strength
Training:
Hip Abduction

- Stoandard
exorcise usos
therabaond for
resistance.

- 15 repetitions
using weighted
sole.

- Weight varies

depending on
user's strength.

Task Training:

Sideways
Stepping

- Weighted sole is

removed.

-Variants include
sideways walking,

stepping onto
elewvation and

gropevine,

Hip abduction is o component of sideways stepping. By performing these exercises at
o high intensity, it excites the nervous systermn and enhonces neural plosticity for

subseguent exercises. The transition between the two exercises needs 1o be promipt.

our system, we will not implement any functionality that

performs diagnosis. Instead, the system would be pre-

scribed to patients by clinicians who think it beneficial.
Signal stated that some exercise is better than none, so
despite the system not catering to all people within the

survivor of stroke community, it can still be an asset for it.

Our interview ended with Signal explaining the clinical
reality that patients spend a lot of time during clinical
sessions inactive, recovering from exercises, etc. Patient
contact time with their clinic is limited. A mode of reha-
bilitation that can be addressed several times throughout
the day will allow for more exercise overall.

You're Never Too Old to Have Fun
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Ex. An individual performs their exercises in the morning,
breaks for breakfast/lunch, performs more in the afternoon
between stationary activities and performs another set

before going to sleep.

To enable this type of interaction the system needs to

be portable as not to restrict users to a specific location

in their homes. Ideally the device that hosts the media
would be something like a tablet (e.g. Samsung Galaxy or
Apple iPad), allowing for high mobility with ample screen-

space for in-game graphics.

Signal’s STT model (2014) is a developmental rehabilita-
tion technique whose novelty resonates with using a dig-
ital game for stroke rehabilitation. STT utilizes strength
training to “systematically prime the central nervous
system prior to task specific training” to maximize gains
in locomotor ability (ibid., p. 46). STT is broken into two
distinct phases; priming and task-training. Because of
this, any game that incorporates STT into play needs to
have phases that are proportionally similar to their thera-

py counterpart.

(For additional notes on this interview, see Appendix A, p.

194)

12-12: A Physiotherapeutic Rehabilitation Game for Older Adults Recovering From Stroke

3.5 Clinical Observation

Early in the process we visited a physiotherapy clinic with
Prof. Denise Taylor and Dr. Nada Signal. This provided the
opportunity to observe a physiotherapy session conducted
by professional clinicians. We were able to experience the

type of exercises we would promote within our system.

(For more detail on this observations of this session, see

Appendix A, p. 195)

The patient performed simple mobility tasks to test
strength and balance. During these tasks, the clinician

engaged the patient in conversation.

The purpose of distracting the patient with conversation
was explained to promote an unconscious response. For
the patient to regain their original mobility, their move-
ments need to be functioning on an unconscious level.
Distracting the patient can also help them manage or even
forget pain (Lee et al., 2012, p. 436, Moreira et al., 2010).
And, of course, an action that is perceived to be less pain-

ful is more likely to be repeated than one that is.

This is where the digital game could excel. While interac-

tion with the game facilitates the mobility task, the in-

.
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game goal combined with the visual and aural feedback

draws the patient’s focus.

The clinician used a technique described as “cueing”
where they explained the actions the patient was to per-
form. This was different to feedback as it occurred prior
to the action’s execution. The purpose of cueing is to aid
the patient in visualising their goal, giving the action
meaning. This can double as instruction for patients have

difficulty remembering their therapy motions.
Imagine the movement > Apply the movement

Cueing was not limited to verbal instruction. Sometimes
it was as simple as rhythmic clapping to encourage mo-
mentum. Something as subtle and a vibration could cue a
patient’s movements and would provide them with haptic
feedback. Such a function on the device could be tied to
key moments of gameplay, for example: a player is about
to perform a significant task and receives an auditory
prompt combined with a gentle vibration that increases to

a brief purr on the task’s completion.

Sometimes an individual with a brain injury cannot filter
out additional information, both visual and aural, so any

form of feedback should be able to be toned up or down

as appropriate. It is also possible for such individuals to
experience “central neuro-muscular fatigue,” which af-
fects the drive from the cortex to the muscle. We were
told, however, that rarely do patients experience genuine
muscle fatigue. If the rehabilitation system is engaging
enough and can successfully distract a patient from this
type of fatigue, they will be able to maximise the time
they spend exercising their limb before becoming too

tired to continue.

This observation session prompted consideration of how
supportive messages could be included in the software. A
basic tutorial is necessary, but it would also be worthwhile
to include feedback specific to rehabilitation. Prof. Taylor
and Dr. Signal discussed how if a person is not familiar
with physical exercise and then suffers a stroke, they may
confuse the two sensations and categorise both as neg-
ative. It is part of the physiotherapist’s job to normalise
these sensations with their patients. The software could
support this with reminders such as “not all pain is bad.
Sometimes it just means youre working hard. If the pain
persists, however, please contact your doctor.” Ijsselsteijn
et al. emphasize the importance of encouraging feedback
during the early phases of the game where the player’s

confidence would be at its lowest (2007, p. 19). The game
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should encourage players to keep trying in spite of failed
attempts, rather than risking them concluding that the

system is too difficult to use.

The last observation we discussed was how task-specific
training is constructed differently for different patients.
Task-specific training (a core component of Dr. Signal’s
Strength for Task Training, 2014) is an effective means of
generating salience for those partaking in it. Giving con-
text to the patient’s actions can make the task’s relevance
(and benefit) more apparent. Patients and clinicians alike
tend to prioritise tasks that the patient deems important
to complete. This varies greatly depending on the individ-
ual. Luckily independent mobility is a universal priority,
increasing the importance of focussing on lower-limb

rehabilitation.

The information gathered from this observation session
combined with an interview with rehabilitation research-
er Samantha Ogilvie helped establish a set of user profiles.
These profiles helped maintain the UCD methodology

by emulating potential users until formal user tests were

conducted.

(For additional notes on this interview, see Appendix A, p.
196)
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figure 3.14 - Bruce

Bruce

. . Situation
Emotional Condition -
Functionality
Extraverted 3 Introverted High ¢ Low
1 Time spent
Sense of loss ¢ mc(;lsntkimed P
yie Home ¢ Away
Age: 60 Depression 3 Healthy mind-set T —
City: Hastings Idle ¢ Active Home 4 Clinic
0no . . ara High Goals set by
Condition: Right leg is stiff adherence ¢ Low adherence
d 1 k t tl W H( . Family/self ¢ Clinic
Gl 'ac S.S uEng ‘1 Glliingg; 1 Motivated 3 Not motivated }
possible for short intervals. Lifestyle
. o g e - In control S Recovery out )
an maintain performance for of recovery of their control Structured ¢ Flexible
longer with the use of an aid. -
& Independence ¢ Dependence Friends/family
Close 3 Distant
Sense of self ® Alienation
Community
Optimism ¢ Pessimism Involved 4 Not involved
Needs:
Cambpin Bruce’s stroke impaired his ability to enjoy some of his favourite leisure activities and Confid boost i
ping as a result his ability to express himself was reduced. His involvement with the - ~onfidence boost in
rehabilitation and ability

community meant he had a few friends he could use for support which has made the
G Fishin difference between him sinking into a negative state of mind. He views his therapy to
8 be very separate from his daily life and is embarrassed by his need for it. Bruce views 2
his independence to be an important part of his character and resents his impaired rehqbllltotlop.. .
- Leisure activities better

D movement. He desires greater understanding and control over his rehabilitation . ; ;
rin lng process to overcome his stroke and return to his normal life. smt:flt.to his physical
condition.

to recover.
- Independence with
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figure 3.15 - Janet

anet

. . Situation
Emotional Condition .
Functionality
Extraverted ¢ Introverted High 4 Low
S ‘] . Maintained Time spent
ense of foss lifestyle
Home 4 Away
Age: 52 Depression 3 Healthy mind-set T T—
City: Wellington e Active Home ¢ Clinic
0no . High Goals set by
Condition: Lower limb adherence .4 Low adherence .
. q g Family/self Clinic
functionality he'15 'been Motivated . Not motivated .
reduced to a minimum. Janet ‘ o - t Lifestyle
is wheelchair bound and of Cezz\n,erfg L b Structured 4 Flexible
needs assistance getting in
i & & Independence 9 Dependence Friends/family
and out of bed. Stroke ‘
) Close 9 Distant
negatively affected mental Sense of self ®  Alienation
health. Community
Optimism ¢ Pessimism Involved 3 Not involved
Needs:
Performlng Janet, once active and highly social, has lost most of her mobility to a stroke. Her lack - Community/social
arts of an extended family meant moving to a care home became her only option. The support.
sudden dependency on a clinician and loss of her ability to walk shattered her - Emotional connection
Readlng confidence. As a result she feels powerless and struggles to find purpose in her daily to rehabilitation.
life. Despite regular adherence, Janet’s lack of motivation and hope keeps her from - Positive reinforcement
engaging properly with her therapy, diminishing her chances of recovery and and sense of progress.
Music endangering her personal wellbeing. She often feels lonely and is fearful of the future. - Sense of control and
independence.
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figure 3.16 - Paxton

. . Situation
Emotional Condition .
Functionality
Extraverted ¢ Introverted High ¢ Low
Time spent
Sense of loss 3 m((::t?\ened P
sty Home 4 Away
Age: 68 Depression 3 Healthy mind-set T —
City: Auckland Idle ¢ Active Home ¢ Clinic
0ng High Goals set by
Condition: Left leg has very adherence ¢ Low adherence .
) 5 i .7 Family/self Clinic
1est1%cted mobility. Walking Motivatod . Mot motivated |
requires a lot of effort and ‘ ol - t Lifestyle
- . . n contro ecovery ou
often needs help climbing of recovery ¢ o their control Structured ¢ Flexible

stairs. Can move horizontally

Friends/famil
with a walking stick over ndependence ¢ pependence ol ’ ‘
X o ose @ Distant
short distances. Cognitively Sense of self ¢ Alienation
unaffected. Community
Optimism ¢ Pessimism Involved 9 Not involved
. The support of Paxton’s wife and children has helped maintain his confidence after Needs:
Film suffering a stroke. He prefers to stay in the comfort of his home, only going to the
clinician for organised check-ups. He finds therapy mundane and prefers to do things - Effective therapy that
c his own way. Paxton was not very physically active before the stroke so his motivation can be performed at
COOklng to recover mainly stems from Camille’s insistence. These have resulted in a lower home.
adherence rate to his treatment and puts him at risk of not achieving a full recovery. - A reason to stay active.
. The support of his family has kept Paxton’s stroke from affecting his mental health too - A stronger relationship
Famlly severely but from time to time his lack of mobility leads him to give in to apathy. with the clinician.
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“Making the right choice for criteria

Chapter 4

and performance measures depends
on understanding the alternatives
available and the limitations of each.”

- Hartson et al., 2003, p. 153

Win Conditions




.
¥

e

W
44y N
)

\

‘\
\

\\

A

\
\

Al
A




This chapter explores the resolution of our first research
aim. It covers the establishment and refinement of criteria
for developing a digital game for post-stroke rehabilita-
tion. The three criteria that were assessed to be the most
relevant were adaptability, connectivity and meaningful
interactions. The final output game was specifically aimed
at lower-limb rehabilitation, however these criteria act

as generic principles and could be applied beyond this

research.

4.1 Criteria for Success

Exploring existing knowledge in this field has made a
number of things clear. Firstly, it is impossible to create

a universally applicable game experience for everyone
(Malone, 1981, p. 343). Secondly, for a game to function
successfully as a physiotherapy aid it must prompt accu-
rate therapeutic exercise and report relevant data (Lee et
al., 2012, p. 435). Thirdly, in the amount of time available
for this research it was not possible to explore all avenues
of game design in detail and selected elements needed
prioritisation. The game was still developed holistically
(capable of existing as a standalone experience rather than
just an experiment with mechanics) with elements that

were deemed significant given greater attention.

4.1.1 Establishment of Criteria

Consultation with the clinicians generated a list of prop-
erties the system should exhibit to be effective as a physio-

therapeutic aid.

Three criteria were chosen from this selection to be priori-

tised by the game.
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figure 4.1 - Adaptability
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figure 4.4 - Investing
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figure 4.5 - Knowing
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figure 4.6 - Reciprocating
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4.1.2 Adaptability

The first criterion is adaptability. Dr. Signal emphasised
the importance of “specificity to the individual” (personal
communication, 10 August 2015). The three main points of
adaptability that are covered by literature are: mode of in-
put, difficulty and interface (Alankus et al., 2010, Gerling
et al., 2010, Gerling et al., 2011, Gregor et al., 2002, Holden
& Dyar, 2002, Ma et al., 2007, Mahmud et al., 2008, Morei-
ra et al., 2010, Orvis et al., 2008, Sampayo—Vargas etal.,
2013, Schonauer, Pintaric, & Kaufmann, 2011, Shirzad et
al., 2015). Adaptable input methods are particularly im-
portant with rehabilitative games, as the system needs to
be able to adjust as the user grows stronger. Ma et al. claim
that this allows for the improvement of the patient’s resid-
ual capabilities “without causing fatigue and frustration”
(2007, p. 683). It is also integral for the long-term usability
of the system in both a clinical environment and in home-

based rehabilitation (Alankus et al., 2010, p. 2121).

