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Abstract

Background: Obesity isagrowing global issuethat islinked to cognitive and psychological deficits.

Objective: This preliminary study investigated the efficacy of training to improve inhibitory control (IC), a process linked to
overeating, on consumption and cognitive control factors.

Methods: Thisstudy utilized a multisession mobile phone-based intervention to train I C in an overweight and obese population
using arandomized waitlist-control design. A combination of self-assessment questionnaires and psychophysiological measures
was used to assess the efficacy of the intervention in terms of improved general | C and modified food consumption after training.
Attitudes toward food were al so assessed to determine their mediating rolein food choices. A total of 58 participants (47 female)
completed 2 assessment sessions 3 weeks apart, with 2 weeks of intervention training for the training group during thistime. The
groups did not differ in baseline demographics including age, body mass index, and inhibitory control.

Results: Inhibitory control ability improved across the training sessions, with increases in P3 amplitude implying increased
cognitive control over responses. Inhibitory control training was associated with increased healthy and reduced unhealthy food
consumption in ataste test and in the week following training, as measured by the Healthy Eating Quiz and the food consumption
test. Cognitive restraint was enhanced after training for the training but not the waitlist condition in the Three-Factor Eating
Questionnaire, implying that attempts to avoid unhealthy foods in the future will be easier for the training group participants.

Conclusions: Inhibitory control training delivered via a purpose-designed mobile phone app is easy to complete, is convenient,
and can increase cognitive restraint and reduce unhealthy food consumption.

Trial  Registration: Australian New  Zeadland Clinical  Trids Registry = ACTRN12616000263493;
http://Mmww.ANZCTR.org.au/ACTRN12616000263493.aspx (Archived by WebCite at http://www.webcitation.org/6ioHjGING)

(IMIR Serious Games 2016;4(2):€10) doi:10.2196/games.5708

KEYWORDS
obesity; inhibition training; event-related potential; eating; mobile apps

obesity is attributed to increased calorie intake, unhealthy
changes in diet composition, and an increasingly sedentary
The prevalence of obesity has reached extreme proportionson  1festyle [2,3]. In modern society, high-calorie foods are tasty,
aglobal scale. More than 2.1 billion people—one-third of the ~afordable, and abundant, making them increasingly difficult

world'sadults, and one-fourth of children and adolescents—are 10 €SSt [4,5]. Healthy foodsinclude fresh fruitsand vegetables,
classified as overweight or obese [1]. Generally speaking, aswell as nuts, seeds, and lean meat, whereas unhealthy foods
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include processed meats, potato chips, and butter [6]. Behavioral
interventions such as low-calorie meal plans are frequently
implemented, but these approaches are often only effective in
the short term. They also assume that individuals have the
capacity to change their behavior, which is typicaly not the
case [7,8]. An emphasis on deficits in executive functions (ie,
the set of processesthat manage, regulate, and control cognition
and behavior) associated with excess weight, such as poor
inhibitory control (IC), may add substantially to the outcomes
of obesity interventions.

Inhibitory control refers to the ability to suppress dominant or
automatic responses and alows for self-regulation by
constraining thoughts and actions that may interfere with the
completion of goa-directed actions [2,3,9]. Individuals with
deficits in IC are more likely to be unsuccessful dieters and
overweight or obese [4,5,10]. Individuals with poor IC tend to
engage in unhealthy food consumption behaviors including
overeating, excessive snacking, and binge eating [11]. According
to dual-process models of obesity [2], the difference between
healthy weight and overweight individuals is not the degree of
positive affect they experience toward high-calorie foods but
the ability to override automatic response tendencies toward
consumption [5,12].

There is increasing evidence that the neural mechanisms
underlying executive functions are responsive to training and
that general 1C may be conceptualized as a “muscle”’ that can
be strengthened with exercise[13,14]. Go/Nogo tasks have been
widely utilized totrain I C, particularly in the context of reducing
alcohol consumption [7,15]. These tasks involve making
frequent and rapid responses to “ Go” stimuli, while refraining
from responding to lessfrequent “Nogo” stimuli [16]. Repeated
pairing of inhibition responses to a stimulus creates an
association between that stimulus and the goal of stopping
behavior [7]. Undertaking training that attaches a stop goal to
unhealthy foods may therefore help individualswith low levels
of IC to inhibit unintentional impul ses toward them.

Intervention studiesindicate that I C training is an effective tool
in reducing food intake and consumption of high-calorie foods
in individuals with low trait IC [5,17]. These studies have
focused on immediate taste tests in the laboratory to measure
efficacy, leaving the longer-term effects of the training
unexplored. Furthermore, most IC training studies in the food
domain utilize only asingle session of training, which may not
be sufficiently intensive to produce improvements [7,10]. Few
studies have used multisession, longer-term interventions. Allom
and Mullan [18] utilized a stop-signal 1C training, focused on
weight loss, and did not include psychophysiological measures.
Veling et al [19] used a Go/Nogo task delivered viathe Internet
in 4 weekly sessions and found that this training facilitated
weight loss, but they did not assess other outcome measures.
Additionally, some research has shown that delivering health
interventions through mobile phones has already been studied,
targeting exercise and movement, with mixed results [20,21].

Training tasksthat have afood-specific, as opposed to ageneral,
focus (using nonfood stimuli), have been found to yield greater
improvements in food consumption behaviors [5,17].
Furthermore, current | C training studies have shown that priming
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disinhibition toward unhealthy foods can increase unhealthy
food consumption after training [ 7,10], but no study has primed
disinhibition toward healthy foods to determine if IC training
can be used to increase healthy food consumption.

Event-related potentials (ERPs) are derived from the
electroencephalogram (EEG) and provide an objective index
of the sensory and cognitive processing stages involved in
processing a stimulus event. In the context of this study, ERPs
allow consideration of the neural correlates of inhibition elicited
during Go/Nogo tasks, with the N2 and P3 ERP components
showing sensitivity to inhibitory demands. The N2 component
typically occurs between 200 and 300 milliseconds after
stimulus onset [22] and has been positively correlated with body
mass index (BMI) [23]. The P3 component typically occurs
between 300 and 500 milliseconds after stimulus presentation
[16], with neural sources in close proximity to motor and
premotor cortices—thus, it is likely that the P3 reflects a later
stage of the inhibitory process [24]. Very few studies have
examined the neural correlates of inhibition in the context of
obesity and food consumption. It has been reported that
individualsin a healthy weight range exhibit more pronounced
“Nogo” N2 and P3 components, indicative of heightened I1C,
toward food stimuli as opposed to general stimuli [25].

Thisstudy wasapilot study focused on researching the efficacy
of an app-based intervention and its effect on short-term
weight-related goals (ACTRN12616000263493). It utilized a
randomized waitlist-control design and anovel |C intervention
to train inhibition toward unhealthy foods and approach (or
“disinhibition”) toward healthy foods in individuals identified
asoverweight or obese. Multisession | C training was employed,
asmoreintensive exercise of neura inhibitory “muscles’ should
produce greater improvements in IC. This study also took a
novel approach by (1) evaluating food consumption over a
1-week period, rather than immediately after training, (2)
priming dominant automatic responses (or “disinhibition”)
toward healthy foods to increase healthy food consumption,
and (3) combining behavioral and psychophysiological
measures. Attitudestoward dieting and food were al so measured.
It was hypothesized that participants in the training condition
would consume less unhealthy and more healthy foods than the
waitlist condition in the laboratory consumption test and over
the 1-week period after training.

Furthermore, an exploratory hypothesis suggested that
participantsin thetraining compared with the waitlist condition
would show (1) improved performance (reflected by less
inhibition errors and faster reaction times) and (2) enhanced N2
and P3 amplitudes, after training in an untrained,
non—food-specific Go/Nogo task. Previous research hasfocused
on assessing the generalization of 1C ahilities from general to
specific, or from genera to general stimuli; this research is
seeking to assess how this process may occur in the opposite
direction. Additionally, in accordance with previous research
showing changes in attitudes toward food and dieting after
weight-based interventions [26,27], it was hypothesized that
there would be an increase in cognitive restraint and a decrease
in disinhibition and hunger after training in the training but not
thewaitlist condition in the Three-Factor Eating Questionnaire
(TFEQ). Overall, we expected that the training would increase
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healthy food consumption, reduce unhealthy eating, and this
would be reflected in not only eating behaviors but also
psychological and neurological changes.

Methods

Participants

Participants (n=58; females=47, 81%) were recruited from the
general population in the Wollongong (Australia) areathrough
flyersdistributed in the community. Flyerscalled for individuals
who wanted to improve their eating habits, and the intervention
was described broadly as “brain training,” with no specific
mention of I1C. Participants were required to be older than 13
years (range 19-61, mean 36.48, SD 14.22), have aBMI higher

Blackburne et al

than 25 (mean 29.54, SD 4.05), and possess an iOS device in
order to access the training app. Participants were screened for
neurological disorders and normal hearing and vision.
Participants were excluded if they did not complete both
experimental sessions (n=6), leaving a fina sample of 52
participants (females=41). Figure 1 shows the CONSORT
(Consolidated Standards of Reporting Trials) flow diagram. An
apriori power analysis using the G* Power computer program
[28] indicated that atotal sample of 54 people would be needed
to detect moderate effects (d=0.5) with 95% power using a t
test between means with alpha at .05. Baseline differences
between the conditions for BMI, age, and number of days
between sessions were nonsignificant. Gender ratio was equal
across conditions (21 femalesto 5 males).

Figurel. CONSORT (Consolidated Standards of Reporting Trials) Flow diagram. Representation of the progress of participants through the trial. T1:

timel; T2: time 2.

[ Enrollment ]
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} I
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Materials

Barratt | mpulsiveness Scale

The Barratt Impulsiveness Scale (BIS) isa30-item questionnaire
rated on a 4-point Likert scale and includes 3 subscales:
attentional, motor, and nonplanning [29]. It has previoudly been
used to assess the effect of impulsivity on food consumption
[30,31]. All participants completed the BIS during their first
experimental session to assess potential baseline impulsivity
differences between conditions, as this can affect IC [32] and
unhealthy food consumption choices [33]. No significant
differences were found, and thus the BIS was not included in
further analysis.

Training Task
The training was delivered via the NoGo iOS app, developed

by Neurocog Solutions Pty Ltd, Australia. The NoGo app
contains IC training in 3 domains (unhealthy eating, smoking,

http://games.jmir.org/2016/2/e10/

‘ Analyzed (n=26)

alcohol consumption)—the training mechanism and parameters
were designed by SJ informed by IC training literature. The
training task was based on modified Go/Nogo and stop-signal
tasks, with each “game” containing (1) Go and Nogo trialsin
which the image remained the same when the reaction time
deadline (RTD) timer appeared next to the image and started
to count down and (2) stop trias in which the image could
change from healthy to unhealthy after the timer appeared.
Participants were instructed to tap the images of healthy food
as quickly and accurately as possible before the RTD expired
and to refrain from tapping images of unhealthy food. Each
game consisted of 30 trials, using stimuli drawn from apool of
food-specific images. For the purpose of creating aclear divide
between different food types, the presented stimuli were in 2
categories: healthy (eg, fruits, vegetables) and unhealthy (eg,
chips, doughnuts) foods (Figure 2).

Participants were required to play 10 games per day for 14
consecutive dayswith each game taking approximately 1 minute
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to complete. The difficulty level of the gameincreased according
to past performance by reducing the RTD and increasing the
number of images presented at onetime (maximum 12 images).
Go stimuli were presented on 70%-90% of occasions, varying
randomly each game to ensure individuals were responding
genuinely to presented stimuli and were not prepreparing
responses based on previous patterns of stimulus presentation.

A log of performance data including reaction time, game level,
correct responses, and errors was stored locally and accessed
by researchers at the end of the training period. For analysis
purposes, and in order to assess potential improvementsin NoGo
app performance as game play progressed, the training data of
each individual participant were split into 3 sessions. Sessions

Blackburne et al

1, 2, and 3 comprised an equal number of games for each
participant (eg, if a participant completed 120 games, session
1 would consist of data collected from games 1 to 40, session
2 would consist of games 41 to 80, and session 3 would consist
of games 81 to 120). Reaction time, game level, and
correct/incorrect response scores were averaged for each
participant across each session to create 3 data points, which
were used to assess improvements in game-play performance
across all participants. Although participants in the training
condition were expected to play a total of 140 games, an
arbitrary cutoff of 90 games was selected, reflecting a 65%
adherence rate. Participants who failed to play 90 games over
the 14-day period were excluded from further analysis.

Figure 2. Example of the NoGo app environment with “unhealthy” (doughnut, orange soft drink) and “healthy” (radish, capsicum, water, orange)
image categories. This example shows level 6—there are 6 images shown simultaneously, with the active image (requiring a response or not) indicated

by the reaction time deadline timer (below doughnut).
|

20,401

x1

Healthy Eating Quiz

The Hedthy Eating Quiz (HEQ) is a food frequency
guestionnaire containing 70 items relating to the frequency of
healthy food consumption over the past 7 days, rated on aLikert
scale from “never” to “5 or more times aweek.” It includes 8
subgroups:. fruits, vegetables, meat proteins and vegetarian
proteins, grains, water, dairy, and extras (ie, sauces and spreads).
Participants were asked to rate approximately how many
servings of items within these food groups they had consumed
in the past week. Food frequency questionnairesarewidely used
to assess eating habits [34,35].

Food Consumption Test

The food consumption test (FCT) was used to examine
immediate changes in food consumption after the IC training.
It was based on the bogus taste tests used in previous research
but without the associated element of deception [2,7,10].
Participants were informed that they would receive a
refreshment break during the session in which snacks would be
offered and that they could eat aslittle or as much asthey liked.
Participantswere presented with 4 bowls contai ning snack-sized
portions of 2 healthy (156 g of unsalted nuts and 216 g of
grapes) and 2 unhealthy food options (60 g of plain potato chips

http://games.jmir.org/2016/2/e10/

and 161 g of chocolate candies, M&M's). Although nuts and
grapes are till high-calorie choices, these foods were chosen
as they represent “real-world” choices that participants would
be faced with. For example, athough grapes are still high in
sugar, they are high in natural sugar and are nonprocessed. Thus,
they represent a healthier choice than M&M's (which are
processed and high in sugar and saturated fat) for individuals
when craving a convenient, sweet snack food. Food was
presented for 10 minutes while the experimenter cleaned
equipment used previously in the experimental session, facing
away from participants. After the participant left thelaboratory,
the food was weighed, consumption was recorded, and the
number of cal ories consumed was cal cul ated. Before completing
the FCT, participants were asked covertly (questions were
embedded in alarger general health questionnaire) to rate their
current levels of hunger and food craving to account for
differences in the FCT results between conditions. As no
significant differences were found for hunger F, 46=0.24, P=.05

or craving F; 46=0.00, P=.99, these factors were not included
as covariatesin further analysis.

Three-Factor Eating Questionnaire

Participants completed the 51-item TFEQ [36] that contained
acombination of true or false questions (eg, “ Sometimes when
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| start eating, | just can’t seem to stop”) and items rated on a
4-point Likert scale (eg, “How frequently do you avoid ‘ stocking
up’ on tempting foods?’ Rated: not at all, dightly, moderately,
or ailmost aways). The TFEQ contains 3 subscales (cognitive
restraint, disinhibition, and hunger) measuring the ability to
resist foods and overcomeinternal and external food cues. The
TFEQ has been widely used in overweight and obese
populations [26,27] and is psychometrically valid in obese and
nonobese populations [37].

Go/Nogo Task

Two auditory Go/Nogo tasks that varied in RTD were used to
assess general |C ability. Tones were presented at 1100 Hz and
2000 Hz for 200 milliseconds, with an interstimulus interval
(ISl) of either 2500 milliseconds (longer RTD) or 1250
milliseconds (shorter RTD). These specific timeintervals were
pilot-tested for this study in an adult population. Shorter RTDs
increase task demands by inducing rapid responding to Go
stimuli making the inhibition of motor responses on infrequent
“Nogo” trialsmore difficult and increase the likelihood of errors
[13]. As aresult, this study used 2 separate tasks with varying
task demands (“longer RTD” and “ shorter RTD") to better assess
potential effects of the IC training. Tasks were created in
Presentation version 11, and tones were presented at 60 dB
binaurally through Sennheiser HD 201 headphones. Participants
were required to press a response button on a game controller
upon presentation of the frequent “Go” tone (70% of presented
stimuli) and to withhold response upon presentation of the
infrequent “Nogo” tone. Participants completed 10 practice
trials to ensure they understood task instructions and then
completed 100 trials, taking approximately 2.5 minutes to
complete. Assignment of each tone as Go/Nogo, and the order
of tasks, was counterbal anced across sessions and participants.
Thistask was used to assess how the | C training affected general
|C ahility by using atask involving similar processes but sharing
few surfacefeatures and different modality (auditory rather than
visual) to reduce practice effects and make comparison with the
control group more equal.

Procedure

Inthefirst experimental session (around 90 minutes) participants
gave informed consent and then completed the BIS, Go/Nogo
tasks, FCT, HEQ, and TFEQ. Participants also completed a
passive image-viewing task, not reported here. After completing
this session, participants in the training condition were given
accessto thetraining app and instructed to play 10 gamesaday
for 14 consecutive days. Participants performed a trial game
with the researchers to provide them with the opportunity to
ask questions and understand the game format. Participants
were then sent reminders to play the game viaemail on days 1,
7, and 14 to ensure compliance. During the second session,
approximately 3 weeks since session 1 and 1 week since the
end of the training (average time between sessions was 4.5
weeks but did not differ between conditions), individuas
repeated the same procedure, game data were obtained from
the training participants, and the waitlist-control condition
received access to the training app. Participants were entered
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into a prize draw to win 1 of 4 A$100 gift vouchers after
completing the study, as reimbursement for their time.

Event-Related Potential Recording and Quantification

Electroencephal ographic data were recorded at 9 sites (F3, Fz,
F4, C3, Cz, C4, P3, Pz, and P4) using a 19-site cap and a
Nuamps amplifier (Compumedics, Melbourne Australia).
Vertical and horizontal electro-oculogram was recorded using
electrodes placed above and below the left eye and near the
outer canthus of each eye. Linked earswere used asareference,
and an electrode located between Fz, Fpl, and Fp2 acted as a
ground electrode, with impedances kept below 5 kQ. Signals
were amplified 19 times with a band-pass down 3 dB at 0.01
and 100 Hz. Raw EEG datawere visually inspected and sections
of muscle artifact were removed. Data were low-pass filtered
down 3 dB at 24 Hz and divided into epochs from -100
milliseconds prestimulus to 900 milliseconds poststimulus.
Epochs were excluded if they contained amplitudes outside
+100 uV at any EEG site. The number of accepted epochs for
Go and Nogo stimuli were compared between conditions, with
no differences evident. ERPs were calculated separately for
correct Go and Nogo trials. Grand mean ERPs were visualy
inspected to identify major peaks. Peak quantification was
completed via a computer algorithm, which alows for the
automatic identification of the maximum or minimum voltage
occurring within a specified latency window. For N2, peak
identification at all other sites was locked to the largest
negativity at Fz in the 190- to 300-millisecond latency window,
whereas the P3 was locked to the largest positivity at Pz in the
300- to 580-millisecond window as per Johnstone et al [38].

Statistical Analysis

One-way analysis of variance (ANOVA) was used to assess
baseline differences between training and waitlist conditions
and to assess NoGo training app performance data. Additionally,
time (1, 2) x condition (waitlist, training) mixed design ANOVA
was used to assess the FCT, HEQ, and TFEQ, with planned
follow-up analysis splitting data by condition and assessing the
effect of time. ERP component latency analysis was restricted
to the fronta midline location (Fz), as the N2 and P3
components showed a frontal maximum. Go and Nogo ERP
data were subject to a condition x time x stimulus (Go, Nogo)
x RTD (longer, shorter) mixed factoridl ANOVA. ERP
amplitude analysesincluded an additional lateral (left, midline,
right) factor. Planned contrastswithin thelateral factor compared
the right and left hemispheres. Here we focus on interactions
between time and condition, and time x condition x laterality
for ERP amplitude analysis. Alpha level was set to .05 for all
analyses.

Results

Baseline Characteristics

Table 1 shows the analysis comparing the waitlist and training
groups at session 1. As participants did not differ statistically
in any of these variables, they were not included as covariates
in future analysis. Both groups had equal numbers of male and
female participants (19% male, 11/58).
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Table 1. Baseline analysisresults for training and waitlist conditions.

Blackburne et al

Demographics Training Waitlist F (df) P value
Mean SD Mean SD
Age, years 35.2 141 38.3 14.8 0.56 46
Body mass index 29.7 4.4 29.2 35 0.19 .67
Return time, days 335 155 31.2 125 0.34 (1,46) .56
BIS?2- subscale
Attentional 179 34 17.0 28 1.03 .32
Motor 21.6 38 22.3 37 0.40 .53
Nonplanning 235 39 22,6 52 0.54 .46

4BIS: Barratt Impulsiveness Scale.

Training Performance

For participants completing the NoGo training, 1-way repeated
measures ANOVA was used to assess changes in reaction time
across the 3 training session blocks. The main effect of time

was significant (F, 46=156.80, P<.001, partial n°=.87). Planned
contrasts indicated that average reaction time was reduced at

session 2 (mean 330.8 milliseconds, SD 26.03) compared with
session 1 (mean 401.7 milliseconds, SD 44.7), F; »,3=133.26,

P<.001, partial n?=.85, and reduced at session 3 (mean 307.1
milliseconds, SD 33.2) compared with session 2, F; 3=35.53,

P<.001, partial n%=.61.

The main effect of time was aso significant for correct Go
responses (F,45=82.78, P<.001, partid n?=.79). Planned
contrasts indicated that session 2 (mean 53.35, SD 5.48) had
more correct Go responses than session 1 (mean 48.22, SD

1.65), Fy 5=24.11, P<.001, partial n°=.52, and session 3 (mean
62.46, SD 5.14) had more correct Go responses than session 2,
F1,5=43.37, P<.001, partial n°=.66. The main effect was also
significant for correct Nogo responses (F; 46=93.07, P<.001,
partial n?= .79). There were more correct Nogo responses in
session 2 (mean 27.83, SD 9.51) than session 1 (mean 17.57,
SD 3.85), F; 3=53.54, P<.001, partial n’=.69, and more correct
Nogo responses in session 3 (mean 42.22, SD 14.62) than
session 2, Fy »3=80.19, P<.001, partial n°=.77. Overall, these
resultsindicate that participantsin the training condition showed
improved |1C performance with increased training.

Healthy Eating Quiz

The total HEQ score showed a time x condition interaction
(F145=9.87, P=.003, partial n’=.17). Simple effects analysis
showed a significant effect of time for the training condition
(F15=5.21, P=.03, partial n?=.03), with an increase in healthy
food consumption from time 1 (mean 36.96, SD 8.45) to time
2 (mean 42.42, SD 9.98). The waitlist condition also showed a

significant time effect (F, ,5=7.88, P=.01, partial n®=.01), with
adecrease in healthy food consumption between time 1 (mean
39.58, SD 9.68) and time 2 (mean 35.88, SD 11.24).

http://games.jmir.org/2016/2/e10/

Food Consumption Test

Calorie consumption was cal cul ated for grapes, mixed unsalted
nuts, M&M's, and plain potato chips separately. Then, the
“healthier” foods (nuts and grapes) and “less healthy” foods
(chipsand M& M's) were added together to create 2 food groups
for analysis. The condition x food x time ANOVA was
significant (F,,4=8.88, P=.005, partial n°= .18). Follow-up
2-way ANOVA for each condition separately showed no
significant interaction for the waitlist condition but asignificant
food x time interaction for training condition (F,;=8.81,

P=.008 partial n?= .32). This showed an increase in calorie
consumption of healthier foodsat time 2 (mean 63.17, SD 19.08)
compared with time 1 (mean 31.59, SD 9.47) and a reduction
in total calorie consumption of less healthy foods from time 1
(mean 234.68, SD 74.40) to time 2 (mean 76.50, SD 25.15).

Three-Factor Eating Questionnaire

The disinhibition subscale did not show a time x condition
interaction. A significant interaction was found for the hunger
subscale (Fy5,=4.07, P=.05, partid n?=.08). Simple effects
analysis showed no time effect for the training condition,
whereas the waitlist condition showed a significant time effect,
F1,5=10.74, P=.003, partial n°=.30, with an increase between
time 1 (mean 5.58, SD 3.46) and time 2 (mean 6.88, SD 3.56).
The cognitive restraint subscale also showed a significant time
x condition interaction (F;5,=6.02, P=.02, partial n2=.11).
Simple effects analysis indicated no significant time effect for
the waitlist condition, but a significant effect was present for
the training condition, F, ,5=6.01, P=.02, partial n2=.19, with
an increase from time 1 (mean 9.27, SD 3.38) to time 2 (mean
11.5, SD 4.25).

Go/Nogo Task Performance

For the shorter RTD Go/Nogo task, the time x condition
interaction was not significant for correct Go responses or
reaction time, or Nogo errors. No significant interactions were
found for the same measures on the longer RTD Go/Nogo task.

Event-Related Potential Components

Grand mean ERPs to Go and Nogo stimuli for each condition
and time are presented separately for the longer RTD (Figure
3) and shorter RTD (Figure 4) tasks. For the latency analysis,
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no significant interactions were found for either component.
For the amplitude analysis, there were no significant relevant
interactions for the N2 component. A significant condition x
time x |aterality x RTD interaction wasfound for P3 (F, 45=8.49,

P=.005, partial n°=.16; Figure 5). Thewaitlist condition showed
areduction (largest in the left frontal region) in P3 amplitude
at time 2 compared with time 1 for the longer ISl task and a

Blackburne et al

very minor reduction (largest in the right frontal region) at time
2 compared with time 1 for the shorter ISl task. The training
condition showed a very different pattern, with a substantial
increase (of similar magnitude in both frontal hemispheres) in
P3 amplitude at time 2 compared with time 1 for the longer 1S
task and a smaller increase (mainly in the right frontal region)
at time 2 compared with time 1 for the shorter 15| task.

Figure 3. Grand mean event-related potentials at Fz for Go and Nogo stimuli in the longer reaction time deadline task. W1: waitlist time 1; W2: waitlist

time2; T1: = training time 1; T2: training time 2.
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Figure4. Grand mean event-related potentialsat Fz for Go and Nogo stimuli in the shorter reaction time deadline task. W1: waitlist time 1; W2: waitlist

time 2; T1: training time 1; T2: training time 2.
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Figure 5. P3 amplitude changes in the Go/Nogo tasks. P3 amplitude at sites F3 and F4 for the Go/Nogo tasks, with each reaction time deadline and

time shown separately.
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Results Summary
The key significant effects for both groups are presented in
Table 2, showing mean changes between time 1 and time 2.
Table 2. Mean scores for each outcome; only statistically significant results are shown.
Variable Participant group
Training Waitlist
Baseline Time2 Baseline Time2
Healthy Eating Quiz 36.96 4242 39.58 35.88
FCT? healthy food 63.17 31.59 - -
FCT: unhealthy food 234.68 76.50 - -
TFEQ®: hunger 5.58 6.88
TFEQ: cognitive restraint 9.27 11.50 - -

8FCT: food consumption test.
b TFEQ: Three-Factor Eating Questionnaire.

Discussion

Principal Findings

This pilot study used a randomized waitlist-control design to
examine the efficacy of food-specific | C training in overweight
and obeseindividuals. Traditional measureswere used to assess
food consumption (HEQ, FCT) and attitudes toward food and
dieting (TFEQ). As a measure of general |C ability, Go/Nogo
performance data and ERPs were also assessed. Key findings
included increased healthy food consumption outside laboratory
environments, decreased unhealthy food consumption during
testing, and anincreasein scores on the cognitiverestraint scale
for the training group. Condition-specific changes in the P3
ERP component indicated that the long-term, food-specific, IC
training had a generalizable effect on IC-related processing, at
least in the context of this preliminary research.

This study was novel and exploratory in its linking of healthy
foods with approach responses in the context of an intensive
multisession training regimen. As hypothesized, areduction in
immediate unhealthy food consumption and an increase in

http://games.jmir.org/2016/2/e10/

healthy food consumption (both in the laboratory and 1 week
after training) was found for participants who completed the
training task, supporting previous research [5,10,17,18].
Increases in the HEQ score indicated that individuals reported
anincreasein healthy food consumption in theweek after using
the intervention, eating more fruits, vegetables, and protein or
drinking more water. This provides encouraging evidence that
IC training may be effective in priming approach behaviors
toward healthy food, aswell as strengthening resi stance toward
unhealthy foods. Furthermore, the results provide some evidence
that these changes may have trandated to the participant’s
day-to-day life. However, a longer-term unhealthy food
consumption measure was not included in this initial research
and will be necessary in the future to determine whether
decreases in unhealthy food consumption are maintained.

To complement the food consumption data, attitudes toward
food were also measured. Participantsin the training condition
showed increased cognitive restraint, a construct related to
self-regulation of food intake on the TFEQ scale. Increased
cognitive restraint has been linked to weight lossin dieters and
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improvements in avoiding unwanted food consumption [26].
Bryant and colleagues [27] showed that a weight loss
intervention devel oped cognitive restraint in some participants,
and thisresulted in increased weight loss for these participants.
Although our study did not monitor weight loss, thisincreased
ability to control calorieintake may assist individualsto achieve
weight loss goals, especially asit can easily be used alongside
diets such as meal plans|[2].

