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Abstract

Brain injuries (BI) are a major public health concern.
Many therapists who focus on BI use commercial video-
exergames (CVEs) to motivate patients to perform the
repetitive exercises required for rehabilitation.
However, there is relatively little work examining the
effects of CVE use on BI patient motivation to perform
rehabilitation exercises. In this paper, we report on a
randomized controlled study with 35 outpatients; we
examined how including CVEs was associated with
intrinsic motivation using Self-Determination Theory as
a framework. We found using CVEs was associated with
an increased perceived competence over a four-week
study period when compared to a control group
receiving only standard care. However, there was very
little indication that games were more intrinsically
motivating than standard care. Our work represents a
much-needed study to investigate motivational aspects
of CVE use in therapies for people who have had a BI.
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Introduction

The Centers for Disease Control (CDC) in the United
States recognizes brain injuries (BI) as a major public
health concern [5]. The CDC estimates that 6.4 million
children and adults in the US live with a lifelong
disability as a result of a traumatic BI (e.g. falls, car
accidents - 5.3 million) or a stroke (1.1 million) [5].
Previous research has established the commonalty of
using commercial video-exergames (CVEs) in physical
therapies for people who have had a BI [29]; CVEs are
motion-based games that involve standing and physical
exertion of players. A common reason cited for
including CVEs in physical therapies has been to
increase patients’ motivation to perform the repetitive
exercises that are required for rehabilitation (e.g., [3,
41). Motivation has been defined as “the forces acting
on or within an organism to initiate and direct behavior”
[27]. In the context of games for BI rehabilitation,
motivation is a driving force that initiates gameplay and
keeps players engaged in rehabilitation.

While recognized as important, there is relatively little
work examining the effects of CVE use on patient
motivation when engaging in BI therapy activities. In
this spotlight paper, we report on a randomized
controlled study with 35 patients in which we examined
how including two CVEs were associated with intrinsic
motivation (i.e. performing an activity based on the
characteristics of the activity itself) when compared to
standard care in physical therapy for BI patients.
Specifically, we asked the following research questions:

= RQ1: Can CVE use result in an increased motivation
over multiple sessions compared to standard care?

= RQ2: Can CVE use result in higher overall motivation
to engage in rehabilitation in BI physical therapies
when compared to standard care?

= RQ3: Are there mitigating patient factors (e.g. age,
physical abilities) associated with perceived
motivation when comparing the two types of care?

We used Self-Determination Theory (SDT) as a
framework of examining intrinsic motivation [11]. SDT
is an empirically derived theory of human motivation
that is widely adopted in game studies [11].

Related work

Multiple studies have examined the effectiveness of
CVEs for BI physical therapies; projects have included
case studies [6. 12, 14, 25] and controlled designs [9,
10, 15, 17, 18, 21, 37]. In an example of the former
(i.e. case studies), Paavola et al. [25] reported using
Microsoft ‘Kinect Adventures!’ [19] for 10 sessions over
a month with a single patient with a BI. The participant
showed improvements in clinical outcomes, including
balance and gait. In an example of the latter (i.e.
controlled studies) Cho et al. [9] used the Nintendo Wii
Fit with 11 participants (plus a 11-person control
group) for six weeks. The game group performed
significantly better than the control group in measures
of dynamic balance, e.g., ‘Time Up and Go’ test [28];
however, there were no differences in static balance
[9]. The researchers in these studies focused on
efficacy, but did not examine how the games were
related to increased motivation to perform
rehabilitation exercises.

Previous work has also examined the appropriateness
of CVEs for people who have had a BI; for example,
Burke et al. [7] discussed an informal evaluation of
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games designed for the Sony Eye Toy and Nintendo
Wii, and found that CVEs were difficult to use for many
people rehabilitating from a stroke. Because CVEs are
not tenable for many people who have had a BI, some
researchers have also examined the creation of custom
games for BI. For example, Alankus [1-3] created nine
adjustable mini-exergames for stroke rehabilitation
focused on upper body rehabilitation. The researchers
tested the games with five people who had stroke with
hemiparesis over two studies, and found that their
games helped participants meet targeted therapeutic
goals [1-3]. Additionally, they assessed motivational
aspects through interviews. Most of their participants
expressed an increased willingness to perform
rehabilitation exercises through their games when
compared to standard care; however, their participants
were varied in their level of interest in their games [3].

While the effectiveness, appropriateness, and creation
of both custom and commercial exergames to support
BI physical therapy continues to be vibrant areas of
research and design, measures of motivation in
controlled studies has not been addressed in the
context of BI physical therapies. When designing this
study, we referenced controlled studies that used
survey instruments based on SDT to measure levels of
motivation; we summarize major aspects of SDT and
present a sample of studies in the following section.