The significance of adaptive difficulty in games is the
connection between challenge and engagement. If a game
is too hard the audience will become frustrated with their
inability to progress. If the game is too easy they will
become bored. This concept is referred to as ‘flow theo-

ry’ (Mathwick and Rigdon, 2004, Sampayo-Vargas et al.,

2013). If the game’s flow is engaging enough, it can even
help players cope with pain (Lee et al., 2012, p. 436, Morei-
ra et al., 2010). The problem remains that the flow’s bal-
ance resides in a different place for each user. Matters are
further complicated by the target audience experiencing
difficulty from physical limitations as well. Gregor et al.’s
(2002) discussion on the variation of decline of physical
and mental faculties in older adults makes it clear that
any system being designed for this demographic must be

able to adapt to a broad range of user needs.

4.1.3 Connectivity

Connectivity was found to be of recurring importance
(Alankus et al., 2010, Binstock & George, 2001, Blythe et
al., 2005, Costikyan, 2006, Flores et al., 2008, Gerling et
al., 201, Ijsselsteijn et al., 2007, Jack et al., 2010, Mahmud
et al., 2008, Trefry, 2010) and therefore became the second
criterion. Social isolation is one of the biggest issues faced
by older adults, many of whom “feel a crippling sense of
loneliness” (Blythe et al., 2005, p. 683). Whether users

are dependent on others for health care, or simply desire
social contact and support, the game system needed to

enable social interaction. It was beneficial that digital

Win Conditions



games are widely perceived as an enjoyable means of
maintaining social connections through common interest

(Mahmud et al., 2008, p. 403).

To fully utilise the positive effects of connectivity in gam-
ing, several things needed to be considered. Most im-
portantly, as Blythe et al. write, “there is no substitute for
human contact” (2005, p. 681). Solitary rehabilitation can
be incredibly mundane but this can be remedied by local
(offline) support. Face to face contact is a crucial part of
traditional games that many digital games lack (Mahmud
etal., 2008, p. 404) and many patients believe “they would
more readily exercise if accompanied by someone else
doing the activity” (Jack et al., 2010, p. 227). Sharing an
experience with another person can generate interperson-
al motivations, which is particularly important when the

individual has reduced self-efficacy (Moreira et al., 2010).

The option to play with people who are either impaired or
unimpaired would be beneficial as users may prefer one
to the other. For example; one player may feel discrimi-
nated if they are the only one using a device, in contrast to
someone who simply wishes to play with their grandchil-
dren. Therefore the game needs to be functional without

exercise-based interactions.
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4.1.4 Meaningful Interactions

The third and final criterion was meaningful interaction
with the system. This concept represents the system’s
ability to communicate its purpose through gameplay.
This can manifest as the game supporting the player’s
extrinsic motivations. Interaction with the system gener-
ates meaning through its salience to the player. Ijsselstein
et al. reinforce the significance of this criterion, claiming
many older adults disregard new experiences due to a
lack of perceived benefits (2007, p. 19). Such perspectives
generate a problem in physiotherapy where the lower-or-
der tasks required for rehabilitation seem too mundane to
bother with. They lack context and positive reinforcement

(McPherson et al., 2014, p. 110).

Task-oriented exercises are a common means of improv-
ing the salience of motor learning (Shirzad, 2015, p. 361),
as they situate the exercise within a context relevant to the
user. For example; a survivor of stroke is an enthusiastic
drinker of tea, yet the shelf that holds their mugs is level
with their shoulder. The task their clinician sets may in-
volve lifting a ceramic mug up to shoulder height with an
extended arm. The patient is more likely to attribute this
task to a positive experience and may be more motivated

to complete it.
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Tasks within a physiotherapy game can be functionally
similar. Nunes & Dreze claim that people often exhibit
persistence in achieving goals that have discrete, extrinsic
rewards (2006, p. 504), therefore in-game features such
as achievements (e.g. badge or trophy systems for accom-
plishments like “won five matches in one day”), progress
tracking (such as levels, rankings or personal analytics), or
in-game objectives (such quests, tasks or daily goals) have
the potential to increase extrinsic motivation by reward-
ing players for interacting with the system. Such interac-
tions could be interpreted as salient through their ability
to realise the goals of the player.

Gregor et al. recommend game designers use “meaningful
metaphors and relate real world actions” (2011) to improve
accessibility to an older audience. What can be deemed
“meaningful” will differ from person to person, however
mapping in-game actions to logical real-world motions is
less subjective. Players of rehabilitation games are likely
to have the extrinsic motivation of improving their health,
thereby rewarding players who complete exercises could
help them maintain motivation to play the game. Logical
connections between a player’s exercises and the in-game
response could reinforce the game’s purpose as a rehabili-

tation aid.

4.1.5 A Criteria-based Thesis Model

These criteria were core components of the following de-
sign phase. Much like the designs, the criteria were sub-
ject to an iterative process, being refined as the research
developed to best represent the ideal outcome. As devel-
opments were made the weighting of the criteria became

more defined.
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“Computer games are especially clear

Chapter S

illustrations of how the unique capa-
bilities of computers can be used to
create motivating environments.”

- Malone, 1981, p. 340
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The knowledge explored in the earlier chapters was used
to generate the concepts that follow. Each concept was
subject to critique from clinicians and assessed using ma-
trix evaluation. Clinician responses prompted an atypical
approach to development whereby the initial concepts
were expanded before narrowed down to the most appli-
cable idea. These expanded concepts were also evaluated
via matrix, albeit with more precise criteria. The criteria
for both matrix evaluations represented specific aspects of

adaptability, connectivity and meaningful interactions.

5.1 Beginning hypotheses

The information compiled from literature reviews formed
the basis of the game’s content thematically, mechani-
cally, and aesthetically. We hypothesised that a digitized
version of a familiar game, such as cards (Poker, Euchre,
Bridge etc.) or board games (Chess, Mahjong, Backgam-
mon etc.) would likely be the most effective concept. The
concept was not required to be a digitized version of such
games, as the recycling of familiar mechanics could prove

equally as effective.

As discussed in Chapter 3, older adults who recognise the-

matic elements of the game may feel more confident in its

12-12: A Physiotherapeutic Rehabilitation Game for Older Adults Recovering From Stroke

use. This is critical if they rarely interact with digital tech-
nology (Mahmud et al. 2008, p. 403, Orvis et al., 2008, p.
2418) and could make the difference between them trying

the system or not.
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5.2 Fl rSt Iterotlon Concepts This concept was the most developed in this phase be-

cause it appeared to be the most promising. This assess-

The rapid turnaround of these concepts and their second ment came from Four Seasons’ heavy grounding in litera-
iterations meant there was not enough time to develop ture. It was Chosen to be the datum fOI‘ matrix evaluation
digital prototypes. Subsequently, each concept manifest- as aresult.

ed as a miniature game design document. An expanded
description of each concept can be found in Appendix B,
beginning at page 198.

5.2.1 - Four Seasons

This concept stemmed from the idea of familiarity. It was
a simple tile game built from the combination of a num-
ber of card game mechanics. The primary strength of
Four Seasons was how the game had enough recognisable
elements to be encouraging to new players, yet enough
new elements to be exciting. It also promoted connectivity
through the potential of local multiplayer. This concept’s
greatest weakness was the arbitrary way the exercises
would be integrated into gameplay. However, the abstract
connection between these aspects allowed for flexibility in

what players needed to perform.
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figure 5.1 - Four Seasons

Four Seasons
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3 2 4
6 5 o
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every remaining card in
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figure 5.2 - Plane
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5.2.2 - Plane Concept repetitive gameplay that lessened replayability. The con-

_ cept felt more appropriate as a game for a clinical session
This concept worked as both a 2D and 3D game. The

] rather than something players took home to practice with.
player performed regular exercises to keep the plane

aloft as they delivered packages to different airports. This
concept’s strength came from the logical connection it
provided between players raising their affected limb and

keeping the plane aloft. Its greatest weakness was the
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5.2.3 - Dominoes Concept multiplayer. The similarity dominoes had to Four Seasons

meant it also shared its weaknesses. Using exercises to in-

This concept was similar to Four Seasons, being a digital , . ,
teract with the game was reliant on novelty, which wanes

recreation of classic tabletop dominoes. As a result it held over time.
all the same strengths as Four Seasons but with greater

simplicity and accessibility. The portability of the tablet

and turn-based play allowed it to be passed from player to

player, minimizing the amount of devices needed for local

12-12: A Physiotherapeutic Rehabilitation Game for Older Adults Recovering From Stroke 71



72

5.2.4 - Perpetual Motion Concept

This concept revolved around removing forward motion

from the player’s control, making gameplay more reactive.

Players guided their avatar as they perpetually moved
forward, avoiding obstacles and collecting points. The ad-
vantage of this concept was the simplicity of interaction,
making it easier to learn. It’s most prominent weakness
was the reliance on reaction time. Reducing the pacing to
something more manageable risked the forward motion
losing meaning. Additionally, the core play loop revolved
around playing until a point of failure (hitting an obsta-
cle), rather than playing until a point of success (reaching

the summit of a mountain).

5.2.5 - Painting Concept

This concept functioned as a colouring book for adults
whose mobility is very limited. Players completed detailed
vector illustrations by tapping on the area they wished to
paint and completing repetitions to fill it with colour. One
of the strongest aspects of this concept came from grant-
ing players complete control over the pace of their expe-
rience. This was a double-edged sword however, which
ran the risk of less motivated patients leaving exercises
incomplete. The main weakness was the same as Four
Seasons and Dominoes, whereby the inclusion of exercises

was more of a novelty than a core component of the game.
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figure 5.5 - Sports & Sneaking
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5.2.6 - Sports Concept

This concept presented two visualisations of the same
idea. Players completed exercises to shoot hoops or kick
goals etc. Preference would be given to the golf theme due
to its popularity and pacing. The strongest aspect of this
concept was how it hosted meaningful interactions. The
theme of sports helped establish a clear connection be-
tween the player’s motions and the in-game response. It
also promoted salience by representing the desire players
may have to be active outside, or a sport they used to play.
The largest weakness of this concept was that it required
a fair bit of mobility from its users to be effective and may

have been difficult to learn as a result.

5.2.7 - Sneaking Concept

This concept explored the use of fantasy elements in
gameplay whilst maintaining clear translation of play-

er motions. The game’s appeal came through its playful
representation of the player. The incorporation of exer-
cises into gameplay was the strongest aspect of this game,
where player actions were given clear responses. This tied
into the game’s primary weakness, which was the lim-
itation of exercises that could be applied yet maintain a
strong connection. Without this connection the fantasy

context lost meaning and the novelty wore thin.
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figure 5.6 - Mountain Climbing
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5.2.8 - Mountain Climbing Concept was the lack of multiplayer capabilities. Goals in the game
were completely self-focused and adding additional play-

This concept held the strongest metaphors for the player’s . . . . .
] _ i ers did not contribute to the experience in any meaningful

recovery. Play consisted of exploring mountains, temples, way.

caverns etc., all of which involved ascension in some way. '

The strongest aspect of this game was its connection to

the therapy process, both figuratively and through logical

motion mappings. The primary weakness of this concept
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These concepts were a brief deviation from our attempts
to integrate William Duncan’s device. Instead, they used
a cycling machine to play. The primary focus of these
concepts was to establish a strong mental connection
between the motions the player conducts in real life and

those in-game. Due to the lack of connectivity and the
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figure 5.7 - Cycling
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figure 5.8 - First Iteration Matrix Evaluation

Criteria Concepts
Four . Mountain Perpetual o . .
Seasons Planes Dominoes Climbing Motion Painting Cycling Sports Sneaking
Multiplayer D - = - - - - - -
User profiles A + = + = + = = =
Logical motion mapping T + = + + = + + +
Ease of learning U - + - - = = = -
Adaptable difficulty M = = - + - = + =
Variation of task = = + + = - + +
2+ 1+ 3+ 3+ 1+ 1+ 3+ 2+
Totals = = 3- = = = = =
2- 2- 2- 2- 1- 2-
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5.3 First Concepts Review

Each concept was presented to clinicians as part of their
review. Through their critique we were able to calcu-

late the value for each point in the matrix. The totals for
positives, negatives and equivalents were deliberately left
separate as the weighting of some positives and negatives
were not equal to their counterparts. For example, the
painting and cycling concepts yielded the same amount
of positive and negative values, yet the painting score was

deemed to be strong by the clinicians.