Our study incorporated psychophysiol ogical methodsto measure
the neural correlates of 1C training. Contrary to prediction, N2
amplitude did not increase in the training condition as a result
of IC training. This indicates that the IC training did not have
abroad effect on the process reflected by the N2 component at
either difficulty level. This may be due to the N2 being more
closely related to conflict monitoring (aprocess not targeted by
the IC training), as opposed to 1C [39,40].

Training effects were present for the P3 ERP component, with
amplitude increases after training seen in the training but not
thewaitlist conditions. Thiseffect could be described as* global”
asit did not differ based on the stimulus type (ie, Go, Nogo)
and was consistent acrossthe longer and shorter RTD Go/Nogo
tasks. However, the nature of the condition effect depended on
task difficulty; the shorter 1S task places higher demands on
IC as a more speeded response is required to Go stimuli and
could be considered more difficult. In the easier Go/Nogo task,
the training condition showed a substantial increase (of similar
magnitude in left and right frontal regions) in P3 amplitude at
time 2, whereas the waitlist condition showed a substantial
reduction (largest in theleft frontal region). In the more difficult
Go/Nogo task, the training condition showed a minor increase
in P3 amplitude (largest in the right frontal region), whereas
the waitlist condition showed a minor reduction (largest in the
right frontal region). In both tasks, rapid responding wasinduced
and thusinhibitory “activation” wasrequired to inhibit automatic
motor responses [41]. Given the established rel ationship between
the P3 ERP component and cancellation of a planned response
[42,43], these training effects for P3 are consistent with
improved I1C abilities, with the degree of improvement more
evident in the easier of the 2 tasks.

Limitations

Theresultsreported here should be considered in light of several
limitations, primarily because of the limited nature of this
preliminary study. Although al attempts were made to recruit
adolescent participants, the final sample only included
participants older than 18 years, preventing analysis across
different age groups. Further research investigating the ideal
age to administer IC training is warranted. Adolescents may
experience greater benefitsfrom thetraining, as|C abilitiesare
known to continue developing into adolescence [44]. Other
variablesthat affect food consumption, such as beverageintake
[45], mentdl illness comorbidities [46], and menstrual cycles
for women [47], were not assessed and may have affected the
outcomes of this study. Race and socioeconomic status were
also not recorded, although these can affect accessto food and
obesity rates [48-50]. As the magjority of participants were
female, our results cannot be generalized across sex. Females
and males have been shown to consume unhealthy food at
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different rates, and for different reasons, particularly when
snacking [51].

Additionally, the study duration was relatively short and did
not use weight |oss as an outcome measure. A longer-term study
that assesses weight loss and maintenance would be beneficial,
as previous research has found mixed results for changes in
BMI at follow-up [18,19] and additional research is needed to
determine how IC training can influence health behaviors. An
additional limitation is related to the stimuli used in the NoGo
training app versus the foods presented in the FCT. Although
grapes were featured in both the training task and the FCT,
M&M's, potato chips, and nuts were not. Increases in the
consumption of grapes may therefore potentially be attributed
to grapes being specifically featured in the training task. Future
versions of the FCT should utilize either foods that are al
featured in thetraining task or none at all to ascertainiif training
on specific stimuli can transfer to general stimuli.

Most importantly, this study has focused on self-report
measures, which areinherently biased and vulnerable to demand
effects. Although the waitlist-control design helpsto reducethe
effects of random error, the nonblind randomization of
participants means that individuals who know they are in a
waitlist versustraining group may not respond asthey normally
would. This may explain why the participants in the waitlist
condition ate significantly less healthy food in the HEQ at time
2 and may explain the increase in the disinhibition subscale of
the TFEQ. Thissubscaleislinked to making poorer health food
choices [52], which may be the result of the control group
allowing themselvesto “givein” to their food cravings, knowing
that they will be receiving a healthy eating intervention after
the experimental period. In the same way, thosein the training
group could easily deduce that experimenters expected them to
eat more healthy foods after the training and may have been
acting in accordance with this expectation, not dueto thetraining
itself. Although utilizing an active control condition (eg, having
participants read information about healthy eating choices) is
apotential way to reduce demand effects, nonblind assignment
to active control groups may still reveal bias results, especially
for gaming-based interventions [53].

Future research must be especially careful in controlling for the
expectations and beliefs of both the training and waitlist groups
or measure these expectations to examine potential differences
that may confound results. Further studies therefore need to
consider a way of incorporating a more active control group,
which will help make the purpose of the intervention less
apparent to participants, reducing bias effects. Alternative food
consumption measures, such as food diaries or dietary
interviews, would also improve the accuracy of these data,
although this was beyond the scope of this study. A larger
number of participants and an equal number of maleand female
participants would improve statistical power.

Conclusions

Thisstudy, while preliminary, replicated and extended previous
food-related I1C training research, by priming both inhibitory
responses to unhealthy food and approach responses toward
healthy foods. Inhibitory control training was delivered through
apurpose-designed, mobile phone app that allowed participants
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to completethetraining at atime and place convenient tothem.  Asit is easy to complete and cheap to obtain, IC training is a
Further research is required to assess if the observed changes promising aternative or addition to existing obesity
transfer to longer-term real-life contexts, such as weight loss.  interventions.

Acknowledgments

We gratefully acknowledge the individuals who participated in this study. Neurocog Solutions Pty Ltd provided the NoGo app
to research participants at no cost.

Conflictsof I nterest

SJ provided the training mechanism and parameters for the NoGo app to Neurocog Solutions Pty Ltd (Australia) at no cost. SJ
has no financial interest in the NoGo app. SJis a co-inventor of intellectual property licensed by the University of Wollongong
(UOW) to Neurocog Solutions Pty Ltd and is entitled to a small portion of royalties received by UOW in relation to the sale of
any product that uses the UOW intellectual property. Thisintellectual property makes up a proportion of the intellectual property
used in another Neurocog Sol utions product (Focus Pocus) but not NoGo. TB and AR have no financial association with Neurocog
Solutions Pty Ltd.

References

1.  NgM, Feming T, Robinson M, Thomson B, Graetz N, Margono C, et a. Global, regional, and national prevalence of
overweight and obesity in children and adults during 1980-2013: a systematic analysis for the Global Burden of Disease
Study 2013. Lancet 2014 Aug 30;384(9945):766-781 [FREE Full text] [doi: 10.1016/S0140-6736(14)60460-8] [Medline:
24880830]

2. Larsen XK, Hermans RC, Engels RC. Food intake in response to food-cue exposure. Examining the influence of duration
of the cue exposure and trait impulsivity. Appetite 2012 Jun;58(3):907-913. [doi: 10.1016/j.appet.2012.02.004] [Medline:
22326507]

3. Nederkoorn C, Smulders FT, Havermans RC, Roefs A, Jansen A. Impulsivity in obese women. Appetite 2006
Sep;47(2):253-256. [doi: 10.1016/].appet.2006.05.008] [Medline: 16782231]

4. JasinskaAJ, Yasuda M, Burant CF, Gregor N, Khatri S, Sweet M, et al. Impulsivity and inhibitory control deficits are
associated with unhealthy eating in young adults. Appetite 2012 Dec;59(3):738-747 [FREE Full text] [doi:
10.1016/j.appet.2012.08.001] [Medline: 22885454]

5. HoubenK, Jansen A. Training inhibitory control. A recipefor resisting sweet temptations. Appetite 2011 Apr;56(2):345-349.
[doi: 10.1016/j.appet.2010.12.017] [Medline: 21185896]

6.  Nationa Health and Medical Research Council. 2013. Australian Dietary Guidelines URL: https.//www.nhmrc.gov.au/
guidelines-publications/n55 [accessed 2016-07-06] [WebCite Cache ID 6i0QJX3ia]

7. Houben K. Overcoming the urge to splurge: influencing eating behavior by manipulating inhibitory control. J Behav Ther
Exp Psychiatry 2011 Sep;42(3):384-388. [doi: 10.1016/j.jbtep.2011.02.008] [Medline: 21450264]

8.  Del Corra P, Bryan DR, Garvey WT, Gower BA, Hunter GR. Dietary adherence during weight |oss predicts weight regain.
Obesity (Silver Spring) 2011 Jun;19(6):1177-1181 [FREE Full text] [doi: 10.1038/0by.2010.298] [Medline: 21164500]

9. Hwang K, Ghuman AS, Manoach DS, Jones SR, Luna B. Cortical neurodynamics of inhibitory control. J Neurosci 2014
Jul 16;34(29):9551-9561 [FREE Full text] [doi: 10.1523/INEUROSCI.4889-13.2014] [Medline: 25031398]

10. Guerrieri R, Nederkoorn C, Jansen A. Disinhibition is easier learned than inhibition. The effects of (dis)inhibition training
on food intake. Appetite 2012 Aug;59(1):96-99. [doi: 10.1016/j.appet.2012.04.006] [Medline: 22521403]

11.  Allan JL, Johnston M, Campbell N. Unintentional eating. What determines goal-incongruent chocolate consumption?
Appetite 2010 Apr;54(2):422-425. [doi: 10.1016/j.appet.2010.01.009] [Medline: 20100530]

12.  van Koningsbruggen GM, Stroebe W, Papies EK, Aarts H. Implementation intentions as goal primes: Boosting self-control
in tempting environments. Eur J Soc Psychol 2011 May 03;41(5):551-557. [doi: 10.1002/€jsp.799]

13. Benikos N, Johnstone SJ, Roodenrys SJ. Short-term training in the Go/Nogo task: behavioural and neural changes depend
on task demands. Int J Psychophysiol 2013 Mar;87(3):301-312. [doi: 10.1016/}.ijpsycho0.2012.12.001] [Medline: 23247193]

14. Jones A, Christiansen P, Nederkoorn C, Houben K, Field M. Fluctuating disinhibition: implications for the understanding
and treatment of alcohol and other substance use disorders. Front Psychiatry 2013;4:140 [FREE Full text] [doi:
10.3389/fpsyt.2013.00140] [Medline: 24155728]

15. Bowley C, Faricy C, Hegarty B, Johnstone SJ, Smith JL, Kelly PJ, et a. The effects of inhibitory control training on a cohol
consumption, implicit al cohol-related cognitions and brain electrical activity. Int JPsychophysiol 2013 Sep;89(3):342-348.
[doi: 10.1016/j.psycho.2013.04.011]

16. Luijten M, Machielsen MW, Veltman DJ, Hester R, de Haan L, Franken IH. Systematic review of ERP and fMRI studies
investigating inhibitory control and error processing in people with substance dependence and behavioural addictions. J
Psychiatry Neurosci 2014 May;39(3):149-169 [FREE Full text] [Medline: 24359877]

http://games.jmir.org/2016/2/€10/ JMIR Serious Games 2016 | vol. 4 | iss. 2 |e10 | p.12
(page number not for citation purposes)


http://europepmc.org/abstract/MED/24880830
http://dx.doi.org/10.1016/S0140-6736(14)60460-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24880830&dopt=Abstract
http://dx.doi.org/10.1016/j.appet.2012.02.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22326507&dopt=Abstract
http://dx.doi.org/10.1016/j.appet.2006.05.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16782231&dopt=Abstract
http://europepmc.org/abstract/MED/22885454
http://dx.doi.org/10.1016/j.appet.2012.08.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22885454&dopt=Abstract
http://dx.doi.org/10.1016/j.appet.2010.12.017
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21185896&dopt=Abstract
https://www.nhmrc.gov.au/guidelines-publications/n55
https://www.nhmrc.gov.au/guidelines-publications/n55
http://www.webcitation.org/6ioQJX3ia
http://dx.doi.org/10.1016/j.jbtep.2011.02.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21450264&dopt=Abstract
http://dx.doi.org/10.1038/oby.2010.298
http://dx.doi.org/10.1038/oby.2010.298
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21164500&dopt=Abstract
http://www.jneurosci.org/cgi/pmidlookup?view=long&pmid=25031398
http://dx.doi.org/10.1523/JNEUROSCI.4889-13.2014
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25031398&dopt=Abstract
http://dx.doi.org/10.1016/j.appet.2012.04.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22521403&dopt=Abstract
http://dx.doi.org/10.1016/j.appet.2010.01.009
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20100530&dopt=Abstract
http://dx.doi.org/10.1002/ejsp.799
http://dx.doi.org/10.1016/j.ijpsycho.2012.12.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23247193&dopt=Abstract
http://dx.doi.org/10.3389/fpsyt.2013.00140
http://dx.doi.org/10.3389/fpsyt.2013.00140
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24155728&dopt=Abstract
http://dx.doi.org/10.1016/j.psycho.2013.04.011
http://www.jpn.ca/vol39-issue3/39-3-149/
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24359877&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR SERIOUS GAMES Blackburne et al

17. Veling H, Aarts H, Papies EK. Using stop signals to inhibit chronic dieters' responses toward pal atable foods. Behav Res
Ther 2011 Nov;49(11):771-780. [doi: 10.1016/j.brat.2011.08.005] [Medline: 21906724]

18. AllomV, Mullan B. Two inhibitory control training interventions designed to improve eating behaviour and determine
mechanisms of change. Appetite 2015 Jun;89:282-290. [doi: 10.1016/j.appet.2015.02.022] [Medline: 25725487]

19. Veling H, van Koningsbruggen GM, Aarts H, Stroebe W. Targeting impulsive processes of eating behavior viatheinternet.
Effects on body weight. Appetite 2014 Jul;78:102-109. [doi: 10.1016/j.appet.2014.03.014] [Medline: 24675683]

20. Kendzor DE, Shuval K, Gabriel KP, Businelle MS, MaP, High RR, et al. Impact of a Mobile Phone Intervention to Reduce
Sedentary Behavior in a Community Sample of Adults: A Quasi-Experimental Evaluation. JMed Internet Res 2016
Jan;18(1):e19 [FREE Full text] [doi: 10.2196/jmir.5137] [Medline: 26810027]

21. Willey S, Walsh JK. Outcomes of a Mobile Health Coaching Platform: 12-Week Results of a Single-Arm Longitudinal
Study. IMIR Mhealth Uhealth 2016 Jan;4(1):€3 [FREE Full text] [doi: 10.2196/mhealth.4933] [Medline: 26747611]

22.  Ruchsow M, Groen G, Kiefer M, Hermle L, Spitzer M, Falkenstein M. Impulsiveness and ERP components in a Go/Nogo
task. JNeural Transm (Vienna) 2008 Jun;115(6):909-915. [doi: 10.1007/s00702-008-0042-7] [Medline: 18368285]

23. Watson TD, Garvey KT. Neurocognitive correlates of processing food-related stimuli in a Go/No-go paradigm. Appetite
2013 Dec;71:40-47. [doi: 10.1016/j.appet.2013.07.007] [Medline: 23892319]

24. Drollette ES, Scudder MR, Raine LB, Moore RD, Saliba BJ, Pontifex MB, et al. Acute exercise facilitates brain function
and cognition in children who need it most: an ERP study of individual differencesin inhibitory control capacity. Dev Cogn
Neurosci 2014 Jan;7:53-64 [FREE Full text] [doi: 10.1016/j.dcn.2013.11.001] [Medline: 24309300]

25. SarloM, Ube S, Leutgeb V, Schienle A. Cognitive reappraisal failswhen attempting to reduce the appetitive value of food:
an ERP study. Biol Psychol 2013 Dec;94(3):507-512. [doi: 10.1016/j.biopsycho.2013.09.006] [Medline: 24056130]

26. Chaput J, Drapeau V, Hetherington M, Lemieux S, Provencher V, Tremblay A. Psychobiological impact of a progressive
weight loss program in obese men. Physiol Behav 2005 Sep 15;86(1-2):224-232. [doi: 10.1016/j.physbeh.2005.07.014]
[Medline: 16112692]

27. Bryant EJ, Caudwell P, HopkinsME, King NA, Blundell JE. Psycho-markers of weight loss. Therolesof TFEQ Disinhibition
and Restraint i n exercise-induced weight management. Appetite 2012 Feb;58(1):234-241. [doi: 10.1016/j.appet.2011.09.006]
[Medline: 21983045]

28. Faul F, Erdfelder E, Lang A, Buchner A. G* Power 3: aflexible statistical power analysis program for the social, behavioral,
and biomedical sciences. Behav Res Methods 2007 May;39(2):175-191. [Medline: 17695343]

29. Patton JH, Stanford MS, Barratt ES. Factor structure of the Barratt impulsiveness scale. J Clin Psychol 1995
Nov;51(6):768-774. [Medline: 8778124]

30. Leitch MA, Morgan MJ, Yeomans MR. Different subtypes of impulsivity differentiate uncontrolled eating and dietary
restraint. Appetite 2013 Oct;69:54-63. [doi: 10.1016/j.appet.2013.05.007] [Medline: 23702263]

31. MeuleA. Impulsivity and overeating: a closer ook at the subscales of the Barratt Impulsiveness Scale. Front Psychol
2013;4:177 [EREE Full text] [doi: 10.3389/fpsyq.2013.00177] [Medline: 23596432]

32. Shenl, LeeD, Chen C. Therole of trait impulsivity in response inhibition: event-related potentialsin a stop-signal task.
Int J Psychophysiol 2014 Feb;91(2):80-87. [doi: 10.1016/j.ijpsycho.2013.11.004] [Medline: 24316151]

33. Patte K. Overeating and obesity: the role of impulsivity. Canada: York University; 2006.

34. Brown D. Do food frequency questionnaires have too many limitations? J Am Diet Assoc 2006 Oct;106(10):1541-1542.
[doi: 10.1016/j.jada.2006.07.020] [Medline: 17000185]

35. HuFB, Rimm E, Smith-Warner SA, Feskanich D, Stampfer MJ, Ascherio A, et al. Reproducibility and validity of dietary
patterns assessed with afood-frequency questionnaire. Am J Clin Nutr 1999 Feb;69(2):243-249 [FREE Full text] [Medline:
9989687]

36. Stunkard AJ, Messick S. The three-factor eating questionnaire to measure dietary restraint, disinhibition and hunger. J
Psychosom Res 1985;29(1):71-83. [Medline: 3981480]

37. Cappelleri JC, Bushmakin AG, Gerber RA, Leidy NK, Sexton CC, Lowe MR, et al. Psychometric analysis of the Three-Factor
Eating Questionnaire-R21: results from alarge diverse sample of obese and non-obese participants. Int JObes (Lond) 2009
Jun;33(6):611-620. [doi: 10.1038/ij0.2009.74] [Medline: 19399021]

38. Johnstone SJ, Pleffer CB, Barry RJ, Clarke AR, Smith JL. Development of Inhibitory Processing During the Go/NoGo
Task: A Behavioral and Event-Related Potential Study of Children and Adults. Journal of Psychophysiology 2005
Jan;19(1):11-23. [doi: 10.1027/0269-8803.19.1.11]

39. DimoskaA, Johnstone SJ, Barry RJ. The auditory-evoked N2 and P3 componentsin the stop-signal task: indices of inhibition,
response-conflict or error-detection? Brain Cogn 2006 Nov;62(2):98-112. [doi: 10.1016/j.bandc.2006.03.011] [Medline:
16814442]

40. Donkers FC, van Boxtel GJ. The N2 in go/no-go tasks reflects conflict monitoring not response inhibition. Brain Cogn
2004 Nov;56(2):165-176. [doi: 10.1016/j.bandc.2004.04.005] [Medline: 15518933]

41. Boucher L, Palmeri TJ, Logan GD, Schall JD. Inhibitory control in mind and brain: an interactive race model of
countermanding saccades. Psychol Rev 2007 Apr;114(2):376-397. [doi: 10.1037/0033-295X.114.2.376] [Medline: 17500631]

42.  Smith JL, Johnstone SJ, Barry RJ. Movement-related potentials in the Go/NoGo task: the P3 reflects both cognitive and
motor inhibition. Clin Neurophysiol 2008 Mar;119(3):704-714. [doi: 10.1016/j.clinph.2007.11.042] [Medline: 18164657]

http://games.jmir.org/2016/2/€10/ JMIR Serious Games 2016 | vol. 4 | iss. 2 |e10 | p.13

(page number not for citation purposes)


http://dx.doi.org/10.1016/j.brat.2011.08.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21906724&dopt=Abstract
http://dx.doi.org/10.1016/j.appet.2015.02.022
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25725487&dopt=Abstract
http://dx.doi.org/10.1016/j.appet.2014.03.014
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24675683&dopt=Abstract
http://www.jmir.org/2016/1/e19/
http://dx.doi.org/10.2196/jmir.5137
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26810027&dopt=Abstract
http://mhealth.jmir.org/2016/1/e3/
http://dx.doi.org/10.2196/mhealth.4933
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26747611&dopt=Abstract
http://dx.doi.org/10.1007/s00702-008-0042-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18368285&dopt=Abstract
http://dx.doi.org/10.1016/j.appet.2013.07.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23892319&dopt=Abstract
http://linkinghub.elsevier.com/retrieve/pii/S1878-9293(13)00091-1
http://dx.doi.org/10.1016/j.dcn.2013.11.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24309300&dopt=Abstract
http://dx.doi.org/10.1016/j.biopsycho.2013.09.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24056130&dopt=Abstract
http://dx.doi.org/10.1016/j.physbeh.2005.07.014
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16112692&dopt=Abstract
http://dx.doi.org/10.1016/j.appet.2011.09.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21983045&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17695343&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8778124&dopt=Abstract
http://dx.doi.org/10.1016/j.appet.2013.05.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23702263&dopt=Abstract
http://dx.doi.org/10.3389/fpsyg.2013.00177
http://dx.doi.org/10.3389/fpsyg.2013.00177
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23596432&dopt=Abstract
http://dx.doi.org/10.1016/j.ijpsycho.2013.11.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24316151&dopt=Abstract
http://dx.doi.org/10.1016/j.jada.2006.07.020
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17000185&dopt=Abstract
http://www.ajcn.org/cgi/pmidlookup?view=long&pmid=9989687
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9989687&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=3981480&dopt=Abstract
http://dx.doi.org/10.1038/ijo.2009.74
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19399021&dopt=Abstract
http://dx.doi.org/10.1027/0269-8803.19.1.11
http://dx.doi.org/10.1016/j.bandc.2006.03.011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16814442&dopt=Abstract
http://dx.doi.org/10.1016/j.bandc.2004.04.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15518933&dopt=Abstract
http://dx.doi.org/10.1037/0033-295X.114.2.376
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17500631&dopt=Abstract
http://dx.doi.org/10.1016/j.clinph.2007.11.042
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18164657&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR SERIOUS GAMES Blackburne et al

43.

44,

45,

46.

47.

48.

49,

50.

51.

52.

53.

Randall WM, Smith JL. Conflict and inhibition in the cued-Go/NoGo task. Clin Neurophysiol 2011 Dec;122(12):2400-2407.
[doi: 10.1016/j.clinph.2011.05.012] [Medline: 21715225]

Munakata Y, Herd SA, Chatham CH, Depue BE, Banich M T, O'Reilly RC. A unified framework for inhibitory control.
Trends Cogn Sci 2011 Oct;15(10):453-459 [FREE Full text] [doi: 10.1016/j.tics.2011.07.011] [Medline: 21889391]

Ruff RR, Akhund A, Adjoian T, Kansagra SM. Cal orie intake, sugar-sweetened beverage consumption, and obesity among
New York City adults: findings from a 2013 population study using dietary recalls. JCommunity Health 2014
Dec;39(6):1117-1123. [doi: 10.1007/s10900-014-9865-3] [Medline: 24671367]

Jorm AF, Korten AE, Christensen H, Jacomb PA, Rodgers B, Parslow RA. Association of obesity with anxiety, depression
and emotional well-being: a community survey. Aust N Z J Public Health 2003;27(4):434-440. [Medline: 14705308]
Klump KL, Keel PK, Racine SE, Burt SA, Burt AS, Neale M, et a. The interactive effects of estrogen and progesterone
on changes in emotional eating across the menstrual cycle. J Abnorm Psychol 2013 Feb;122(1):131-137 [EREE Full text]
[doi: 10.1037/a0029524] [Medline: 22889242]

Wong RJ, Chou C, Ahmed A. Long term trends and racial/ethnic disparities in the prevalence of obesity. J Community
Health 2014 Dec;39(6):1150-1160. [doi: 10.1007/s10900-014-9870-6] [Medline: 24715435]

Backholer K, Mannan HR, Magliano DJ, WallsHL, Stevenson C, Beauchamp A, et al. Projected socioeconomic disparities
in the prevalence of obesity among Australian adults. Aust N Z J Public Health 2012 Dec;36(6):557-563. [doi:
10.1111/j.1753-6405.2012.00885.x] [Medline: 23216497]

Birch E. The Role of Socioeconomic, Demographic and Behavioural Factors in Explaining the High Rates of Obesity
Among Indigenous Australians. Australian Economic Papers 2015 Dec;54(4):209-228. [doi: 10.1111/1467-8454.12055]
Cleobury L, Tapper K. Reasons for eating 'unhealthy' snacks in overweight and obese males and females. JHum Nutr Diet
2014 Aug;27(4):333-341. [doi: 10.1111/jhn.12169] [Medline: 24134077]

Boot WR, Simons DJ, Stothart C, Stutts C. The Pervasive Problem With Placebosin Psychology: Why Active Control
Groups Are Not Sufficient to Rule Out Placebo Effects. Perspect Psychol Sci 2013 Jul;8(4):445-454. [doi:
10.1177/1745691613491271] [Medline: 26173122]

Bryant EJ, King NA, Blundell JE. Disinhibition: its effects on appetite and weight regulation. Obes Rev 2008
Sep;9(5):409-419. [doi: 10.1111/j.1467-789X.2007.00426.x] [Medline: 18179615]

Abbreviations

ANOVA: analysis of variance
BIS: Barratt Impulsiveness Scale
BM1: body mass index

EEG: electroencephalogram
ERP: event-related potential
FCT: food consumption test
HEQ: Healthy Eating Quiz

I C: inhibitory control

ISI: interstimulusinterval

RTD: reaction time deadline
TFEQ: Three-Factor Eating Questionnaire

Edited by M Graafland; submitted 29.02.16; peer-reviewed by D Kendzor, P Saccini; comments to author 08.04.16; revised version
received 08.05.16; accepted 15.06.16; published 13.07.16.

Please cite as:

Blackburne T, Rodriguez A, Johnstone SJ

A Serious Game to Increase Healthy Food Consumption in Overweight or Obese Adults: Randomized Controlled Trial
JIMIR Serious Games 2016;4(2):e10

URL: http://games.jmir.org/2016/2/€10/

doi:10.2196/games.5708
PMID: 27417192

©Tegan Blackburne, Alexandra Rodriguez, Stuart John Johnstone. Originaly published in JMIR Serious Games
(http://games.jmir.org), 13.07.2016. Thisis an open-access article distributed under the terms of the Creative Commons Attribution
License (http://creativecommons.org/licenses/by/2.0/), which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work, first published in IMIR Serious Games, is properly cited. The complete bibliographic

http://games.jmir.org/2016/2/€10/ JMIR Serious Games 2016 | vol. 4 | iss. 2 |e10 | p.14

(page number not for citation purposes)


http://dx.doi.org/10.1016/j.clinph.2011.05.012
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21715225&dopt=Abstract
http://europepmc.org/abstract/MED/21889391
http://dx.doi.org/10.1016/j.tics.2011.07.011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21889391&dopt=Abstract
http://dx.doi.org/10.1007/s10900-014-9865-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24671367&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14705308&dopt=Abstract
http://europepmc.org/abstract/MED/22889242
http://dx.doi.org/10.1037/a0029524
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22889242&dopt=Abstract
http://dx.doi.org/10.1007/s10900-014-9870-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24715435&dopt=Abstract
http://dx.doi.org/10.1111/j.1753-6405.2012.00885.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23216497&dopt=Abstract
http://dx.doi.org/10.1111/1467-8454.12055
http://dx.doi.org/10.1111/jhn.12169
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24134077&dopt=Abstract
http://dx.doi.org/10.1177/1745691613491271
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26173122&dopt=Abstract
http://dx.doi.org/10.1111/j.1467-789X.2007.00426.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18179615&dopt=Abstract
http://games.jmir.org/2016/2/e10/
http://dx.doi.org/10.2196/games.5708
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27417192&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR SERIOUS GAMES Blackburne et al

information, alink to the original publication on http://games.jmir.org, as well as this copyright and license information must be
included.

http://games.jmir.org/2016/2/€10/ JMIR Serious Games 2016 | vol. 4 | iss. 2 |e10 | p.15
(page number not for citation purposes)

RenderX


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR SERIOUS GAMES Lumsden et al

Original Paper

Gamification of Cognitive Assessment and Cognitive Training: A
Systematic Review of Applications and Efficacy

Jim Lumsden™?, MSc; Elizabeth A Edwards’, MBBS; Natalia S Lawrence®, PhD; David Coyle®, PhD; Marcus R
Munafo?, PhD

1UK Centre for Tobacco and Alcohol Studies, School of Experimental Psychology, University of Bristol, Bristol, United Kingdom
°MRC Integrative Epidemiology Unit (IEU), University of Bristol, Bristol, United Kingdom

SCentre for Primary Care and Public Health, Bart's & The London School of Medicine & Dentistry, London, United Kingdom
4Department of Psychology, College of Life and Environmental Sciences, University of Exeter, Exeter, United Kingdom

Sschool of Computer Science, University College Dublin, Dublin, Ireland

Corresponding Author:

Jim Lumsden, MSc

UK Centre for Tobacco and Alcohol Studies
School of Experimental Psychology
University of Bristol

12aPriory rd

Bristol, BS8 1TU

United Kingdom

Phone: 44 117 92 88450

Fax: 44 1179288588

Email: jim.lumsden@bristol.ac.uk

Abstract

Background: Cognitive tasks are typically viewed as effortful, frustrating, and repetitive, which often leads to participant
disengagement. This, in turn, may negatively impact data quality and/or reduce intervention effects. However, gamification may
provide apossible solution. If game design features can be incorporated into cognitive tasks without undermining their scientific
value, then data quality, intervention effects, and participant engagement may be improved.