SELF-DETERMINATION THEORY

SDT is an empirically derived concept based on the
assumption that human motivation is regulated by the
need of “psychological freedom” or self-determination
[30]. SDT differentiates intrinsic and extrinsic
motivation; the former denotes “the doing of an activity
for its inherent satisfactions” while the latter refers to

“the performance of an activity in order to attain some
separable outcome” [34]. Originating in 1970s from the
work of Deci and Ryan, the researchers proposed that a
perceived locus of causality will enhance intrinsic
motivation [34]. That is, intrinsic motivation is based
on the satisfaction of three basic psychological needs:
(1) autonomy, which concerns “a sense of volition and
willingness” and can be enhanced by a sense of choice;
(2) competence, which describes a balance between
challenge and the belief of being able to overcome the
challenge; and (3) relatedness, which describes the
need to be connected with others [34].

SDT has framed many research studies that have
focused on intrinsic player motivation in games (e.g.,
[22, 24, 26]) including some focused on exergames.
For example, Peng et al. [26] conducted controlled
experiments with 372 college students who played an
exergame that the authors created (in one 15-minute
session); they manipulated the levels of autonomy and
competence in the game. They found that the
conditions of greater autonomy and competence were
motivational but did not influence self-reported physical
effort to play the game. Osorio et al. [24] also
investigated player motivation in a controlled study
examining exergames through a survey framed by
SDT; they found that (1) autonomy and relatedness
were the two needs most satisfied through exergame
play and (2) intrinsic regulation (enjoyment) and
identified regulation (a feeling of being in a better mood
and health condition) were the major reasons why
people played exergames. In this work we did not
manipulate psychological needs; instead we leveraged
the Intrinsic Motivation Inventory (IMI) which is a
questionnaire based on SDT exploring multiple

CHI PLAY'17 Extended Abstracts, Oct. 15-18, 2017, Amsterdam, NL

49



Spotlight

constructs that are associated with intrinsic motivation
[35].

In research closely related to our work that also used
the IMI Fitzgerald et al. [13] conducted a study with 28
healthy adults to measure motivational aspects of an
exergame compared to standard care. The exergaming
group reported statistically higher levels of one
construct (interest and enjoyment) when compared to
the control group who received standard care. In
another similar study, Smeddinck et al. [37] explored
motivational aspects of their custom-designed physical
therapy games with 29 patients in treatment for chronic
spine afflictions. Like Alankus [1-3], their games were
designed with the capability of adjustment; participants
were randomly assigned to (1) adjustable game group,
(2) non-adjustable game group, and (3) standard care.
The motivational findings were mixed; they found
higher level of interest and enjoyment for both game
groups when compared to standard care.

While these studies informed our methods, we were not
able to find reports of controlled studies that compared
motivational aspects of CVEs to standard care with BI
patients; BI patients are arguably different than
average players because of health conditions and/or
special needs that can affect gaming preferences/
motivations. We contend that this is an important topic
to examine because (a) CVEs are and probably will
continue to be commonly used in BI therapies because
of their ready availability, and (b) there is an
assumption in many studies investigating exergaming
with BI patients that CVEs increase motivation to
engage in physical therapy.

Methods

The Internal Review Boards (IRBs) from DePaul and
Rosalind Franklin Universities and the Captain James A.
Lovell Federal Health Care Center (Lovell FHCC) in
Illinois approved this study; all participants signed an
informed consent form.

Participants

One physical medicine and rehabilitation (PMR)
physician and three physical therapists (PTs) who
worked with outpatients at the Lovell FHCC identified
participants for the study. Between May 2015 and
August 2016, 36 participants were recruited and 35
completed the study. Among the 35 participants, 28
were male, seven were female; the average age was
42.4 years (SD = 12.5).

We examined two additional attributes of patients and
their association with motivational aspects of CVE use
in BI therapies: (1) body-mass index (BMI) and (2)
level of mobility calculated by the therapists using the
locomotion dimension of FIM® instrument [38].
Average BMI of our participants was 30.2 (SD = 5.1),
which is considered moderately obese; the CDC
estimates the average BMI in the US at 28.6 [8]. FIM is
a common rehabilitation measure that ranks patients’
abilities to perform 18 tasks, which include 13 motor
tasks (e.g., stairs, grooming) and five cognitive tasks
(e.g., problem solving, memory). We used only part of
the FIM; PTs assessed the ability to complete the
locomotion tasks on a seven-point scale whereas a
score of 7 is complete independence and a score of 1 is
complete dependence. We decided that patients needed
a FIM mobility score of at least 3 to participate in the
study; mean FIM score among our participants was
4.83 (SD = 1.01); scores ranged from 3 - 7.
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Figure 1 Participant playing Table
Tilt on Balance Board