Appropriately, other considerations were involved for
selecting how each idea would be developed. Such consid-
erations included the simplicity of setting up the system,
whether or not a clinician would be required to learn it,
how the system enables goal setting and realisation and

whether or not it requires online functionality.
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5.4 Expansion of Ideas

Critique from Dr. Signal and Prof. Taylor prompted an

expansion of concepts to explore potential genres and me-

chanics more broadly. The doctors wished to examine the
accessibility of each concept and the viability of incorpo-
rating physiotherapeutic exercises into gameplay without
the influence of thematics. This meant the second itera-
tion of concepts was more about styles of gameplay than
specific applications. The results were less focused, albeit

more diverse.

5.4.1 - Tabletop Games

The hypothesis that a familiar game such as dominoes or
cards would be widely accepted by an older audience was
supported by the doctors, reinforcing the claims of Mah-
mud et al. (2008) and Orvis et al. (2008, p. 2418). It was
possible for this familiarity to greatly improve the game’s
initial accessibility. The other strength this concept had
was its firm grounding in connectivity. Tabletop games
are primarily social experiences (Costikyan, 2006, p. 208).
Such a game allowed the patient’s loved ones to support

them in a fun and meaningful way.

Much like the painting concept, the connection between
player input and in-game action was abstract. Players

could struggle with making the connection that their leg
movements control a game that is generally played by

hand. These interactions stemmed towards novelty rath-
er than being meaningful. In paying this cost, the game’s
input was not limited to being entirely logical and allowed

the required exercise to be adapted to the player’s needs.
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figure 5.9 - Tabletop
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figure 5.10 - Single Input
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5.4.2 - Single Input Games

Interaction with these games could be isolated to one but-
ton/exercise. The input could prioritise whatever exercise
the player needed to be practicing. Ideally the motion
would be mapped to in-game action logically (e.g. raising
a limb for vertical translation), but this was dependent on
the context the game set. These games primarily embody
the simplicity Gerling et al. found to be so popular (2010,
p. 68). The minimal input would be easy to remember and

apply, benefiting those whose cognition has been affected.

To encourage expanding players’ range of motion,
powerups could be placed near and above each individu-
al’s calibrated maximum. The potential for these games to
be meaningful and adaptable was high, however the sheer
simplicity of the game risked users becoming bored with
them over a long period of time. Moreira et al. emphasise
the importance of extended adherence to physiotherapy

(2010), making these games less effective in the long run.
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5.4 3 - Literal Motion Games

These games prioritised meaningful interactions at the
cost of connectivity and, to a lesser degree, adaptability.
Flexibility in the types of motions that could be imple-
mented was largely dependent on the quality of calibra-
tion. Discussion with Prof. Taylor revealed the positive
influence that variety can have during task training (per-
sonal communication, 10 August 2015), highlighting the
benefits of having distinctive motions for separate in-
game actions. The context of the game contributed greatly
to making the interactions meaningful (such as the men-
tal connection between climbing stairs to climbing a rock
face), but this resulted in grounding the theme, thereby

reducing the potential target audience.
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. figure 5.11 - Literal Motion
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figure 5.12 - Digital Colouring
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5.4.4 - Digital Colouring

This concept was possibly the most adaptable of those
presented. Like the first iteration, the level of separation
between the player’s motions and the resulting in-game
action was drastic enough to reach a point of novelty. This
allowed for the painting motion to be substituted by any
exercise the player needed to be practicing. The UI of the
system would be minimal and unobtrusive, acting purely
as a host for whatever vector packs the user downloads.
Enabling users the choice of which drawing to download
allowed them to make a personal investment in their re-
covery. This investment could result in greater motivation
to complete the associated task, as explained by Dr. Kayes
(personal communication, 10 August 2015) and yield great-

er satisfaction on its completion (Malone, 1981, p. 335).

The specialists from AUT suggested an alternate mode of
interaction whereby painting was location-based. Users
would calibrate their range of motion and the cursor on
the canvas would adjust to fit the new range. The problem
with this concept was that removing the masked section
mechanic meant that users would be doing little more
than finger painting, albeit using their feet. Considering
people tend to be less dextrous with their feet, the novelty

of this interaction would likely be short-lived.
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5.4.5 - Cooperative Games

This style of game required two players to work together
to achieve a common goal and was built on the potential
Alankus et al. saw in cooperative games over competitive
games (2010, p. 2121). Players were not necessarily per-
forming identical tasks. In the example given, one player
would control the flight pattern of the ship, the other the
defensive turret. This enabled different task training, de-
pendent on what each player needed to be improving. The
connection (and dependency) this game fostered between

its players was its main strength.

A suggested alternative for when two players are not
available was to have the singular player coordinate two
limbs. This would be limited to those who have advanced
enough motor control and could prove difficult even for
people unaffected by stroke. A more applicable alterna-
tive was to have the missing functionality automated by
the computer with a range of difficulties to suit the each
player’s skill level.

It became apparent during this process that any game
using a camera perpendicular to the action (as depicted
in the example) should adjust the direction of action to

match that of the player’s exercises. This may help estab-

lish a visual connection between the player’s input and
the game’s output.

Variety is the Spice
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5.4.6 - Puzzle Games The connectivity of puzzle games was somewhat lacking.

Generally puzzles are more satisfying if solved individu-

The strength of puzzle games was the cogpitive challenge ally rather than having the help of another. This placed

they harbour. They were generally free from thematic a single-player limit on these games. Social variants of

bounds as they did not depend on particular action or ) ) ) .
Y P P classic puzzle games do exist (see Tetris Battle) but with

narrative elements to keep players engaged. Appropriate- .. : . .
P Py 8as PPTOP significant enough differences to their core mechanics

| 1 h i 1
¥, puzzle games tended to have broad audience appea that they are quite separate to their original concept.

(Gerling et al., 2010, p. 67, Nap et al., 2009, p. 247).

The difficulty of such games was highly dependent on
how the puzzles were generated. If the puzzles were pre-
determined (functionally similar to a riddle with a singu-
lar answer) then the game lost any replay value unless new
variants were constantly made available. In cases such as
Sudoku, Tetris and Bejewelled, the generative nature of the
puzzles grants endless replayability where the difficulty
can be adapted to the player based on how much informa-
tion they are given, how quickly they have to react, or how

many moves they have to succeed.

Additionally, the physical input needed to play the game
could increase the difficulty by requiring more accuracy
from the user. Some processes could be automated in the
beginning where the player is only capable of single joint -
mono-directional - movement, progressing to multi-joint

- multi-directional - movement once they regain mobility.
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figure 5.15 - Second [teration Matrix Evaluation

Criteria Concepts
Single Input Cooperative Puzzle Digital Literal Motion Tabletop
Games Games Games Colouring Games Games
Multiplayer _ — _ - - D
User profiles + = + + + A
Logical meotion mapping + + = = + T
Ease of learning + - = = - U
Adaptable difficulty = - = = = M
Variable input = = = = -
Variation of task - + = = +
Replayability - = - - -
Single player value + - + + =
Totals 4+ 2+ 2+ 2+ 3+
S R - R R

02 Variety is the Spice



5.5 Expansion Review

(For more detail on the criteria for this matrix evaluation

see Appendix B, p. 208)

The criteria for the evaluation of this iteration were ex-
panded to provide a more detailed exploration of the ben-
efits of each concept. It became clear during this phase
that one of the primary weaknesses of matrix evaluation is
that it does not represent the comparative significance of
each criterion. While some concepts netted more positive
values than others, that did not necessarily mean they
were the most appropriate decision. Any weighting added
to specific criteria is subject to the bias of the researcher.
Therefore, matrix evaluation seems more appropriate as a
method of summarising the relevant properties of con-

cepts rather than a measure for their overall quality.

Ulrich & Eppinger state that using more detailed criteria for as-
sessment is largely meaningless due to the concepts only being
general notions of what they might become (2004, p. 131). To
this end, matrix evaluation had served its purpose and led on
to the creation of the minimum viable product (MVP), version
1.0 of the rehabilitation game, Tiddlywinks. And so began the
next phase of the design process.
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“[Play is] a critical activity necessary
to achieve a healthy adulthood”
- Miller, 2004, p. 163

Chapter 6

New Game







This chapter discusses the development of the rehabilita-
tion game from its first realisation as an MVP through to
the final iterations that were used for user testing. During
this process we consulted with clinicians several times,
which resulted in large changes to the gameplay and fea-
tures (often marked by a version increment: vi.# - v2.0).
This chapter concludes with testing the alpha version of
the game with potential users to make final assessments

on the effectiveness its design.

6.1 MVP
(Minimum Viable Product)

Tiddlywinks is a digitized version of block dominoes that
allows players to use rehabilitative exercises to execute
specific in-game actions. Gameplay was modelled loosely
after Tiddly-Wink (see Appendix D, p. 221) due to its rigid

ruleset.
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Tidolywinks 1.0

Gameplay:

- Anywhere from two-to four ployers
can play together in a round.

- Players have o hand of three tiles and
each takes turns to play one from their
hand that motches the most recent tile
played to the table (beginning with the

highest double).

- Players using a rehabilitative device
howve to perform rehobilitation
exercises to play tiles.

- A round ends when a plaver has no
tiles left or nobody con play o file that
matches the table.

- Ployer received points bosed of T their
remaining tiles and the gome ends
when o predetermined score is
reached.

figure 6.1 - Tiddlywinks
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Mada
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&

Compi

Tiles: &

Compi

Tiles:; 6

Comp2
Tiles: &

Nada's turn.

Aesthetic:

- Minimal design to avoid superfluous
visual elements.

- High contrast and use of vibrant
colour to maximise the visibility of
important informaotion and cocount for
wisual deficit common to older dermo-

graphic.

- Large, simple fonts to maximize read-
ability of instructions.

- Skeuomorphic elements to promote
sonse of familiority.

- Interactive object would be bold or
animated to drow ottention.

Systemic Requirements:

- Special game controller with blustooth
Turctionality.

- Digital toblet.
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Computer Player Decision Tree

Can | play?
check top & bottom values -
of each domino in hand

Yes ‘ ‘ No

Do I want to play?

check difficulty reference
for play chance

Yes ‘ ‘ No

Which domino should I play?

iterate through playable
dominoes, choosing one

figure 6.2 - Decision Tree

PLAY SELECTED DOMINO

100




Version 1.0 of the rehabilitation game was chosen to be a
digital tabletop game for several reasons; the first of which
was that it enabled high levels of connectivity and adapt-
ability at the cost of meaningful interactions. No concept
held all three criteria in equal portions, yet this one had

the highest potential for satisfying two of the three.

The rules of Tiddly-Wink helped establish the MVP re-

quirements for a playable domino game.

Another strength of this concept is its innate familiarity
with the target audience. To be effective as a rehabilita-
tion game, potential users must first be willing to give it
a try. The digitization of a classic tabletop game caters to
a broad audience. This is supported by the low learning

threshold of dominoes.

The specific choice to use dominoes comes from the
simplicity of the core interaction. Cards typically use
four suits for every numeric value (and the inclusion of
jokers in some games), whereas dominoes only requires
the player to focus on one number at a time. Simplicity
was integral for all elements of the game. Increasing the
complexity of the game came down to tweaking the base
rules: how many dominoes does each player start with?

How many players are there? How big is the deck? Do you

draw on a pass etc.

Domino games are social by nature. A patient may not
always have access to people to play with therefore com-
puter substitutes were necessary. Complicated artificial
intelligence for non-human players was out of scope for
this research. A computer player’s turn is broken down

into a few simple steps.

6.1.1 Inclusion of Strength for Task Training

(STT)

The first phase of Dr. Signal’s STT (2014, p. 47) involves
priming: high exertion exercises that promote neural
plasticity and prepare the patient for repetitive exercises.
The relationship between priming and base repetitions is
a physiotherapeutic equivalent of shuffling a set of dom-
inoes before playing a game with them. Mapping these
rehabilitative processes to their in-game equivalents may

help maintain immersion.

A common concept in strength training is “fifteen reps

to failure” (N. Signal, personal communication, 16 March
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2016). This involves performing fifteen repetitions of a

set exercise with an attached weight, ideally one that

the patient would be unable to lift a sixteenth time. This
weight is indicative of roughly 50-60% of the maximum

a person can lift with that muscle group. For the user to
experience proper strength training, they require external
components such as weights or therabands. Thus, part of
the training is out of the game’s control and there is an el-
ement of trust introduced that relies on user’s to be truth-
ful in their input. Additional sensors could be included
to prevent this, however such an addition was beyond the

scope of this research.

Signal stated that there are approximately nine param-
eters clinicians can use to tweak exercises to enhance
certain aspects (N. Signal, personal communication, 16
March 2016). Of these nine, she recommended we focus
on excursion (distance), speed and accuracy, as they best

match our proposed system of movement to gameplay.

Although the digital game was developed to use STT as

its mode of rehabilitation, it was designed in such a way
to enable response from a variety of input methods. This
was to maximize the game’s versatility, rather than restrict

its application to a singular style of physiotherapy. The

following section discusses significant changes that hap-

pened to the game and the reasoning behind them.
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6.2 Alpha

6.2.1 Tiddlywinks to 12-12 v1.0

The gradual increase of functionality moved the game
away from Tiddlywinks to a general platform for block
dominoes. Several important additions were made to
account for users who are not familiar with dominoes

or simply forget how to use the interface. The first was a
help button that was always visible from the in-game UI.
Clicking it toggled reminder text for what the player sees

on-screen.