Objectives. This systematic review aims to explore and evaluate the ways in which gamification has already been used for
cognitive training and assessment purposes. We hope to answer 3 questions. (1) Why have researchers opted to use gamification?
(2) What domains has gamification been applied in? (3) How successful has gamification been in cognitive research thus far?

Methods: We systematically searched several Web-based databases, searching the titles, abstracts, and keywords of database
entries using the search strategy (gamif* OR game OR games) AND (cognit* OR engag* OR behavi* OR health* OR attention
OR motiv*). Searches included papers published in English between January 2007 and October 2015.

Results: Our review identified 33 relevant studies, covering 31 gamified cognitive tasks used across a range of disorders and
cognitive domains. We identified 7 reasons for researchers opting to gamify their cognitive training and testing. We found that
working memory and genera executive functions were common targets for both gamified assessment and training. Gamified
tests were typically validated successfully, although mixed-domain measurement was a problem. Gamified training appears to
be highly engaging and does boost participant motivation, but mixed effects of gamification on task performance were reported.

Conclusions: Heterogeneous study designs and typically small sample sizes highlight the need for further research in both
gamified training and testing. Nevertheless, careful application of gamification can provide a way to develop engaging and yet
scientifically valid cognitive assessments, and it is likely worthwhile to continue to develop gamified cognitive tasksin the future.

(JMIR Serious Games 2016;4(2):e11) doi:10.2196/games.5888
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Introduction

Every day, millions of people play games, on computers,
consoles, and mobile devices [1]. One explanation for the
massive popularity of gamesisthat they can provide easy access
to a sense of engagement and self-efficacy which reality may
not deliver [2]. By their nature, games present users with
difficult challenges to overcome and use narrative structure,
complex graphics, strategic elements, and intuitive rules to
engage the user [3]. This ability to engross users has recently
begun to beleveraged for purposes beyond entertainment in the
form of gamification. Theaim of gamificationisto use gamelike
features (competition, narrative, leaderboards, graphics, and
other game design elements) to transform an otherwise mundane
task into something engaging and even fun.

In cognitive science, whether we are gathering data or trying to
encourage behavior change, successfully engaging participants
isvital. Thereis evidence that a lack of participant motivation
has a negative impact on the quality of data collected [4], with
tasks commonly being viewed as too boring and repetitive for
participant attention to be sustained. Thisisaparticular problem
for Web-based studies where participants can simply close the
browser window and drop out of the study the moment they
decideit is not worth their time [5].

If we are attempting to alter behavior (for example, cognitive
bias modification or working memory training), then it is vital
that our interventions are engaging. Gamification may help in
thisregard. If we can successfully import game design elements
into cognitive tasks without undermining their scientific value,
then we may be ableto improvethe quality of our data, increase
the effectiveness of our interventions, and improve the
experience for participants. Furthermore, using games as a
vehicle to deliver cognitive training may also be advantageous
simply because video games appear to have positive effects on
anumber of outcomes, including working memory, attentional
capacity, problem solving, motivation, emotional control, and
prosocia behaviors[6]. In essence, delivering targeted cognitive
training through a video game medium might provide a range
of benefits.

Much of the literature on gamification is relatively recent,
cross-disciplinary, and heterogeneous in nature. This lack of
coherencein the field is partly due to poor definition of terms;
for example, the gamelike tasks covered in this review could
be described as “serious games,” “gamelike” “gamified,”
“games with a purpose,” “gamed-up,” or simply “computer
based” [7-10]. To our knowledge, there have been no systematic
reviews of gamification in cognitive research. There have,
however, been several reviews of the concepts core to
gamification and how they can be applied successfully (see
[11-13]). However, detailed discussion of these reviews is
beyond the scope of this paper. Also related but beyond our
scope is the body of work on the effects of video games on
behavior (see[14,15] for reviews).

This paper aims to systematically review the ways in which
gamification has already been used for the purposes of cognitive
assessment and training. We were specifically interested in the
following questions: (1) Why have researchers opted to use
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gamification? (2) What domains has gamification been applied
in? (3) How successful has gamification been in cognitive
research thus far? We deliberately used a broad search strategy
SO as not to miss any relevant papers. We reviewed only the
peer-reviewed literature and have therefore deliberatel y excluded
some cognitive training games available on the iTunes or Play
Store (such as Luminosity and Peak) unless supported by
peer-reviewed research.

Methods

Databases and Search Strategy

Thefollowing databases were searched electronically: Psyclnfo,
Medline, ETHOS, EMBASE, PubMed, IBSS, Francis, Web of
Science and Scopus. We searched the titles, abstracts, and
keywords of database entries using the search strategy (gamif*
OR game OR games) AND (cognit* OR engag* OR behavi*
OR health* OR attention OR motiv*), where * represents a
wildcard to allow for alternative suffixes. Searches included
papers published in English between January 2007 and October
2015. We searched the bibliographies of included papers to
locate further relevant material not discovered in the database
search.

Inclusion Criteria

Primary Research Paper

Included papers were empirical research studies, not literature
reviews, opinion pieces, or design documents.

Novel Gamelike Task

Included papers focussed on newly developed gamelike tasks,
created specifically for the study in question. We excluded
commercially availablevideo games (ig, “ off-the-shelf” games)
aswell as gamelike tasks that have been in use for many years,
such as Space Fortress (see [16] for areview).

Measure or Train Cognition

Included papers focussed on tasks designed to assess or train
cognition. For scoping purposes, we took a narrow definition
of cognition: those processes involved in memory, attention,
decison making, impulse control, executive functioning,
processing speed, and visual perception.

Validated or Piloted

Included papers had to involve an empirical study, either
validating the task as a measure of cognition or piloting the
intervention. Papers regarding usability testing alone were
excluded.

Exclusion Criteria

Non—Peer-Reviewed Papers

We excluded non—peer-reviewed papers such as abstracts or
conference posters.
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Gamification in the Behavioral Sciences but not
I nvolving Cognition

We excluded papers on gamification for education purposes,
disease management, health promotion, exposure therapy, or
rehabilitation.

Game Engines/Three-Dimensional (3D) Environments

We excluded papers that made use of virtual reality or a 3D
environment without any game mechanics or gamelike framing.

Screening

We did not select papers based on whether they included
“gamification.” Rather, papers were selected if they were
captured by our search strategy and were considered relevant
based on our inclusion/exclusion criteria. We intentionally did
not strictly define gamification: as has been discussed famously
by Wittgenstein and is alluded to by Deterding [13], trying to
precisely define what elements make a game is both difficult
and limiting. Therefore, we decided that atask was gamified if
its stated purpose was to increase participant motivation. Where
there was insufficient detail to determine whether a paper met
our inclusion criteria, we erred on the side of caution to increase
our confidence in the relevance of the studies reviewed.

After screening, data were extracted from each paper using a
standardized data extraction form. Datarelating to the questions
of interest such as application of gamification, approach taken,
and efficacy were extracted from each paper. Application of
gamification refers to the field of psychology in which the
gamelike task was used and why a gamelike task was used.
Approach taken refers to the specific game mechanics used in
the task and what themes and scaffol ding were applied. Finally,
efficacy refers to the findings produced by the task in practice,
as well as details on the participants, methods used for
evaluation, and limitations of the study. Categorization of
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concepts (such as the cognitive domains measured) was done
using the paper-authors' own words where possible. Where not
possible, we mapped extracted concepts closely to existing
categories.

All papers identified by our search strategy were screened by
one reviewer (JL) in 3 stages, to determine whether they were
relevant based on our inclusion/exclusion criteria title, abstract,
and full text. A second reviewer (EE) rescreened 20% of the
papers from the title stage onward to ensure that no relevant
papers were missed. Papers were only included in the review
on the agreement of both JL and EE.

Results

Search Results

Our initial search yielded 33,445 papers (excluding duplicates).
Of these, 23 papers from the original search and 4 papers from
the manual reference search were included in the review. We
repeated the search in October 2015, including papers from
January 2015 until October 2015. This search produced 4448
papers (excluding duplicates) and resulted in another 4 papers
being included in the review, with a further 2 also included
following peer review. The total number of papersincluded in
the review wastherefore 33. See Figure 1 for aflowchart of the
combined searchesand Table 1 for detailsof al included studies.
We used Cohen K to assess inter-rater reliability of paper
inclusion at the 20% data check stage (7590 papers checked).
Therewas moderate agreement between the 2 reviewers (k=.526,
95% CI, 0.416 to 0.633, P<.001). All supplementary data
referenced in this paper can be found in Multimedia Appendix
1, whereas Multimedia Appendix 2 contains more detailed
information on the games and game mechanics used by studies
in the review.
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Table 1. Details of included papers.?

Author, year Full title Game Category

McPherson and Burns, 2007  Gsinvaders: Assessing a computer gamelike test of processing speed Space Code Testing

[17]

McPherson and Burns, 2008  Assessing the validity of computer gamelike tests of processing speed and  Space Matrix/Space  Testing

[18] working memory Code

Trapp et a, 2008 [19] Cognitive remediation improves cognition and good cognitive performance  Xcog Training
increases time to relapse—results of a 5-year catamnestic study in
schizophrenia patients

Gamberini et al, 2009 [20] Eldergames project: An innovative mixed reality table-top solution to pre- Eldergames Testing
serve cognitive functions in elderly people

Gamberini, Cardullo, Seraglia, Neuropsychological testing through a Nintendo Wii console Wii Tests Testing

and Bordin, 2010 [21]

Dovis, Oord, Wiers, and Prins, Can motivation normalize working memory and task persistencein children Megabot Testing

2011 [22] with attention-deficit/hyperactivity disorder? The effects of money and
computer-gaming

Delisleand Braun, 2011 [23] A context for normalizing impulsiveness at work for adults with attention  Retirement Party Testing
deficit/hyperactivity disorder (combined type)

Prins, Dovis, Ponsioen, ten Does computerized working memory training with game elementsenhance  Supermecha Training

Brink, and van der Oord, 2011 motivation and training efficacy in children with ADHD?

[24]

Limetal, 2012 [25] A brain-computer interface based attention training program for treating ~ Cogoland Training
attention deficit hyperactivity disorder

Heller et al, 2013 [26] A machinelearning-based analysis of game datafor attention deficit hyper-  Groundskeeper Testing
activity disorder assessment

Hawkins et al, 2013 [9] Gamelike features might not improve data EM-Antsand Ghost  Testing

Trap

Verhaegh, Fontijn, Aarts, and  In-game assessment and training of nonverbal cognitive skillsusing TagTiles Tap the Hedgehog Both

Resing, 2013[27]

Aalbers, Baars, Rikkert, and Puzzling with online games (BAM-COG): reliability, validity, and feasibil- BAM-COG Testing

Kessels, 2013 [28] ity of an online self-monitor for cognitive performance in aging adults

Fagundo et al, 2013 [29] Video game therapy for emotional regulation and impulsivity control ina  Playmancer Training
series of treated cases with bulimia nervosa

Angueraet a, 2013 [30] Video game training enhances cognitive control in older adults Neuroracer Training

van der Oord, Ponsioen, Geurts, A pilot study of the efficacy of acomputerized executive functioningreme- Braingame Brian Training

Ten Brink, and Prins, 2014[31] diation training with game elementsfor children with ADHD in an outpatient
setting

Brown et a, 2014 [32] Crowdsourcing for cognitive science—the utility of smartphones The Great Brain Ex-  Testing

periment

Tong and Chignell, 2014 [33]  Developing a serious game for cognitive assessment: choosing settingsand  Whack-a-mole Testing
measuring performance

Katz, Jaeggi, Buschkuehl, Differential effect of motivational features on training improvementsin WMTrainer Training

Stegman, and Shah, 2014 [34]  school-based cognitive training

Dunbar et al, 2013 [8] Implicit and explicit training in the mitigation of cognitive biasthroughthe MACBETH Training
use of a serious game

Leeeta, 2013 [35] A brain-computer interface based cognitive training system for healthy el- Card-Pairing Training
derly: A randomised control pilot study for usability and preliminary efficacy

Mirandaand Palmer, 2013[36] Intrinsic motivation and attentional capture from gamelike featuresinavi- Visual Search Testing
sual search task

Atkins et al, 2014 [37] Measuring working memory isall fun and games: A four-dimensional spatial  Shapebuilder Testing
game predicts cognitive task performance

Dorrenbacher et al, 2014 [38]  Dissociable effects of game elements on motivation and cognitioninatask Watermons Training
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Author, year Full title Game Category

McNab and Dolan, 2014 [39]  Dissociating distractor-filtering at encoding and during maintenance The Great Brain Ex-  Testing
periment

O'Tooleand Dennis, 2014[40] Mental health on the go: Effects of a gamified attention-bias modification ABMTApp Training

mobile application in trait-anxious adults

Tenorio Delgado, Arango TENI: A comprehensive battery for cognitive assessment based on games TENI Testing
Uribe, Aparicio Alonso, and and technology
Rosas Diaz, 2014 [41]

De Vries, Prins, Schmand, and  Working memory and cognitive flexibility-training for children with an Braingame Brian Training
Geurts, 2015 [42] autism spectrum disorder: arandomized controlled trial
Dovis, Van Der Oord, Wiers,  Improving executive functioning in children with ADHD: Training multiple Braingame Brian Training
and Prins, 2015 [43] executive functions within the context of a computer game. A randomized
double-blind placebo controlled trial
Kim et a, 2015 [44] Effects of a serious game training on cognitive functions in older adults Smart Harmony Training
Maneraet al, 2015 [45] “Kitchen and cooking,” a serious game for mild cognitive impairment and  Kitchen and Cooking Both
Alzheimer’'s disease: a pilot study
Ninaus et a, 2015 [46] Game elements improve performance in aworking memory trainingtask ~ GAME Training
Tarnanas et al, 2015 [47] On the comparison of anovel serious game and electroencephalography ~ VAP-M Testing

biomarkers for early dementia screening

8 n cases where the game was not named, we assigned a descriptive name.
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Figure 1. Flowchart detailing the paper discovery and screening process.
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Why Do Resear chers Use Gamification?

We searched each paper for explanations as to why a gamelike
task had been used and identified reasonsfor researchersopting
to gamify their cognitive training and testing. These reasons
were then coalesced into 7 categories. Some authors listed
multiple reasons for gamifying their approach, whereas others
gaveno motivationsat all. Supplementary Table 1in Multimedia

http://games.jmir.org/2016/2/e11/

RenderX

Appendix 1 provides details of which games fell into each
category.

To Increase Participant Motivation

Although we assumethat increasing participant motivation was
agoal for every study in this review, we found 16 studies that
explicitly used gamified tasks to measure or train cognition in
amore motivating manner, and the majority (10 of 16) of these
studies were assessment studies. Cognitive tests are typically a
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one off measure, and replayability isnot arequirement. Assuch,
these games tended to build simple game-archetypes, such as
space invaders or whack-a-mole, around an existing cognitive
task; with the goal of encouraging self-motivation, improving
participant enjoyment, and even reducing test anxiety [17].
Gamification aimsto increase engagement with tasksthat might
otherwise be perceived as demotivating [48], and the highly
repetitive nature of cognitive tasks means they are ripe for
improvement.

To Increase Usability/I ntuitiveness for the Target Age
Group

Eleven tasks were gamified specifically to enhance appeal with
a given age group (see Supplementary Table 2 in Multimedia
Appendix 1). The authors of these studies hypothesized that a
more intuitive interface could prevent boredom and anxiety in
the target age group, which might damage motivation and
concentration on the tasks at hand. Six games were designed to
be suitable for the elderly, who may not be familiar working
with amouse and keyboard [49]. Five other games were aimed
at young children, and reframed the cognitive assessment as a
game, to test the children under optimal mental conditions[41].

To Increase Long-Term Engagement

Commercial gamification is often used to create long-term
interest around a user experience, product, or event [13].
Similarly, wefound 11 studies (8 games) that used gamification
to reduce participant dropout rates over a protracted testing or
training programme. Many of these games were used in an
unobserved, nonlaboratory setting; therefore, the tasks made
use of motivational features that made the training and testing
intrinsically more appealing and less of a burden to perform on
aregular basis. A common feature was that task sessions were
kept as short as possible to make them more convenient and to
increase likelihood of completion [28,32]. For example, The
Great Brain Experiment aimed to keep task sessions below 5
minutes in duration and found that the shortest task, the Stop
Signal Task, was the most popular mini game.

To Investigate the Effects of Gamelike Tasks

Obviously, many of the studies in this review investigated the
effects of gamelike tasks, however, only 5 studies explicitly
stated that their aim wasto assessthe motivational and cognitive
effects of gamelike features. Three of the 6 games were very
simplistic, with only a few specific game mechanics and
carefully designed nongame controls, to make the effects of the
game mechanics on the dataas apparent as possible. One game,
Watermons[38], was designed, using Self Determination Theory
[50,51], to maximize participant intrinsic motivation and make
any motivational effects of game mechanics as apparent as
possible.

To Stimulate the Brain

Six studies cited evidence that playing video games can be
cognitively beneficial and/or stimulating asakey factor in their
decision to gamify. The past decade has seen rapid growth in
the investigation of the cognitive effects of video gaming, and
findings have typically been positive. There is good evidence
that video game players outperform nongamers on tests of
working memory [52] visual attention [53,54] and processing
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speed [55,56]. The “active ingredient” of this cognitive
enhancement effect isnot yet known, but it comes as no surprise
that researcherswho areinterested in training cognition are keen
to include gamelike features in their training tasks.

To Increase Ecological Validity

Cognitive training has often suffered from a lack of
transferability [57-59]. Although participants may improve at
the training task, these improvements do not generalize to the
real world. In a similar vein, cognitive assessment has been
accused of being ecologically invalid [60]. A potential solution
is to make tasks more realistic, and these tasks inevitably
become gamelike as 3D graphics, sounds, and narrative are
added. We identified 6 studies that used gamified tasks to test
cognition in an engaging close-to-life environment or enhance
transferability of learned skills. As Dunbar et a explain [8],
games are uniquely suited to some forms of cognitive training
asthey givethe player freedom to make choices and experience
feedback on the effects of those choices; in other words, they
provide opportunities for experiential learning [61].

To Increase Suitability for the Target Disorder

Gamified tasks may also be more appealing to patients with
certain clinical conditions. Specifically, we found 6 studies
(covering 4 games) designed for people with attention
deficit/hyperactivity disorder (ADHD). It iscommonly reported
that ADHD patients are compulsive computer game players
[23]. Furthermore, patients with ADHD react differently from
controls to rewards and feedback: they prefer strong
reinforcement and immediate feedback, as well as clear goals
and objectives, al of which can easily be delivered in agamelike
environment [22,24,62].

What Arethe Application Areas of Gamification?

We found comparable numbers of games used for cognitive
testing (17) and training (13), with one game that can be used
for both testing and training (see Supplementary Table 3 in
Multimedia Appendix 1). It isaso worth noting that the numbers
of studies investigating cognitive testing (17) and training (15)
were very similar, and the slightly smaller proportion of games
used to deliver cognitive training is likely explained by the
relative recency of thefield.

Supplementary Table 4 in Multimedia Appendix 1 shows the
cognitive domains assessed. Working memory was the most
commonly tested domain. Thisislikely dueto itsease of testing
and al so because working memory deficit isacommon symptom
in many disorders. General executive function (EF), attention,
and inhibition were a so commonly tested domains. Many games
tested several cognitive domains and/or general EF, highlighting
the difficulty of examining gamification effects on specific
cognitive domains (and therefore comparing performance to
standard cognitive tasks). Supplementary Table5in Multimedia
Appendix 1 shows a breakdown of training tasks by the
cognitive domains they addressed. Again, working memory
was a popular target, closely followed by EF and inhibitory
control training. Thereisasmaller overlap in domains covered
by cognitive training tasks; test batteries tend to test a wide
range of domains, whereas training focuses on 1 or 2 domains
exclusively.
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Does Gamification Work?

The studieswe reviewed were generally enthusiastic about their
use of gamified tasks, although given the diversity of study
aims, this does not mean that all games worked as expected.
Where reported, subjective and objective measures of participant
engagement were positive. All studies that measured intrinsic
motivation reported that the use of gamelike tasks improved
motivation, compared with nongamified versions. We identified
21 of 33 studiesthat compared a gamelike task directly against
anongamified counterpart, and these studies can shed light on
the specific effects of gamification on testing and training tasks.

Most gamified assessments were validated successfully. Wi
Tests [21], Shapebuilder [37], The Great Brain Experiment
[32,39], BAM-COG [28], and Tap the Hedgehog [27] were all
found to produce output measures/scores that correlated fairly
well with their non—gamelike counterparts, though
mixed-domain measures were an issue (see Supplementary
Table 1in MultimediaAppendix 2 for full details of all games).
Validation studies varied in their design, and some studies
reported complex correlations between gamified and
nongamified tasks with multiple outputs. However, sample
correlations from some of the simpler validation studies suggest
intertask correlations of 0.45-0.60 [28,37,39,63]. Broadly
speaking, these were well-designed and well-powered studies,
and together, they provide encouraging evidence that cognitive
tests can be gamified and still be useful as aresearch tool.

Some studies found that their gamified tests were correlated
with measures of multiple cognitive domains, in other words,
they were mixed-domain measures. For example, use of
exploratory factor analysis showed that Whack-a-Mol€'s primary
output measure was correlated with 2 of the 3 EFs of interest:
inhibition (r (22)=.60, P<.001) and updating (r (22) = .35,
P<.05) [33]. Space Code [17,18] had similar problems. The
initial study was successful, with Space Code’s output measure
correlating well with a conventional measure of processing
speed (r (58)=.55, P<.001). However, a second paper detailing
2 experiments which aimed to replicate the previous finding
found that Space Code's correl ations with measures of working
memory, visuospatial ability, and processing speed were not
stable[18]. The fact that Space Code was thought to be afairly
pure measure in one study and then was shown to be
mixed-domain in the next highlights the fact that designing
gamified cognitivetasksisdifficult, and multiple, well-powered
validation studies may berequired to ensure atask ismeasuring
what is intended.

Gamification also has the potential to invalidate a task. For
example, Retirement Party was compared against the
Continuous Performance Task-I1 in healthy controls and adults
with ADHD. The Continuous Performance Task-1 detected
more commission errors from the ADHD adults as expected
(mean [M]=56, standard deviation [SD]=13 vs M=46, SD=10),
but Retirement Party did not (M=14.4, SD=5.8 vs M=13.2,
SD=4.3): this likely invalidates the game as a diagnostic tool
for ADHD. However, Delisle and Braun [23] discuss the
possibility that Retirement Party may have detected no deficit
in ADHD patients as the nature of the task was such that there
was no deficit: the highly structured and feedback-rich multitask
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environment may have normalized the ADHD patients’ usual
inattention. Such a performance boost resulting from gamelike
elements is a disadvantage when performing cognitive
assessment but is likely to be desirable in a cognitive training
scenario.

Several studies in this review focused specifically on adding
game mechanics to cognitive tasks to investigate the resultant
changes in data, enjoyment, and motivation. Dovis et a [22]
studied whether different types of incentive could nhormalize
ADHD children’s performance on working memory training.
They found that regardless of incentive, ADHD children did
not perform as well as healthy controls. However, ADHD
children also experienced a decrease in performance over time,
and the €10 condition and the gaming condition (Megabot)
prevented this decrease. These resultsindicate that performance
problems in ADHD training might be somewhat alleviated
through the use of gamelike tasks. Thisis further supported by
the study by Prins et a (Supermecha [24]), which found that
ADHD children completed more training trials (M=199.48,
SD=47.46 vsM=134.43, SD=34.18), with higher accuracy (69%
vs 51%), when trained using a gamified working memory
training task as opposed to anon—gamelike one. Childreninthe
gamelike condition were also more engaged and enjoyed the
training more, as measured by “absencetime” Inasimilar vein,
The Great Brain Experiment [39] and GAME [46] both showed
gamelike tasks to be appropriate for measuring and training
working memory. With Ninaus et al, presenting evidence that
gamification can improve overal participant performancein a
working memory training task [48] and McNab and Dolan
showing that data collected from 2 very different gamified and
nongamified tasks could fit similar models of working memory

capacity.

In contrast, WMTrainer, was assessed across 7 different
conditions containing different combinations of game mechanics
[34]. They compared training improvement across conditions
and found that the greatest training effect was caused by versions
with minimal motivational features. Thefully gamified condition
had one of the shallowest improvement slopes and none of the
conditions made any difference on subjective motivation scores.
However, even the minimally gamelike version still featured
simplistic graphics and displayed a player score at the end of
theblock. It is possible that even this minimal gamification was
enough to induce increased motivation and that adding
“distracting” game elements such as persistent score display
may have a negative impact on performance by inducing
unneeded stress or new cognitive demands [34].

One of the most theoretically driven games in our review was
Watermons [38], which included many motivational features
aimed at delivering asense of player autonomy and competence.
The task-switching training was embedded within a rich
storyline and graphi cally enhanced theme. They found that these
gamelike features increased the effect of training, reducing
reaction times and switch costs, compared against a
non—-gamelike version of the training. Participants were also
morewilling to perform training when in the gamelike condition.

Mirandaand Palmer [36] used avisual search task with 2 forms
of reward for fast and accurate responses. sound effects and
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points. They found that sound effects led to increased reaction
times, potentially dueto attentional capture and did not improve
scores of subjective engagement. Points appeared to have no
effect on dataand boosted subj ective engagement scores. These
results highlight the delicate nature of designing gamified
cognitive tests because something as innocuous as afew sound
effects had del eterious effects on participant performance.

Finally, Hawkins et a, [9] compared gamelike versions of 2
decision-making tasks against nongame counterparts. No
difference between the data collected by the gamified versions
and the nongame versions was found. Subjective ratings
indicated that both versions of both tasks were equally boring
and repetitive, but that the gamelike versions were more
interesting and enjoyable. Given the relatively large combined
sample size of these studies (N=200), they provide good
evidence that game mechanics can beincluded in cognitive tests
without invalidating the data and with the desired effect of
increasing motivation.

Discussion

Principal Results

We identified 7 reasons why researchers use gamification in
cognitive research. These include not only the “traditional”
applications of gamification such as increasing long- and
short-term engagement with a task but also more clinicaly
related reasons such as making tasks moreinteractive to enhance
the effect of cognitive training. Several studies aimed to reduce
test anxiety and optimize performance in groups that
traditionally dislike being tested, particularly electronically,
such as elderly people and children. By hiding the test behind
anovel interface and gameplay, the target audience might feel
more comfortable.

We saw several gamesaimed at training and testing peoplewith
ADHD, and overall, these games appear highly engaging to
users, in some cases, even increasing the time spent training.
Gamified tasks may be valuable for assessing ADHD patients
as computer games are particularly appealing to them: with
rapid rewards, immediate feedback, and time-pressure being
exactly the type of stimulus the ADHD brain craves [64,65].
The dopaminergic system is thought to be abnormal in ADHD
[66,67]. However, it is thought that playing video games can
facilitate the release of extrastriatal dopamine, which plays a
role in focusing attention and heightening arousal [68,69]; this
may improve player performance and motivation. Nevertheless,
as Delisle and Braun discuss [23], we must be cautious that
liberal use of game mechanics does not reverse the very deficit
we are hoping to measure.

One of the primary reasonsthat psychologistsare keento utilize
gamification is to increase performance and motivation in
research populations. The results of references [9,17,18,38],
show that gamified tasks can be used to improve motivation,
while gtill maintaining ascientifically valid task. However, Katz
et a [34] and Miranda and Palmer [36] highlight that this can
be difficult balancing act, with several game mechanics having
unforeseen deleterious effects on performance. If gamified
psychological tasks are to become common in the future, further
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research isrequired to disentangle the impact of specific game
mechanics on task performance, as these studies have already
begun to do.

Differences Between Training and Assessment Tasks

Training games typicaly contained many features and were
similar in appearance to commercia video games. Cognitive
training normally requires several sessions to be effective, and
as a result, training tasks need to be engaging enough to play
for many hours. 3D graphics were quite prevalent, as was the
use of avatars, points, levels, and dynamically growing game
worlds (see Supplementary Figure 1 in Multimedia Appendix
2). Long-term goals which had to be completed over repeated
sessions were also common and served to sustain engagement
over along period. In contrast, assessment gameswere simpler,
predominantly using 2D graphics, sound effects, score, and
themeto create the appearance of agame. Several gamessimply
presented themselves as “ puzzles’ which the participant had to
complete. Tasks of this nature represent gamification at its
simplest, but they were well received by users, implying that
minima gamification is better than no gamification. The
simplicity of gamification employed islikely dueto the constant
tension between creating an engaging task and the risk of
undermining the task’s scientific validity: including unknown
game mechanics might have deleterious effects on the data
collected.