Table 1 Demographic Summary

Group Age FIM BMI
Table Tilt
m=8) 499 389 29.1
Super
Saver
m=9) 40.0 563 292
Combined
Games
m=17) 399 476 292
Control
m=18) 454 485 312

Study Design

Outpatient participants were first randomized into the
game or control group. Two motion-based mini-games
were chosen based on consultation with the PTs and
previous work with 29 other therapists in the Chicago
area who work with people who have had a BI [30].
Both games addressed static and dynamic balance,
respectively: (1) Nintendo Wii U Fitness ‘Table Tilt’ [23]
and (2) Microsoft Kinect Sports Season 2 “Super Saver’
[20] which is a soccer-based game.

The ‘Table Tilt" mini-game uses a pressure balance
board (about 2 inches high) that is included in the Wii
Fit U game; the mini-game requires the player to move
balls into holes by tilting a virtual table through shifting
his/her center of mass on the balance board (see Figure
1). The game does not require any upper body
mobility. The game increases in difficulty, starting with
one hole and one ball, building to multiple balls and
multiple holes with quicker tilting at the higher levels.
Players have a limited time at each level; the game
ends when the timer runs out on a level.

The Kinect Sports Season Two ‘Super Saver’ is a soccer
mini-game that uses the Xbox 360 Kinect system,
which captures whole-body movement of the players.
The mini-game requires the player to block oncoming
balls like a soccer goalkeeper. It is played over specific
lifeline limits and requires players to have the capability
to move both upper and lower extremities to block the
virtual balls from going into the net.

The therapists determined that the Super Saver game
was more strenuous and would require a higher FIM
score than that of Table Tilt. As such, participants
selected for the game group were further divided based

on their FIM measure at the day of enroliment.
Participants with FIM scores of 5 to 7 played Super
Saver, while those with FIM scores of 3 and 4 played
Table Tilt. The reason for this arrangement was to
afford all game-group participants exposure to a game
that the therapist felt appropriately challenged their
functional abilities; see Table 1 for demographics.

For outpatients at Lovell FHCC the standard of care was
half an hour therapy session, for two days a week for
four weeks. In addition to standard of care, outpatients
in the game group received two sessions of gaming
consisting of two episodes of 15 minute gaming with
10-minute break in-between; as such, they received 30
additional minutes of care.

To assess participant motivation, we leveraged a
shortened version of the ‘Intrinsic Motivation Inventory’
(IMI), developed by Ryan, Mims, and Koestner, which is
based on the SDT motivational theory [35]. The
instrument has been established as reliable over
multiple lab-based studies to assess constructs
associated with intrinsic motivation [36]. Specifically,
we asked participants to assess their level of
agreement using a 5-point Likert scale to assess five
constructs of intrinsic motivation. (While the original
IMI uses 7-point scales we used 5-point scales
recommended by Revilla et al. [31] for the general
public). The five constructs were:

1. Enjoyment and interest (e.g., “I enjoyed doing this
activity very much” and “This activity did not hold
my attention at all” (Reversed));

2. Perceived competence (e.g., I think I am pretty
good at this activity” and “This was an activity that
I couldn't do very well” (Reversed));
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3. Effort exerted in the activity (e.g., "I put a lot of
effort into this activity” and “I didn’t try very hard
on this activity” (Reversed));

4. Perceived value/usefulness of the activity (e.g., "I
believe this activity could be of some value to me”
and "I think this is an important activity”);

5. Pressure and tension (e.g., "I felt very tense while
doing this activity” and “I was very relaxed in doing
these” (Reversed)).

Questions were asked after therapy sessions for all
groups; after standard care for the control group and
after a gaming session for the game groups. We
assessed base scores after the first session and then
once a week after the last session of the week for a
total of five measurements for each construct.

Data Analysis

We first re-scored all the reversed Likert-scale
questions to be positive. We explored and analyzed the
motivational data using three approaches that aligned
to our research questions: (1) trend analysis; (2) group
comparisons; and (3) ordinal regression using the PLUM
procedure to examine how individual differences
affected motivation in the game group versus the
control group. All statistical tests were conducted using
SPSS version 22; we used non-parametric tests
because our data did not meet the assumptions (e.g.
normality) for parametric tests.

To answer RQ1 (i.e. the effect of CVE use over time),
we examined trends of the five SDT constructs from
base measurement to week 4. We used Wilcoxon tests
(for related samples) to compare scores (from base-to-

4™ week) for each participant group (Table Tilt, Super
Saver, and Controls) along each motivational construct.