An integral addition was a prompt system that calculated
all the legal moves a player can perform on their turn and
highlighted them after a predetermined time. This func-
tioned as a failsafe for players who did not understand the
generic help text or needed assistance planning their turn.
The significance of the timer was to keep help text off-
screen until it became necessary, aligning with Gregor et
al’s point that the oversaturation of information can make

it less digestible (2002, p. 154)

Additionally, upon loading the game for the first time (or
later times if the option is reset), the player was asked if

they wished to receive a tutorial on how to play. Selecting

12-12: A Physiotherapeutic Rehabilitation Game for Older Adults Recovering From Stroke

“Yes” prompted specific Ul elements that told the player
how to navigate the menus and start a game. Pressing
“Play” loaded a tutorial level that dealt a predetermined
hand to both the player and their computer opponent.
During this level, the player was prompted to select tiles
in a specific order which granted them the experience of
beginning play, playing matching tiles, how to pass, and
how to end a round. Showing the players all the typical
manoeuvres of a game meant they might recognise them
in future sessions. The development of this tutorial was in
accordance with Ma et al’s claim that users need to fa-
miliarise themselves with a system before it becomes too
difficult (2007, p. 688).

In constructing the tutorial it became apparent that the
‘options’ menu was too dense and risked overwhelming
new users with too many choices. To counter this, only the
functionality required to play a basic game against com-
puter opponents was kept. It was this version of the game

that was used for preliminary user testing.



figure 6.5 - Main Menu Concepts
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figure 6.6 - Options Concepts
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figure 6.8 - Tutorial Plan
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figure 6.9 - Wireframe
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6.2.2 Preliminary Testing

To maximise the effectiveness of user testing with survi-
vors of stroke, preliminary user tests were conducted with
colleagues who had not experienced the game before.

Inclusion criteria was kept simple. The user testers must:

*  Not have experienced a stroke before.
+ Not have any significant cognitive deficit.

+ Not have experienced the game before in any way.

The purpose of these tests was to ensure that the basic
gameplay was functional and easy to understand, which
was reflected by the inclusion criteria. Without stroke-re-
lated impairments, the testers were able to provide feed-

back based on the raw gameplay experience.

Six user testers were asked to load the application, play
through the tutorial, and play a basic round of the game.
To keep responses simple and to the point, a question-
naire using a five-point Likert scale and short written an-
swers was provided (for the full questionnaire and a more

detailed summary of the written results, see Appendix C, p.

209).

The strengths of the game that were made apparent were:

* The game was easy to learn.

* The interface was easy to understand.

+ It was clear when players could and could not play.

* The use of language was relatable.

+ Animations were smooth and enjoyable.

+ Player icons were popular.
Of these strengths, the interface’s ease of use and the
players’ ability to learn the game is highly subjective
and would need to be properly tested with survivors of
stroke. “Relatable” language is also subjective, however
this prompted the use of less clinical terminology. More

animations and icons were developed in response to their

popularity.

FElements that needed work were as follows:

*  The win/loss conditions were unclear.
* The scoring was unclear.

+ The sense of competition was not as evident as it
could be.

* Main menu scene was too sparse and the ‘options’

menu too cluttered.

* The tutorial information was overwhelming.
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+  Pacing was too slow.

The users reported that the tutorial felt overwhelming, yet
some elements were still unexplained. This highlighted
that the problem was not a matter of the quantity of infor-
mation being presented, but how and when it was being
presented. The primary purpose of the player is to play

a game, therefore any instruction referring to elements

of the main menu, other than the ‘play’ button, were
removed. The tutorial was extended to include the score
screen to explain scoring mechanics once the player had

already learned how to play a round.

6.2.3 12-12 v2.0 to v3.0

A return visit from Dr. Signal prompted an overhaul of the
game in both code and aesthetic. One of the core ideas
behind the developments of this version was to embed the
criteria for success into as many elements as possible in

subtle but meaningful ways.

Adaptability: The ‘options’ menu needed robust error
handling. The game needed to be playable regardless of
the settings the player adjusted e.g. trying to start a game

with zero opponents and defaulting to one computer op-

ponent. The amount of user icons was expanded to allow

more personalisation.

Connectivity: Time constraints meant we were unable to
explore the effect of including online networking or player
profiles, leaving these aspects of connectivity unexplored.
To counter this, local multiplayer was ensured to be fully
functional. Adding in features like concealing player
hands until the ‘ready’ button is pressed and clear varia-
tion in the profile pictures allowed the game to be played

by up to four separate people, all using the same device.

Meaningful Interactions: Embedding meaning into the
interactions of the menu was more difficult than the other
criteria. Our inability to test on users at this point in the
research meant we could not test the proposed methods

of interaction.

Menu navigation via device input was removed as it pre-
ceded gameplay (therefore calibration) and would pose a
significant barrier to those who are not used to the con-
nection between the device and the game, namely first
time users. Instead, focus was placed on making the be-
haviour of the menu as logical as possible; e.g. rather than

the hand size being depicted by a number, the player can

New Game



see three to six tiles in a row that reflect how many remain

in their hand.

6.2.4 Integrating the Device

The use of a special sensor had to be accounted for in

the gameplay. If the sensor was not available, a ‘simulate’
button became active. Whilst not an ideal substitute, this
does act as a failsafe, albeit one that relies on the player’s

honesty.

Initially we tried to use Inertial Measurement Units
(IMUs) to directly replicate the motion in-game but
interpreting the devices’ data proved more difficult than
anticipated and the results were unfavourable. The cali-
bration scene was implemented in an attempt to counter
this, which integrated naturally into the priming phase of

the exercises.

An alternative solution was to use gesture recognition
and teach the device which exercises to be looking for.
This would allow each clinician to build a library of move-
ments that set the standard for what their patients should

be aiming to meet. Such a method removes the need for

repeated calibration, allowing players to get to the prima-
ry gameplay faster. Tying the device’s calibration to the
tutorial is an organic way of getting the user to set every-

thing up before they dive into the core experience.

12-12: A Physiotherapeutic Rehabilitation Game for Older Adults Recovering From Stroke
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figure 6.12
Nada's turn. Nada's turn.
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figure 6.14
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6.3 User Testing

This section discusses the testing of the complete system
(William Duncan’s hardware and the digital game), the

discoveries made and their subsequent iterations.

Prof. Taylor explained that within a therapeutic context

it is expected to take roughly three months of training to
make any noticeable difference to the patient’s condition.
This meant we could not prove that our solution would
be able to make any effective change to a user’s mobility
or physical health. Instead, we focused on the usability of
the system.

Recruitment began with contacting local stroke clubs and
presenting our research. From these presentations we ac-
quired the contact details of potential participants. These
participants were contacted via telephone and those who
met our inclusion criteria were given an over-the-phone
interview. According to Dr. Signal, neural plasticity can
happen months after an incident, meaning we were not

restricted to survivors of recent strokes.

Inclusion Criteria:

+ Aged>18.
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+ Had experienced a disabling stroke.

* Has or has experienced hemiplegia or hemiparesis

following stroke.

+ Can walk 1om without standby assistance.
Exclusion Criteria:

+ Significant cognitive deficit.
+ Unable to follow a 1 step verbal command.
+ Unable to give informed consent.

* Medically unsuitable in the opinion of the screen-

ing physiotherapist, G.P or medical specialist.
* Experiencing excessive joint pain.

+  Suffering other conditions that could impact re-
sults (eg. substance abuse, significant mental illness

such as major depression).

(For our phone interview questions, see Appendix docu-

ment C2, p. 212)

The purpose of the inclusion and exclusion criteria, aside
from establishing the participants’ experiences with

stroke, was to ensure they would be capable of safely
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interacting with our system without the need for clinical
supervision. Our system was designed for home-based re-
habilitation, therefore is unable to depend on clinical aid
to function. These criteria also ensured our participants
would have enough communicative ability to articulate

their thoughts regarding the system clearly.

Our recruitment process resulted in several participants
donating their time to our study. Participants were given

aliases to protect their identities.

6.3.1 The Players

‘Alex’ survived a cerebellar stroke that affected the right
side of her body. She was originally wheelchair-bound but
recovered her ability to walk through rehabilitation. Her
balance remains affected and she occasionally requires a
walking stick. Alex lives independently and is an active
member in the local stroke club.

‘Bernie’s stroke afflicted him with left hemiplegia and
affected cognitive capabilities. Bernie’s communicative
abilities were limited and he had a caregiver who occa-

sionally spoke on his behalf. Despite retaining his ability

to walk (with the aid of a quad cane), Bernie’s hemiplegia
severely limits his gait and he experiences falls regularly.
This necessitated his test to be conducted from a seated

position.

(Bernie was not part of the original recruitment process.
For more information regarding Bernie as a user tester, see

Appendix C, p. 214)

‘Charlie’ was the most physically able of our participants.
Despite experiencing two strokes in the past decade,
Charlie only has minor right hemiparesis and is fully capa-
ble of living independently. She has the fastest gait of our
participants with only minor balance and coordination is-
sues. However, Charlie’s short-term memory was affected
and she can be very forgetful at times. Charlie often finds

technology hard to use because she forgets how it works.

‘Dannie’ had multiple sclerosis prior to his stroke, which
worsened its effects. At the beginning of his recovery pro-
cess he was completely bed-ridden. Dannie suffered left
hemiplegia which locked up the left side of his body but
over time he was able to recover some of the lost function-
ality. He lives with his partner who cares for him. Dannie

is capable of moving about independently, albeit with a

New Game



walking aid. He has no fine motor control over his left foot

and arm.

6.3.2 Testing Protocol

With permission from our participants, we visited them
in their homes to conduct the tests in a safe environment.
Tests began with the observation of usability heuristics.
Media-specific elements included the readability and
articulation of text-based information, the players’ com-
prehension of the visuals and the players’ comprehen-
sion of the game’s rules. The use of think aloud protocol
helped us assess these heuristics. During this process we
took handwritten notes and non-identifying video of our

participants for revision purposes.

The lack of functioning sensors in the device was ad-
dressed through the implementation of Kelley’s ‘OZ para-
digm’ (1984). This method gives experimental participants
the impression that they are interacting with the system
as it is desired to function, thus giving genuine reactions.
In actuality, the researcher is surreptitiously intercepting
communication between the participant and system, pro-

viding appropriate responses (ibid., p. 27). For our tests
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we used an application on a cell phone to wirelessly trans-
mit to the tablet each time the player performed a correct

exercise.

The exercise requirements of our participants were fifteen
leg raises (hip abduction) for the priming phase. The tu-
torial phase involved playing six dominoes, each requiring
the player to perform five side-steps. Participants were
then required to play a standard game, running through

a further fifteen leg raises and twenty to thirty leg raises
over the course of the following round. As this round was
against a randomised computer opponent, the amount

of playable dominoes fluctuated from four to six between
participants. Each player completed these steps at dif-
ferent rates, taking between twenty-five and thirty-five

minutes.

We conducted a semi-structured interview with our
participants after the observation session. The purpose

of these interviews was to give them the opportunity to
comment on anything they had missed with think aloud
protocol. Questions were kept simple to avoid leading our
users’ responses. The interview was recorded using a sim-
ple microphone to avoid participants becoming camera

shy. Our participants were free to speak in as much detail
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Participants placed the tablet
on a table or bench. In the
second test, books were
used to elevate the tablet to
an optimal height.

figure 6.15 - User Test Setup

A chair was available
nearby to make putting
on the shoe controller
easier and for breaks
between game rounds.



as they chose. The interview was designed to take fifteen
minutes to complete, but some participants spoke for as

long as thirty-five minutes.

(For interview questions, see Appendix document C3, p.

213)

6.3.3 Test 1

Testing was conducted according to the protocol above.
Each test involved the participant putting on William
Duncan’s smart shoe, completing the tutorial of 12-12 and

then playing through a standard game.

6.3.4 Feedback 1

It became apparent very quickly that no participant was
confident enough to play while holding the tablet. This
meant the tablet had to be placed on a table and any ex-
ercise that required stepping needed to be repeated back
and forth. Despite being a minor issue, this demanded
very clear setup instructions for the beginning phase of

the game.
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Alex stressed the importance of the affordability of the
system. She explained with an example from her stroke
club where members were offered discounted gym mem-
berships but had to discontinue their membership once
the promotion expired because they could not afford the

standard rate.

Both Alex and Charlie expressed excitement about in-
teracting with the system. They liked the “you can do

it” mentality of the game and how it encouraged them

to move out of their comfort zone. A large contributor

of their enthusiasm came from the attention the system
granted them. “We need to be pushed to get the brain to
do these things,” stated Charlie, “this makes you feel like a

normal person.”