Validating Gamified Tasks

Wefound heterogeneous standards for validating gamified tasks.
Typically, cognitive assessment games were validated
rigorously, using correlation with similar cognitive tasks and
factor analysis to determine whether they were performing as
expected. Many training games used a gamified task only,
meaning the effect of gamification cannot be dissociated from
the effect of theintervention. Sample sizeswere small in nearly
all of the studieswe reviewed, and there waslittle consideration
of statistical power when sample sizeswere decided upon, with
only 5 of 33 papers describing a power calculation. Gamified
cognitive tests are novel scientific instruments and must be
validated as such. Small pilot studies, followed by larger
validation studiesincluding assessment of test—retest reliability,
and internal and external validity of the measures taken by the
game are needed [70]. Regarding cognitive training, ideally
gamified training should be treated as an intervention and so
the current gold standard of a blinded randomized control trial
is appropriate [71]. In both testing and training, we would
recommend the use of at least 2 controls: a standard cognitive
task designed to produce the same output measures/training
effect as the newly gamified task and a nongamified version of
the gamified task, built on the same software platform and
identical in function/interaction, with all game mechanics
removed.

Limitations

Onelimitation of thisreview isthe necessity of anarrow scope.
Gamification in psychology and psychiatry isarapidly growing
field, hence we decided to focus specifically on “cognitive
training and testing.” This has resulted in some papers being
excluded on the subjective basis of not being “cognitive
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research.” Nevertheless, to counteract this subjectivity, papers
were only included in the review on consensus from both
reviewers (JL and EE), and a 20% selection check was
performed by EE on papers from the title-screening stage
onward. An additional consideration isthat many of the studies
reviewed were of apreliminary nature, and as such, thefindings
reported here should be considered tentative.

Conclusions

Asdiscussed by Hawkins et al [9], it has often been suggested
that gamified cognitive tasks may result in higher quality data
and more effective training, simply by virtue of heightened
engagement. Our review found no evidence to support that
gamified tests can be used to improve data quality, either by
reducing between-subject noise or by improving participant
performance, and there were some indications that it may
actually worsen it [17,18,34,36]. We did, however, find some
evidence that gamification may be effective at enhancing
cognitive training, but we must take these positive training
findings tentatively due to numerous methodologic problems
in the studies that we reviewed.

Irrespective of whether gamification can improve data or
enhance training, there are still many reasons why gamelike
tasks may play an important role in the future of cognitive
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Fivetablesdetailing coding and categorization in the main manuscript. Table 1 liststhe reasonsfor using gamificationin cognitive
training and testing. Table 2 categorizes games by the age group they were aimed at. Table 3 lists games by training or testing
category. Tables 4 and 5 list games by the cognitive domains which they targeted.
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Multimedia Appendix 2

Additional information on the papers covered by this review that is highly detailed and intended for further analysis in future
papers or for other researchers to assess themselves. It contains short text-based descriptions of all 31 games and a screenshot
where the paper included one. Thereis also a detailed breakdown of the game mechanics in each task.
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Abstract

Background: Exergames often used for training purpose can also be applied to create assessments based on quantitative data
derived from the game. A number of studies relate to these use functionalities devel oping specific assessment tasks by using the
game software and provided good data on psychometric properties. However, (1) assessments often include tasks other than the
original game task used for training and therefore relate to similar but not to identical or integrated performances trained, (2)
people with diagnosed dementia have insufficiently been addressed in validation studies, and (3) studies did commonly not present
validation data such as sensitivity to change, although thisis a paramount objective for validation to evaluate responsivenessin
intervention studies.

Objective: Specific assessment parameters have been developed using quantitative data directly derived from the data stream
during the game task of atraining device (Physiomat). The aim of this study was to present data on construct validity, test—retest
reliability, sensitivity to change, and feasibility of thisinternal assessment approach, which allowsthe quantification of Physiomat
training effects on motor-cognitive functions in 105 multimorbid patients with mild-to-moderate dementia (mean age 82.7+5.9).

Methods: Physiomat assessment includes various tasks at different complexity levels demanding balance and cognitive abilities.
For construct validity, motor-cognitive Physiomat assessment tasks were compared with established motor and cognitive tests
using Spearman’s rank correlations (ry). For test—retest reliability, we used intra-class correlations (ICC; ;) and focused on all
Physiomat tasks. Sensitivity to change of trained Physiomat tasks was tested using Wilcoxon statistic and standardized response
means (SRMs). Completion rate and time were calculated for feasibility.

Results. Analyses have mostly shown moderate-to-high correlations between established motor as well as cognitive tests and
simple (r&=-.22 to .68, P <.001-.03), moderate (r&=-.33 to .71, P <.001-.004), and complex motor-cognitive Physiomat tasks
(re<—.2210 .83, P <.001-.30) indicating agood construct validity. M oderate-to-high correl ations between test and retest assessments
werefound for simple, moderate, and complex motor-cognitive tasks (ICC=.47-.83, P <.001) indicating good test—retest reliability.
Sensitivity to change was good to excellent for Physiomat assessment as it reproduced significant improvements (P <.001) with
mostly moderate-to-large effect sizes (SRM=0.5-2.0) regarding all trained tasks. Completion time averaged 25.8 minutes.
Completion rate was high for initial Physiomat measures. No adverse events occurred during assessment.

Conclusions:  Overal, Physiomat proved to have good psychometric qualities in people with mild-to-moderate dementia
representing areliable, valid, responsive, and feasible assessment strategy for multimorbid older adults with or without cognitive
impairment, which relates to identical and integrated performances trained by using the game.
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Introduction

With respect to the growing elderly population, the role of
innovative assessments to detect motor-functional or cognitive
deficits is becoming increasingly important. Such assessment
methods could help to identify appropriate interventionsto delay
age-related physical or mental decline.

Using Exergamesfor Training and Assessment Purpose

Modern computer technology has yielded creative and
motivating procedures especialy for training mental and
physical abilities, thereby reducing fall risk in older adults and
promoting independence and participation in everyday life,
respectively. Recent studies could show that applications such
as tablet mobile devices with integrated memory training apps
can be used even by people with early stage of dementia[1,2].
Some reviews reported that exergames that combine physical
activity with digital gaming have also been found wide
application in healthy [3], disabled older adults [4], and in
people with cognitive impairment or dementia [5-7]. Just to
name afew examples, a computerized Tai Chi game using the
Microsoft's motion-capture device Kinect [8] or a computer
tele-rehabilitation platform that combines game-based exercises
with telemonitoring [9] has the potentia to improve motor and
cognitive functions in the older population. To measure effects
of an exergame intervention, a broad variety of outcome
measures are reported in the literature (eg, [10]).

Effects on mator or cognitive functions can be assessed by using
“traditional” external outcome measures after gameplay such
as established paper-pencil tests or questionnaires. A lot of
exergames especially commercialy available games such as
The Nintendo's Wii Fit provides integrated approaches to
evauate baance performance. Sensors measure bodily
movements, and algorithms automatically convert sensor
information into quantitative data, for example, the center of
pressure (COP) (eg, [10]). The COPisused to control the game
tasks, to individually adjusting the gameplay to the user, and
also to generate performance scores, which provide the users
with instantaneous feedback about game performance in rea
time (eg, [11]). Scores assessing the users performances have
been validated in a few studies but show inconsistent results:
One study could show that scores of a step game had good
discriminant validity to differentiate between fallers and
nonfalers (P <.001) as well as moderate criterion-related
validity (r=—.55to —.69) and test—retest reliability ranged from
poor to good (ICC=.35-.93) in cognitively healthy older adults
[12]. In contrast, Wii Fit balance activity scores from different
static and dynamic balance tasks performed by “recreationally
active” adults (aged 27.0£9.8 years) ranged from
poor-to-moderate test—retest reliability (1CC=.29-.74), and
concurrent validity was also poor (r<.50) [13]. Goble et al [14]
indicate that these results suggest that game software—based

http://games.jmir.org/2016/2/e12/

assessments displayed as scores are not effective to measure
balance ability.

The dataflow derived from the game software can also be used
to develop specific computerized tests for quantification of
performances such as balance control (eg, [15-18]). Although
awiderange of resultsinterms of psychometric properties have
been reported as no uniform protocols or outcomes were used
for evaluation especially of the Wii Balance Board or the Xbox
Kinect [19], validation studies were successful to show that
commercialy available games basically provide a good basis
to create reliable and valid game-based assessments. For
example, the Wii Balance Board COP assessment in healthy
younger adults showed good-to-excellent test—retest reliability
(ICC=.66-.91), inter-rater reliability (1CC=.79-.89), intra-rater
reliability (ICC=.70-.92), and concurrent validity (ICC=.73-.89)
during single and double limb standing [16,18]. Another study
[20] investigated test—retest reliability and construct validity of
the Wii Balance Board in people after stroke (mean age
68.3+15.1 years) and showed excellent reliability (1CC=.82-.98)
and poor-to-moderate correlations between the Wii Balance
Board outcomes and clinical tests. The Wii Balance Board also
showed excellent concurrent validity (1CC=.92-.98) with force
platform—based assessments during balance tasksin peoplewith
Parkinson’s disease [21]. A previous study showed excellent
concurrent validity in balance tasks (r>0.75) using the Microsoft
Xbox Kinect in healthy adults [17]. Schoene et al [22] have
evaluated a custom-made dance mat device to assess stepping
reaction times and showed excellent test—retest reliability
(ICC=.90) and high correlations with other laboratory
assessments (r=.86). Test—retest analyses of assessments using
aforce platform bal ance measurement and training device (Good
Balance), in which participants had to move their COP along a
track (acircle or azigzag figure) shown on a computer screen,
indicated also good results (1CC=.71-.83) [23].

Beyond these commercially available games used for assessment
purpose, some researchers have developed and validated own
game-based assessment approaches. For example, Szturm et al
[24] examined a dual-task computer game-based platform that
integrates head tracking and cognitive tasks with balance
demands and showed moderate-to-high test—retest reliability
(ICC=.55-.75) in healthy, community-dwelling individuals.

Limitations of Exergame-Assessments Found in the
Literature

Although mentioned studies demonstrated that exergames can
be used for reliable and valid quantification of motor
performances such as balance control, assessment tasks derived
from the data stream of a game that show good data on
psychometric properties do commonly not represent the original
gametasks used for training purpose. Someintervention studies
demonstrated that dynamic aspects of COP are typical for
game-based balance training requiring the participant to shift
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their COP to perform tasks such as catching and moving objects
or popping rising balloons (eg, [11,15,25,26]). However, to
measure changes in balance ability after exergaming, adequate
but external instruments (neuropsychological test batteries or
functional tests such as the Timed Up and Go [27] or the Berg
Balance Scale [28]) have been applied in certain trials (eg,
[26,29-31]). Young et a [15] have developed an interface that
retrieves information from the Wii Balance Board, which can
be used to create a series of balance gamesfor both training and
assessment. However, in this study, effects of a training with
gametasks devel oped with the interface (catching applesfalling
from a tree and popping rising bubbles) were assessed using
tasks also created with the interface but which comprised
different demands as participants were instructed to maintain a
static standing position for 30 seconds with eyes closed and
open. Similar internal assessment approaches have also been
applied, for example, by Betker et a [25].

Although we could identify 2 studies that have validated
assessments based on the game's original training tasksto obtain
areliable and valid feedback of balance ability during gameplay
[22,23], assessment software derived from the data stream of a
game commonly includes tasks other than the origina game
task used for training. Therefore, some of the data might be
only loosely associated (eg, use of Timed Up and Go or single
or double limb standing with eyes closed to eval uate game-based
training gained for shifting the COP while standing) as most
validated assessment tasks relate to similar but not identical or
integrated performances trained by using exergames.

Despite an increasing number of validation studies evaluating
commercialy available games or research grade systems not
only in young participants without any injuries and history of
neurological and musculoskel etal diseases [16-18,24] but also
in patients with Parkinson’s disease [21], patients after stroke
[20], or frail nursing home residents [23], there is a lack of
validation studies including people with diagnosed dementia.
However, this patient sample could be a relevant target group
for game-based training programs and assessment. For all
identified validation studies including older adults, only a
cognitive screening was performed alowing a mere
classification of cognitive impairment by clinical screening
tools, for example, the Mini Mental State Examination (MM SE)
(eg, [32]), the Trail Making Test [22] or the Rapid Dementia
Screening Test [12]. In some validation studies, mixed samples
in terms of the cognitive impairment level might be examined
as participants were inadegquately screened for cognitive status
or screening processwas not described in detail (eg, [13,23,24]).
We found only 1 validation study that examined feasibility and
test—retest reliability of a force platform assessment in people
with diagnosis of Alzheimer’s disease [33]. Participants had to
move their COP by shifting their weight to 8 numbered targets
presented on a screen. Study results showed acceptable
test—retest reliability (ICC=.48-.71). Information regarding
dementiadiagnosesin this study was collected using the MM SE
[34] and the Frontal Assessment Battery [35], but only a small
sample (n=14) was included in the study.

Asoutlined previoudly, there are anumber of validation studies
mainly focusing on reliability and validity analyses of
assessmentsincorporated into commercialy available exergames
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or of other game-based systems specifically developed for
assessment purpose (16-18,20-24). However, we found no study
that has conducted not only reliability and validity analyses but
also targeting supplementary analyses on sensitivity to change
and feasibility to guarantee high methodological quality of the
assessment tools. It is striking that previous validation studies
did not present especially sensitivity to change data, although
this is a paramount objective for validation to evaluate
responsivenessin intervention studies. Feasibility analyses based
on documentations of completion rates, reasons for missing
responses, and mean completion time of assessment process
areaso generally lacking. Commonly, questionnairesto measure
motivation or subjective rating regarding difficulty of the tasks
are applied.

Summary and Aim of the Present Study

In summary, there are a number of studies demonstrating that
exergames can be used for reliable and valid quantification of
performances such as balance control and provided good data
on psychometric properties. However, (1) assessments often
include tasks other than the original gametask used for training
and therefore relate to similar but not identical or integrated
performancestrained, (2) people with diagnosed dementiahave
insufficiently been addressed in validation studies, and 3) studies
often lack additional validation analyses such as sensitivity to
change to document psychometric properties. The purpose of
this study wasto complement the pool of validated game-based
measurements that have aready been reported by a number of
evaluations. We have developed task-specific assessment
parameters based on data directly derived from the data stream
during the game task of a training device (Physiomat), which
aretherefore direct marker of thetraining tasks. Parameterstest
amuch more complex performanceincluding theinterplay (dual
task) between challenging motor and cognitive tasks. This
approach much better documents the actual game performance
compared with another balance performance documentation
(eg, during double limb standing with eyes closed) as used in
other studies. We aimed to evaluate this internal assessment
approach of the training device (Physiomat) in multimorbid,
frail elderly with mild-to-moderate dementia. We present data
on construct validity, test—retest reliability, sensitivity to change,
and feasihility.

Methods

Study Design

The validation study was part of a double-blind randomized
controlled trial (ISRCTN37232817) to improve motor-cognitive
functionsin people with mild-to-moderate dementia. To prevent
high test burden in the frail and multimorbid sample, validation
measureswere split. Assessmentsfor validation were conducted
before intervention (T1: construct validity and feasibility) and
after the intervention period (T2: sensitivity to change) with
repeated measures 2-5 days after T2 (retest: test—retest
reliability). The trial was performed according to the Helsinki
declaration and was approved by the Ethics Committee of the
University of Heidelberg.
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Recruitment

Participants were consecutively recruited including geriatric
patients, nursing home residents, and community-dwelling
persons. Inclusion criteriawere: age>65 years, place of residence
<15km from the study center, no severe neurological,
cardiovascular or psychiatric disorders, or visual deficits, ability
towalk 10 mwithout using awalking aid and written informed
consent (obtained by the patient or by alegal representative).
Individuals were screened for cognitive impairment using the
MMSE [34]. In those with an MMSE of 17-26 indicating
cognitive impairment, a comprehensive neuropsychological
assessment was performed based on an established
neuropsychological test battery (Consortium to Establish a
Registry for Alzheimer's Disease—CERAD) [36] and the
Number Connection Test (ZVT-G) [37], amodified version of
the Trail Making Test (TMT) [38]. Internationally established
criteria for cognitive subperformances as assessed in CERAD
were used as further inclusion criteria along with amnestic
reports for diagnosis of probable dementia. Patients who met
predefined criteria for dementia diagnosis based on CERAD
results (cognitive subperformanceslay under the 10% percentile
of the sample corresponding to az-value of —1.3) wereincluded
in the study.

M easurement and Data Collection

Physiomat Assessment

Physiomat (Physio = physiological, M=medical, A=active,
T=therapy, EPL medical engineering [39], Figure 1) has been
developed asatraining device to improve balance performance.

The operating principle of Physiomat based on a specific
combination of swivel joints fixed on 2 independent levels
enabling bending, tilting, and rotation movements. Thisdevice's
construction yields a special 3-dimensional (sagittal, frontal,
and transverse level) movement sequences. The internal
assessment approach of Physiomat is actually not comparable
with the commonly used balance platforms with integrated
pressure or inclination sensors. It uses 2 displacement
sensors—one for the anterior—posterior motion, the other for
the medio-ateral tilting and rotation motion—to record the
movements of the platform. This is done by measuring the
changes in resistance (measurement range 0-100 kohm,
measurement accuracy 0.1 kohm, sampling rate 100 Hz). This
sensor information is converted into a standard signal (normed
electrical signals) by an analog-digital converter. Standard signal
output acquired via the displacement sensors generates digital
numerical values (digits) in ameasuring range of 0-1000 digits
for each motion axis. This means that the movement excursion
of the platform ismeasured in digitsyms, and based on that sway
path and sway area are determined as quantitative parameters.
Movement excursion of the platform measured in digitsmsis
also presented to the participants in terms of a visual feedback
on the monitor in real time to control the cursor by mapping it
to the target motion to solve Physiomat tasks.

The software with the training and assessment tasks asused in
this study was specifically developed by the research group of
the AGAPLESION Bethanien Hospital Heidelberg in
cooperation with EPL to target motor-cognitive performances
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in patients with dementia. The assessment strategy derived from
the data stream of Physiomat game tasks. The Physiomat
assessment linked cognitive and motor-functional demands;
concurrent dual tasks of various elements on balance ability
(weight-shifting tasks and postural control while standing) with
specific cognitive subperformances such as executive functions
are required.

To provide amotor-cognitive task to test acomplex performance
including theinterplay (dual task) between challenging balance
and cognitivetasks, the Physiomat-Trail-Making Tasks (PTMTs)
have been developed. Compared with other exergames (eg,
Nintendo Wii) including virtual reality tasks where an avatar
is displayed on the screen that follows the participant’s
movementsthat do commonly not coincide with evidence-based
neuropsychological tasks, we incorporated an internationally
established cognitivetest (the Trail-Making Test) into abalance
training device. This test has been modified and successfully
validated for usein older and cognitively impaired persons[37]
with the introduction of a learning phase using an increasing
number of digits before testing and reducing the complexity of
the task by positioning of the digits. This modified version
preventsfrequent floor effects as compared by the original tests
and is valid for the target sample of this study of cognitively
impaired persons. Thetest is sensitive also for early deficitsin
the course of neurodegenerative diseases and documents
cognitive subperformances such as executive functionsincluding
procedura memory, visual-spatial orientation, and
attention-related performances (especially in the test setting as
used in this study with the concurrent dual task of balance
control with the specific cognitive subperformance of divided
attention, see in the following section). These cognitive
subperformances appear relatively early in the course of the
disease and are therefore an adequate test for the study sample
of patients with mild-to-moderate stage dementia.

PTMTs include different performance levels as defined by the
number of digits to be tested. The participants were instructed
to move the cursor on the screen (indicating the participant’s
bending, tilting, and rotation motion) directly to each numbered
target with the aim to connect an increasing number of digits
(number of digits: 4, 7, 9, 14, 20) asfast as possible by weight
shifting (Figure 2). Physiomat platform was not fixed and allows
movements in all directions, which must be controlled by the
user. The degree of movementsis partly limited by rubber rings
attached to the corners of the platform. We used several rings
to achieve a feasible motor challenge but did not modify this
for the rather homogeneous sample with impaired motor status,
advanced age, and multimorbidity including cognitive
impairment. Participants were instructed to use handles (see
Figure 1) to control movements. For validation purpose, we
only used results of the simple (4 digits), moderate (9 digits),
and complex (20 digits) PTMT, as we assumed that this range
of complexity levelswould be sufficient for the study purpose.
With the standardized motor task and the standardized but
increasing challenge level of the cognitive task, we ascertained
a standardized assessment procedure.

We also applied an additional standardized motor task without
an increasing challenge level of cognitive task to study
psychometric properties. Instructions were to move the cursor
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from the center of the screen directly to the targets highlighted
asamoving yellow ball on the screen as fast as possible. This
Follow-The-Ball Task (FTBT) was used to assess participants
ability to move their center of mass by shifting their weight to
the highlighted targets (Figure 3).

We also used 3 Physiomat balance tasks (PBTs) chalenging
postural control while standing without using the handles (Figure
4). Tasks aso differed in complexity levels (keeping postural
control for 3, 10, and 30 seconds). The platform was also not
fixed but contrary to the PTMTs and the FTBTSs, the degree of
movements was limited by alarger number of rubber rings.

During assessment, no physical assistance or cueing was
allowed. For each Physiomat measurement, the best performance
of 2 trials was used for statistical analyses. Temporal (test

Wiloth et &

duration in seconds) and spatia (sway path in mm/s, sway area

in mm?/s) parameters have been documented as main study end
points of assessment.

Furthermore, we documented the number of successfully
performed Physiomat tasks for each measurement by doing
dichotomous coding (1=successful; 0=not successful). Based
on that we calculated a scoring for PTMT (PTMT score), for
PBT (PBT score), and for the complete Physiomat assessment
(total score) by summarizing the numerical codings. For PTMT
score and PBT score, up to 3 points could be achieved for each
astherewere 3levels (PTMTs: 4, 9, and 20 digits; PBTs: 3, 10,
and 30 seconds) indicating that all complexity levels have been
performed successfully. For thetotal scoreincludingal PTMTS,
PBTs, and the FTBT, amaximum of 7 points could be achieved.

Figure 1. Physiomat including a three-dimensional moveable plate with integrated sensors for displacement measurement. It is connected with a
computer and a monitor. Grab rails on each side ensure stability of the patients during training and assessment.
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Figure 2. Examplefor complex Physiomat Trail-Making Task (PTMT). Participants were instructed to capture digitsin correct order asfast as possible

by shifting the weight to numbered targets.

Figure 3. Physiomat Follow-the-Ball Task (FTBT). Participants were instructed to follow ayellow ball during displacement of center of mass as fast

as possible using the handles.
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Figure 4. The Physiomat Balance Task (PBT). Participants were instructed to stand still on the plate and keep in the middle of ayellow target for 3,

10 and 30 seconds without using the grab rails.

Descriptive Measures

Demographic and clinical characteristicsincluding age, gender,
education, social status (independent or institutionalized),
number of fallsin the previousyear, and number of medications
and diagnoses were documented. Psychological status was
assessed by the Geriatric Depression Scale [40] for depressive
symptoms and by the Falls Efficacy Scale-International (FES-1)
[41] for fall-related self-efficacy. Motor-functional status was
assessed by the Timed-Up and Go (TUG) [27] and
performance-oriented mobility assessment (POMA) [42].
Cognitive status was screened by the MM SE [34].

The TUG, POMA, and MMSE were also used for validity
analyses. The following tests were additionally used for testing
construct validity: The simple Physiomat balance task (10
seconds) and the FTBT as Physiomat balance tests (Figures 3
and 4) and word list immediate recall [43] as a subtest of the
CERAD, the ZVT-G, and repeating numbers (ZN-G) [37].

Statistical Analysis

Statistical analyseswere performed on SPSS 22.0 for Windows.
Descriptive dataare presented as means and standard deviations
(SD) or number and percentages (%) as appropriate. The
Kolmogorov—Smirnov test and histograms were used to analyze
distribution of data. In case datawere not normally distributed,
nonparametric tests were used in addition to parametric tests.

Construct Validity

Spearman’srank correl ations between temporal parameters (test
duration in seconds) of simple, moderate, and complex PTMTs
and theoretically related motor-functions, respectively, cognitive
measures as described previously were calculated to test 8

http://games.jmir.org/2016/2/e12/
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predefined hypotheses [44,45]. The hypotheses are given in
detail in Table 3. Our assumptions can be summarized briefly
asfollows:

Cognitive measures as MMSE and especidly ZVT-G were
expected to be associated with PTMTs because both
motor-cognitive Physiomat tasks and the mentioned testsrequire
multiple cognitive abilities. A higher correlation with ZVT-G
was expected because both tests assessasimilar construct where
attentional abilities and executive functions are demanded. In
comparison, cognitive instruments measuring domain-related
cognitive functions such as memory abilities (immediate
wordlist recall and number repeating) were expected to be less
associated with PTMTs.

Established motor-functional assessments (TUG and POMA)
measuring postural control and gait performance were expected
to be associated with motor-cognitive Physiomat tasks as also
balance performances are demanded in each of the tests. The
FTBT was expected to be highly correlated with all PTMTs
because both tasks are performed during weight shifting.

Regarding the complexity levels of motor-cognitive Physiomat
tasks, we expected that complex PTMTs were strongly
associated with cognitive measures and simple PTMTs with
motor-functional outcomes because of an increasing cognitive
challenge by accelerating complexity level.

Test—Retest Reliability
Test—retest assessments were performed within 2-5 days by the
same examiner to exclude interobserver variability. For

test—retest analyses, Spearman’s rank correlations were
calculated according to Cohen's criteria [46] for low (rg < .2),
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moderate (rg = .2-.5), or high (rs > .5) correlations. In addition,
we used | CC coefficients using a 2-way mixed model [47]. For
ICCs, 95% confidence intervals were given. ICCs were
considered as low (ICC <.40), moderate (.40 < ICC <.75), or
high (ICC >.75) [48].

Sensitivity to Change

To study the responsiveness of trained Physiomat tasks, we
used baselinevalues of aRCT (ISRCTN37232817), which will
be published in the near future. Progressive Physiomat training
(10 minutes twice a week) in 47 participants was part of this
comprehensive intervention (1.5 hours, twice a week for 10
weeks) in groups at the maximum of 7 participants including
dual tasking (walking while counting) and training of
compensatory sit to stand movement maneuvers to improve
motor-cognitive abilities in people with dementia. Subjects of
the control group (n=43) underwent a supervised, unspecific
motor-functional group training for 10 weeks (1 hour, twice a
week) including low-intensity strength training and flexibility
exercises for the upper limbs while seated. In this paper, only
the results of the intervention group that conducted the
Physiomat training as one part of the overall training program
was used to document sensitivity to change.

Physiomat exercise sessions were composed of the FTBT
introducing the participantsto Physiomat and to provide relevant
strategies of balance displacement. In addition, PTMTs were
trained, and complexity level was gradually increased according
to the capacity of each participant. Physiomat balance tasks
were not part of the intervention and responsiveness analyses.
The Wilcoxon test was applied to test sensitivity to change.

Table 1. Descriptive characteristics of the participants.2

Wiloth et &

Effect sizeswere cal culated using standardized response means
(SRMs) [44] according to Cohen'’s criteria (small effect < .2,
moderate effect .2 < SRM > .5, and large effect .8 and above)
[46].

Feasibility

To study feasibility of motor-cognitive (PTMTs) and
motor-functional (PBT and FTBT) Physiomat measures,
percentages of successfully completed tasks (compl etion rates),
reasons of missing responses, and the mean completion time as
measured by a stopwatch were documented. To assess safety

of the participants, issues such asadlip or fall and any clinical
events during testing were systematically documented.

It should be noted, that only 7 of 15 Physiomat tasks assessed
for further analyses were used for validation purpose.
Documentation of feasibility outcomeswasrelated to the overall
Physiomat assessment protocol, which additionally included a
comprehensive instruction period and breaks between single
performance levels for the frail, multimorbid, and cognitively
impaired participants. Therefore, completion time with regard
to the assessments to test feasibility will be overestimated.

Results

Participants Characteristics

The study sample included 105 (mean age 82.7+5.9)
multimorbid and cognitively impaired subjects living at home
or in nursing homes. Further demographic and clinical
characteristics are summarized in Table 1.

Characteristics” All participants
N=105
Age (years), mean (SD) 82.7 (5.9)
Gender (female), n (%) 76 (72.4)
Education (years), mean (SD) 11.8(2.9)
Socia status (institutionalized), n (%) 31(29.5)
Cogpnitive status MM SE (sum score), mean (SD) 21.9(2.8)
Depression GDS® (sum score), mean (SD) 2.8(2.3)
Indicated depression (GDS score >5), n (%) 19 (18.1)
Number of falls, n (%) 49 (46.7)
Fear of falling FES-19 (sum score), mean (SD) 9.2(2.8)
Number of diagnosis, mean (SD) 8.2(4.1)
TUGE (test duration in seconds) 184 (113
POMA! (total score) 22.3(4.0)

8 Given are sample size (N), mean and standard deviation (SD) or percentages (%) of the sample of all characteristics.

b MMSE: Mini-Mental-State Examination

¢ GDS: Geriatric Depression Scale

dFESI: Falls Efficacy Scale International

€ TUG: Timed Up and Go

f POMA: Performance-Oriented Mobility Assessment
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We separated the validation measuresinto 3 assessment sessions
(feasibility and construct validity analyses at baseline, sensitivity
to change measures after the intervention, and test—retest
reliability assessment within the subsequent 2-5 days) to prevent
high test burden. Assessments for feasibility and construct
validity analyses were not practicable for 6 of 105 subjects
(5.7%) because of serious motor-functional disability (n=3),
visua impairment (n=2), and fear of assessment using Physiomat
(n=1). Sensitivity to change was assessed in 47 participantsin
a subsample of the intervention group (n=56) as 9 participants
(16.1%) dropped out owing to physical limitations (n=3),
noncompliance (n=5), and death (n=1). Test—retest reliability

Table 2. Construct validity of motor-cognitive Physiomat tasks.2

Wiloth et &

could not be assessed in 31 of 105 participants (29.5%) because
of physical limitations and pain (n=11), noncompliance (n=13),
death (n=4), and increased visual impairment (n=3).