To answer RQ2 (i.e. overall effect of CVE compared to
standard care), we first averaged each participant’s
scores; as a result, each participant had a single overall
mean for each construct. We then examined three-
group (Table Tilt versus Super Saver versus Controls)
comparisons using Kruskal Wallis tests and two-group
(Combined game groups versus Controls) comparisons
using Mann-Whitney U tests for each of the five
constructs.

To answer RQ3 (i.e. potential patient individual
differences in relation to motivation), we first created
an overall positive motivation score for each participant
by combining (adding) the scores from the first four
constructs (enjoyment, competence, effort, value). We
conducted the ordinal regression using the PLUM
procedure to examine how age, gender, FIM score
(recoded binary into low that included scores of 3-4 and
high that included scores 5-7) and BMI predicted the
overall positive motivation score for (a) the combined
game group and (b) the control group.

Findings

We organized the findings sections to parallel our
research questions: (1) trend analysis; (2) group
comparisons; and (3) regression models to examine
individual differences in the control and games groups.

Trend Analysis

We examined the three groups (Table Tilt versus Super
Saver versus Control) by each construct over the five
data collection sessions.
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Construct 1: Interest/enjoyment: Participants
perceived both games as more enjoyable than the
control by the end of the study. The Table Tilt group
reported the largest increase in enjoyment while the
Super Saver and the standard therapy groups both
remained somewhat steady; see Figure 2. There was
no statistical significance in trends for any of the
groups when comparing week one measurements to
the week five measurements using a Wilcoxon test at
alpha level .05; however, Table Tilt narrowly failed
significance, Z = -1.873, p = 0.061, with a medium
effect size (r= -0.47).

Construct 2: Perceived Competence: Participants had
a very similar level of perceived competence at the
first session, but their perception of competence
continued to increase for both game groups while the
control group remained somewhat steady; see Figure
3. The trend for the Table Tilt group was significant,
Z = -2.668, p = 0.008 with a large effect size (r= -
0.67) and the Super Saver changes narrowly failed
significance, Z = -1.778, p = 0.075, with a medium
effect size (r= -0.42); see Figure 3.

Construct 3: Effort exerted: Participants reported
that they exerted very similar (high) levels of effort
throughout the four weeks, regardless if they were
game or control sessions; see Figure 4. There was no
statistical significance in trends for any of the groups
when comparing the first and last sessions.

Construct 4: Value/perceived usefulness: Participants
had a high perception of the usefulness of the
therapy regardless of the type. There was no
statistical significance in trends for any of the
groups, see Figure 5.

Construct 5: Pressure/tension: Participants reported
moderate to low levels of pressure and tension, see

Figure 6. There was no statistical significance in
trends for the Super Saver and Control groups;
however, the pressure and tension significantly
decreased for the Table Tilt group, Z = -2.371, p =
0.018, with a large effect size (r= -0.59).

In sum, when considering the five constructs of intrinsic
motivation over the five data collection sessions, the
Control group did not show any trend of change.
However, we observed an increased perceived
competence in both Game groups. The Table Tilt group
had also demonstrated an increased interest/enjoyment
and decreased pressure/tension.

Group Comparisons

Recall, we compared the three groups (Table Tilt versus
Super Saver versus Controls) by each Construct using
Kruskal Wallis tests and the two-groups (Games versus
Control) through Mann-Whitney U tests.

= Construct 1: Interest/enjoyment: All groups reported
a high level of enjoyment and interest; Table Tilt
scored the highest. There were no significant
differences among the groups; see Figure 7.

= Construct 2: Perceived Competence: All three groups
reported a high level of perceived competence. While
both game groups reported a higher level of
perceived competence, the differences were not
significant; see Figure 8.

= Construct 3: Effort exerted: All groups reported that
they exerted a very high level of effort in the
activity. While the Super Saver group reported a
slightly lower level of effort, the differences were not
significant; see Figure 9.
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= Construct 4: Value/perceived usefulness: All groups
reported a high level of perceived usefulness; the
differences were significant among the three-groups
¥x2(2) = 8.24, p = 0.016 and between the combined
game groups versus the Control group, U = 83, Z = -
2.32, p = .020 with a medium effect size (r=-0.39).
In both tests participants perceived standard therapy
as more useful than games therapy; see Figure 10.
The Super Saver scored the use of their game
therapy lowest among the three groups.

Table 2 Regression models examining individual differences
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= Construct 5: Pressure/tension: All three groups
reported a similar (medium) level of pressure and
tension; see Figure 11.

In sum, the only significant difference among the
treatment and control groups was observed in the
value/usefulness construct of SDT. While participants
from all groups reported a high level of
value/usefulness, the ranking of this construct is higher
in the control group.