The main difficulty that was experienced by all users was
what to do in each phase of play. Every participant needed
to be reminded which exercise to perform and when. For
the majority of play, each user displayed uncertainty on
what to do next until the prompt text informed them. De-
spite this prompting, it was common for the participants
to request clarification on how to perform the exercises

correctly.
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Elements of the Ul were unclear as well. Most participants
did not recognise the buttons to be interactive right away
and had to be prompted to press them. This problem
occurred several times during play, indicating the style of
the buttons was too subtle. Similarly, several participants
did not realise the dominoes were interactive via tapping

and needed to be shown.

Both Alex and Dannie suggested a less intense version of
the game for less able players. Shorter game sessions with
less dialogue would make the game more accessible for
people with less motor and cognitive functionality. This
wouldn’t need to resemble a complete block dominoes
game proposed Alex, “even if [players] don’'t remember
everything, it’s the novelty of pressing a button and seeing
something happen.” The game’s complexity could grad-
ually be built up, mapped to each player’s physical and

cognitive development.

6.3.5 Test 2

Our second tests were conducted in an identical man-
ner to the first ones with a few exceptions. Bernie was

excluded from this round because the changes made to

the game’s build were not significant enough to account
for their cognitive deficit. Participants were encouraged

to raise the tablet to a more appropriate height by using
books as a makeshift stand. Lastly, the interview ques-
tions were reduced to avoid redundant information. These
reduced interviews took between ten to twenty minutes

to complete, depending on the participant.

(For the second test interview questions, see Appendix

document Cy, p. 216)

6.3.6 Feedback 2

Elevating the tablet to an appropriate height using books
removed the need for participants to lean over the tablet.
We received no reports of pain or discomfort after the

session was completed.

All participants requested a simple breakdown of how to
perform each exercise properly as part of the introductory
gameplay. This would remind users who do not have ac-
cess to clinicians how to correctly perform their exercises.

It also coincided well with Alex and Dannie’s suggestion
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that a reduced version of the game be available for people

whose stroke is more recent.

The more each participant played, the greater under-
standing they exhibited of how the game worked. During
the post-tutorial game, the participants would wait until
the prompt came up before they would make a move.
Before the end of the game, each participant had figured
out the gameplay well enough to make decisions before
the prompt was activated. When asked about the difficul-
ties of learning the game, Alex responded that it was not
disheartening to make the wrong decisions initially and

“once you get the hang of it, it could grip you.”

Both Alex and Charlie emphasised the significance of
keeping the pacing of the game slow. It wasn’t enough
just to let the player move at their own pace, it had to be
acknowledged by the game that they were able to do so.
This was particularly important for reading instructions;

“you’ve got to take your time to read it. You can’t rush it.”

All participants became confused as to which exercise
to perform at least once. It is possible an introductory
panel that explains the change in exercises at the end of

the priming phase would remedy this. Alternatively, the
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addition of animated visual prompts when a player selects

a tile could suffice.

Time constraints on testing meant we were unable to test
the multiplayer capabilities of the game, however, each
participant expressed interest in being able to play the
game with others. Dannie made the point that for com-
petitive play to be enjoyable, their opponents would have
to be of a similar skillset to them. Being a beginner, they
would need to play with other beginners or they might
become frustrated. Charlie also enjoyed that she did not
need people around to play, claiming “I can do it for me,”

as it allowed her to test their personal capabilities.

(For raw notes on these sessions, see Appendix C, p. 214)
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6.4 Results Analysis

The findings of these testing sessions suggest that 12-12
provides a stimulating, yet demanding experience for
older adults recovering from stroke. The enthusiasm our
participants displayed supports the claims of Gerling et al.
(2010, p. 69) (2011), Ijsselsteijn et al. (2007, p. 18) and Jung
etal. (2009) that older adults can be positively receptive of
new technology. Even Dannie, who was initially sceptical,
became more engaged as his understanding of the system
grew. He reported the game to be both cognitively and
physically stimulating, commenting how he was “starting

to break out a sweat” by the end of his second game.

Conducting user testing in the homes of our participants
proved how minimal the requirements were to set up the
system. Each participant was able to find a comfortable
surface to play from and used simple objects like books to
raise the tablet to the appropriate height. The portability
of the tablet enabled this type of setup, reinforcing the ac-
cessibility of the system within a home environment. The
only object specifically designed for rehabilitation was the

shoe-based controller.

A large portion of user feedback was directed at the sys-
tem’s usability. To reach the deeper qualities of a system,
such as adaptability or connectivity, one must understand
it at a surface level. It did not matter if 12-12 promoted
local multiplayer with friends and family if players did not
understand how to start a game. Ijsselsteijn et al. (2007,
p.18) and Nap et al. (2009, p. 248) made it clear that the
system would need to be simple in order to be usable, but
even these basic tests showed our implementation of a

‘simple’ game system was in need of further development.

Participant responses also made it clear that system feed-
back needed to be more than just encouragement. The
game had to let users know that if they required a break,
they would not be disappointing anyone or “failing” at the
game. Two of our participants claimed such reassurance
would boost their confidence. This is reflective of the
work of Lee et al. (2012, p.445) and Mathwick and Rig-
don (2004, p. 325), who proposed that greater perceived
control over a system (in this case, pacing) tends to make

users react more positively to it.

Each participant’s proposition of an adapted system
for less able survivors of stroke verified adaptability as

a criterion for success. Feedback suggested that system
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adaptability would be the strongest contributor towards
accessibility. Although each participant acknowledged the
connective potential for constructive competitive play, it
was comparatively less important. Similarly, meaningful
interactions were initially less important based on par-
ticipants’ comments that it didn’t matter how they were
achieving it; there was a simple novelty in seeing the

game’s response to their movement.

In every test our intervention became necessary during
the early phases of play, generally to explain a specific
aspect of interaction. It is possible to make the Ul more
explicit by using multiple avenues of information (such as
text, animated imagery and sound effects), yet our partic-
ipants seemed more comfortable with asking us questions
directly. The more they played with the game, the less
help they needed. This behaviour is indicative of how the
system is to be used in conjunction with clinical reha-
bilitation. Clinician input is still necessary for the initial
setup of the system (prescription of exercises, sole weight,
repetitions etc.) and its maintenance (adjustment of
exercises, weight and repetitions). As the user learns the
system, the clinician is needed less and less. This knowl-
edge means a clinician-specific interface is necessary for

the system’s integration into a clinical environment.
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Lastly, the aesthetic of the game yielded no complaints
from participants. They reported it to be vibrant and

the text was easy to read. This aligned with the works of
Gerling et al. (2011), Gregor et al. (2002, p. 151), Ijsselsteijn
etal. (2007, p. 18), Kopacz (2004, p. 212) and Martin et al.
(2014, p. 104), which informed most of the design deci-

sions regarding the game’s interface.
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figure 6.16 - Clinician Interface (Speculative)

PROFILE PRIMING TARGET REPETITION TARGET
i ' ™ ™ g A
Janet = Repetitions 1] Repetitions I
-
Age: 52 = Y WE Accuracy :
= ! Range o Range
o WA | °
S | Mox-5° |
L N y \ J
LEe PRESS SI1IT TO STAND | HAMSTRINGS BACKWARD WALKING Hip EXTENSION STAIRS & STEPS Hir ABDUCTION SIDEWAYS HﬁLKIH:
| i :
Q»T_h_lj & _ [l B _ _ii .
\ | [ : : ° l - r
l =]
e I L w )
— - Y N r
HIP FLEXORS WALKING PLANTARFLEXORS SLOPES ToeE-UPS OBSTACLE WALK
INE UPDATE RouT
N ~
— ~
s ] y EXIT
r . - - . L

New Game




12-12: A Physiotherapeutic Rehabilitation Game for Older Adults Recovering From Stroke @ 129






“The more that we can do for
ourselves the better.”
- ‘Charlie,” personal communication,

3oth May 2016
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This chapter discusses the final version of 12-12 that was
used for the secondary user tests. We revisit the criteria
for success established in Chapter 4 to evaluate this final
version of the game. We acknowledge what the game ac-
complished and speculate on which aspects need further

development.

/.1Beta

The following images depict the final version of 12-12 we

developed for this research.
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figure 7.1 - Main Menu
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m figure 7.2 - Basic Options
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figure 7.3 - Advanced Options
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figure 7.4 - Priming
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figure 7.6 - Task Repetitions



Ending Score: 30

figure 7.7 - Scoring
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figure 7.9 - User Flow WireFrame
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7.1.112-12

The final version of 12-12 allowed a single person to use
William Duncan’s device (defaulting player one). This
required them to perform strength-training repetitions
to begin the game and basic repetitions to play dominoes.

Additional players simply had to press a domino to play it.

Interaction with the system was limited by the inaccuracy
of the IMU sensors. In the timeframe of this research we
were unable to collect consistent enough data from the
sensors to accurately read the motions of the player wear-
ing the device. Despite this, the ‘OZ paradigm’ (Kelley,
1984) implemented for user testing replicated the desired

interaction with enough similarity to keep the tests valid.

Natural progression for the system would be to improve
the use of sensors to accurately read input movements.
Additionally, the multiplayer elements of the game need
more detailed testing to ensure the connective potential of
12-12. Once these elements have been mastered, the next
step would be to perform proper clinical trials and test

the game on a broader audience for an extended period of

time.

/.2 Evaluation Through
Criteria

This section covers our personal evaluation of the game
system’s ability to harbour adaptability, connectivity, and

meaningful interactions.

Adaptability embodies how well 12-12 adjusts internal
parameters to suit the personal needs of each player.
Games in 12-12 can be padded out with more waiting time
between turns by adding more players. This adjusts the
difficulty of the game in a strategic sense, adding to the
cognitive load on players, but also grants longer breaks
between repetition targets. Increasing the ending score
lengthens the game by the amount of rounds the player
needs to complete to reach resolution. This is purely an
experiential factor and does not influence the player’s
rehabilitation any more than increasing the amount of
repetitions. Such an increase directly affects the physical
difficulty of play and is the easiest way to adapt to player

progression.

The adaptable functionality of 12-12 allows for precise

control over the physical requirements to play. The weak-
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ness of this functionality becomes apparent when the
physical capabilities of the player are either very limited or
highly capable. Severely limited players may not be able to
complete a full game of dominoes, even with a low ending
score. Catering to these players requires a reduced version
of the game that ceases resemblance to typical dominoes.
We hypothesise that such a version of 12-12 would be high-
ly reliant on the novelty of interaction to entertain players.
As novelty is a temporary phenomenon, alternative means

of holding player attention would need to be explored.

Adaptability became the most significant criteria of the
three. The abundance of backing literature, in tandem
with clinical recommendation and feedback from users
made it clear that adaptability was an absolute necessi-
ty for the success of the system. It was the easiest of the
criteria to implement; most likely the result of its clear
definition and purpose. Comparatively, the broadness of

the other criteria made them more difficult to define.

Connectivity represents 12-12’s ability to foster social con-
nections between its users. 12-12 takes advantage of the
popularity and social nature of traditional tabletop games.
Dominoes is a multiplayer game by default, meaning

whether the device-user is playing with human or com-

puter players, they are always interacting with another.
The use of scoring between rounds encourages competi-
tive play. The application of the device-user’s exercises in
gameplay was deliberately kept separate from strategizing

to keep all players on equal footing.

A limitation of the connectivity of 12-12 comes from the
lack of network capabilities. Only having one player with
a working device in a game discriminates them from
other players, as their turns take significantly longer to
complete. An ideal setup would involve every non-com-
puter player using a device with their own calibration

and exercise scheme. This would increase the wait time
between turns, but the pacing of the game would be more
consistent and device-users may feel less self-conscious.
The lack of persistent player profiles limits the amount of
personalisation users can experience through 12-12, there-
fore limiting their connection (and investment) with the

game.

Meaningful interactions encapsulates how interacting
with 12-12 benefits the user. This includes how well 12-12
supports the extrinsic motivations of its players, as well as
its ability to communicate these elements to the user. As a

rehabilitation game, 12-12 automatically hosts the extrinsic
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motivation of self-improvement. It also provides intrinsic
motivation to those who enjoy dominoes as a pastime.
The inclusion of playful animations and visual effects re-
warded players for interactions that progressed the game,
thereby encouraging further interaction. Our user testers

enjoyed the novelty these features provided.

Meaningful interactions was too broad a criteria to be ap-
plied with the specificity seen with adaptability. The lack
of persistent profiles limited the use of goals or progress
tracking, making the user experience less personal. This
meant 12-12 relied largely on players’ extrinsic motivation
to recover from stroke and intrinsic motivation to play
dominoes to attract an audience. This was less effec-

tive on users like Dannie, who had less experience with
dominoes. The abstract nature of dominoes meant the
connection between user input and in-game action was
arbitrary. While this was advantageous for adapting input
exercises, users like Dannie may find the system difficult
to understand. Despite meaningful interactions having
less of an effect on 12-12 than connectivity or adaptability,
the game would benefit from a more focused approach in

this regard.