Construct Validity

PTMTs have shown a high association with established
cognitive paper-and-pencil tests (ZVT-G and MMSE) and
moderate associ ations with motor-functional instruments (TUG
and POMA) indicating a good construct validity of
motor-cognitive Physiomat outcomes. Correlations between
simple, moderate, and complex PTMTs and cognitive as well
as motor-functional paper-and-pencil tests are illustrated in
Table 2.

Test Variable (unit) Simple PTMT® (P value) M;)deraie PTMT (Pval- Complex PTMT (P value)
ue

FTBTS Duretion (time in seconds) 68% (P <.001) 719 (P <.001) 619 (P <.001)

PBT® 10 sec. sway path (mm/second) 0.11f (P=31) -0.03" (P=.79) -0.349 (P=.10)

POMA" Total score -0.229 (P=.03) -0.409 (P <.001) 0.08" (P=.71)

TUG Duration (time in seconds) 0.229 (P=.03) 0.489 (P <.001) 0.19 (P=.35)

MMSE Total score 0.299 (P=.004) 0.359 (P=.002) 0.66° (P <.001)

ZVT-GX Duration (timein s) 0.369 (P <.001) 0.449 (P <.001) 0.83% (P <.001)

ZN-G' Total score -0.259 (P=.02) -0.19" (P=.12) -0.229 (P=.30)

Wordlist immediaterecall ~ Number of quoted words -0.339 (P=.004) -0.429 (P=.04) —0.16f (P=.12)

8Given are Spearman’srank correlations (rg) between simple (4 numbers), moderate (9 numbers), and complex (20 numbers) PTM Tsand motor-functional
(FTBT, moderate PBT, POMA, and TUG) and cognitive outcomes (MM SE, ZVT-G, ZN-G and wordlist immediate recall).

b physiomat Trail-Making Task

¢ FTBT: Follow-The-Ball Task

d High correlation (rg> .5)

€ PBT: Physiomat-Balance-Task

fLow correlation (rs<.2)

9 Moderate correlation (.2 = rg< .5)

" POMA: performance-oriented mobility assessment

" TUG: Timed Up and Go

I MMSE: Mini-Mental-State Examination

K ZVT-G: modified version of the Trail-Making-Test A
I ZN-G: repeating numbers

Correlations between measures assessing motor-functional

performances (TUG, POMA, FTBT, moderate PBT—10
seconds) and PTMTs were low to high (rs= —.03-.71). Highest

correlations (P < .001) were found for duration of FTBT
(r=.61-.71). Correlations with PBT, POMA, and TUG were

low to moderate (r&= —.03 to .48). Highest correlations with

cognitive outcomes (P < .001) were found between complex
PTMT and MMSE (rs=.66) and ZVT-G (rs=.83). Correlations

http://games.jmir.org/2016/2/e12/

with instruments measuring memory skillswerelow to moderate
(ZN-G: r&=-.19t0 -.25; wordlist immediate recall: r=-.16 to
-42).

Construct validity assessed by testing 8 a priori hypotheses is
presented in Table 3. Except hypothesis number 8, all
assumptions could be confirmed (87.5%) for PTM Tsregarding
temporal parameters (time in seconds) indicating excellent
construct validity [45].
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Table 3. Results of 8 predefined hypotheses.

No.  Hypothesis? Hypothesis confirmed?

Expected associations with cognitive outcome measures

1 We expected moderate-to-high associations between PTMT< and MM SE® asboth assessments  Y€S
measure multiple cognitive functions.

2 We expected more pronounced associations between PTM Ts and ZVT-GY asboth assessments  Y€S
measure a similar construct where particularly attentiona abilities are demanded.

3 We expected moderate associations between PTMTs and memory tests as both cognitive tests  Yes
would cover different cognitive subperformances as compared with PTMTs.

4 We expected higher associations of cognitive outcome measures with increasing complexity  veg (except ZN-G9)
of PTMTs asfor difficult Physiomat levels cognitive demands may predominate.

Expected associations with motor-functional outcome measures

S We expected associations between PTMTs and TUG' aswell as POMAY as also balance per- Yes
formances are demanded in each of the assessments, athough not comparablein type of assess-
ment.

6 We expected pronounced associations between PTMTs and FTBT"asFTBT isa preliminary Yes
Physiomat training task requiring similar strategies of balance performances.

7 We expected aless association between PTMTs and the moderate PBT' (10 seconds) asthis Yes
Physiomat task requires a different strategy of balance performance.

8 We expected higher associations of motor-functional outcomes with decreasing complexity of No
PTMTs as for simple Physiomat levels motor-functions demands may predominate.

@ Hypotheses are given for Spearman’s rank correlations between PTMTs, motor-functional outcomes (hypotheses 5-8), and cognitive outcomes
(hypotheses 1-4) of selected comparison measurement instruments.

bpTMT: Physiomat Trail-Making Task

¢ MMSE: Mini-Mental-State Examination

d2VT-G: modified version of the Trail-Maki ng-Test A
€ ZN-G: repeating numbers

FTUG: Timed Up and Go

9 POMA: performance-oriented mobility assessment

N FTBT: Follow-The-Ball Task

'PBT: Physiomat-Balance Task

e and PTMT score) moderate-to-high correlations between test
Test-Retest Reliability and retest assessment were found indicating good to excellent
For almost all outcomes of Physiomat measures and for test—retest reliability (Tables 4 and 5).

requirement level concerning all Physiomat tasks (total, PBT,
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Table 4. Test—retest results of all Physiomat tasks and requirement level (Spearman’s rank correlations).
Test Variable (unit) N Mean (SD) Mean (SD) rs P value
Test Retest
PBT®3 Sec
Sway path (mm/second) 71 134.4 (83.9) 120.6 (84.1) 48° <.001
Sway area (mm2/second) 627.7(1311.3) 534.7(1289.1) a5b <.001
PBT 10
Sec
Sway path (mm/second) 68 571.3 (312.2) 568.7 (292.6) 68° <.001
Sway area (mm?%second) 654.5 (1164.8) 627.7 (1120.2) 60° <.001
PBT 30 Sec
Sway path (mm/second) 61 1719.3 (1020.5) 1589.8 (844.1) 78¢ <.001
Sway area (mm?/second) 750.2 (1729.2) 563.7 (1015.2) 75¢ <.001
FTBT
Sway path (mm/second) 73 3449.1 (1044.2) 3269.1 (1005.5) 74¢ <.001
Duration (time in seconds) 20.9 (5.4) 21.2 (6.8) 69° <.001
Simple Sway path (mm/second) 73 1883.7 (558.5) 1774.7 (343.4) 50° <.001
PTMT®
Duration (time in seconds) 8.2(2.8) 8.2(2.9) 60° <.001
Moderate
PTMT
Sway path (mm/second) 69 3722.3(910.9) 3630.9 (923.8) 7gC <.001
Duration (time in seconds) 20.8 (5.9) 19.9(6.2) 74° <.001
Complex
PTMT
Sway path (mm/second) 47 8319.4 (2220.8) 8111.1(2170.9) 80° <.001
Duration (time in seconds) 51.0 (16.2) 49.1(16.7) 87¢ <.001
Total Score 74 6.3(1.1) 6.3(1.1) 89° <.001
PTMT Score 74 2.6 (0.6) 2.6 (0.6) 8° <.001
PBT Score 74 2.8(0.7) 2.7(0.7) 87 <.001

aPBT: Physiomat-Balance Tasks

b moderate correlation (.22r4<.5)
Chigh correlation (rg > .5)

4 FTBT: Follow-The-Ball Task

€ PTMT: Physiomat Trail-Making Task

Regarding Spearman’s rank correlationsreliability for the total
sample was moderate to high (r;=.45-.89) for al variables.

Highest correlations were found for sway path (rs=.80) and
duration (rs~.86) of the complex PTMT as well as for
requirement level (total scorer=.89; PTMT scorer,=.89; and
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PBT score r=.87). Moderate correlations were only found for
sway path (rs =.48) and sway area (r=.45) of the smple PBT
(3 seconds). Overdll, it could be observed that correlations
increased with the duration of PBT and the complexity of
PTMT.
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Table 5. Test—retest results of all Physiomat tasks and requirement level (ICCS?).

Wiloth et &

Test Variable (unit) N Mean (SD) Mean (SD) ICC (95%Cl) P value
Test Retest
S
Sway path (mm/second) 71 134.4(83.9) 120.6 (84.1) 50P (.30-.66) <.001
Sway area (mmzlseconds) 627.7 (1311.3) 534.7 (1289.1) 73° (.59-.82) <.001
PBTC 10 Sec
Sway path (mm/second) 68 571.3(312.2) 568.7 (292.6) 662 (.50-.78) <.001
Sway area (mmzls) 654.5 (1164.8) 627.7 (1120.2) 57° (.38-.71) <.001
PBT 30 Sec
Sway path (mm/seconds) 61 1719.3 (1020.5) 1589.8 (844.1) 730 (.59-.83) <.001
Sway area (mm2/seconds) 750.2 (1729.2) 563.7 (1015.2) 3 (.08-.53) .005
FTBT®
Sway path (mm/second) 73 3449.1 (1044.2) 3269.1 (1005.5) 84f (.76-.89) <.001
Duration (time in seconds) 20.9 (5.4) 21.2 (6.8) 79 (.68-.86) <.001
Simple
PTMTY
Sway path (mm/second) 73 1883.7 (558.5) 1774.7 (343.4) a70 (.:27-.63) <.001
Duration (time in seconds) 8.2(2.8) 8.2(2.9) 550 (.37-.69) <.001
Moderate
PTMT
Sway path (mm/second) 69 3722.3(910.9) 3630.9 (923.8) 74b (61-.82) <.001
Duration (time in seconds) 20.8(5.9) 19.9(6.2) 79" (.68-.87) <.001
Complex
PTMT
Sway path (mm/second) 47 8319.4 (2220.8) 8111.1(2170.9) 82" (.69-.89) <.001
Duration (time in seconds) 51.0(16.2) 49.1(16.7) 83" (72-.91) <.001
Total score
Score 74 6.3 (l.l) 6.3 (l.l) .92f (.88-.95) <.001
PTMT score
Score 74 2.6 (0.6) 2.6 (0.6) a0f (.85-.94) <.001
PBT score
Score 74 2.8(0.7) 2.7(0.7) 8df (.84-.93) <.001

8|CC: intraclass correlations

® moderate ICC (.40 < ICC <.75)

¢ PBT: Physiomat-Balance Tasks
dLow ICC (< .40)

€FTBT: Follow-The-Ball Task
Fhigh1cc (1cc >.75)

9 PTMT: Physiomat Trail-Making Task

Regarding ICCs, moderate-to-high test—retest reliability below the threshold of moderate reliability (ICC <.40). High
(ICC=.47-.92) was found for amost all variables. Only sway [ICCs were found for sway path (ICC=.82) and duration
path of the complex Physiomat balance task (30 seconds) was (ICC=.84) of not only the complex PTMT and for requirement
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level (total score ICC=.92; PTMT score ICC=.90; PBT score
ICC=.89) but also for the duration of the moderate PTMT
(ICC=.79). ICCsincrease with complexity level of PTMT. For
sway path (ICC=.84) and duration (ICC=.79) of FTBT, high
correlations were proven, too.

Spearman’s correlationsand | CCswereall significantly different
from zero at a.01 level (P < .001).

Wiloth et &

To examine potential influence of deviating subsamples in
different conditions (larger samplein simple condition, selection
to high functioning participants in more complex conditions)
on test—retest reliability, we conducted a subsequent test—retest
analysis of 47 participants, which successfully conducted all
complexity levels (Table 6).

Table 6. Subanalysis of test—retest reliability of motor-cognitive Physiomat tasks.

Test Variable (unit) N&  Mean (SD) Mean (SD) ICC (95%Cl) P value
Test Retest
Simple PTM T
Sway path (mm/second) 47 1799.9 (417.6) 1793.1 (313.9) 36° (.09-.59) .006
Duration (time in seconds) 7.3(2.2) 75(2.5) 449 (.18-.64) .001
Moderate PTMT
Sway path (mm/second) 47 3660.4 (675.4) 3602.8 (674.5) 759(50-85 <001
Duration (time in seconds) 19.2 (4.2 18.6 (4.3) .79° (.66-.88) <.001
Complex PTMT
Sway path (mm/second) 47 83927 (2248.3) 8204.9 (2145.3) 81° (.69-.89) <.001
Duration (time in seconds) 51.0 (16.2) 49.1 (16.7) 84°(.72-.91) <.001

8 Subanalysis of test—retest reliability was conducted in a subsample of 47 participants, which successfully conducted all complexity levels of PTMTs.

b PTMT: Physiomat Trail-Making Task
CLow ICC (< .40)

4 Moderate ICC (.40 < ICC <.75)
€High ICCs (ICC >.75)

Results are comparabl e to the results of the nonsel ected group.
Moderate-to-high test—retest reliability (1CC=.44-.84) wasfound
for almost al variables. Only sway path of the simple PTMT
was below thethreshold of moderatereliability (ICC<.40). ICCs
also increase with complexity level of PTMT.

http://games.jmir.org/2016/2/e12/

Sensitivity to Change

All trained Physiomat tasks (FTBT and PTMTs) showed
significant improvementsindicating good-to-excellent sengitivity
to change. Results of the Wilcoxon test and effects sizes (SRMs)
areoutlined in Table 7.
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Table 7. Sensitivity to change for trained Physiomat tasks.

Wiloth et &

Test Variable (unit) N Mean (SD) Mean (SD) P value® SRMP
T1-beforeintervention T2 —after intervention period
period
FTBT®
Sway path (mm/second) 47 4356.5 (3064.8) 3135.4 (569.6) <.001 0.49
Duration (time in seconds) 19.3(4.6) 18.6 (4.3) <.001 0.7¢
Simple PTMT
(4 numbers)
Sway path (mm/second) 45 2944.3 (4597.5) 1732.5(307.3) <.001 0.3¢
Duration (time in seconds) 17.6(21.9) 7.2(1.9) <.001 0.5
Moderate PTMT
(9 numbers)
Sway path (mm/second) 37 4296.5 (1482.6) 3472.5 (643.1) <.001 0.7
Duration (time in seconds) 28.6(10.6) 18.5(4.1) <.001 1.19
Complex PTMT
(20 numbers)
Sway path (mm/second) 14 8361.7 (2269.5) 6850.6 (1341.2) .01 0.8%
Duration (time in seconds) 57.6 (11.7) 37.5(7.8) .001 2.09
PTMT Score 47 2.0(0.8) 2.8(0.6) <.001 1.19

3P values for Wilcoxon test applied to test differences between T1 and T2.

b SRM: standardized response mean (difference between the mean scores at assessments, divided by the mean scores of the standard deviation).

¢ FTBT: Follow-The-Ball Task

d Small effect size (SRM=0.2-0.5)

€ Moderate effect size (SRM=0.5-0.8)
fpTMT: Physiomat Trail-Making Task
9 Large effect size (SRM >0.8)

Results showed significant changes (P < .001) of both spatial
and tempora parameters of PTMTs and the FTBT after a
10-week Physiomat intervention (twice a week/10 minutes).
Large effect sizes were evident especially for duration
(SRM=2.0) of complex PTMT and moderate PTMT (SRM=1.1).
Therewere a so significant changes (P < .001) for requirement
level concerning motor-cognitive Physiomat tasks (PTMT score)
with alarge effect size (SRM=1.1).

Feasibility

Physiomat assessment was found to be practicable by frail, old,
and multimorbid personswith mild to moderate-stage dementia.
There were no clinical events, dips, or falls during training or
assessment. A total of 99 of 105 participants (94.3%) could be

tested at baseline. Five subjects could not be assessed due to
severe motor-functional (hemiparesis) and visual (blindness)

http://games.jmir.org/2016/2/e12/

limitations. Willingness of the participants to attend to the
computerized Physiomat assessment was excellent, and only 1
very frail and fearful person refused assessment.

Duration of assessment averaged 25.8 minutes (range: 6-55
minutes). No technical problemsin ng and analyzing the
dataoccurred. Resultsof responseratesareillustrated in Figure
5. For most of the participants, PBT (3, 10, and 30 seconds)
was feasible. 30 of 99 subjects (30.3%) could not execute the
complex PBT (30 seconds) because of self-reported fatigue. All
participants could perform the FTBT. Regarding the
motor-cognitive Physiomat tasks, 94 of 99 participants (94.9%)
could conduct the simple, 73 subjects (73.7%) the moderate
and 25 subjects (25.3%) the complex PTMT. Reasons for
discontinuation were also predominantly fatigue reported by
almost half of the participants (51.5%) followed by pain (17.2%)
and by noncompliance (5.1%).
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Figure5. Feasibility analysisincluding response rates during a consecutive Physiomat assessment.
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Discussion

Principal Findings

In this study, we validated an internal assessment approach of
a game-based training device (Physiomat) to obtain a reliable
and valid feedback of motor-cognitive abilities during gamepl ay.
In contrast to recent studies focusing on computerized
game-based assessments, which often conducted only reliability
and validity analyses, we investigated multiple psychometric
properties to allow a more comprehensive evaluation of the
methodological quality of the assessment tested. In this study,
validation was performed in frail, older persons with
mild-to-moderate dementiawho had not been addressed in most
previous validation studies. Despite the crucial problems to
assess persons with dementia [49], results indicated good
construct validity, test—retest reliability, sensitivity to change,
and feasibility of the tested device.

Construct Validity

In this study, construct validity was analyzed by testing 8 a
priori hypotheses. For thispurpose, Spearman’ srank correlations
between temporal parameters (test duration in seconds) of
simple, moderate, and complex PTM Tsand theoretically related
motor-functional aswell as cognitive measureswere cal culated.
Almost al predefined hypotheses could be confirmed indicating
agood construct validity of Physiomat assessment.

http://games.jmir.org/2016/2/e12/
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Expected higher correlations of cognitive instruments with
increasing complexity of PTMTs were found for all cognitive
outcome measures except the ZN-G. Correlations with ZN-G
and wordlist immediate recall were partly not significant. As
highest correlations were found between the complex PTMT
and ZVT-G, more difficult motor-cognitive tasks seem to be
associated with increased cognitive demands especialy
including attentional abilitiesand information processing. These
results showed that particularly domain-related cognitive
functions could rather be assessed when participants perform
more complex PTMTs.

To our knowledge, there are no studies including cognitively
impaired participantsthat investigated the rel ationship between
interactive computerized assessment strategies comparable to
Physiomat and cognitive test batteries, which do not use
technological devices, athough game-based assessmentsrequire
acombination of motor and cognitive abilities. Expected higher
associations of motor-functional instruments with decreasing
complexity of PTMTs could not have conclusively identified
for al tests (Table 2). Except the Physiomat balance task,
highest correlations of motor-functional tests (FTBT, TUG, and
POMA) were actually found with moderate and ssmple PTMTS,
and expected | owest associ ations between complex PTMTsand
TUG as well as POMA were not significant. However, when
balance performances are challenged, rather an additional
complex cognitive task than a simple or moderate task may
require a higher level of attention in patients with dementia,
which leadsto a decrease in postural control. A previous study
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[50] found a further decline of up to 15% in postural control
during a more complex task in a cognitively impaired sample.
Although findings were not significant, which might be due to
a small study sample, balance performances seem to be
determined by the complexity level of additional cognitivetasks,
which could explain stronger correlations between
motor-functional outcome measuresand easier levelsof PTMTs
in our study.

We could not find any studies that have investigated the
relationship between interactive assessment methods and
established motor testsin people with dementia. Therefore, the
comparability of our results with recent validity studies is
limited. One study [20] examined associations of the Wii
Balance Board and clinical tests in patients after stroke. The
study could show moderate Spearman’s correlations (rs=—0.57)
between aWii Balance Board dynamic balance task measuring
shifting of body weight to follow avisual feedback target and
the TUG, which is comparable to our findings. A further study
examining the association of TUG scores and different levels
of acomputer-based balance board test using the Biodex Balance
System in healthy adults (mean age 48.9+15.4) showed stronger
associations between relatively easy levels of machine-based
assessments and manual balance tests [51]. In this study, an
assessed stability index on the Biodex Balance System indicating
the degree of body movement during the balance test was highly
correlated with TUG scoresespecially at relatively easy Biodex
Balance System levels (higher stability of the foot platform).
Thisis comparable to our results including higher correlations
between the simple and moderate PTMTs (Iess digitsto connect/
less path of movement) and TUG. Significant stronger
associations with relatively easy tasks (ssmple and moderate
PTMT) indicate that the assessment of balance performance
using motor-cognitive Physiomat tasks should be conducted at
asimple or moderate level.

Test—Retest Reliability

Almost al Physiomat outcome measures showed
moderate-to-high correl ations between test and retest assessment
indicating good test—retest reliability. Both temporal (speed of
task performance) and spatial (accuracy of task performance)
parameters of Physiomat tasks showed similar test—retest
reliability. Thesefindings are comparableto results of test—retest
analyses of temporal (time used to completethetest) and spatial
(the extent of the path moved by the COP during the test)
variables of different dynamic balance tasks using a force
platformwith visual biofeedback in nondemented femalenursing
home residents [23].

Most previous studies excluded patients with dementia
Exclusion might be based on the assumptions that cognitively
impaired persons show an increasing variability of test
performance duetoillness-related symptoms such as attentional
deficits, inability to follow instructions, and impaired executive
function. Such dementia-related characteristics challenge an
accurate assessment and substantially restrict the reproducibility
of specific performances (eg, [52,53]). The only study we found
including persons with Alzheimer's disease showed similar
results[33] analyzing test—retest reliability for temporal (reaction
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time) and spatia (maximum excursion during test performance)
variables.

Regarding test—retest reliability of motor-cognitive Physiomat
tasks (PTMTSs), wefound an associ ation between the complexity
level and reproducibility. Spearman’'s rank correlations and
ICCs were lower for simple PTMT compared with moderate
and complex motor-cognitive tasks. We could exclude effects
of deviating subsamples in different conditions (larger sample
in simple condition, selection to high functioning participants
in more complex conditions) by subsequent statistical test—retest
analyses of 47 participants that successfully conducted all
complexity levels. Results of subanalyses confirmed results of
the nonselected group as ICCs were lower for simple PTMT
compared with moderate and complex motor-cognitive tasks.
Referring to this, we suggest atask-specific learning effect from
simple to complex PTMTs, which may have led to smaller test
performance variability and increased reproducibility regarding
complex tasks. Such task-specific learning effects from ssimple
to complex tasks have been reported by Lezak et a [54]
attributed to the results of Oliveira et a [55]. The scientists
argued that during an initial test, strategies to manage the task
might have been developed, which facilitate performing
subsequent tasks [54]. Such training mechanisms might have
contributed to more reliable test results of complex PTMT in
this study, as participants may have felt easier, and more
competent in executing the tasks while gaining confidence and
stability in performance by prolonged testing.

Sensitivity to Change

Sensitivity to change was good to excellent for Physiomat
assessment asit reproduced significant improvements regarding
all trained Physiomat tasks (FTBT aswell as simple, moderate,
and complex PTMTYs) after a10-week (twice aweek/10 minutes)
intervention period. In this study, tempora parameters of
PTMTsand FTBT appeared to be more sensitive to change, as
effect sizes of test duration (time) were larger than those of
accuracy (sway path). Differences might betheresult of thetest
instruction to “perform the FTBT and the PTM Ts as fast—not
as accurate—as possible,” which focused on speed rather than
accuracy of action. Resultsrefer to a“ speed-accuracy tradeoff”
also reported in an intervention study [56] showing that
participants were able to navigate quicker through a test path
to measure foot placement but suffered the loss of accuracy
after dance video gametraining. Results may also beinfluenced
by variance of measurement as spatial outcomes showed higher
SD compared with temporal outcomes|eading to smaller effect
sizes.

The complexity level of PTMTs seems to be relevant for
responsiveness of Physiomat assessment. Whereas participants
showed significant changes with low to high effect sizes in
simple and moderate PTMTs, highest effect sizes were found
under more challenging conditions (complex PTMT). Results
confirmed previousfindings from our research group in patients
with dementia that more challenging tasks showed higher
training gains, in case challenging tasks were still feasible for
participants [57]. It isthe very large effect sizes documented in
highly trained outcomes representing the maximal potential
changeto be achieved, which are of paramount methodol ogical
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interest in this study. These large effect sizes indicated the
excellent sensitivity to change for the Physiomat assessment.
Results supported the task-specific assessment approach as
developed for the computerized game-based training and
assessment program to document task-specific training gains.

Feasibility

Physiomat assessment was feasible even in an old and frail
sample with mild-to-moderate dementia. Willingness of the
participantsto attend in the computerized game-based Physiomat
assessment was excellent as only 1 very frail subject, who
expressed fear, refused assessment. Results were in line with
other reportsin force platf orm—based assessment strategiesthat
are comparable with Physiomat measures, which indicated
adequate participation in machine-based computerized tests
[58] and a high response rate in patients with dementia [33].

In this present study, al subjects could cope with the FTBT,
and most participants could perform lower complexity levels
of smpleand moderate PBTsand ssmpleand moderate PTMTs.
Asexpected, response rate of the complex taskswas|ower based
on the higher request on motor-cognitive performance.
According to the participants’ reports, fatigue based on
motor-functional or cognitive limitationswasthe primary reason
for discontinuation. Unfortunately, based on the participants’
reports, we could not further specify results. Report of fatigue
may have been caused by advanced motor impairment and frailty
in the study sample or by psychological mechanisms. Previous
results of the working group documented that repressive coping
strategies or denial of eventswere significantly associated with
inadequate reports on anxiety-related events such asfallsin old
age [59]. Asdenid is distinctive of types of dementia[60], we
supposed that repressive coping strategy may have led to
underreporting of cognitive limitations causing fatigue.

Completion time of Physiomat assessment averaged 25.8
minutesfor the comprehensive Physiomat test protocol including
adetailed and clear instruction, severa trialsand breaks between
single tasks, and performance levels. As in the original test
protocol, more than 3 tasks (simple, moderate, and complex
PTMTSs) as documented in this validation study were assessed
and the completion time to perform those will be substantially
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reduced. Timeto complete ranged from 6 to 55 minutes because
of a large heterogeneity of the participants with respect to
motor-functional and cognitive status. Completion time of a
variety of noninteractive computer-based cognitive tests or
batteries to assess or detect age-related changes in cognition
ranged from 15 to 60 minutes [61]. Time to complete
assessments that is directly comparable to the presented
Physiomat measures such as force platform—based assessments
[23,33] was not mentioned in the papers.

Participants’ safety was a clear focus in this study as training
and assessment was tightly supervised, and clear and brief
instructions were provided. As a result, all Physiomat tasks
included in the study could be performed safely in this
challenging sample of cognitively impaired older adults as no
clinical events, fals, and dlips could be documented. Safety
outcomes are in line with a comparable study examining
test—retest reliability of a force platform assessment in people
with dementia [33].

Limitations

Increasing complexity levelsin different task conditions led to
decreasing sample sizes for each condition. Although we
confirmed results of the whole group in the subsample of
persons who participated in al test, comparability of
psychometric quality may be influenced by slight change of
sampl es between conditions.

Conclusions

Study results confirm good-to-excellent psychometric quality
of an internal assessment approach using quantitative data
derived from a computerized game-based training program
(Physiomat) in frail persons with mild-to-moderate stage of
dementia. This approach provides quantitative parameters that
relate to identical and integrated performancestrained by using
Physiomat and are therefore direct marker of motor-cognitive
Physiomat training tasks. Physiomat assessment may represent
an evaluation strategy to document game performances and
training-associated effectsin arapidly increasing research field
including serious games, virtual reality, and machine-based,
computerized training.
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Abstract

Background: Risky behaviors tend to increase drastically during the transition into young adulthood. This increase may
ultimately facilitate the initiation of carcinogenic processes at a young age, highlighting a serious public health problem. By
promoting information seeking behavior (1SB), young adults may become aware of cancer risks and potentially take preventive
measures.

Objective: Based on the protection motivation theory, the current study seeks to evaluate the impact of challenge in a fully
automated video game called Re-Mission on young adult college students' tendency to perceive the severity of cancer, feel
susceptible to cancer, and engage in ISB.

Methods: A total of 216 young adults were recruited from a university campus, consented, screened, and randomized in a
single-blinded format to 1 of 3 conditions: an intervention group playing Re-Mission at high challenge (HC; n=85), an intervention
group playing Re-Mission at low challenge (LC; n=81), and a control group with no challenge (NC; presented with illustrated
pictures of Re-Mission; n=50). Measurement was conducted at baseline, immediate posttest, 10-day follow-up, and 20-day
follow-up. Repeated-measures mixed-effect models were conducted for data analysis of the main outcomes.