X’ Pseudo R®>  Estimate (SE)  Wald(1) Sig Exp B 95% CI

Model: Game Group 6.93 .34

Age -0.8 (0.04) 1.92 0.17 0.95 .88 1.02

BMI 0.0 (0.09) 0.02 0.88 1.01 .86 1.19

Gender -2.4  (1.07) 5.01 0.03** 0.09 .01 .74

FIM 1.3 (0.89) 2.13 0.14 3.68 .64 21.19
Model: Control Group 4.93 .24

Age 0.0 (0.03) 0.02 0.88 1.00 .94 1.07

BMI -0.1  (0.09) 1.53 0.22 0.89 .75 1.07

Gender -1.1 (1.40) 0.55 0.42 0.32 .02 4.97

FIM -2.0  (1.03) 3.82 0.05** 0.14 .02 1.01

Notes. Both FIM and Gender were entered as binary categorical predictors. ** p <.05

Individual Differences

We conducted an ordinal regression to examine how
age, gender, FIM score and BMI affected the overall
positive motivation score for (a) the game group and
(b) the control group. Neither model was a good fit
(game group = X* (4) = 6.93, p = .140, control group
= x? (4) = 4.93, p = .295); however,

both models had a predictor that contributed
significantly to the model, see Table 2.

In the game group (n = 17) the model predicted 34%
of the scores correctly (Nagelkerke R?). Gender
contributed significantly to the model. As motivation
increased, participants were statistically more likely to
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be male. For males (n = 12) the average motivation
score across the four constructs was 4.35/5 while for
females (n = 6) the average score was 3.78/5. The
odds of females having a higher intrinsic motivation
score was 0.09 (95% CI, .01 to .74) times that of
males (i.e. lower odds), a statistically significant effect,
Wald x*(1) = 5.01, p = .03.

In the control group (n = 18) the model predicted 24%
of the scores correctly (Nagelkerke R?). FIM’s scores
contributed significantly to the model. As scores for the
four combined constructs increased, participants were
statistically more likely to have a higher FIM score. For
people who had a FIM score of 5-7 (n = 12) the
average motivation score across the four constructs
was 4.25/5 while people who had a low FIM score of 3-
4 (n = 6) the average score was 3.96/5. The odds of
people who had lower FIM scores having higher intrinsic
motivation in the Control group was .14 (95% CI, .02
to 1.01) times of people with a higher FIM score (i.e.
lower odds), a statistically significant effect, Wald x*(1)
= 3.82, p = .05.

Together, these findings indicated that while gender
may be something therapists should consider when
deciding to use CVEs in BI therapies; but patients with
a range of FIM scores, age, and BMI appear to be
somewhat equally motivated in the game group (unlike
the control group where FIM appeared to play a role).

Discussion
We framed the following discussion around the three
research questions that drove this study.

RQ1: Can CVE use result in an increased motivation
over multiple sessions?

A qualified yes: when considering both the enjoyment
and perceived competence motivation trends, there
appeared to be a positive relationship indicating that
some outpatients might view game therapy initially
with trepidation, but that after four weeks their
enjoyment increases (significantly in the case for Table
Tilt) as their perceived competence to succeed playing
the games increase. Additionally, the Table Tilt group
reported decreased pressure and tension as
competency increased. All of the significant findings
had a medium or large effect size.

Together these trend findings have implications for both
game therapy and the design of games to address BI
therapies. First, therapists might expect (a) lower initial
enthusiasm for game therapies when compared to
standard care and (b) higher intrinsic motivation as
their patients improve and build confidence. Second,
the design of therapeutic exergames for BI needs to
focus on games with appropriate and/or adjustable
challenge ramps that allow patients to build their
confidence in playing the game. This finding supports
previous work by Alankus et al. [1-3] and Smeddinck et
al. [37] in which adjustability of game challenge was an
important consideration in their designs of custom
games. However, the effect of adjustability on
motivation still needs more exploration; Smeddinck et
al. did not find consistent higher motivation when
comparing adjustable games to non-adjustable games.

RQ 2: Can CVE use result in higher overall motivation?
A qualified no: when considering the overall motivation
across multiple sessions there was very little indication
that games were more intrinsically motiving than
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standard care. This is partially due to the lower initial
enthusiasm towards game therapies. While participants
reported slightly higher levels of enjoyment, interest
and perceived competence, they reported slightly lower
levels of exerted effort and significantly lower levels of
perceived value. This result indicated that for patients
to find game therapy more intrinsically motivating than
standard care they needed to believe that the games
are helping them with their rehabilitation. This suggests
there is a need for therapists to clearly communicate a
game’s contributory value to their therapies. Game
designers should also consider the importance of clearly
indicating how a game can improve the players’
therapeutic outcomes.