7.2.1 Limitations of the Research

Like many similar papers (Alankus et al., 2010, p. 2121,
Chen et al., 2014, p. 8, Flores et al., 2008, p. 383, Holden

& Dyar, 2002, p. 70, Nap et al., 2009, p. 260), the findings
of this research are also subjective. This is an inherent
property of the methods that were chosen. Despite the
research being developed with consultation from multiple
sources and disciplines, the amount of people involved
was comparatively small. The sample size for user testing
meant feedback was not reliably representative of the

older adult demographic.

Another limitation of this research was the lack of fully
functioning sensors. Kelley’s ‘OZ paradigm’ (1984) allowed
our user testers to experience the novelty of interacting
with the system as if the sensors were functional. Howev-
er, this means the system is not capable of testing beyond
a controlled environment. Significant technical progress
needs to be made before the system would be ready for

clinical trials.
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7.2.2 Final Evaluation

How can digital games facilitate engagement for low-
er-limb rehabilitation for older adults recovering from

stroke?

A person must show active participation and invest-
ment in their rehabilitation with energy, enthusiasm and
commitment to be “engaged” by it. The criteria used to
evaluate 12-12 were established from research regarding
engagement. 12-12 met these criteria with varying degrees

of success.

Adaptability was the criterion 12-12 fulfilled most com-
pletely. Functionality supporting social connectivity was
implemented but time constraints limited its testing,
rendering the effectiveness inconclusive. Meaningful
interactions was the criterion with the least fulfilment.
Engagement is not dependent on the success of all three
criteria, therefore the limited integration of meaningful

interactions did not stop 12-12 from engaging users.

12-12 is capable of facilitating lower-limb rehabilitation
through the regular repetition of exercises to play dom-
inoes. The inclusion of a priming phase enables the in-

corporation of Strength for Task Training (Signal., 2014),

however this functionality is dependent on the patient’s
access to a device that can host the appropriate weight.
The customisation of these elements allows for 12-12 to be
accessed by people with a variety of physical capabilities.
The accessibility to 12-12 was enhanced by being a digi-
tized dominoes game, utilizing the game’s simplicity and

familiarity with an older audience.

12-12 was received with interest and enthusiasm by our
user testers, all of whom could see fellow survivors of
stroke benefitting from the system. This is not represen-
tative of the user-base, however it does indicate a level of
acceptance and eagerness with which similar systems may
be met. With further iterations and more expansive user
testing, 12-12 could become an effective contributor to the
physiotherapy process.
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“Once you learnt, you felt like you had
conquered it.”
- Alex,” personal communication,

17th June 2016
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This final chapter concludes our research. The knowledge
that has been acquired thus far indicates certain aspects
of the system that should be explored further. This chap-
ter discusses how these aspects might be progressed and
provides speculation as to how future research might be

applied.

8.1 Future Work

Many elements of the system are dependent on more user
testing to prove their effectiveness. Examples such as the
game’s ability to foster competitive play cannot be proven
without repeated testing on numerous people. The fol-
lowing section focuses less on what needs to be proven

and more on what can be explored.

In the current model of 12-12, increasing the amount of
repetitions simply makes playing a domino more difficult
to achieve. A player who uses the game for an extended
period may find having to work harder for the same result
frustrating. Changing the visual effects of this interaction
to represent the amount of effort required of the player
could rectify this. For example; playing a domino from
twelve repetitions returns significantly more visual and

aural celebration than playing one for four repetitions.

The adaptability of 12-12 can be improved by the introduc-
tion of a clinical interface that allows for the adjustment
of exercises based on what the clinician believes is the
most appropriate for their clients to be performing. Ideally
this would be accessed remotely. Such an interface would
require detailed player analytics that allow clinicians to
see their patient’s exercise data over an extended period of
time, as well as whether they are improving or degrading
in their capabilities. Rendering these analytics visible to
the player could provide extrinsic motivation for measur-

ing self-improvement.

The addition of player analytics requires custom user
profiles. Expansions could be made through the cur-

rent in-game options menu, on which players are free to
choose their username, avatar, the colour of the game
board etc. Enabling the player to personalize their experi-
ence promotes investment in the system. With persistent
player data, adding a ‘badge’ system that tracks progress
on a daily/monthly scale would be possible. Such a fea-
ture rewards players for regular interaction or achieving
large gradual goals. It could even be possible for badges
to be generated by clinicians to tailor them to their pa-
tients’ goals, creating an internal reward structure for the

achievement of extrinsic goals.
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Player profiles could expand on connectivity through an Alternatively, the use of spoken instructions and support-
online version of 12-12, allowing players to compete from ing video to teach gameplay may yield interesting results.
the comfort of their individual homes. The inclusion of

network functionality would require a very simple in- These are but a few ways the system could be improved.

terface. Older adults are the least frequent users of the They form the next steps that would be pursued with the

internet (Ijsselsteijn et al., 2007, p. 18), therefore simplic- continued development of 12-12.
ity is necessary to reduce the chance of intimidating or
confusing players. Local multiplayer (offline, sharing a
single device) was implemented but remains to be tested.
The socially connective potential of games has been ac-
knowledged by many sources to be a strength and worthy
of pursuit in serious games research (Blythe et al., 2005,

p. 687, Costikyan, 2006, p. 208, Ijsselsteijn et al., 2007, p.
17, Jack et al., 2010, p. 227, Mahmud et al., 2008, p. 405,
Miller, 2004, p. 219). This is particularly relevant for games
that target older adults (Binstock & George, 2001, p. 299,

Gerling et al., 2011, Nap et al., 2009, p. 249).

There are many other aspects of serious game design

and human-computer interactions that warrant further
research. Traits such as flexible Ul elements have been
acknowledged to have potential for improving accessibil-
ity to technology for older adults (Gerling et al., 2010, p.
67, Gregor et al., 2002, p. 154, McLean et al., 2010, p. 516).
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8.2 Conclusion

In this thesis we have explored how digital games can
facilitate engagement with lower-limb rehabilitation for
older adults recovering from stroke. Many consider phys-
iotherapy to be strenuous and monotonous, resulting in
reduced motivation to maintain rehabilitation and ul-
timately less effective recovery. Serious games research,
although relatively new, has shown promise for digital
games to encourage players to persist in their recovery.
The development of 12-12 has contributed to this field

of research, exploring how elements of game design can

engage players from an older demographic.

The development of 12-12 was informed by three criteria
that were derived from background research on engage-
ment within digital gaming. These criteria were adaptabil-
ity, connectivity and meaningful interactions. We pro-
posed that embedding these criteria in the game would
engage players, promoting continued use of the game

system and thereby supporting healthy recovery.

The original weighting of the criteria shifted to favor
adaptability over the other two, based on responses from

user testing. Meaningful interactions was lessened by nov-

elty. Connectivity was unable to be tested effectively, thus
remained unaltered. The importance of usability in addi-
tion to these criteria became very apparent. Older adults
proved a complex demographic, with immense levels of
diversity in physical and cognitive capabilities. Increasing
accessibility to the system was paramount and adaptabili-

ty was the most appropriate means of achieving this.

Many elements of the design of 12-12 were informed by
background research. Despite the field of serious games
being relatively new, the resulting design decisions yield-
ed positive responses from user testers. The limited sam-
ple size and time restrictions of this research render these

results far from conclusive.

More persistent studies of the effects of systems like 12-12
need to be conducted to prove the positive effects of digi-
tal gaming systems in a rehabilitative context. The subjec-
tivity involved with defining engaging gaming experiences
may limit what quantitative data can accomplish, however

such perspectives may help the field of research mature.

Although the methods chosen for this research were
largely subjective, the combination of perspectives from
clinicians, user testers and researchers helped reduce bias

and validate design outputs. Testing with an expanded
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user-base and conducting official clinical trials will fur-
ther minimize this bias, and is a natural progression for

the research to take.

There is a lot of potential for digital game systems to
make a difference in the lives of people after stroke. This
research has explored how these systems might make the
rehabilitation process more engaging, thereby improving
recovery and helping survivors of stroke lead more inde-
pendent lives. The positivity with which the system was
received suggests that serious games can be an enjoyable
and effective alternative to standard rehabilitation and we

urge the pursuit of further research in this area.
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Appendix A - Background
Research

Additional Notes on a Research Session with Dr.

Nicola Kayes

Dr. Nicola Kayes, a specialist in the field of neuro-reha-
bilitation, has conducted studies into understanding the

perspective of people suffering from stroke, using that

knowledge to help them engage with the recovery process.

She has also explored the role of the practitioner in the
engagement process and what drives human behaviour in

the face of injury and illness.

Kayes acknowledged the role of technology in regards to
connectivity. It is certainly possible to engage in fun and
entertainment without social connectivity. Anyone can
experience film, music, games etc. by themselves and
find it enjoyable. But a rehabilitation system that lacks
any substantial connection to the user’s personal clinic
will not be as effective, as discussed in the literature. The
connections between a patient and their goals, progress

and motivation, are too important to bypass. Without the

greater context of recovery, and the system’s connection to

it, it is merely another niche mode of entertainment.

Kayes elaborated on this by explaining that patients who
could not make a connection between the technology
and their rehabilitation goals became frustrated by it.
They had specific expectations on what the technology
was supposed to accomplish, and when their expectations

were not met, the patients stopped using the technology.

One last note Dr. Kayes made was the influence anxiety;,
depression and mental fatigue has on patients. It is com-
mon for survivors of stroke to be cognitively affected in
such a way. This influences their ability to regulate their
behaviour, meaning they struggle with developing and
maintaining goals, identifying barriers, accepting and
processing feedback and self-monitoring. Normally these
skills are inherent and unconscious, but a stroke can
remove that property, requiring renewed self-regulation
from the survivor. The significance of this comes from the

connection between self-regulation and self-motivation.

Further discussion with Prof. Taylor and Dr. Signal high-
lighted that they found the clinical tools they used were
not effective at measuring small changes. They stressed

the importance of granting patients with a clear sense of
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progression. It is that sense of progression that keeps peo-
ple motivated to continue, despite how small the changes
are.

Additional Notes on a Research Session with Dr.

Nada Signal

Dr. Nada Signal is a physiotherapy expert and researcher.
She has conducted research into developing physiothera-
py practice and has explored the benefits of “strength for
task training” (STT). STT involves the “unilateral progres-
sive resistive strength training of a relevant muscle group
on the affected side immediately followed by locomotor
task-specific training” (2014, p. 50). Dr. Signal’s time with
us was spent discussing clinical reasoning for appropri-
ate rehabilitation, and the factors that contribute to such

reasoning.

A lot of therapy is task-specific training with little

time being dedicated to aerobic and strength training.
Task-specific information can be incorporated organically
into the media of the intervention, allowing for the clinic

time to be applied more effectively.

Additional Notes on a Research Session with

Prof. Denise Taylor

Prof. Denise Taylor is a physiotherapy specialist and
researcher. In our brief meeting she discussed the im-
portance of repetition in rehabilitation. Over the course
of a patient’s rehabilitation they are expected to conduct
thousands of repetitions of the same movement. It is
significant that each repetition is performed properly and

that the patient does not lose interest.

Prof. Taylor declared variation of task to be a key element
for maintaining patient interest. If the practice structure
has elements that are random or varied, then they are
more likely to hold the patient’s attention. This is appar-
ent in many games that employ operant conditioning
(Skinner, 1963) through random/semi-random reward

structures to increase user play time.
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Observation at NeuroRehab Results

Physiotherapy Clinic

Patient completed laps around the clinic. Every second
lap he held a basket in his hands. The clinician walked
the patient over padded mats, layering more on top to
increase the difficulty of the task. The soft footing of the
mats required the patient to apply greater control over
their movements to retain their balance. The clinician
engaged the patient in conversation during the task to
distract them.

These simple tasks were designed to replicate everyday
interactions the patient would experience. The tasks were
reduced to their basic components and despite being
physically challenging for the patient, there was little
mental stimulation. The conversation provided by the
clinician was the only mental distraction. The patient was

observed to be focussing primarily on their movements.

The patient walked between a set of parallel bars at el-
bow height. On reaching the end of the bars, they turned
180 degrees and returned to their starting position. This
action was repeated with the clinician providing verbal

support and instruction.

12-12: A Physiotherapeutic Rehabilitation Game for Older Adults Recovering From Stroke

We were informed of the significance of physical balance
in physiotherapeutic training. Balance is required to par-
ticipate in more complicated exercises and is paramount
for regaining independent mobility. The parallel bars
used in the exercise reduce the risk of patients falling and
injuring themselves. As patients advanced in their capa-
bilities, the bars were removed from training. This had to
occur before the patient learned to become dependent on
the bars for support. The only way for the patient to devel-

op is to challenge them.

The doctors at the clinic reiterated the importance of
effective lower-limb training early in the rehabilitation
process. If a patient is capable of regaining their ability to
stand and walk, they regain a significant portion of their
independence. Even minimal lower-limb mobility can be
useful, unlike upper-limb where tasks tend to demand

more manual dexterity from people.