Results: A total of 101 young adults continued until 20-day follow-up. Mixed-effect models showed that participantsin the HC
and L C groups were more likely to increase in perceived susceptibility to cancer (P=.03), perceived severity of cancer (P=.02),
and 1SB (P=.01) than participants in the NC group. The LC group took until 10-day follow-up to show increase in perceived
susceptibility (B=0.47, standard error (SE) 0.16, P=.005). The HC group showed animmediate increase in perceived susceptibility
at posttest (B=0.43, SE 0.14, P=.002). The LC group exhibited no changes in perceived severity (B=0.40, SE 0.33, P=.24). On
the other hand, the HC group showed a significant increase from baseline to posttest (B=0.39, SE 0.14, P=.005), maintaining this
increase until 20-day follow-up (B=-0.007, SE 0.26, P=.98). Further analyses indicated that perceived threat from virtual cancer
cellsin the game isrelated to the increase in perceived severity (B=0.1, SE 0.03, P=.001), and perceived susceptibility is related
to changesin ISB at 10-day follow-up (B=0.21, SE 0.08, P=.008).

Conclusions: The feature of challenge with cancer cells in a virtual environment has the potentia to increase cancer risk
perception and | SB. The results are promising considering that the Re-Mission intervention was neither designed for cancer risk
communication, nor applied among healthy individuals. Further research is needed to understand the theoretical framework
underlying the effects of Re-Mission on I1SB. The findings call for the devel opment of a Web-based, game-based intervention for
cancer risk communication and information seeking among young adults.
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Introduction

Cancer-related information seeking behavior (ISB) is a
goal-directed behavior adopted as a response to threatening
situations, and it assists in uncertainty reduction concerning
cancer [1]. Despite the importance of information seeking, the
Health Information National Trends Survey has reported that
lessthan half of Americanslook for cancer information [2]. By
promoting 1SB [3], young adults may become aware of cancer
risks and potential preventive measures. In particular, their
active search for information about cancer may increase their
cancer knowledge and equip them with ways to get protected
from cancer [4,5].

One way to encourage | SB is by helping young adults perceive
cancer risk [6]. Cancer risk perception is mainly characterized
by two dimensions. First, perceived susceptibility to cancer
explains one's beliefs about the likelihood of being diagnosed
with cancer. The second dimension is perceived severity of
cancer, which explains one's perception of the seriousness of
cancer diagnosis. Previous research hasfound that young adults
perceived susceptibility to and severity of cancer may moderate
engagement in healthy behaviors such as breast self-examination
[7], mammography [8,9], skin protection [6], and smoking
cessation [10].

Ultimately, thelack of | SB and cancer risk perception may delay
cancer prevention and control at long term. As a result, the
World Health Organization has emphasized the need to design
interventions that successfully raise awareness about cancer
risksand 1SB [11]. While previous research has well examined
processes by which individuals engage in health-related
information seeking [12-14], little is known about the role of
game play features in driving 1SB. Responding to this need,
video games have been designed as innovative tools for health
promotion and disease prevention. The current study seeks to
evaluate the impact of avideo game called “ Re-Mission” [15]
on young adult college students tendency to perceive the
severity of cancer, feel susceptible to cancer, and seek
cancer-related information.

Re-Mission is afully automated game in which players control
a virtual nanorobot that goes inside virtual cancer patients
bodies to fight cancer cells [16]. The Re-Mission intervention
was designed primarily to encourage pediatric cancer patients
to adhereto their medication [17]. However, recent exploratory
research has shown that Re-Mission may have an impact on
healthy young adults’ risk perception [18,19]. As aresult, the
evaluation of Re-Mission in the context of risk communication
deserves attention. We conducted the current experimental
evaluation [ISRCTN15789289] to verify whether and how

http://games.jmir.org/2016/2/e13/

Re-Mission might modify risk perception in healthy young
adults. Thiswould indicate whether thereisapotential to design
adigital gamefor the promotion of cancer preventing behaviors
among young adults.

One theory supporting an association between game-play and
cancer preventing behaviorsisthe protection motivation theory
(PMT) [20,21]. According to PMT, threatening health messages
can stimulate risk perception and encourage protective behavior.
By experiencing threat, individuals may become motivated to
take actions that can protect them, such as seeking information
about the health topic [22-26]. Therefore, we hypothesized that
young adultswho play Re-Mission at * high challenge’ (HC) are
more likely to increase perceived severity of cancer, perceived
susceptibility to cancer, and cancer-related | SB, compared with
young adults who play Re-Mission at ‘low challenge’ (LC) or
do not play Re-Mission. We also hypothesi zed that (1) perceived
threat in the gaming intervention is related to perceived
susceptibility and perceived severity, and (2) such secondary
outcomes are related to | SB.

Methods

Game I ntervention Format and Key Features

The story in Re-Mission revolves around Roxxi, a hanorobot
designed by adoctor and injected into the body of virtual cancer
patients to help them fight cancer cells. Players are first
presented with the narrative, the characters, and main game
objective. Then, they are asked to choose avirtual cancer patient
that needs assistance. The game gives the players control over
the movement of Roxxi, who undertakes missionsto fight cancer
cellsin athree-dimensional environment, within the bodies of
cancer patients (See Multimedia Appendix 1).

Beyond mere exposure to information, Re-Mission involves a
first-hand experience of cancer threat that ultimately allows
playersto perceive cancer risk. In Re-Mission, players are able
to witness cancer cell behavior, from cell division to invasion,
and ultimately find themselves in conflict with cancer cells.
Conflict with cancer isakey feature of chalengein Re-Mission.
A highly challenging environment with cancer cells (ie, presence
of obstacles at high difficulty when fighting cancer cells) may
facilitate perceived severity of cancer and intentions to seek
cancer-related information [19].

Study Design

The components of this controlled trial adhereto the CONSORT
and CONSORT-EHEALTH guidelines [27,28] on information
to include when reporting trials in general and eHealth in
particular. This efficacy trial used a three-arm, single-blinded
randomized controlled (Time x Condition) design with
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assessments at baseline, immediate posttest, 10-day, and 20-day
follow-ups. The trial was registered at the Current Controlled
Trials[ISRCTN15789289].

Sample

We assessed the digibility of al interested undergraduate
students through a screening conducted before participation.
Inclusionary criteriawere being aged 18 to 35 years, attending
college, consenting to play video games, and speaking English,
Spanish, or French (the game was available in all three
languages). Exclusionary criteriainvolved having amedical or
mental condition that hindered the ability to play games or
complete questionnaires. All participants were informed about
the aim of the study and their consent for participation was
recorded. The ingtitutional review board at the University of
Texas MD Anderson Cancer Center and the University at
Buffalo, the State University of New York approved this study.

Intervention Groups and Control Group

Young adults were randomly assigned to 1 of 3 conditions: an
intervention group playing Re-Mission a HC (n=85), an
intervention group playing Re-Mission at LC (n=81), and a
control group with no challenge (NC; presented withillustrated
pictures of Re-Mission; n=50).

Manipulation of challenge was conducted as suggested by
previous research on conflict manipulation in Re-Mission [19].
HC was conceptualized as a condition that arises from a set of
obstacles (eg, invasion by and multiplication of cancer cells)
that prevent the players from attaining their goals in the game
(eg, killing cancer cells and helping the patient recover from
cancer) [29,30]. Three characteristics of challenge were
manipulated in the game-mechanicsto form an HC environment:
(2) difficulty level (ie, amount of ammunition needed to destroy
acancer cell), (2) vulnerahility to cancer cells (ie, cancer cells
can put the nanorobot to sleep), and (3) limited ammunition
(limited virtual medication to kill cancer cells). See Multimedia
Appendix 2 for apictorial depiction of manipulation.

The NC condition involved the presentation of severa
illustrations from the video game with a description of the
conflict occurring between the nanorobot and the cancer cells.
In particular, they were presented with illustrations of
Re-Mission that represent steps of a conflict event with cancer
cells (ie, exposure to cancer cells, cancer cells multiplying,
Roxxi approaching cancer cells, cancer cells attacking Roxxi,
and Roxxi fighting cancer cells; see examples in Multimedia
Appendix 3). Eachillustration included atextual description of
the event and the context of the game. Asaresult, thiscondition
lacked a first-hand experience of challenge, while keeping a
presentation of the game available to participants. Instead of
using a noneducational video game, the control condition of
this study preserved the context of cancer prevention in order
to highlight the role of conflict experience as adriver of health
outcomes.

I mplementation

A verbal announcement was made in 3 undergraduate classes
at anortheastern university. Each class included approximately
500 young adults. A Web-based announcement was al so posted
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through the course material announcement page, and interested
studentswere ableto contact the research team for participation.
Recruitment continued for a period of 2 months, or until
reaching thetarget samplesize. All interested students provided
verbal and written informed consent and were invited for
baseline assessment.

One week after completing a baseline survey, participants
arrived at the intervention site and were randomly assigned to
1 of 3 conditions: LC, HC, or NC. The principal investigator
generated therandom all ocation sequence. Theresearch assistant
enrolled participants and assigned them to groups. Concealed
envel opes were used to implement the random all ocation while
concealing the seguence until intervention assignment.
Participants were not told which intervention was the
intervention of interest. Intervention implementation occurred
in a noise-protected room at the university campus. Before
playing Re-Mission, participants in the LC and HC conditions
were seated in front of computers of the same brand and size,
and they completed atutorial that allowed them to practice using
the controls in the game when attempting to move the avatar
Roxxi (approximately 7 minutes). After the tutorial, all
participants were seated in front of computers of the same brand
and size, and were provided with headphones for privacy and
maximum immersion. Then, participants were invited to start
the first mission of the game and played for 35 minutes. Every
timethe players completed the mission and every timethey lost
in the game, they were asked to play it again, until the session
was over. This method of intervention implementation with
game interventions has been previously applied and validated
with Re-Mission [19]. Participants in the NC group were also
seated in front of computers, but they were presented with the
NC condition of Re-Mission. For all conditions, the research
assistant monitored progress from a different room.

Participantsin all 3 conditionswereinvited to complete asurvey
immediately after implementation, 10 days later, and 20 days
later. As an ethical consideration, after the 20-day follow-up,
the NC group received information about Re-Mission and ways
to access the game, if interested.

Compensation

Participants were offered credits for their respective classes
from their professors. Credits were provided for each
assessment, and as aresult of intervention participation (ie, 0.5
credit points for baseline survey, 1 credit point for intervention
participation, 0.5 credit points for immediate post-test survey,
and 1 credit point for each of the follow-up surveys).

M easures

Outcome measures were assessed through Web-based closed
surveys. The surveys were pretested for validity, reliability,
usability, and technical functionality during the pilot study [19].
Adherence to the checklist for reporting results of Internet
e-surveys [31] is provided as Multimedia Appendix 4. The
post-test survey isthe only survey that occurred in the presence
of a research assistant, who was only available for technical
assistance. The primary outcome | SB was assessed at baseline,
10-day, and 20-day follow-ups. The secondary outcomes,
perceived severity of cancer and perceived susceptibility to
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cancer, were assessed at baseline, immediate posttest, 10-day,
and 20-day follow-ups. In addition to the endpoints, other
variablesthat might affect play behavior in achallenging virtual
environment were measured (eg, frequency of weekly game
play, perceived skills with video games, and perceived control
over stress during game play). Perceived control over
Re-Mission was measured to tap on players control over gaming

Khalil et al

events, including cancer cells during the challenge. Perceived
threat from virtual cancer cells was measured at immediate
posttest. Means, standard deviations, measure descriptions, and
Cronbach’s a values are reported in Table 1. Previous work
and the pilot study have tested the measures for validity and
reliability [6,19,32-37].

Table 1. Main study measures.

Measures T12

T22

Description

a
Mean Mean
(SD) (SD)
I1SB 212 2.16 Two items: “Have you paid attention to any cancer informationinthe ~ 7¢d
(1.50) (1.50) past week or so?” and * Have you attempted to |ook for information about
cancer in the past week or so?’ (from 1=not at all to 9=awholelot).
Perceived susceptibility 292 3.17 Participants were asked how possible they wereto contract cancer inthe .91
(1.22) (1.20) next year, in 5 years, in 10 years, and in their life-time (from 1=not at
al possible to 7=extremely possible).
Perceived severity 571 5.67 Four items such as* Cancer isaserious disease that can kill” (from 1=very .80
(1.28) (1.13) strongly disagree to 7=very strongly agree).
Generd control over stress  5.00 - Tenitemssuch as“| am ableto control my level of anxiety whileplaying .79
(0.98) avideo game” (from 1=very strongly disagreeto 7=very strongly agree).
Generd reactiontothreat  4.64 - Fiveitemssuch as“Thereislittle | can do to change threatening events” .77
(0.99) (Reverse coded; from 1=very strongly disagreeto 7=very strongly agree).
Generd perceived skillsin =~ 3.72 - Six items such as“| am very skilled at playing shooting games” (from .85
game play (1.34) 1=very strongly disagree to 7=very strongly agree).
Frequency of game play 271 - One open-ended question: “How many hours per week do you spend -
(4.98) playing computer games?’
Perceived control over - 411 An adapted scale with 9 items such as“ For meto feel in control over al .95
Re-Mission (1.84) cancer cellswas difficult” (from 1=very strongly disagree to 7=very
strongly agree).
Perceived challenge - 3.69 Four items such as “ Playing Re-Mission has challenged meto perform .90
(1.39) to the best of my abilities’ (from 1=very strongly disagree to 7=very
strongly agree).
Perceived threat fromvirtual - 4.70 Four 9-point semantic differential items such as “While playing 92
cancer cells (2.27) Re-Mission, how threatening did you feel cancer cellsto be?’ (from
0O=not at all threatening to 8=extremely threatening).
Attitude toward Re-Mission - 4.22 Eight 9-point semantic differential items (e.g., didike/like and not worth .91
(1.70) owning/worth owning).

8T1 and T2 indicate measures at pretest and post-game play respectively for al participants. T2 for 1SB indicates 20-day follow-up.
bCoeficients for Cronbach’s o were calculated from post-test data, with the exception for measures with data collected at T1 only.

Cstandard deviations appear in parentheses below the mean.

9 ndicates Pearson’s correlation between 2 items, instead of Cronbach’s a.

Sample Size and Statistical Analysis

Sample sizewas estimated on the basis of aprevious pilot study
of 44 young adults[19]. Analysestargeted detection of an effect
size of 0.15 (Cohen's d) with 85% power and 0=0.05
(two-sided), with adjustment for an anticipated 70.0%
(n=102/145) retention rate.

Statistical analyses were conducted using STATA 12. First, a
series of chi-squared analyses were conducted to check for any
sociodemographic differences between the groups. Then,
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manipulation checks were conducted in order to check if the
manipulation appropriately reflects levels of challenge. This
involved a series of one-way analyses of variance (ANOVAS),
checking for group differences with respect to prior gaming
experience (ie, skillsin digital game play, general reaction to
threat during game play, control over stress, or prior history of
game play in hours per week). The ANOVAS a so checked for
any group difference in attitude toward Re-Mission, perceived
control over game play, and experience of positive challenge
during game play. When warranted, Bonferroni adjustment was
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performed, correcting for alphaover repeated comparisons and
guarding against Type 1 error [38].

Repeated-measures, mixed-effect linear models were used,
testing differences between the three treatment groups at three
time-points in a 3 (treatment) x 3 (time; baseline, 10-day and
20-day follow-up) factorial design for I1SB, and at four
time-points in a 3 (treatment) x 4 (time; baseline, post-test,
10-day, and 20-day follow-up) factorial design for perceived
cancer severity and susceptibility. 1SB was not measured at
immediate posttest because participants did not yet have the
chance to seek cancer information. Intervention effects on the
changein outcomes over time were determined by the treatment
x timeinteraction term and P values are reported. Change over
time is analyzed using post-hoc tests of significant difference
in scores between time points, and P values are reported.

One-way ANOVA was conducted to compare the groups with
respect to 1SB change. I1SB change is a variable measured by
subtracting the 1SB score at baseline from the 1SB score at
10-day follow-up.

Logistic regression analysis was also conducted to determine
group differencesin ISB at three time-points (baseline, 10-day,
and 20-day follow-up). Inthis case, the| SB measure wastreated
as a dichotomous variable with “not at al” indicating no
information seeking (coded 0), and all other answer choices
indicating information seeking (coded 1). Results were
determined with the odds ratio (OR) and 95% confidence
interval (CI).

For mixed-effect and | ogi stic regression models, adjustment for
effects of gender, age, ethnic group, prior cancer history, gaming
skills, and usual frequency of gameplay did not alter primary
conclusions (analyses not shown).

To check for potential demographic confounders, we analyzed
mixed-effect modelswith theinteractions (1) gender x condition
x time, (2) ethnicity x condition x time, (3) prior cancer history
x condition x time, and (4) general perceived skills in game
play x condition x time predicting | SB.
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To test whether perceived threat in the gaming experience is
related to the secondary outcomes (ie, perceived susceptibility
and perceived severity), two repeated-measures, mixed-effect
models were conducted controlling for the intervention effect,
age, gender, and ethnicity. Also, to test whether perceived
susceptibility and perceived severity are related to the primary
outcome (ie, 1SB), a repeated-measures, mixed-effect model
was conducted controlling for the intervention effect, age,
gender, and ethnicity.

Results

Attrition and I ntervention Adherence

A total of 220 college students responded to the advertisement.
After screening, we excluded 2 of the respondents who did not
meet the young-adult age criterion (ages 18 through 35). A total
of 216 young adultstook the baseline survey, were randomized,
participated in the intervention, and completed a post-test
survey. At the intervention site, all participants played
Re-Mission as prescribed. Then, 81.02% (175/216) of
participants continued to 10-day follow-up (retention rate from
baseline), and 46.76% (101/216) continued to 20-day follow-up
(Figure 1).

There was no significant difference between participants who
did and those who did not continue to 10-day follow up
assessment with respect to age (Fy,=3.40, P=.07), gender
(x%=0.17, P=.68), ethnicity (x%,=7.08, P=.13), usual frequency
of gameplay at preintervention (Fy 553=0.09, P=.76), or control
over stress (Fj1,=0.02, P=.90). Similarly, there were no
differences between participantswho did and those who did not
continue to 20-day follow-up with respect to age (Fy ,,=0.08,
P=.78), gender (x?,=0.03, P=.85), ethnicity (x*=4.65, P=.32),
usual frequency of gameplay at preintervention (F; ,03=0.07,
P=.79), or control over stress (F;;50=0.17, P=.68).

Sociodemographic characteristics of the 3 groups did not differ
significantly at baseline (Table 2).
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Table 2. Baseline participants' characteristics.

Charecteristics Participants, n (%) pb
No challenge(control) Low challenge High challenge Total sample
(n=50) (n=81) (n=85) (n=216)
Age, years
18 3(6.0) 20 (24.7) 15 (17.7) 38 (17.6) 1
19 10 (20.0) 21(25.9) 21(24.7) 52 (24.1)
20 12 (24.0) 13 (16.1) 24(28.2) 49 (22.7)
21 9(18.0) 9(11.1) 13 (15.3) 31(14.6)
>22 12 (24.0) 11 (13.6) 9(10.6) 32 (14.8)
Missing 4(8.0) 7(8.6) 3(35) 14 (6.5)
Gender
Male 19(37.3) 37 (45.7) 43 (50.6) 99 (45.6) 5
Female 27 (54.0) 37(45.7) 39 (45.9) 104 (47.9)
Missing 4(8.0) 7(8.6) 3(35) 14 (6.5)
Race/ethnicity
White/Caucasian 34(68.0) 50 (61.7) 46 (54.1) 131 (60.2) 1
Asian 4(8.0) 15 (18.5) 21(24.7) 40 (18.5)
Hispanic/Latino 1(2.0) 4(4.9) 3(35) 8(3.7)
African American 4(8.0) 3(3.7) 10 (11.8) 17 (7.9)
American Indian/AlaskaNative 2 (4.0) 0(0.0) 1(1.12) 3(1.4)
Missing 5 (10.0) 9(11.1) 4(4.7) 18(8.3)

Prior cancer screening

Yes 8(15.7) 13 (16.1) 11 (12.9) 32 (14.8) 7
No 38 (74.5) 61 (75.3) 70 (82.4) 169 (77.9)
Missing 5(9.8) 7(8.6) 4(4.7) 16 (7.4)

Prior cancer diagnosis

Yes 1(2.0) 1(1.2) 0(0.0) 2(14.8) 6
No 46 (90.2) 73 (74.1) 81 (85.9) 200 (79.6)
Missing 4(7.8) 7(8.6) 4(4.7) 15 (6.9)

3Percentages may not sum to 100% due to rounding.

PTest of association was done from chi-squared test (categorical variables), excluding categories of missing values. No differences were found in
demographic characteristics between groups.
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Figurel. CONSORT flow diagram. DNC, participants who did not continue in the study.
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Table 3. Manipulation checks to confirm expected differences and similarities between the conditions.

Variables Control Low challenge High challenge Fa P n2
Mean (SD) Mean (SD) Mean (SD)

M anipulation-dependent per sonality trait® and gaming experience
General perceived skillsin game play 3.77 (1.26) 3.72(1.37) 3.71 (1.36) 0.01 .98 <.001
General reaction to threat 4.47 (1.00) 4.64(0.98) 4.70 (1.04) 045 .63 .005
General control over stress 4.93(0.94) 4.98 (1.05) 5.04 (0.94) 014 87 .001
Number of hours of game play per week 3.00 (5.31) 1.70 (3.13) 2.79 (8.50) 0.83 44 .008

Expected manipulation outcomes®
Attitude toward Re-Mission 3.96 (1.61) 4.32(1.65) 4.28 (1.80) 0.74 48 .006
Perceived control over Re-Mission - 442 (1.55) 3.29 (1.21) 2739 <001 .14
Perceived challenge in playing Re-Mission - 3.33(1.47) 4.04 (1.22) 12.06 <.001 .07
Perceived threat from cancer cells - 4.21(2.22) 5.18 (2.19) 8.02 .005 .05

8Eight separate one-way ANOVASs analyzing the differences between the conditions.
bPersonal ity traitsthat are considered are those that may affect the manipulation of challenge. No differences were found in such traits between groups.
®Outcomes that may be affected by the manipulation of challenge. Variables that are specific to Re-Mission were not considered in the control group.

Manipulation Checks

A series of ANOVAs were conducted to check for any
differences in prior game experience between the conditions,
aswell asany personality traitsthat may affect the manipulation
(Table 3). There were no significant differences between the
conditions with regard to skills in digital game play, general
reaction to threat during game play, control over stress when
playing games, or prior history of game play.

After the intervention, there was no significant difference
between the conditions with respect to attitude toward
Re-Mission. Asexpected, playersin the HC condition, compared
with the LC condition, were lesslikely to perceive control over
game play. In addition, players at HC were more likely to
experience positive challenge and perceive threat from cancer
cellsin the game (Table 3).

At baseline, there were no significant differences between the
conditionswith respect to perceived severity (F,1,,=0.49, P=.61)
or ISB (F;,139=0.49, P=.17). However, perceived susceptibility
to cancer was greater among participants in the control group,
compared with participantsinthe HC group (F, 1,0=3.46, P=.03).
Subsequent analyses controlled for thisbasdline group difference
by including the basdline variable as an independent variable
in the mixed-effect model.

Checking for Confounders

To check for potentia demographic confounders, we determined
whether intervention effects varied by gender, ethnicity, prior
cancer history, or perceived gaming skills. Results generally
failed to identify any differential impact as afunction of being

female (x%=1.51, P=.47), being White/Caucasian (x%=5.25,

http://games.jmir.org/2016/2/e13/

P=.07), having personal or socia cancer history ()(22:1.04,
P=.59), or reporting having skills in game play (F;;76=0.01,
P=.98).

Insuring Power for Main Data Analysis

Post-hoc power analysis for a repeated-measures analysis to
test perceived susceptibility or perceived severity revealed that
with 3 groups, 4 repeated measures, a constant correlation of
0.5, an apha of 0.05, and a sample size of 101, there was
90.70% power to detect small-to-moderate overall effect
(Cohen'sd=0.15). The same power analysisto test | SB revealed
that with 3 groups, 3 repeated measures, a constant correlation
of 0.5, an apha of 0.05, and a sample size of 101, there was
84.66% power to detect small-to-moderate overall effect
(Cohen's d=0.15).

Per ceived Susceptibility to Cancer

Mixed-effect models showed a significant group x time
interaction effect on perceived susceptibility to cancer (P=.03;
Figure 2 a). For the LC group, there was no significant increase
in perceived susceptibility from baseline to posttest (B=0.09,
SE 0.16, P=.56). However, asignificant increase was observed
from posttest to 10-day follow-up (B=0.47, SE 0.16, P=.005)
and a margina increase from 10-day to 20-day follow-up
(B=0.56, SE 0.31, P=.07). For the HC group, a significant
increasein perceived susceptibility was observed from baseline
to posttest (B=0.43, SE 0.14, P=.002), which then exhibited a
plateau with no significant change from posttest to 10-day
follow-up (B=0.30, SE 0.18, P=.10) and from 10-day to 20-day
follow-up (B=-0.19, SE 0.26, P=.46). For the NC control group,
no significant change was observed from baseline to 20-day
follow-up (B=-0.26, SE 0.38, P=.50; Figure 2 a).
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Figure 2. Adjusted predictions of condition-by-time. 1SB, information seeking behavior; NC, no challenge; LC, low challenge; HC, high challenge.

P-values present significance for the group x time interaction effect.
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A significant group x time interaction effect is also observed
for perceived severity (P=.02; Figure 2 b). The LC group
exhibited no significant changes from baseline to 20-day
follow-up (B=0.40, SE 0.33, P=.24). On the other hand, the HC
group showed a significant increase from baseline to posttest
(B=0.39, SE 0.14, P=.005), which plateaued from posttest to
10-day follow-up (B=0.005, SE 0.18, P=.98) and 10-day to
20-day follow-up (B=-0.007, SE 0.26, P=.98). For the NC
control group, no significant change is observed from baseline
to posttest (B=-0.13, SE 0.18, P=.48). However, from posttest
to 10-day follow-up, the NC group showed asignificant decrease
in perceived severity (B=-0.74, SE 0.24, P=.002), with no
significant change from 10-day to 20-day follow-up (B=0.46,
SE 0.32, P=.15; Figure 2 b).

Information Seeking Behavior

Mixed-effect analysis showed a significant group x time
interaction effect on cancer information seeking by 20-day
follow-up (P=.01; Figure 2 c). From baseline to 10-day
follow-up, participants in the LC group (B=1.09, SE 0.40,
P=.006) and the HC group (B=0.97, SE 0.38, P=.01) were more
likely toincreasein 1SB, compared with participantsin the NC
group. Also, from baseline to 20-day follow-up, participantsin
the LC group (B=1.50, SE 0.52, P=.004) and the HC group
(B=1.42, SE 0.51, P=.005) were morelikely to increasein I SB,
compared with participantsin the NC group. Interestingly, |SB
significantly decreased for NC from baseline to 20-day
follow-up (B=-1.11, SE 0.43, P=.01). One-way ANOVA
indicated that change in ISB over time (1SB at 20-day follow
up —1SB at baseline) was significantly higher for LC compared
with NC (F,4,=3.60, P=.004), and higher for HC compared

with NC (F,4,= 2.96, P=.008).
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With ISB as a dichotomous variable, mixed-effect logistic
regression indicated asignificant group x timeinteraction effect
(P=.007). Participantsinthe L C group were morelikely to have
sought cancer information at 10-day follow-up (OR 5.10, 95%
Cl 1.06-24.46, P=.04) and 20-day follow-up (OR 121.89, 95%
Cl 7.05-2105.88, P=.001), compared with participants in the
NC group. This relationship was also significant for HC
compared with NC at 10-day follow-up (OR 6.26, 95% CI
1.40-28.11, P=.02) and 20-day follow-up (OR 107.23, 95% CI
7.17-1602.69, P=.001).

Relationship Results

Mixed-effect analysis revealed that perceived threat from the
virtual cancer cells was significantly related to an increase in
perceived severity of cancer (B=0.1, SE 0.03, P=.001). However,
there was no significant relationship between perceived threat
and perceived susceptibility to cancer (B<0.001, SE 0.03,
P=1.00).

Mixed-effect results indicated that increases in perceived
susceptibility were significantly related toincreasesin |SB from
baselineto 10-day follow-up (B=0.21, SE 0.08, P=.008). There
was amarginal significant relationship between theincreasein
perceived susceptibility and the increase in ISB by 20-day
follow-up (B=0.16, SE 0.09, P=.09). On the other hand,
increases in perceived severity were not related to increasesin
ISB by 10-day follow-up (B=-0.07, SE 0.08, P=.40), or 20-day
follow-up (B=-0.001, SE 0.09, P=.99). When considering
perceived susceptibility and severity in the same model,
perceived susceptibility still exhibits a significant relationship
with ISB (B=0.21, SE 0.08, P=.007), while perceived severity
exhibits no relationship with ISB (B=-0.08, SE 0.08, P=.33).
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Discussion

Conclusions

While Re-Mission has shown successin promoting medication
adherence in young cancer patients [17], this randomized
controlled study showed that the experience of challenge in
Re-Mission, when played by young healthy adults, led to an
increase in perceived cancer severity and susceptibility, aswell
as a seeking of cancer-related information. The findings also
indicated that the perception of threat during the intervention
increased perceived severity of cancer.