RQ3: Are there mitigating patient factors associated
with perceived motivation?

A qualified yes: when considering individual differences
(FIM, age, gender and BMI) only gender uniquely
contributed to the game model. Specifically, males had
significantly higher combined intrinsic motivation scores
than females in the combined gaming groups (and this
was not true for the standard care group). This finding
suggests that therapist may need to scaffold their
female patients more in exergame therapies.
Conversely, patients with a range of FIM scores, age,
and BMI appear to be somewhat equally motivated in
exergame therapies. However, regression findings
should be interpreted with care because of (a) poor
model fit and (b) gender bias in the study.

Conclusions, limitations and future work

Our findings indicated that CVE use is promising at
increasing patients’ motivation over time, throughout
BI therapy periods. However, when considering how
exergames might result in overall intrinsic motivations

CHI PLAY'17 Extended Abstracts, Oct. 15-18, 2017, Amsterdam, NL

to engage in BI therapy, our findings were somewhat
mixed. Because of the challenge of recruiting from this
population, our sample sizes were often too small to
see statistical significance in the group differences.
Additionally, the differences between the two
exergames groups (Table Tilt versus Super Saver) were
confounded by the need to put patients with lower FIM
scores in the former group. This study had several
other limitations that should be addressed in future
work:

= Working with Lovell FHCC introduced a limitation of
gender; most of our population was male because of
the large population of veterans.

= We only used two exergames; it is possible that
individual game preferences would contribute to
intrinsic motivation. For example, if a patient was a
golfer, then a golf game might contribute more to
intrinsic motivation than either of the exergames
that the therapists choose.

= While the study was fairly long (4 weeks) we did not
witness significant changing trends (first up then
down) in the motivation constructs. We hypothesize
that a reduced novelty of any exergame will lead to
lowered intrinsic motivation over time. In other
words, there might be a ‘peak’ time of motivation.
This would be an important consideration for
therapists when considering using exergames in BI
therapies and should be explore in future work.

ACKNOWLEDGMENTS

We thank the participating therapists and outpatients.
We gratefully acknowledge support for this study from
a joint grant from DePaul University and Rosalind
Franklin University of Medicine and Science.

56



Spotlight

References

1.

Gazihan Alankus, Rachel Proffit, Caitlin Kelleher
and Jack Engsberg. 2011. Stroke therapy through
motion-based games: A case study. ACM
Transactions on Accessible Computing, 4, 1:
Article 3.
http://dx.doi.org/10.1145/1878803.1878842

Gazihan Alankus, Rachel Proffit, Caitlin Kelleher
and Jack Engsberg. 2010. Stroke Therapy through
Motion-Based Games: A case study. In Proceedings
of ACM conference on Accessible Computing
(ASSETS '10), 219-226.
http://dx.doi.org/10.1145/2039339.2039342

Gazihan Alankus, Amanda Lazar, Matt May, and
Caitlin Kelleher, 2010. Towards Customizable
Games for Stroke Rehabilitation. In Proceedings of
the ACM SIGCHI Conference on Human Factors in
Computing Systems, (CHI '10), 2113-2122
http://doi.acm.org/10.1145/1753326.1753649

Jan-Henk Annema, Mathijs Verstraete, Vero
Vanden Abeeele, Stef Desmet, and David Geerts,
2010. Videogames in therapy: a therapist's
perspective. In Proceedings of the ACM conference
on Fun and Games (Fun and Games ‘10), 94-97.
http://dx.doi.org/10.1007/978-3-642-0277

Brain Injury Association of America. Quick Facts
About Brain Injury. Retrieved April 12, 2017 from
http://www.biausa.org/bia-media-center.htm

Sinead Brosnan. 2009. Potential of Wii-
Rehabilitation for Persons Recovering From Acute
Stroke. Special Interest Section Quarterly: Physical
Disabilities 32, 1.

J.W. Burke, M.D.J. Mcneill, D.K. Charles, P.J.
Morrow, H. Crosbie, and S.M. Mcdonough.2009.
Optimising engagement for stroke rehabilitation
using serious games. The Visual Computer 25,
1085-1099. http://dx.doi.org/10.1007/s00371-
009-0387-4

CHI PLAY'17 Extended Abstracts, Oct. 15-18, 2017, Amsterdam, NL

10.

11.

12.

13.

14.