The most common phrase from Dr Taylor and Dr Signal
was “it depends.” It depends on the patient. It depends
on their circumstances. This increased the importance of

having an adaptable system and it is from this meeting

that ‘adaptability’ became a definite criterion.



An Interview with Samantha Ogilvie

Samantha Ogilvie is the Quality and Training Manag-

er at the Wellington Hospital, as well as a researcher in
rehabilitative care and procedures. Her research involves
comparing two groups of patients with hemiparesis of

the arm; one of which will undertake a period of rehabil-
itation using computer games and the other convention-
al therapy of passive exercises. She was able to provide
insight to the type of experience a survivor of stroke might

have in their day-to-day life.

Ogilvie provided us with a detailed example of a user
profile based off a patient she had worked with in real life.
From this profile and examples gathered from literature,
it was possible to establish a set of user profiles that reflect

the types of personalities we might encounter.

Another user profile we were introduced to reinforced
the importance of task-specific training. This particular
patient was a fond golfer whose balance was affected by a
stroke, removing his ability to tee off the green properly.
He was still capable of performing his short game and re-
sultantly showed a lot of interest in a digital game that let

him play golf from home. Regardless of the mechanics of

the game, it was the personal relevance of golf that caught

his attention.

Ogilvie stated that lower-limb rehabilitation tends to be
more effective than upper limb. Whether or not this is
because it is innately easier, more important or receives
more time than upper limb is uncertain. Lower-limb
functionality has a large impact on an individual’s ability
to tend to basic needs of life, e.g. walking, using the lava-
tory, getting in and out of bed etc. In contrast, upper limb
functionality affects higher quality of life, e.g. playing a
musical instrument, gardening, tinkering etc.. Lower-limb
functionality enables more than just basic mobility; it

is tied to one’s sense of individuality and their ability to

enjoy life.

When asked about the sorts of games she had observed
older adults interacting with, Ogilvie claimed many were
capable of handling those with a reasonable cognitive
challenge such as chess, cards and tetris. Only those who
had been significantly cognitively affected would not be
able to play. Instead they played simpler games, such

as bowls. She doubted such people would be capable of
acquiring the skill-set necessary to learn a digital game,

indicating our game may have a cognitive threshold for
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suitable players. Ogilvie also mentioned that the younger
side of the older generation tend to be more accepting of
digital media and it makes sense to focus on them. While
the oldest patients may not be capable of learning new
technology, it is not the most relevant thing to them at

their stage in life.
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Appendix B - Expanded
Concepts

Four Seasons

This concept stemmed from the idea of familiarity. It used
three standard playing decks, removing the face cards and
using four suited counts from ace to ten. The lack of face
cards meant the form of cards was not as relevant, and it
evolved into a tile game, complete with four new suits: the

four seasons.

The game was played by each player taking turns to place
tiles on their respective suit. As tiles can only be played on
those of lesser value, the amount of playable tiles dimin-
ishes with each turn, making the game a race. A scoring
system between rounds gave players an overarching goal.
The primary experiential goals of Four Seasons were con-

trol, strategy and the thrill of competition and luck.

The main mechanics explored through playtesting were
making the ace flexible (to be played at value “1” or “1”),
‘5-go-low’” (where playing a five allowed the next tile to
be of lesser value) and ‘consecutives’ (where having three

tiles of consecutive value forced the rest of the tiles of that

suit to be consecutive in order of play). Variation of the
size of players’ hands, the size of the deck and the way
scoring was calculated were tested. Four Seasons was en-
joyable to play and simple enough to learn as it borrowed
all its mechanics from existing card games. This concept
was the first attempt at striking a balance between con-
fidence through familiarity of gameplay, and excitement

through new content.

Interaction with the game system were depicted by basic
user interface (UI) elements that represent the player’s
real world movements. As card/tile games are generally
played around a table with a player’s hands (opposed to
feet), there was a large disconnect between the exercis-

es and gameplay that cannot be avoided. Expressive Ul
elements were the simplest manifestation of the player’s
exercises in-game. They could be accompanied by images
of the proper exercise form etc. Unfortunately this did not

support meaningful interactions as well as it could.

As Four Seasons was a multiplayer game, it promoted
local connections with peers who play together, as well as
give the clinician a chance to engage with their patients in
a non-explicit physiotherapeutic environment. If network

elements were introduced, the system could provide con-
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Four Seasons

2-6 players

120 card deck

(3 standard decks
without face cards)

Each player starts the
round with a hand of
10 cards

At the end of each round,
players gain a point for
every remaining card in
their hand

= 4 points

figure B1 - Four Rules

D o

Cards needed for
hand of 10 = 6

Cards left = 5

\ 4

The game ends when there aren’t
enough cards left in the deck to
top up every players hand to ten.
The player with the lowest score
wins (like golf).

Paxton | Janet | Bruce | Sophie
3 2 5 4
§) 5 9 9
11 10 14 16
16 14 19 22
e




figure B2 - Four Seasons Gameplay

— - -

Cards may only be played if they are of greater numears
watlse than that which they are being, played wpon®, e
anly a 3 o higher can be played om a <,

;
A
¥

*Ace’s valie is | when startmg 2 pile. If the pile alreacdy
has o card on it Bhen the ace®s saliee champes to 11

Each player plays ome card per turne Cands may only
be played on tee stack of their corresponding suit

Flayer 1

Players continwe 1o take ums plaving cands untl they
nor bxnger have cands of higher valee than thoss in
play. Al thes point they must pass, snd remain out of
the rownd antil its concusion.

Player 1 Plaer 1



3 points

Each player's hand is topped up fo 10 cards, The
Play contimues until all players pass. Their remaining
carids are added 10 their cone.

ployver wha firs1 passed begins the fonnd.

=

¢ points

Flayer 1

Flayer 1
5 points



Alternative Rules

“5 90 low”

3 5 4

4 4 4
v v v
% S b

If a 5 is played, the next card of
that suit may be of lower numeric
value. If an ace is played, the
person who played it may call
whether it is valued 1 or 11.

This rule can be either optional,
or forced, i.e. if a 5 is played the
next card MUST be lower, else
players wanting to play that suit
must pass.

figure B3 - Four Seasons Alternative Rules

“Consecutives”

If three cards of suit are played in
their natural counting sequence
(this includes ace, two, three),
then the next card must follow
that sequence, and every card
thereafter, until the end of the
round. The pile reaches its
maximum at ace after ten.



nections with players in separate home spaces where each
player would require a separate device. A potential barrier
was that players were required to understand how to set

up and join a networked game.

Lastly, the adaptability of the system would come down to
the calibration of the device and the responsiveness of the
UI, making it very flexible.

Plane Concept

This concept could manifest as either a 2D or 3D game,
depending on how much input the player is able to give
the system. The player performed regular exercises to
keep the plane aloft as they delivered packages to different
airports.

The rate of altitude loss and distance between airports
varied depending on how frequently and how many repe-
titions the player needed to complete. In the 3D version of
the game it was possible to have basic steering controlled
by exercises too. This would depend on the how much
variety the player has or needs to train. If the player only

had access to one sensor, some movements such as thigh

adduction and abduction became less viable. Addition-
ally, the more controls attached to movements, the more

accurately the device had to trace and separate them.

The adaptability of the system came from its flexibility of
input. As long as the motions were mapped to the same
axis for the plane, they remained meaningful. Cosmetic
player customisation could also be included to appeal to a
wider audience. The game focused heavily on single player
and although multiplayer elements could be added, they

would not affect the core gameplay.

Dominoes Concept

The game would simply be a digital recreation of classic
tabletop dominoes. The two variants of dominoes that
were examined were Tiddlywinks and The Mexican Train
Game. Both rule sets embodied the criteria for success

in different ways. Tiddlywinks had forceful play but is in
short, snappy rounds; good for people with a shorter at-
tention span. The Mexican Train Game had a less binding

play-style and games tended to be a lot longer.
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The betting aspect included in Tiddlywinks added com-
petitive flair to gameplay and suited the shorter rounds.
Networked players would require tabletalk functionality
to enhance the social aspects of the game. The Mexican
Train Game tends to cover a large table area and would
require a comprehensive navigational tools for a digital

version.

The strength of using dominoes came from the familiarity
it had with an older audience and the simplicity of play
(even card games have four suits to keep track of). The
game would promote connectivity through local multi-
player or over a network. Unfortunately the familiarity

of dominoes meant playing the game using lower-limb
exercises required abstract thinking from players for the
interactions to be meaningful. It is likely such interaction
could be viewed as a novelty, therefore needed to retain
enough of its charm between games to enable repetition.
The system could be adaptable through tweaks to basic
game rules (e.g. size of hand, size of deck, amount of
players etc.) and providing a large array of more advanced

options.

Mountain Climbing Concept

Players adventure in bright, colourful environments to
conquer mountains, temples, caverns etc. This concept
held one of the strongest metaphors for the recovery pro-
cess. The gameplay represented the physical exertion the

players will experience in a light-hearted manner.

Gameplay was broken down to several simple phases. The
first is planning the route, and requires cognitive effort
from the player. Adding hazards provided challenge (e.g.
some ledges can only be crossed once). The second phase
required players to strafe to reach their desired route.

The third phase, and primary gameplay, were the bouts
between ledges. Climbing from ledge to ledge required
several repetitions of an action that moves the player from
handhold to handhold. The ledges functioned as rest

points between climbs.

The adaptability of this game manifested in the level
design. The more physical and cognitive exertion needed
from the player, the longer and more complicated the lev-
els needed to be. There could be small elements of avatar
customization to increase player investment, but this was
not the focus. The connectivity of such a game was lack-

ing as the gameplay focused on singular interaction. The
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gameplay, through the representation of player movement
and the goals they were overcoming, would make interac-
tion highly meaningful. This could be enhanced with an
achievement system where the players retrieve treasures
from their expeditions that represent personal goals (e.g.

complete one hundred repetitions in a single expedition).

Perpetual Motion Concept

This concept revolved around removing forward motion
from the player’s control, making gameplay more reactive.
It had the advantage of being able to be visually represent-
ed in a variety of ways. The exercise focused of this con-

cept was using rotary motion to steer.

The pacing of the game was relatively peaceful to be suit-
able for a survivor of stroke, therefore gameplay did not
focus on racing. Rather, motions were gentle and fluid,
such as gliding, and obstacle/collectables had a large
warning period so the player could react accordingly. The
inclusion of an escape mechanic, such as a jump for ob-
stacles, could be a good way of including diversity in the
exercises required, as well as giving a player a way out if

they are finding the steering exercises difficult.

The placement of obstacles and the speed of the player’s
avatar kept the system adaptable to different levels of skill
and mobility. The game could include an endless mode
where players can set personal records for endurance.

The interaction consisted of held motions and is thereby
only suitable for dynamic motion in-game, rather than
rigid lane-based movement seen in games such as Temple
Run. This dynamic motion gave meaning to the player’s
interactions as they were able to see a direct connection
between their exercises and the motion depicted in-game.
Connectivity was not addressed by this game as it was
strictly single-player. Leaderboards for in-game accom-
plishments were not appropriate due to each player’s

device being calibrated to their physical limitations.

Painting Concept

This concept was directed at players whose mobility has
been severely restricted. The game functions as a co-
louring book for adults. Players complete detailed vector
illustrations by tapping on the area they wish to paint and
completing repetitions to fill it with colour. The gameplay
did not focus on action but instead provided a more relax-

ing experience.
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Navigating the painting was suited to typical tablet in-
teractions (dragging pan, pinching zoom etc.). Exercise
repetitions behaved as a brush stroke, painting within the
lines of the image. The pacing was completely under play-
er control, meaning they could start, stop and save when-
ever they felt like it. Resultantly, this makes adjusting the
size of the player’s brush pointless. The game could keep
track of various thresholds, alerting the player when they

had done enough for the day.

The adaptability of this concept was largely under play-

er control. They chose when to start and stop, and how
complex the image they wished to paint was. This ran

the risk of people with less motivation leaving exercises
incomplete, but if the experience was relaxing enough,
the exercises would not be as strenuous on the player. The
ideal motion for painting was a simple back-and-forth
movement to grant a connection between the player’s
movements and that of the on-screen brush strokes. The
connectivity of the system came after the painting was
complete, where players could email it to friends and fam-

ily. Otherwise it was a strictly individual experience.

Sports Concept

Taking a page out of the Ninendo Wii’s book, these were
two visualisations of the same idea. Preference was given
to the golf theme due to its popularity among older adults.
It also functioned as a motivator for regaining lost mobili-

ty to play the game in real life.

Aiming was controlled by rotary motion and the power of
the stroke came from either a lift and hold motion or sev-
eral rapid repetitions. The golf variant recorded past play
statistics to establish a player handicap that contextual-
ised and motivated self-improvement. As play continued
on a shot-by-shot basis, players could move at a pace that

suited them.