Thistrial isthe first to present the potential use of Re-Mission
for cancer risk communication among healthy young adults.
Gaming featuresin Re-Mission increased young adults' cancer
risk perception and led to the seeking of cancer-related
information. The critical gaming feature manipulated in this
study is challenge, which in Re-Mission is represented as the
conflict between young-adult players and cancer cells. This
conflict is characterized by the proliferation of cancer cellsand
their continuous attack of the player avatar, Roxxi [19].

The results indicate that a high level of challenge in the
intervention led to a quick (posttest) change in perceived
susceptibility, whereas alow level of challenge was associated
with a slower change (10-day follow-up), which marginally
increased in the longer term (20-day follow-up). Thisindicates
that the level of challenge may not need to be high to promote
enduring change in perceived susceptibility.

Further, the results suggest that a high level of challenge may
be needed to change perceived severity of cancer and to maintain
that change in the longer term. The HC group exhibited an
increase from baseline to posttest, which then plateaued from
posttest until 20-day follow-up. On the other hand, the L C group
showed no changes from baseline to posttest, 10-day or 20-day
follow-up. As hypothesized previously [19], the HC condition,
in comparison to the LC condition, exposes players to more
aggressive behavior in cancer cells, an experiencelikely to lead
them to perceive cancer as more severe.

The results highlight the limits of mere exposure to health
information as opposed to virtual experience of challenge by
cancer cells. For the NC control group, no change in perceived
severity or perceived susceptibility is observed from baseline
to posttest. However, from posttest to 10-day follow-up, the
NC group showed a significant decrease in perceived severity.
Following the presentation of information that describes cancer
cell behavior, young adults did not display any increasein their
perception of the severity of cancer, and even showed adecrease
inthelonger term. Such results are consistent with other research
indicating that interactive experienceisan important determinant
of perceived severity of cancer [39,40].

There was no significant difference between the HC and LC
groups in ISB variation over time (Figure 2 c¢). However,
compared with the NC group, the HC and L C groupswere more
likely to demonstrate an increasein 1SB from baselineto 10-day
and 20-day follow-up. For this reason, the difference in ISB
change between the NC group and the other groups may be
driven by factors other than perceived severity.

http://games.jmir.org/2016/2/e13/
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Our relationship results also attest to this finding. Perceived
threat, a direct outcome of the intervention, was related to
changes in perceived severity but not susceptibility. However,
it isperceived susceptibility that wasfound to berelated to | SB.
As aresult, the antecedents of perceived susceptibility warrant
further investigation in order to understand how 1SB occurs
following the gaming intervention.

Our previous investigations with Re-Mission indicated that
threat perception is associated with fear when facing the cancer
cellsinthe game[41]. Effects of perceived threat can be further
investigated during future research, in order to understand the
role of emotionsin driving health outcomes.

Limitations

In this study, young adults participated in 1 session of
Re-Mission only. Typical use of Re-Mission might involve many
hours of play over aperiod of time, and the resultsfound in this
study might not be characteristic of more extensive play. The
results may also be affected by thetutorial, which can be skipped
in a typical setting. However, all Re-Mission players were
presented with the tutorial to control for its potential effect.

This study ended with arelatively low retention rate (101/216,
46.8%). By the time this study reached 20-day follow-up,
college students were at a transition to summer break, and
ultimately, several of them were not available to continue in
the study. However, thisdid not stop 101 participantsto continue
in the study, and keep acceptable power for dataanaysis. Future
work with college students may need to consider amore suitable
timing for data collection.

While the results explain short-term effects on information
seeking, they do not consider long-term opportunitiesfor actual
protective behaviors. Notably, though, this preclinical trial was
meant only to test the potential effectiveness of challenge as a
moderator of risk perception and 1SB. The current study did not
inspect specific types of 1SB. However, our pilot study indicated
relationships between general I1SB and players' intentions to
obtain information from family members and from doctors
during medical visits[19].

Re-Mission is not designed to directly influence actual cancer
preventive behaviors among hedthy young adults (eg,
improvement in healthy eating or prevention of tobacco
smoking). However, our resultsindicate that conflict with cancer
cells and the virtual experience of cancer cell behavior could
increase young-adults comprehensive understanding and
perception of cancer, which could well act as a driver for
acquisition of preventive behaviors.

Implications

The results of this study can be used to inform the design of a
novel, game-based intervention for cancer risk communication.
Such an intervention might make use of the current findings by
providing a balance between LC and HC during conflict with
virtual cancer cells. With challenge manipulation, the
intervention may create a state of balance between the level of
challenge in the game and players ability to overcome the
challenge. Also, the new intervention could allow young adults
to discover new cancer information inside the game, and
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ultimately learn about new ways to protect themselves. With
cancer information embedded in the intervention, it may become
possible to measure | SB objectively by monitoring the player’'s
accessing of information in the game. The new intervention
may boost self-efficacy for self-protection by allowing young
adults to enter a virtual environment that facilitates the
simulation of engagement in healthy actions. While challenge
with cancer cells may drive risk perception, it can also allow

Khalil et al

the game. In particular, a new intervention may alow young
adults to explore the risks of cancer-promoting behaviors (eg,
smoking), aswell asthe benefits of cancer preventive behaviors
(eg, healthy eating). Finally, with management options in the
game, young adults can create a plan and register electronic
reminders to engage in preventive behaviors. For instance,
through the game, college students can make Web-based
appointments for cancer screening or vaccination at the clinics

young adults to experience the consequences of their actionsin  of their Universities.
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Abstract

Background: Self-management of chronic illnesses is an ongoing issue in health care research. Gamification is a concept that
arosein thefield of computer science and has been borrowed by many other disciplines. It is perceived by many that gamification
can improve the self-management experience of people with chronicillnesses. This paper discussesthe validation of aframework
(called The Whesl of Sukr) that was introduced to achieve this goal .

Objective: Thisresearch aimsto (1) discuss a gamification framework targeting the self-management of chronic illnesses and
(2) validate the framework by diabetic patients, medical professionals, and game experts.

Methods: A mixed-method approach was used to validate the framework. Expert interviews (N=8) were conducted in order to
validate the themes of the framework. Additionally, diabetic participants completed a questionnaire (N=42) in order to measure
their attitudes toward the themes of the framework.

Results. Theresults provide avalidation of the framework. Thisindicates that gamification might improve the self-management
of chronicillnesses, such as diabetes. Namely, the eight themesin the Wheel of Sukr (fun, esteem, socializing, self-management,
self-representation, motivation, growth, sustainability) were perceived positively by 71% (30/42) of the participants with P value
<.001.

Conclusions: In this research, both the interviews and the questionnaire yielded positive results that validate the framework

(The Whedl of Sukr). Generally, this study indicates an overall acceptance of the notion of gamification in the self-management
of diabetes.

(JMIR Serious Games 2016;4(2):€14) doi:10.2196/games.5943

KEYWORDS
gamification; healthcare; self-management; chronic illnesses; diabetes; motivation; behavioral change

medication, manage illness, and monitor health. Also, online
communities can provide patients with the emotional and
psychologica support they need. However, some Web and
mobile health care interventions in their current form lack

Introduction

The health care industry is experiencing significant changes
due to advances in Health 2.0 and mobile technologies [1]. A

more user-centered approach is being used to facilitate change
in health provision. There has been afocus on utilizing mobile
technologies for health behavior interventions. Mobile
technologies provide a medium to easily connect to patients
and create change. Moreover, apps can be used to track
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effective and engaging qualities; they may not appeal to alot
of patients and their effect is temporary.

Gamification could be the solution to effective health care
interventions. It isaconcept that borrows from game techniques
but is not a game by itself. A number of game elements,
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including badges, levels, leader boards, and progress bars are
used in gamification [2]. The principles of engagement, reward,
and incentive are incorporated in certain tasks to encourage
changes in behavior or motivate users to learn new skills [3].
Gamification employstheinnate urge for recognition and instant
positive feedback as away to promote change in behavior and
drive user engagement. Moreover, rewards typically leave

people feeling happy [4].

Gamification can be thought of as a motivational tool [5].
Generally, motivation can occur in many waysto achieve goals,
satisfy personal needs, fulfill leader expectations, and gain
rewards or incentives [6]. The heath care community is now
realizing the power of gamification on motivation [7-10]. Thus,
some gamification features have been incorporated in anumber
of health and fitness apps [11,12]. SuperBetter is one of the
successful examples of gamification. It is a tool for
self-improvement that provides users with an engaging and
interactive experiment to help them reach their health goals
[13]. Gamification has been aso incorporated in some
self-management apps for diabetic patients such as MySugr
[14]. MySugr helps userstrack their blood glucose levelsalong
with other relevant data such as their carbohydrate intake and
medication. The app also allows usersto keep a photo diary of
their meals. Furthermore, it rewards users who are committed
to logging their information. However, the app is limited by
geographical location asit isavailable only to usersin the United
States and Europe. However, the gamified apps for
self-management do not follow a specific framework or
guideline, and there has been relatively little research on the
use of gamification in self-management and adherence to
medication.

Chronic illnesses such as diabetes could benefit from the use
of gamification [15]. Diabetesis considered the “disease of the
21t century,” and the most common chronicillnessin theworld
[16]. Encouraging adherence to medication and self-management
is crucial for the health of a diabetic person. Having diabetes
requires a great deal of self-care, such as taking medication,
keeping track of food intake, and exercising. It requires
self-management skills that are vital in preventing the
complications associated with the disease and maintaining a
healthy life[17]. Thisincludesthe ability to deal with diabetes
requirements such aslifestyle changes, medication, and physical
and social consequences. Mobile apps can help patients
self-manage in a more efficient manner [18].

Gamification has the potential to positively influence patients
with chronic illnesses in adhering to medication and
self-managing more effectively [15,19]. It can makethetedious
and repetitive tasks of managing a chronic illness such as
diabetes rewarding and more engaging [12]. Moreover, it can
lead to anincreasein the adoption of digital health care services,
which isgenerally slow, often because such services are poorly
designed and do not meet user needs [20]. In a recent study,
75% of participants showed interest in using digital health
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services, especidly if they provide assistance with routine health
tasks [20]. However, the sole reliance on points and badges
could damage the longevity effect of gamification and thus
diminish the purpose of gamification in the first place. While
points and badges are a part of gamification, there are other
crucial game techniques that need to be considered. Therefore,
to benefit from all the advantages of gamification, one needs
to understand the environment towhichiit isapplied, so specific
gamification techniques can be tailored and applied to this
specific environment.

To address this, we introduced a framework named the Wheel
of Sukr [21]. To our knowledge, thisisthefirst framework that
targetsthe use of gamification in the self-management of chronic
illnesses (more details of the design rationale arefound in [21]).
It combines game elements, self-management practices, and
behavioral change methods to provide effective and better
self-management systemsthat reinforce healthier behavior. The
framework addressestheissues of engagement and effectiveness
of self-management applications. It also turns the
self-management “tasks” into fun and rewarding activities.

The Wheel of Sukr (Figure 1) contains 28 elements organized
under eight different themes:

1. Sdf-management [22,23]: Basic elements needed to
self-monitor blood glucose, including tracking measures of
blood glucose, insulin, food intake, and other related
information; getting feedback based on the entries; and being
notified when blood glucose measures fluctuate.

2. Socializing [24,25]: Being part of a group of people that
shares the same situation, which offers social and emotional
support and adds to the value of rewards.

3. Self-representation [26,27]: Tailoring the experience to the
user to create abond with the user, thus, increasing engagement
and resulting in a meaningful experience.

4. Fun [2,28]: Creating a game-like experience.

5. Esteem [29,30]: Satisfying the fourth level of Maslow’s
Hierarchy of Needs, thus, catering to the psychological side of
managing diabetes.

6. Motivation [31]: Appealing to the desire to do things.

7. Sustainability [27,32]: Maintaining the same level of
engagement to sustain the desired effect.

8. Growth [33]: Creating afruitful experiencefor the user, where
gamification in asocial and psychological context can resultin
personal growth in terms of managing diabetes, learning new
healthy habits, and understanding the disease better.

In this paper, we present a validation of the Wheel of Sukr
framework using a mixed-method approach that includes
interviewing experts in the fields of medical practice,
psychology, and gamification, as well as a questionnaire for
patients with diabetesin Saudi Arabia.

JMIR Serious Games 2016 | vol. 4 | iss. 2 |e14 | p.65
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR SERIOUS GAMES

Figurel. The Wheel of Sukr.
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Methods

A mixed-method approach was chosen for validating the
framework. In particular, we used expert interviews and patient
guestionnaires. Theinterviews were conducted with agroup of
diabetes doctors and educators, psychiatrists and psychologists,
and game experts. The questionnaire was answered by diabetic
individuals from Saudi Arabia.

Ethical approvalsfor both studieswere obtained from the Ethics
Committee at the university of Southampton prior to conducting
the interviews and questionnaires (reference numbers: 14208
and 15296).

Table 1. Interview experts.

Expert Interviews

The interviews were conducted with diabetes doctors,
psychologists and psychiatrists, and game experts. The doctors,
psychologists, and psychiatrists were selected from public and
private hospitals in Riyadh, Saudi Arabia. Those experts were
chosen based on their experience with the diabetic community
in Saudi Arabia and their expertise in this area. Finally, the
game expertswere selected from the University of Southampton.
The overall total number of expertswas eight (Table 1), and no
more expert interviews were required since the data from the
interviews approached a saturation level.

Expert Expert #

Diabetic doctors Experts#1, #3, #4, #38
Psychologists and psychiatrists Experts #2, #5

Game experts Experts #6, #7

A thematic analysis approach was used in the analysis of the
interviews. The interviews were coded with tags that represent
the eight themes of the Wheel of Sukr: self-management,
self-representation, fun, growth, sustainability, motivation,
esteem, and socidizing. After that, theinterviewswere analyzed
based on the coded tags and in relation to the research question
and literature.
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Questionnaire

The questionnaire consisted of two parts: multiple-choice
questions and Likert-scale questions, which had five choices
(strongly agree, agree, neutral, disagree, and strongly disagree),
each weighted from 5 to 1 respectively. The multiple-choice
guestions were asked in order to gather information from
participants about demographics and self-management habits.
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The multiple-choice part of the questionnaire is where the
inclusion and exclusion criteria are specified. In particular, the
target population is diabetics ranging in age from 18 and 40.
The second part of the questionnaire was used to measure the
attitude of the participants toward the framework themes. In
particular, the questions were designed to capture the overall
idea of the framework and itsthemesinstead of focusing on the
technical concepts of the elements. Thisisbecause gamification
may not be afamiliar topic to most participants.

The target audience of the questionnaire is diabetics in Saudi
Arabia, where diabetesiswide spread (3.4 million in 2015) and
has a high prevalence [34,35]. Saudi Arabiais one of the top
10 countries for number of children with type 1 diabetes—it
has 16,200 children 15 years old and younger in 2015, which
isaquarter of the region’stotal of 60,700 patients [34].

The sample contains 42 participants. The questionnaire was
sent to anumber of diabetes accounts on Twitter and Facebook,
and participants were asked to answer and share it with other
diabetics.

The Likert-scale part of the questionnaire was analyzed using
Excel and Mathematica. A normality test was conducted and
showed that the data do not follow a normal distribution.
Therefore, a non-parametric test was used, specifically the
Mann-Whitney test (1-tailed). The reference median (median
of the weights) was 3, and the alpha level was specified to
alpha=.05. The following hypotheses were used to test the
framework themes:

«  Ho (null hypothesis): median <3
+ H; (alternative hypothesis): median 3

To reject the null hypothesis, the P value must be P <.05. Since
the questionnaire contains 34 questions, the Bonferroni
correction was used [36]. Specificaly, alphais corrected to be
.05/34=.0014705. Hence, the P value for each question should
be less or equal to the new corrected value for the null
hypothesisto be rejected. However, it is worth mentioning that
the Bonferroni correction can be too conservative.

To ensure the clarity and validity of the questionnaire, we
conducted a pilot study in which the questionnaire was given
to anumber of researchersfor feedback. Moreover, the questions
were placed randomly (not according to the themes), and afew
guestions were repeated in different places to ensure validity
of the answers. Finally, Cronbach alpha was applied to check
theinternal consistency of the questionnaire.

Sample

The snowball method was used to select the sample for the
patients questionnaire. Prior to the distribution of the
guestionnaire, the sample size was estimated using the program
G* power, setting alpha=.05, 3=0.2, and effect size d=0.8 [37].
Based on this, the minimum sample size is 15. However, after
distributing the questionnaire, 42 patients participated in the
study, which is larger than the minimum sample size but also
meets the practical application of the central limit theorem, to
represent the mean of the population.
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Results

This section is divided into two subsections. The first presents
the findings of the expert interviews and the second presents
the results of the questionnaire.

Expert Interview Findings

The diabetes doctors and educators provided valuable
information based on their immedi ate experience with diabetics
in Saudi Arabia. Similarly, psychologists and psychiatrists
provided insight into the psychological issuesthat diabeticsface
in Saudi Arabia that can affect their self-management. As for
game experts, their input was specifically focused on the
elements derived from gamification/gameliterature. The overall
findings of the interviews provided the validation of the Wheel
of Sukr.

Fun

Theideaof creating an enjoyable experiencefor diabetic patients
was strongly welcomed by experts. Expert #3 said, “Naturally
people like to be rewarded. Thus, if this is applied to the
self-management of diabetes, it would be very effective.”
Moreover, Expert #3 added “it will change the view and the
experience of self-management of diabetes for the patient.”
Expert #5 also agreed, saying, “positive reward is enjoyablein
whichever form it comes. Thiswill help patients’ self-esteem.”
Furthermore, Expert #8 who regularly participatesin eventsfor
diabetic patients said, “ using games, competition, and fun events
has shown a positive effect on diabetic patients” This suggests
that creating a game-like experience that entertains the users
could be a relevant part to improving the self-management
process.

Socializing

The ability to share the same experiences and concerns with
other diabetics can offer the social and emotional support that
adiabetic patient needs. Moreover, it creates agood environment
for gamification where the existence of a socia community
adds to the value of rewards. As Expert #2 pointed out: “In
today’s world, the effects of social media on young and early
adolescentsisvery big. In fact, it could leave astronger impact
on the patient than that of the doctor.” Therefore, the social and
community aspect of the framework can be essentia in
providing support for diabeticsand tying in al the other themes
of the framework.

Esteem

Experts agreed that diabetes has a stigmain Saudi Arabia. The
parents and family of diabetic individuals enforce thisby being
overprotective of their diabetic children. This affects their
self-management, as Expert #8 stated, “how the patient feels
about diabetes has a great effect on their self-management.”
Therefore, creating competitions between peers and adding
leaderboards, levels, and showing progress bars in a
self-management tool could be essential in boosting users
self-esteem. This might fulfill the need for recognition and
instant positive feedback in human nature. This could result in
positive change in behavior regarding the self-management of
diabetes.
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Sdf-Management

According to some experts, some diabeticsfeel stigmatized and
may be shy in dealing with their condition when they are
participating in social activities. Inturn, thiscould prevent them
from maintaining their daily self-management routines, for
example, missing taking blood glucose test results. However,
the majority of experts (especially psychiatrists) argued that
some families play a negative role, which prevents diabetic
patients from self-managing diabetes properly. This was
supported by Expert #3 who said, “The stigma on diabetes in
Saudi Arabia affectsthe ability of some patientsto perform the
daily self-management activities in public or around other
people” Therefore, a gamified self-management tool could
enable patients to self-manage with ease and confidence and
without embarrassment or delay. The framework themes
collectively could achieve this.

Motivation

The majority of experts agreed that many diabetic patientslack
motivation in terms of self-management. Therefore, agamified
self-management tool should take thisinto consideration. This
is why motivation is a significant part of the framework. The
diabetes doctors highlighted that there is a lack of motivation
in following the right procedures for self-management and
caring for oneself among some patients. Both Experts #1 and
#3 said that some patients are not motivated to learn about their
illness and learn self-management skills. This could be aso
relevant to the “growth” theme (discussed later) in which
feedback and progress are essential. Expert #4 expressed that
game elements and rewards could be the solution to the lack of
motivation, which supports the “fun” theme discussed earlier.

Growth

The experts agreed that elements of the growth theme such as
Feedback are essentia to the self-management of diabetes. As
mentioned in previous elements, there is a lack of motivation
in self-management and a lack of consistency. Therefore, the
growth themeisavital part of the framework, and applying all
the themes combined may help in creating new habits in
self-management of diabetes and creating consistency.

Self-Representation

Some patients might feel that they are being blamed for not
taking care of their condition, for example, if their blood glucose
was higher or lower than normal. However, if the patients were
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in an environment where they are encouraged by other peers,
this could help them improve their self-managing skills.
Similarly, adolescents might be reluctant to take their doctors
instructions responsibly, possibly because it could undermine
their independence, as suggested by Expert #2. Thisisreinforced
by the opinion of Expert #6: “If the user has a sense of control
of what they are doing, they will feel that things are not imposed
on them and they are the actors” Therefore, a gamified
self-management app should provide an environment for diabetic
patientswherethey feel represented and in control. Additionally,
the environment should allow them to pursue and achieve their
goals regarding self-managing diabetes.

Sustainability

Sustainability is essential to the success of any gamification
app. Additionally, maintaining the same level of engagement
can result in a positive change in behavior in self-management
of diabetes. Experts agreed that the use of triggers and nudge
theory, which are the elements of sustainability theme, might
direct usersinto the desired behavior for self-management.

In generdl, the interview results showed a consensus on the
importance of the framework’s themes in self-management of
Saudi diabetics. In fact, Expert #2 said that the information
presented in the framework is enough to start a successful
project for the self-management of diabetes. The expert
continued to highlight that the first implementation of the
framework in a system would show any shortcomings. Next,
the system would be enhanced based on user feedback.
Moreover, Expert #4 pointed out theimportance of such projects
for the diabetic people in Saudi, especially because of the
conservative nature of the community. Thus, agamified online
system could help immensely in motivating diabetics and
keeping their privacy. Additionally, Expert #5 pointed out that
using game elementsis great for adolescence and young users.
The expert continued to highlight that, in Saudi Arabia, there
are many young diabetics with overprotective parents (due to
their illness). Thus, using gamification and providing them with
an enjoyabl e experience of self-management isimportant.

Questionnaire Results

Summary

Table 2 shows the results of Part 1 of the questionnaire, which
contai ned multiple-choi ce questions on demographical questions
and habits related to their self-management.
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Table 2. Datafrom Part 1 of the questionnaire.

Question/answer choice Responses, %

Agegroup, years

18-20 21.43
21-25 30.95
26-30 11.90
31-35 14.29
36-40 21.43
Gender
Female 76.19
Mae 2381

When were you diagnosed with diabetes?

0-1years 14.29

2-4 years 26.19

5-8 years 14.29

9+ years 45.24
Do you have friends with diabetes?

Yes 71.43

No 28.57

Do you keep alog of all your daily test results?
Yes 40.48
No 59.52
How do you log your daily test results?
Manually (using a pen and paper) 66.67
Electronically (using mobile apps, computer systems, etc) 33.33

Table 3 showsthe results of the second part of the questionnaire,  item (eg, strongly agree) were averaged. This result is shown
which contained Likert-scale questions on the themes of the inthefirst columnin Table 3 (39.05%). In addition, the sum of
framework. Each theme was associated with a number of the“strongly agree” and“agree”’ answersisshown inthe*sum”
guestions to measure the attitude towards the theme (see column (75.71%). Similarly, the sum of the “disagree’ and
Multimedia Appendix 1). For example, the fun theme has 5 “strongly disagree” is shown. The same procedure was done
questions related to it. The frequencies for each Likert-scale for all the questions.

Table 3. Freguency table (results as percentages).

Strongly agree Agree Sum Neutral Disagree  Strongly disagree  Sum
Fun 39.05 36.67 75.71 19.52 381 0.95 4.76 100.00
Socid 33.86 34.13 67.99 18.78 11.64 159 13.23 100.00
Esteem 34.92 44.44 79.37 1111 8.73 0.79 9.52 100.00
Self-management 2381 48.81 72.62 13.10 11.90 2.38 14.29 100.00
Motivation 38.89 38.10 76.98 11.90 8.73 2.38 11.11 100.00
Growth 43.33 44.76 88.10 8.57 2.86 0.48 3.33 100.00
Self-representation 19.05 2381 42.86 36.51 19.05 159 20.63 100.00
Sustainability 27.38 41.07 68.45 20.83 10.71 0.00 10.71 100.00

It isworth mentioning that the Cronbach alphatest wasapplied Fun

to the questionnaire, and the result was 0.91, which indicates 5 erall when we average the frequencies of the answers to
an internal consistency of the questionnaire. each Likert item, we find that 76% (32/42) responded by
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strongly agree or agree, 19% (8/42) were neutral, and 5% (2/42)
strongly disagreed or disagreed. This suggeststhat the majority
of the participants support the importance of the fun theme,
sinceit hel psthem overcome boredom from the repetitive tasks
and provides entertainment and encouragement. It also gives
them the opportunity to be appreciated for their efforts in
self-management and the opportunity to positively compete
with one another.

Socializing

Following the same procedure as described in the fun theme,
68% (28/42) of the participants answered with strongly agree
or agree, 19% (8/42) were neutral, and 13% (5/42) supported
strongly disagree or disagree. This suggests that diabetics like
sharing their positive results with one another and establishing

new friendships with their peers. This could help them cope
and live positively with their condition.

Esteem

The results of the averaged frequencies of the answers to the
Likert scale are as follows: 79% (33/42) strongly agreed or
agreed, 11% (5/42) were neutral, and 4/42 (9%) strongly
disagreed or disagreed. Clearly, the majority of the participants
supported thistheme. It isworth recalling that the esteem theme
includes progress bars, leaderboards, and reputation. So, by
enabling the patients to see each other’s scores and progress,
they will be encouraged to self-manage. More importantly, the
patients will have the chance to support and encourage each
other.

Sdf-Management

Nearly three-quarters (73%, 31/42) of participants strongly
agreed or agreed, 13% (5/42) were neutral, and 14% (6/42)
strongly disagreed or disagreed. In particular, the majority of
participants see that that a self-management system should
provide information, tips, and notification. Moreover, when
participant were asked about question 18, “I only record my
tests to show them to my doctor” (without the conservative
Bonferroni correction), 57% (24/42) agreed or strongly agreed
with this statement, which could signify aneed for devel oping
better self-management habits.

Motivation

Over three-quarters (76%, 32/42) of participants strongly agreed
or agreed, 12% (5/42) were neutral, and 12% (5/42) strongly
disagreed or disagreed. The participants supported the relevance
of the motivation theme. The result indicates that the participants
recognize their role in managing their condition, and they are
keen to keep their illness in control.

Growth

A majority (88%, 37/42) of participants agreed or strongly
agreed, while 3% (1/42) answered disagree or strongly disagree.
Thistheme received much support from the participants. Recall
that the growth theme combines feedback, achieving goals, and
tiny habits. The participants agreed that receiving feedback
regarding inputs (glucose levels, food intake, etc) isimportant
since this enables them to self-manage their condition.
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Sdf-Representation

Fewer than half (43%, 18/42) of participants agreed and strongly
agreed, 36% (15/42) were neutral, and 21% (9/42) disagreed or
strongly disagreed. If we consider question 27 (It isimportant
to me to keep an eye on my health through improving my
self-management skills) only, then 55% (23/42) agreed or
strongly agreed, while 14% (6/42) disagreed. Thisindicatesthat
online self-representation is important to a significant number
of the participants, which suggests that the self-representation
themeisindeed relevant.

Sustainability

Theresults showed that 68% (28/42) agreed or strongly agreed,
21% (9/42) were neutral, and 11% (5/42) disagreed or strongly
disagreed. A considerably large number of participants agreed
that self-management apps should be regularly updated. These
updates should keep them encouraged to keep using the app,
for instance, by adding more levels or challenges that keep the
patients motivated to use the app and therefore continue
self-managing their condition in a sustainable manner.

Discussion

Principal Considerations

Gamification has been receiving agreat deal of attentionin the
health care field. It has been pointed out that there is alack of
professional criteriaor guidelinesto help devel opersin creating
effective apps utilizing gamification and behavioral change
theories [11]. This paper presents a validated framework for
gamifying the self-management of chronicillnessestofill agap
in the literature. The validation was carried out by a
mixed-method approach, which included expert interviews as
well as patient questionnaires. The findings of the interviews
and results of the questionnaires support the idea of
incorporating gamification in the self-management process of
diabetes. Both experts and patients agreed that utilizing the
combined themes of the Wheel of Sukr to create a gamified
self-management tool might help achieve effective
self-management and behavioral change. To our knowledge,
the Whedl of Sukr isthefirst of itskind.

Self-management of chronic illnesses, especially in diabetes,
can beturned into an engaging and enjoyable experience by the
use of gamification. Theresults of thisstudy support thisnotion
and indicate that both experts and diabetic patients recognize
the potential of gamification in improving self-management of
diabetes significantly. In particular, experts highlighted the
importance of rewards, competition, and other fun elementsin
creating an enjoyable and rewarding experience that could lead
to positive behavioral change. This, inturn, isreinforced by the
findings from the patient questionnaire as shown in the Results
section.