Centers for Disease Control and Prevention. About
Adult BMI. Retrieved April 12, 2017 from
https://www.cdc.gov/healthyweight/assessing/bmi/
adult_bmi/

Ki Hun Cho, Kyoung Lee, K. J. and Chang Ho Song.
2012. Virtual-reality balance training with a video-
game system improves dynamic balance in chronic
stroke patients. The Tohoku Journal of
Experimental Medicine, 228,1: 69-74.
http://doi.org/10.1620/tjem.228.69

Jeffery P. Cuthbert, Kristi Staniszewski, Kaitlin
Hays, Don Gerber, Audrey Natale and Denise
O'Dell. 2014. Virtual reality-based therapy for the
treatment of balance deficits in patients receiving
inpatient rehabilitation for traumatic brain injury.
Brain Injury, 28, 2: 181-188.
http://dx.doi.org/10.3109/02699052.2013.860475

Edward L. Deci and Richard M. Ryan. Self
Determination Theory. 2012. In Handbook of
Theories of Social Psychology. Paul A M Van Lang,
Arie W. Kruglanski and E. Tory Higgons (eds.).
Sage Publications Inc., Thousand Oaks, CA, USA, ,
416-437.
http://dx.doi.org/10.4135/9781446249215

JE Deutsch, D. Robbins, J. Morrison, J. and P
Guarrera Bowlby. 2009. Wii-based compared to
standard of care balance and mobility rehabilitation
for two individuals post-stroke. In Proceedings of
the IEEE International Conference on Virtual
Rehabilitation, 117-120.

Diamaid Fitzgerald, Nanthana Trakarnratanakul,
Barry Smyth, and Brian Caulfield. 2010. Effects of a
Wobble Board-Based Therapeutic Exergaming
System for Balance Training on Dynamic Postural
Stability and Intrinsic Motivation Levels. Journal of
Orthopedic & Sports Physical Therapy, 20,1: 11-
19. http://dx.doi.org/10.1109/ICVR.2009.5174216

Sheryl Flynn, Phyllis Palma, and Anneke Bender.
2007. Feasibility of Using the Sony PlayStation 2

57



Spotlight

15.

16.

17.

18.

19.

20.

21.

Gaming Platform for an Individual Poststroke: A
Case Report. Journal of Neurological Physical
Therapy (JNPT), 31, 180-189.
http://dx.doi.org/10.1097/NPT.0b013e31815d00d5

Henri L. Hurkmans, Gerard M. Ribbers, Marjolein F
Streur-Kranenburg, Henk J Stam and Rita J van
den Berg-Emons. 2011. Energy expenditure in
chronic stroke patients playing Wii Sports: a pilot
study. Journal of Neuroengineering and
Rehabilitation, 8: 38. http://doi.org/10.1186/1743-
0003-8-38

Injury Prevention & Control: Traumatic Brain
Injury. Retrieved April 12, 2017, from
http://www.cdc.gov/traumaticbraininjury/

Loh Yong Joo, Tjan Soon Yin, Donald Xu, D.,
Earnest Thia, Pei Fen Chia, Christopher Wee Kuah,
and Kong Kent He. 2010. A feasibility study using
interactive commercial off-the-shelf computer
gaming in upper limb rehabilitation in patients after
stroke. J Rehabil Med, 42, 5: 437-441.
http://dx.doi.org/10.2340/16501977-0528

Nelson J. McClanachan, Janelle Gesch, Nampech
Wuthapanich, Jennifer Fleming and Suzanne S.
Kuys. 2013. Feasibility of gaming console exercise
and its effect on endurance, gait and balance in
people with an acquired brain injury. Brain Injury,
27, 12: 1402-1408.
http://dx.doi.org/10.3109/02699052.2013.823654

Microsoft. 2012. Kinect Adventures! Game [Xbox
360]. (1 May 2012). Microsoft, Redmond,
Washington, USA.

Microsoft. 2012. Kinect Sports Season 2: Super
Saver. Game [Xbox 360]. (18 September 2012).
Microsoft, Redmond, Washington, USA.

Marie R. Mouawad, Catherine G. Doust, Madeleine
D. Max, and Penelope A. McNulty. 2011. Wii-based
movement therapy to promote improved upper
extremity function post-stroke: A pilot study. J

CHI PLAY'17 Extended Abstracts, Oct. 15-18, 2017, Amsterdam, NL

22.

23.

24.

25.

26.

27.

28.

29.

Rehabil Med, 43: 527-533.
http://dx.doi.org/10.2340/16501977-0816

Scott Nicholson. 2012. User-Centered Theoretical
Framework for Meaningful Gamification A Brief
Introduction to Gamification Organismic Integration
Theory Situational Relevance and Situated
Motivational Affordance. In Proceedings at Games+
Learning+ Society 8.0(GLS'12), 1-7.

Nintendo. 2011. Wii U Fit: Table Tilt. Game [Wii U].
(1 May 2012). Nintendo, Kyoto, Japan.