The play experience was adaptable by the amount of
holes, goals, hoops players attempted to complete and
the difficulty of each shot. In golf it was a selection of
different par courses; in football it was the distance of the
shot and skill of the goalie. The meaning of each exercise
was established through clear visual links between the
exercise performed and the in-game result. Supporting
UI could be used if players wish to see how their actions
are being measured. Connectivity could be established

through online leaderboards (albeit at the same risk of
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not being truly representative). Alternatively, the turn-
based nature of golf allowed for multiple people, either
locally or through a server, to partake in the same course
together. Generative courses were set with a par or recom-
mended handicap average so users of similar skill could
play together.

Sneaking Concept

This concept explored the stronger use of fantasy ele-
ments in gameplay while maintaining clear translation of
player motions to in-game outcomes. The game’s appeal
came through the caricature that is the player’s avatar and
their melodramatic attempts to sneak along a noisy and
obstacle-ridden passage.

Movement was controlled by two distinctive exercises.
The more elongated of the two was used for the basic
sneaking step for moving past sleeping persons. The tight-
er of the two was used for the hunched step for moving
through illuminated areas. Switching between the two
exercises provided variation to the player’s routine. The
exaggerated motions in-game provided a comedic inter-

pretation of the player’s actions.

The adaptability of the game relied on the player’s suc-
cessful calibration of the system. The exaggerated move-
ments of the player’s avatar removed any expectation
they had to achieve similar motion; they simply needed
to meet their calibrated bounds. Connectivity was estab-
lished within the bounds of a clinic session where each
player with a device joined the game. The player with the
lowest calibrated range of motion led the group and each
player had to synchronise their actions with the leader.
Players who moved too far out of synch with their col-
leagues bumped into them, making noise. The purpose of
this exercise was to bond members of the clinic together

through mutual success and failure.
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Second Concept Matrix Evaluation Expanded

Criteria

Multiplayer: the game’s allowance for multiple people to
play together in a single session. This could be over a net-

work but local multiplayer was more valuable.

User profiles: the game’s ability to provide personal pro-
files that tracked player progress and integrated it into
gameplay.

Logical motion mapping: how clearly the player’s re-

al-world actions were related to their in-game results.
Ease of learning: how simple the game was to learn.

Adaptable difficulty: how well the game catered to vari-
able player skill.

Variable input: the game’s ability to respond effectively to
a range of input motions.

Variation of task: the range of different motions that were

incorporated into a single play session.

Replayability: the quality of experience and novelty the
game retained through subsequent playthroughs.

Single player value: the quality of the game’s play experi-
ence that did not require interaction from multiple hu-

man players.
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Appendix C - User Testing

Strengths

Written feedback addressed the effectiveness of the ani-
mations in smoothing out the flow of the game, suggest-
ing that the inclusion of more animations and dialogue
that clarified the areas in need would be beneficial. The
conversational language used in the tutorial made the ex-
perience more ‘relatable’ and easier to understand. Main-
taining a personable interface would be important with
the introduction of the medical aspects, as it was desirable
for players to view the game as a means of entertainment,
not as a medical tool. Being able to select a player icon was
another popular feature that allowed the players to invest
a small part of themselves in the experience. Having a
wider selection of icons would enhance the effectiveness

of this feature, appealing to a broader range of tastes.

Weaknesses

The sparse nature of the main menu felt too empty com-
pared to the tight layout of the gameplay UI. Players also
found the prompt text appeared too rapidly and detract-
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ed from their sense of freedom within the game. Having
the option to extend the time and/or turn off prompting
would be useful. It was mentioned that the pre-game
aspect of the tutorial was overwhelming as it depicted too
much information that was not explicitly related to how
to play (such as navigating the ‘Options’ menu). Several
players found the pacing too slow when more than two
people were playing. It was important to clearly portray
how and when a round finished, and to distinguish be-

tween the causes.
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document C2 - Over-the-Phone Questions (Inclusion Criteria)
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Additional User Information: “Bernie”

Bernie plays Crib, Euchre and Poker with their friends

at the stroke club, meaning they still have the capacity

to play complex games. Despite this, Bernie’s confidence
with using the tablet limited their ability to interact with
it. They did not appear to understand elements of the Ul
and quickly gave up. Their rejection of the system was
likely a mix of reasons. The tutorial was rather word heavy
and could have been intimidating. The flat design of the
UI was too subtle, with interactive elements needing to
be bolder (Bernie was not the only participant who had
difficulty identifying buttons). It could have also been the
result of Bernie’s limited attention span or willingness to
learn something new. Due to their minimal input in the

post-test interview, the best we can do is speculate.

The significance of Bernie’s test is that it is an example

of our designs failing. It became apparent that the type
of system that Bernie would be capable of interacting
with differs greatly from what we presented. Adjustments
could be made to the interface and core mechanics of
the game to suit someone of their abilities, however the
system would resemble something quite different at this
point. Functionality that achieves this could be imple-

mented, yet setting up the options to reach such a state

would require external help. It would be simpler to claim
that there is a threshold of cognitive capability that needs

to be met for the current system to be usable.

User Test 1 — Additional Notes

ALEX

*  Owning a personal computer system is too expen-

sive for many older adults.
+ Tapped ‘play’ before it was available in tutorial.

*  Was not confident enough to hold iPad and play at

the same time; needed table nearby.

+ Thought the system would be best suited for peo-

ple who were recently in hospital from stroke.

* Needed clarification of how the score worked in-

game.

* Didn’t understand the counting down of reps on

priming. Wording could be clearer.
*  Wasn't sure about “When you're ready” button.

* Animation needs to present the back and forth,

not just one direction.
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+ Tried to press exit button to leave tutorial prompts.

* “You're not a dummy. You can still make your brain

work.”

+ Thinks have a version available at the club would
be competitive. “They love it at club when they have

one another on. They love competition.”

+ The system needs to be brought on in stages. “Not

bang all together.”

+  “If youre expected to do it in a hurry [ don't think it

would be any good.”

+  Early stages of stroke need to have slower pacing.

BERNIE

+ Tapped simulate to no response when it was visible
beneath the tutorial text.

*  Was dragging over buttons which nullified their
functionality.

+ Tried pressing greyed out buttons in the tutorial.

» Instructions for one handed use should be includ-

ed.

+ Seated version of exercises is definitely necessary.
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CHARLIE

+ Highlighting the area of description is necessary in

the tutorial.

+ Direction of motion for exercise needs to be clearly
established.

+  Prompt to take first step (first rep) necessary to get

dominoes moving forward.

+ Blank tiles did not register as a match with other

blank tiles.
+  Shifts in turn phases need to be clearer.

+ Toggle-able visual aids on the interface would be

beneficial.

+  She could make cognitive connections between
similar tasks. E.g. reading the game instructions vs.

reading letters in her mail.

*  “We need to be able to work out the technology
and be able to do it for yourself.”

* The game removes the fiddly interaction with plac-
ing the dominoes in the right place. Instead, it focuses

on training the brain to recognise the numbers.

*  “When there isn’t a number on the tile, my brain

doesn't see that end of the tile at all.” May take a couple
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of games down the track to learn this. It doesn’t neces- User Test 2 — Additional Notes

sarily mean it’s a bad thing. C |
enera

+ There were points where she wasn'’t sure if she had
done the right thing but she liked that it made her ALEX

think. It put her out of her comfort zone. “We need to

be pushed to get the brain to do these things” + Emphasised how some survivors of stroke may

B N not have access to adequate facilities, meaning home-
«  “The more that we can do for ourselves the better. d &

based rehabilitation is the only viable option they

+ Canrelate aspects of the game to other real-world have

actions like using the telephone or the toaster. “The

phone’s not so scary after all.” *  Would not have been able to perform the exercises

without using the table for support.

*  Make it clear that doubles are required to start. ) .
«  Someone who is less able needs to start with less

exercise, less weight, set by clinician.

DANNIE + Believed most important point to introduce the

system was early on in the recovery process. “Get them
*  Grey buttons caused more trouble for not being in the earliest stages of the rehab.”
clear enough.

*  Prompting from hand to table exercise needs to be
a thing. CHARLIE

« Had TIAs (Transient Ischemic Attack) in 2009,

2010 and 2011.

* Having a physical version of the instructions (for

both game and orthosis), printed on sturdy material,
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e.g. laminated card, would provide security. Users may
not be confident trying to get help from the machine
and having the card available as a fall-back would

avoid embarrassment.

* The card would “[remind the user that they] are
okay to continue.” “Just knowing that the card is there
might remind me of what is going on. [ might not even

need to read it.”

+ Enjoyed the experience because it is “new, exciting
and helpful”” It allowed her to see where she is at (with

her own capabilities).

Media Specific

ALEX

*  Once you accomplished something in game, it felt

like you'd learnt something.

*  Wording of selection prompt to start exercises
needs to be more obvious. Needs more clues for what
to do.

+ Indication to put on weight/take weight off need to

be clearer - diagram may suffice.

Appendices

*  Bug: double control no longer triggers.

*  Open face arrows purpose is not being communi-

cated. Was not sure which the open face was.

*  “When you're ready...” should be reworded to “Press

). ”
me when you're ready.
+ Started doing exercises on Clear Space screen.

* Enjoyed the novelty of the dominoes moving for-

ward in response to her movements.
+ Interpreted highlighted dominoes as buttons.

+ Acknowledged it would come easier once you got

used to it.

* Need clearer visual representation of separation

between table (played dominoes) and the dominoes in
hand.

+  Explanation for BLOCKED (Everybody passed)
needed.

CHARLIE

* Looking down while concentrating made her feel
dizzy. Had to sit down after tutorial and have a glass of

water.



*  Wanted visualisation of the exercises in addition to
the written prompt to remind her which exercise to do

when.

*  Before priming, break the exercise down into a step
by step process: explain how it works with accompa-
nying animation, add suggestions if needed (e.g. you
can hold the edge of the table if it helps you keep your
balance), let them practice the motion with supportive
messages (e.g. “a little higher”) and once they get it
right it counts as their first repetition towards 15. There
should be the option to remove this functionality once
the player feels they have mastered the exercise’s form.
A similar process would take place before the main
phase as well. For something like sidestepping, men-
tion to lead with the weaker foot (the foot that did the

strength training reps.

* Having a button that loads this demonstrative
information would be necessary. “It’s okay. We'll show

you to help you remember.”

+ Addition supportive information should be in-
cluded: “If you feel tired or dizzy, take your time to sit

down and drink some water.”

*  Mixed mediums of communication is necessary.

Charlie is more confident with written instruction but
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other people she knows are more dependent on dia-

grams or spoken instruction.

+  Expressed excitement to play. Used the game as a

test of where her abilities were at.

+ Talked of how the offer to play a game made her

feel wanted as a person.
+  Everything comes back to independence.

+  “Weare not a forgotten cause. You're still a person

and should be treated like a person.”

+ The option to request help from the game, or exit it
entirely, felt like a failsafe if she messed anything up in

the game.

* Acknowledged the beginning of strategy. Thinking
about what her opponents held in their hands.

*  Felt words, numbers and movement were the most

important things to be exercising.

+ Don’t put time pressure on anything. The player

must know that they control the pace.

+ Liked that it encouraged her to read. If they are
still processing one piece of information, all other in-

formation presented at this point will be missed.

ot
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* The offer to play a game made her feel included -
“It all boils down to feeling needed, wanted and inde-

pendence.”

*  “Just because I've had a stroke doesn’t mean I've

» «

lost the plot.” “We're not a forgotten cause.”
+ Found the bright aesthetic appealing.

*  “It might be repetition, but every time you’re doing
it you're getting better, getting faster.”

+  “Let people know if they can’t do it, it’s okay” - You

can ask for help at any time.

DANNY

+  “It’s stimulating in both ways” - in reference to cog-
nitive and physically.

+ Also needed clearer reminder imagery for which

repetitions he was supposed to be doing.

*  Was tired after game - “starting to break out a
sweat.” Necessitates having a build up into more diffi-
cult exercises. Completed 30 leg raises and 55 sideways
steps and believed the maximum he could accomplish

would be roughly double.

Appendices

* By the end of the game he was acting without the
aid of prompts.

*  Got muddled by which exercise to do when.

*  Make sure prompt to remove sole and put sole on is
explicit.

+  Found moments of gameplay (starting a round
with a double) confusing from lack of experience with

dominoes.



Appendix D - Additional Online
Resources

+ Tiddly-Wink Domino Rules, 2016. Retrieved from
http://www.domino-games.com/domino-rules/tiddly-

wink-rules.html

« Stroke Foundation of New Zealand, 2016. Re-

trieved from http://www.stroke.org.nz/

+  Stroke Central Region, 2016. Retrieved from http://

www.strokecentral.org.nz/

*+  Stroke Recovery Association of BC, 2016. Retrieved

from http://strokerecoverybc.ca/

+ 7 Steps to Stroke Recovery [Video file], 2014. Re-
trieved from https://www.youtube.com/watch?v=GH-
JL42xFuz8
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