Gume Osorio, David C. Moffat, and Jonathan Sykes.
2012. Exercise, and Gaming: Sharing Motivations.
Games for Health Journal, 1, 3: 205-210.
http://dx.doi.org/10.1089/g4h.2011.0025

Jessica M. Paavola, Kory E. Oliver, and Kesenia I.
Ustinova. 2013. Use of X-box Kinect Gaming
Console for Rehabilitation of an Individual with
Traumatic Brain Injury: A Case Report. Journal of
Novel Physiotherapies 3: 129.
http://dx.doi.org/10.4172/2165-7025.1000129

Wei Peng., Jih-Hsuan Lin, Karen A. Pfeiffer, and
Brain Winn. 2012. Need Satisfaction Supportive
Game Features as Motivational Determinants: An
Experimental Study of a Self-Determination Theory
Guided Exergame. Media Psychology 15, 2: 175-
196.
http://dx.doi.org/10.1080/15213269.2012.673850

Herbert L. Petri, John M. Govern. 2003.
Motivation: theory, research and application.
Cengage Learning, Belmont, CA, USA.

Diane Podsiadlo and Sandra Richardson. 1991. The
timed "Up & Go": a test of basic functional mobility
for frail elderly persons. J Am Geriatr Soc 39. 2:
142-148. http://dx.doi.org/10.1111/j.1532-
5415.1991.tb01616.x

Cynthia Putnam, Jinghui Cheng, and Gregory
Seymour. 2014. Therapist Perspectives: Wii Active
Videogames Use in Inpatient Settings with People

58



Spotlight

30.

31.

32.

33.

34.

Who Have Had a Brain Injury. Games for Health
Journal 3, 6: 366-370.
https://doi.org/10.1089/g4h.2013.0099

Cynthia Putnam, Jinghui Cheng, Amanda Lin, Sai
Yalla and Stephanie Wu. 2016. ‘Choose a Game':
Creation and Evaluation of a Prototype Tool to
Support Therapists in Brain Injury Rehabilitation. In
Proceedings of the 34th Annual ACM conference on
Human factors in computing systems (CHI '16),
2038-2049.
https://doi.org/10.1145/2858036.2858258

Melanie A. Revilla, Willem E. Saris, and Jon A.
Krosnick. 2013. Choosing the Number of Categories
in Agree-Disagree Scales. Sociological Methods &
Research 43, 1: 73-97.
https://doi.org/10.1177/0049124113509605

Richard M. Ryan and Edward L. Deci. 2000.
Intrinsic and Extrinsic Motivations: Classic
Definitions and New Directions. Contemporary
educational psychology 25, 1: 54-67.
https://doi.org/10.1006/ceps.1999.1020

Richard M. Ryan and Edward L. Deci. 2000. Self-
determination theory and the facilitation of intrinsic
motivation, social development, and well-being.
The American psychologist, 55, 1: 68-78.
http://dx.doi.org/10.1037/0003-066X.55.1.68

Richard M. Ryan and Edward L. Deci. Intrinsic
Motivation Inventory. Available at:
http://www.selfdeterminationtheory.org/intrinsic-

CHI PLAY'17 Extended Abstracts, Oct. 15-18, 2017, Amsterdam, NL

35.

36.

37.

38.

motivation-inventory/. Last Accessed: June 22,
2015.

Richard M. Ryan, Valerie Mims, and Richard
Koestner. 1983. Relation of reward contingency
and interpersonal context to intrinsic motivation: A
review and test using cognitive evaluation theory.
Journal of Personality and Social Psychology, 45, 4:
736-750.

Gustavo Saposnik, Muhammad Mamdani, Mark
Bayley, Kevin E. Thorpe, Judith Hall, Leonardo G.
Cohen, and Robert Teasell. Effectiveness of Virtual
Reality Exercises in STroke Rehabilitation
(EVREST): Rationale, Design, and Protocol of a Pilot
Randomized Clinical Trial Assessing the Wii Gaming
System. International Journal of Stroke, 5(1),
2010, 47-51. doi: 10.1111/j.1747-
4949.2009.00404.x.

Jan D. Smeddinck, Marc Herrlich, and Rainer
Malaka. 2015. Exergames for Physiotherapy and
Rehabilitation: A Medium-term Situated Study of
Motivational Aspects and Impact on Functional
Reach. In Proceedings of the 33rd Annual ACM
Conference on Human Factors in Computing
Systems (CHI ‘15), 4143-4146. https://doi.org/
10.1145/2702123.2702598

Uniform Data System for Medical Rehabilitation.
2012. The FIM® Instrument: Its Background,
Structure, and Usefulness. Buffalo: UDSMR

59