Diabetes is a lonely illness and diabetics are more prone to
depression [38]. As stated in the Introduction, being part of an
online community can provide patients with the emotional and
psychological support they need. Thisisconfirmed by theresults
of the interviews and the questionnaire. In particular, experts
emphasized the positive impact of socia mediaand peer support
on patients. Additionally, the results of the questionnaireindicate
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that patientswould like to share positive resultswith their peers
and establish friendships with them. This can help them
overcome any negative feelings they might encounter.
Furthermore, the community aspect of a gamified
self-management tool could enhance the value of rewards and
other elements of the framework.

Moreover, the results support the notion that creating afun and
enjoyable experience for diabetic patients could help their
self-esteem. In particular, the interviews indicate that patient’s
self-esteem has an effect on self-management, as one expert
stated, “how the patient feels about diabetes has a great effect
on their self-management”. Moreover, the use of leaderboards
and creating friendly competition between peers could help in
boosting users’ self-esteem. The esteem theme and its elements
are also supported by the majority of participants in the
guestionnaire. This is because it enables them to track their
progressand compareit to others. Also, it could trigger positive
competition between peers in a friendly, non-judgmental
environment.

In 2013, a study [39] pointed out that 73% of diabetics do not
document their daily glucose tests. Our results arein line with
those results since, in general, patients admitted that they only
record their test results for their doctors to see. This could be
because they are not aware of the importance of
self-management or find the self-management process mundane.
Theresultsof both the interviews and the questionnaires suggest
that a gamified self-management system might help them
document daily. Therefore, gamification in self-management
is expected to make the self-management experience less
mundane.

Furthermore, the results show that patients are willing to learn
more about their condition and manage themselves better.
However, this could be prevented by the shortage of
well-constructed self-management tools (especially in Saudi
Arabia where the patients are from). This is supported by the
findings of the expert interviews that indicated that many
patients are not motivated to learn or self-manage. Gamifying
self-management could increase patients motivation. Yet, many
existing gamified applications and services focus only on
extrinsic motivation [40]. However, it is known that extrinsic
motivation solely does not create a sustainable gamification
affect [41]. The Wheel of Sukr considers both types of
motivation (intrinsic and extrinsic). This allows it to address
some of theissuesraised by the experts and enablesit to satisfy
the patients' expectations.

Providing real-time feedback that is meaningful and relevant
to usersis an essentia part of gamification [21]. The feedback
can comein many formsincluding rewards and graphs of blood
tests. Thelatter will help userslearn more about their condition
and recognize patterns. This is supported by the majority of
participantsin the questionnaire who mentioned that they would
liketo receive feedback regarding their self-managing progress
and be notified when their blood glucose fluctuates.
Additionally, the importance of being represented and being
autonomous were highlighted by the results of the expert
interviews. Participantsin the questionnaire also supported this.

http://games.jmir.org/2016/2/e14/
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Many of them stressed that they would liketheir virtual accounts
toreflect their personality, whichisan integral part of the Wheel
of Sukr.

The correlation between gamification and heath behavior
theories has been discussed [11]. It was mentioned that even
though gamification apps for heath and fitness do use
motivation from the health behavior theory, the use of capacity
or triggers is ignored. Patients mentioned the importance of
keeping apps updated to sustain their interest in using them.
They also noted the need to be encouraged to keep recording
daily. This can be done through using triggers, which are an
essential part of the framework. Moreover, patients stated that
they enjoy being challenged at alevel that suits their abilities.
The Wheel of Sukr framework answers this by considering the
user’s ability and employing triggers.

It is worth mentioning that using the mixed-method design
provided a clear image of the issue [42]. It created a balance
between the weaknesses of qualitative (interviews) and
guantitative (questionnaire) methods [42], which allows for a
well-rounded representation [43]. Moreover, the data were
collected from both experts and patients, using interviews and
guestionnaires. The results from the interviews and the
guestionnaires complement each other. In fact, relying on the
expert interviews alone would have resulted in aloss of all the
important information provided by the patients and vice versa.

Conclusion

This research introduced the Wheel of Sukr, which is a
framework that gamifies self-management of chronic illnesses.
It establishes the importance of combining gamification,
behavioral theories, and standard self-management techniques
to create asuccessful gamified self-management tool. Theresults
ae based on the input of medica doctors,
psychologist/psychiatrists, and gamification researchers, and
the input of patients living with diabetes. The results of the
statistical analysis of the questionnaire validated the themes of
the framework.

This framework can be used as a guide to help developersin
creating better gamified self-managing tools by taking into
account al of its themes: self-monitoring, socializing,
self-representation, fun, esteem, motivation, sustainability, and
growth. Each one of the themes hasanumber of elements. These
themes combined could create the right conditionsfor agamified
environment to improve the self-management of chronic
illnesses and make it an easier and enjoyable process.

Overdll, this study suggests a general acceptance of the notion
of gamifying self-management of diabetes and that it could be
important in improving the experience of patients. It aso
supports the view that there is a need to change or enhance the
current view of self-management of diabetes. The use of
gamification in health care and specifically patient self-careis
an important research areathat needs further investigation. This
framework sets the stage for further studies such as creating
specific guidelines for gamification (such work is aready in
progress).

JMIR Serious Games 2016 | vol. 4 | iss. 2 |e14 | p.71
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR SERIOUS GAMES AlMarshedi et a

Acknowledgments
AA acknowledges the scholarship provided by the Saudi Government.

Authors Contributions

AA authored the manuscript, conceived the idea of The Wheel of Sukr and designed it, designed the expert interviews and the
patient questionnaire, conducted the interviews, collected, analyzed, and interpreted the data. GW and AR provided guidance,
critical feedback, suggestions, supervision, and participated in editing the manuscript.

Conflicts of Interest

None declared.

Multimedia Appendix 1
Analysis of the questionnaire.

[PDE File (Adobe PDF File), 77KB - games v4i2el4_appl.pdf ]

References

1.  Eysenbach G. Medicine 2.0: social networking, collaboration, participation, apomediation, and openness. JMed Internet
Res 2008;10(3):e22 [FREE Full text] [doi: 10.2196/jmir.1030] [Medline: 18725354]

2. Deerding S, Dixon D, Khaled R, Nacke L . From game design elementsto gamefulness: defining gamification. In: Proceedings
of the 15th International Academic MindTrek Conference: Envisioning Future Media Environments. New York, NY: ACM;
2011 Presented at: MindTrek '11; Sept. 28-30, 2011; Tampere, Finland p. 9-15. [doi: 10.1145/2181037.2181040]

3.  Deterding S. Gamification. interactions 2012 Jul 01;19(4):14. [doi: 10.1145/2212877.2212883]

4.  Schultz W. Behaviora theories and the neurophysiology of reward. Annu Rev Psychol 2006;57:87-115. [doi:
10.1146/annurev.psych.56.091103.070229] [Medline: 16318590]

5. Werbach K, Hunter D. For the Win: How Game Thinking Can Revolutionize Your Business. Philadelphia, PA: Wharton
Digital Press; Aug 30, 2012.

6.  Krippendorff K. Intrinsic motivation and human-centred design. Theoretical Issuesin Ergonomics Science 2004
Jan;5(1):43-72. [doi: 10.1080/1463922031000086717]

7.  Cugelman B. Gamification: What It Isand Why It Mattersto Digital Health Behavior Change Developers. IMIR Serious
Games 2013 Dec;1:€3. [doi: 10.2196/games.3139]

8.  deVette F, Tabak M, Dekker-van Weering M, Vollenbroek-Hutten M. Engaging Elderly People in Telemedicine Through
Gamification. IMIR Serious Games 2015;3(2):€9 [FREE Full text] [doi: 10.2196/games.4561] [Medline: 26685287]

9.  Anderson J, Rainie L. Gamification and the Internet: Experts Expect Game Layers to Expand in the Future, with Positive
and Negative Results. Games Health J 2012 Aug;1(4):299-302. [doi: 10.1089/g4h.2012.0027] [Medline: 26191633]

10. Allam A, Kostova Z, Nakamoto K, Schulz P. The effect of social support features and gamification on a Web-based
intervention for rheumatoid arthritis patients: randomized controlled trial. J Med Internet Res 2015;17(1):e14 [FREE Full
text] [doi: 10.2196/jmir.3510] [Medline: 25574939]

11. Lister C, West J, Cannon B, Sax T, Brodegard D. Just afad? Gamification in health and fithess apps. IMIR Serious Games
2014;2(2):€9 [FREE Full text] [doi: 10.2196/games.3413] [Medline: 25654660]

12. King D, GreavesF, Exeter C, Darzi A. 'Gamification': influencing health behaviours with games. JR Soc Med 2013
Mar;106(3):76-78 [FREE Full text] [doi: 10.1177/0141076813480996] [Medline: 23481424]

13. Roepke A, Jaffee S, Riffle O, McGonigal J, Broome R, Maxwell B. Randomized Controlled Trial of SuperBetter, a
Smartphone-Based/Internet-Based Self-Help Tool to Reduce Depressive Symptoms. Games Health J2015 Jun;4(3):235-246.
[doi: 10.1089/g4h.2014.0046] [Medline: 26182069]

14. MySugr. URL: https://mysugr.com/?attachment id=1834 [accessed 2016-07-24] [WebCite Cache ID 6jFVxAXxcl]

15. Cafazzo J, Casselman M, Hamming N, Katzman D, Palmert M. Design of an mHealth app for the self-management of
adolescent type 1 diabetes: apilot study. J Med Internet Res 2012;14(3):e70 [FREE Full text] [doi: 10.2196/jmir.2058]
[Medline: 22564332]

16. Engelgau M, Narayan KM, Saaddine JB, Vinicor F. Addressing the burden of diabetes in the 21st century: better care and
primary prevention. J Am Soc Nephrol 2003 Jul;14(7 Suppl 2):S88-S91 [FREE Full text] [Medline: 12819309]

17. Diabetes Control Complications Trial Research Group (DCCT). The effect of intensive treatment of diabetes on the
development and progression of long-term complications in insulin-dependent diabetes mellitus. N Engl JMed
1993;329(14):977-986. [doi: 10.1056/NEJM 199309303291401]

http://games.jmir.org/2016/2/e14/ JMIR Serious Games 2016 | vol. 4 | iss. 2 |e14 | p.72
(page number not for citation purposes)


https://jmir.org/api/download?alt_name=games_v4i2e14_app1.pdf&filename=2fde3f713bf80ceb835dc436dd0f30e1.pdf
https://jmir.org/api/download?alt_name=games_v4i2e14_app1.pdf&filename=2fde3f713bf80ceb835dc436dd0f30e1.pdf
http://www.jmir.org/2008/3/e22/
http://dx.doi.org/10.2196/jmir.1030
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18725354&dopt=Abstract
http://dx.doi.org/10.1145/2181037.2181040
http://dx.doi.org/10.1145/2212877.2212883
http://dx.doi.org/10.1146/annurev.psych.56.091103.070229
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16318590&dopt=Abstract
http://dx.doi.org/10.1080/1463922031000086717
http://dx.doi.org/10.2196/games.3139
http://games.jmir.org/2015/2/e9/
http://dx.doi.org/10.2196/games.4561
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26685287&dopt=Abstract
http://dx.doi.org/10.1089/g4h.2012.0027
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26191633&dopt=Abstract
http://www.jmir.org/2015/1/e14/
http://www.jmir.org/2015/1/e14/
http://dx.doi.org/10.2196/jmir.3510
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25574939&dopt=Abstract
http://games.jmir.org/2014/2/e9/
http://dx.doi.org/10.2196/games.3413
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25654660&dopt=Abstract
http://europepmc.org/abstract/MED/23481424
http://dx.doi.org/10.1177/0141076813480996
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23481424&dopt=Abstract
http://dx.doi.org/10.1089/g4h.2014.0046
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26182069&dopt=Abstract
https://mysugr.com/?attachment_id=1834
http://www.webcitation.org/6jFVxAxcl
http://www.jmir.org/2012/3/e70/
http://dx.doi.org/10.2196/jmir.2058
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22564332&dopt=Abstract
http://jasn.asnjournals.org/cgi/pmidlookup?view=long&pmid=12819309
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12819309&dopt=Abstract
http://dx.doi.org/10.1056/NEJM199309303291401
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR SERIOUS GAMES AlMarshedi et a

18. Arsand E, Fragisland DH, Skrevseth SO, Chomutare T, Tatara N, Hartvigsen G, et a. Mobile health applications to assist
patients with diabetes: lessons|earned and design implications. J Diabetes Sci Technol 2012 Sep;6(5):1197-1206. [Medline:
23063047]

19. McCalum S. Gamification and serious games for personalized health. Stud Health Technol Inform 2012;177:85-96.
[Medline: 22942036]

20. Biesdorf S, Niedermann F. Healthcare's digital future. 2014. URL: http://www.mckinsey.com/industries/
healthcare-systems-and-servi ces/our-insi ghts'heal thcares-digital-future [accessed 2016-08-30] [WebCite Cache | D 6k9aab5rw]

21. AlMarshedi A, Wills G, Ranchhod A. The Wheel of Sukr: A Framework for Gamifying Diabetes Self-Management in
Saudi Arabia. In: Procedia Computer Science. 2015 Presented at: The 5th International Conference on Current and Future
Trends of Information and Communication Technologiesin Healthcare (ICTH-2015); Sept. 27-30, 2015; Berlin, Germany
p. 475-480. [doi: 10.1016/j.procs.2015.08.370]

22.  Nodhturft V, Schneider J, Hebert P, Bradham DD, Bryant M, PhillipsM, et al. Chronic disease self-management: improving
health outcomes. Nurs Clin North Am 2000 Jun;35(2):507-518. [Medline: 10873263]

23. Bodenheimer T, Lorig K, Holman H, Grumbach K. Patient self-management of chronic disease in primary care. JAMA
2002 Nov 20;288(19):2469-2475. [Medline: 12435261]

24. vander Ven N. Psychosocial Group Interventionsin Diabetes Care. Diabetes Spectrum 2003 Apr 01;16(2):88-95. [doi:
10.2337/diaspect.16.2.88]

25.  Zrebiec J. Internet Communities: Do They Improve Coping With Diabetes? The Diabetes Educator 2005;31(6):825-836.
[doi: 10.1177/0145721705282162]

26. ReevesB. In: Read J, editor. Total Engagement: Using Games and Virtual Worlds to Change the Way People Work and
Businesses Compete. Boston, NY: Harvard Business Review Press; 2009.

27. Pink D. Drive: The Surprising Truth About What Moativates Us. London: Canongate Books Ltd; 2010.

28. Antin J, Churchill E. Badgesin Social Media: A Social Psychological Perspective. In: CHI 2011 Gamification Workshop
Proceedings. 2011 Presented at: CHI 2011; May 7-12, 2011; Vancouver, BC.

29. Deterding S, Sicart M, Lennart N, Kenton O, Dixon D. Gamification: Using game-design elementsin non-gaming contexts.
In: Proceedings of the 2011 Annua Conference Extended Abstracts on Human Factorsin Computing Systems- CHI. 2011
Presented at: The ACM CHI Conference on Human Factors in Computing Systems; May 7-12, 2011; Vancouver, Canada.
[doi: 10.1145/1979742.1979575]

30. Maslow A. A theory of human motivation. Psychological Review 1943;50(4):370-396. [doi: 10.1037/h0054346]

31. RyanRM, Deci E. Intrinsic and Extrinsic Motivations: Classic Definitions and New Directions. Contemp Educ Psychol
2000 Jan;25(1):54-67. [doi: 10.1006/ceps.1999.1020] [Medline: 10620381]

32. Cskszentmihalyi M. Finding flow: the psychology of engagement with everyday life. New York, NY: BasicBooks; 1997.

33. Fogg BJ. Behavior Change. Tiny Habits URL : http://tinyhabits.com/ [accessed 2016-07-24] [WebCite Cache D 6jFWSL8B2]

34. International Diabetes Federation. |DF Diabetes Atlas, 7th ed. Brussels, Belgium: International Diabetes Federation; 2015.

35. International Diabetes Federation- Saudi Arabia. 2015. URL : http://www.idf.org/membership/mena/saudi-arabia[accessed
2016-07-25] [WebCite Cache ID 6]FWY GoUf]

36. Bland M, Altman D. Multiple significance tests: the Bonferroni method. BMJ 1995 Jan 21;310(6973):170. [doi:
10.1136/bmj.310.6973.170]

37. Cohen J. Statistical power analysis for the behavioral sciences. Hillsdale, NJ: L. Erlbaum Associates; 1988.

38. Egedel, Zheng D, Simpson K. Comorbid depression is associated with increased health care use and expendituresin
individuals with diabetes. Diabetes Care 2002 Mar;25(3):464-470. [Medline: 11874931]

39. RoseKJ, Koenig M, Wieshauer F. Evaluating success for behavioral change in diabetes via mHealth and gamification:
MySugr’'s keys to retention and patient engagement. Diabetes Technology & Therapeutics 2013 Feb;15:A114.

40. Seaborn K, FelsD. Gamification in theory and action: A survey. International Journal of Human-Computer Studies 2015
Feb;74:14-31. [doi: 10.1016/j.ijhcs.2014.09.006]

41. AlMarshedi A, Wanick V, Wills G, Ranchhod A. SGI: A Framework for Increasing the Sustainability of Gamification
Impact. International Journal for Infonomics 2015;8(1):1044-1051. [doi: 10.20533/iji.1742.4712.2015.0123]

42.  Jick TD. Mixing Qualitative and Quantitative Methods: Triangulation in Action. Administrative Science Quarterly 1979
Dec;24(4):602. [doi: 10.2307/2392366]

43. Thurmond V. The point of triangulation. J Nurs Scholarsh 2001;33(3):253-258. [Medline: 11552552]

http://games.jmir.org/2016/2/e14/ JMIR Serious Games 2016 | vol. 4 | iss. 2 |e14 | p.73

(page number not for citation purposes)


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23063047&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22942036&dopt=Abstract
http://www.mckinsey.com/industries/healthcare-systems-and-services/our-insights/healthcares-digital-future
http://www.mckinsey.com/industries/healthcare-systems-and-services/our-insights/healthcares-digital-future
http://www.webcitation.org/6k9aa65rw
http://dx.doi.org/10.1016/j.procs.2015.08.370
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10873263&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12435261&dopt=Abstract
http://dx.doi.org/10.2337/diaspect.16.2.88
http://dx.doi.org/10.1177/0145721705282162
http://dx.doi.org/10.1145/1979742.1979575
http://dx.doi.org/10.1037/h0054346
http://dx.doi.org/10.1006/ceps.1999.1020
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10620381&dopt=Abstract
http://tinyhabits.com/
http://www.webcitation.org/6jFWSL8B2
http://www.idf.org/membership/mena/saudi-arabia
http://www.webcitation.org/6jFWYGoUf
http://dx.doi.org/10.1136/bmj.310.6973.170
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11874931&dopt=Abstract
http://dx.doi.org/10.1016/j.ijhcs.2014.09.006
http://dx.doi.org/10.20533/iji.1742.4712.2015.0123
http://dx.doi.org/10.2307/2392366
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11552552&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR SERIOUS GAMES AlMarshedi et a

Edited by G Eysenbach; submitted 05.05.16; peer-reviewed by F Oprescu, YY Chao; comments to author 26.05.16; revised version
received 25.07.16; accepted 12.08.16; published 09.09.16.

Please cite as.

AlMarshedi A, WlIs G, Ranchhod A

Gamifying Self-Management of Chronic Ilinesses: A Mixed-Methods Study
JMIR Serious Games 2016;4(2):e14

URL: http://games.jmir.org/2016/2/e14/

doi: 10.2196/games.5943
PMID: 27612632

©AlaaAlMarshedi, Gary Wills, Ashok Ranchhod. Origindly published in IMIR Serious Games (http://games.jmir.org), 09.09.2016.
This is an open-access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/2.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work, first published in IMIR Serious Games, is properly cited. The complete bibliographic information, a
link to the original publication on http://games.,jmir.org, as well as this copyright and license information must be included.

http://games.jmir.org/2016/2/e14/ JMIR Serious Games 2016 | vol. 4 | iss. 2 |e14 | p.74
(page number not for citation purposes)

RenderX


http://games.jmir.org/2016/2/e14/
http://dx.doi.org/10.2196/games.5943
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27612632&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR SERIOUS GAMES Thomaset a

Original Paper

Effects of Visual Display on Joint Excursions Used to Play Virtual
Dodgeball

James S Thomas', PT, PhD; Christopher R France?, PhD; Megan E Applegate’, MS; Samuel T Leitkam®, PhD; Peter
E Pidcoe’, PT, DPT, PhD; Stevan Walkowski*, DO

1onio University, School of Rehabilitation and Communication Sciences, Athens, OH, United States

2Ohio University, Department of Psychology, Athens, OH, United States

3VirginiaCommonweaIth University, Department of Physical Therapy, Richmond, VA, United States

40Ohio University Heritage College of Osteopathic Medicine, Department of Osteopathic Manipulative Medicine, Athens, OH, United States

Corresponding Author:

James S Thomas, PT, PhD

School of Rehabilitation and Communication Sciences
Ohio University

W281 Grover Center

Athens, OH, 45701

United States

Phone: 1 740593 4178

Fax: 1 740 593 0293

Email: thomasi5@ohio.edu

Abstract

Background: Virtual redlity (VR) interventions hold great potential for rehabilitation as commercial systems are becoming
more affordable and can be easily applied to both clinical and home settings.

Objective: In thisstudy, we sought to determine how differencesin the VR display type can influence motor behavior, cognitive
load, and participant engagement.

Methods: Movement patterns of 17 healthy young adults (8 female, 9 male) were examined during games of Virtual Dodgeball
presented on athree-dimensional television (3DTV) and a head-mounted display (HMD). The participant’s avatar was presented
from athird-person perspective on a3DTV and from a first-person perspective on an HMD.

Results: Examination of motor behavior revealed significantly greater excursions of the knee (P=.003), hip (P<.001), spine
(P<.001), shoulder (P=.001), and elbow (P=.026) during HMD versus 3DTV gameplay, resulting in significant differences in
forward (P=.003) and downward (P<.001) displacement of the whole-body center of mass. Analyses of cognitive load and
engagement revealed that relativeto 3D TV, participantsindicated that HM D gameplay resulted in greater satisfaction with overall
performance and was less frustrating (P<.001). There were no significant differences noted for mental demand.

Conclusions: Differences in visua display type and participant perspective influence how participants perform in Virtual
Dodgeball. Because VR use within rehabilitation settings is often designed to help restore movement following orthopedic or
neurologic injury, these findings provide an important caveat regarding the need to consider the potential influence of presentation
format and perspective on motor behavior.

(IMIR Serious Games 2016;4(2):e16) doi:10.2196/games.6476

KEYWORDS
virtual reality; avatar presentation; joint kinematics

affordable, the feasibility of applying this technology to both
clinica and home settings holds great potential for clinical

Virtual reality (VR) has been used to shape motion in patients re_zhabilitgtioq A particular advantage of_VR isth_at avari_ety of
with various orthopedic and neurologic impairments (eg, low  Visua stimuli can be presented and manipulated in redl-time to
back pain, cerebral vascular accident) for a number of years provide insights into neural control of movement and to guide
[1-4]. As commercid VR systems become increasingly ©' shape joint motion. However, given the variety of platforms
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avalable to present VR stimuli, it is important to better
understand how differencesin the VR environment can influence
motor behavior, cognitive load, and participant engagement.

Levin and colleagues have examined the effects of VR
environment on motor behavior in both healthy participants and
stroke patients [2,4-6], and in arecent study reported no effect
of display type (ie, three-dimensional [3D] image projected on
alarge screen vs a head-mounted display) on end-effector path
straightness, shoulder and elbow joint excursions, or trunk
displacements in reaches made to virtual targets from a seated
posture [6]. However, differences in vertical and horizontal
direction errorswere noted between the display types[6]. Others
have reported that displacements of the trunk and limbs during
reaching tasks were altered by manipulating the viewing angle
of the participant’'s third-person avatar [7]. Specifically,
participants reached less when the camera was oriented at 0°
(ie, directly behind the avatar) than when it was oriented at
angles from 45-77.5° relative to the avatar [7]. Further, the
increased segment displacement observed with greater angles
was accompanied by adlightly larger displacement of thewhole
body center of mass (COM). The results are mixed regarding
the effects of VR display types on motor performance, but
investigations often focused on error of the end-effector
[2,4-6,8], effects of the presenting stimulus on distance
judgement [9], or theinfluence of restricted fields of view (FOV)
conditions on estimates of distances in virtual environments
[9-12]. Further, these investigations have primarily focused on
motor tasks that require interception with a static target and
have not examined the role of virtual environments on
movement strategies adopted during virtual gaming. In fact, to
the authors' knowledge no studies to date have examined how
VR display types influence apportionment of joint excursions
when gameplay requires significant movement of the postural
joints. Finally, while some investigations have reported that the
sense of actual presencein VR was weakened when the avatar
was viewed from athird-person perspective[13,14], thereisno
evidence in the existing literature that addresses the potential
effects of avatar perspective on motor behavior. However,
resolving this question is particularly important for developing
robust rehabilitation interventions designed to shape motor
behavior.

Individuals with back pain and fear of movement due to
perceived risk of harm or injury (ie, kinesiophobia) consistently
avoid lumbar flexion [15-19]. Indeed, we have shown reduced
lumbar flexion among participants with kinesiophobia and
experimental low back pain [20], subacute low back pain [16],
and chronic low back pain[18], aswell asamong asymptomatic
individuals with kinesiophobia who have recently recovered
from an episode of low back pain [17]. To addressthis problem,
wedeveloped aV R intervention, Virtual Dodgeball, to promote
lumbar flexion in individuals with chronic low back pain and
fear of movement-related injury. We recently completed a Phase
| randomized controlled trial to examine feasibility and safety
among individuals with chronic low back pain and high levels
of pain-related fear [21]. In thisinitia trial, Virtual Dodgeball
was played on a 3D television (3DTV) and the avatar was
presented in the third-person perspective. However, because
we are interested in enhancing portability of this intervention
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beyond thelaboratory and clinic and into the home environment,
this study was designed to compare movement patterns when
Virtual Dodgeball ispresented on a3DTV display versusaless
expensive and more portable head-mounted display (HMD).
Based on existing studies, we predicted that these different
display types would not affect joint excursions in full-body
reaching tasks.

Methods

Recruitment

We recruited 17 healthy young adults (9 male, 8 female) aged
18-35. Exclusion criteriaincluded a history of low back injury,
low back pain within the last 6 months, and any orthopedic,
neurological, or visua impairment that would prevent
participation. This study was approved by the Institutional
Review Board of Ohio University, and written informed consent
was obtained at the beginning of the session. Using a
within-subjects design, participation consisted of standardized
reaches to static targets in the real world (RW) and a round of
Virtual Dodgeball using two different visual display types (ie,
3DTV, HMD). Each round of dodgeball consisted of threelevels
of difficulty. Between each level, the participant had to reach
to static virtual targets presented at the same locations as the
corresponding reaches performed in RW. This manuscript
examines the joint excursions used to intercept the launched
virtual balls during Virtua Dodgeball gameplay with two
different visual display types.

Instrumentation

Movement of light-reflective marker clusters attached to the
head, upper arms, forearms, hands, trunk, pelvis, thighs, shanks,
and feet were tracked using a 10-camera Vicon Bonita system
sampled at 100 Hz. This optoelectric-based kinematic system
can track the 3D coordinates of light reflective marker clusters
attached to the participant with a spatial resolution of 0.1 mm.

The time-series joint angle data were derived from the 3D
segment coordinate data using an Euler angle sequence of (1)
flexion-extension, (2) lateral bending, and (3) axial rotation [22]
using MotionMonitor software. Joint excursions were defined
as the change in joint angle from initial standing posture to
posture at target contact.

Procedures

Participants reached at acomfortable speed holding aregulation
dodge ball (24 cm diameter) with both hands. They performed
reachesto each of threetargetslocated in the mid-sagittal plane.
Target locations were determined for each subject based on
their hip height, trunk length, and arm length. The highest target
was located such that the subject could, in theory, reach the
target by flexing the hips 15° with the shoulder flexed to 90°
and the elbow extended. Using the same shoulder and elbow
joint positions, the middle and low targets could be reached by
flexing the hips 30° and 60°, respectively. Using this
individualized method of determining target heights allows for
comparison of movement patterns across different individuals
[23-25]. We have previously demonstrated that this standardized
reaching task challenges participants to produce progressively
more lumbar spine flexion, and in doing so is sensitive to
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individual differencesin movement strategies between healthy
individuals and those with low back pain [15-19]. In this study,
the average lumbar excursions that each participant used to
reach the high, middle, and low targets was subsequently used
to calculate the intended impact height location of the virtual
dodgeballs (described in greater detail below).

In brief, one full game was completed in each visual display
type. The order of presentation of the visual display type was
randomized and counter bal anced such that half the participants
played Virtual Dodgeball on the 3DTV first and half played
Virtual Dodgeball on the HMD first. For each participant, the
impact heights of the virtual balls were identical between the
visual display types. During Virtual Dodgeball, participants
competed against 4 virtual opponents and the object was to
block or avoid virtua balls launched randomly by each of the
4 opponents. Participants earned points and cash rewards by
successfully blocking launched virtual balls using a ball that
they held in their hands or by avoiding a launched ball by
ducking (see Multimedia Appendix 1 for avideo of gameplay).

Virtual Environment

Vizard software (WorldViz) was used to develop the virtua
environment and control all presented graphics and audio
stimuli, including the opposing team’s avatars. The six degrees
of freedom kinematic data from the clusters of light reflective
markers placed on the participant were streamed to the game
environment at 100 Hz using Vicon Tracker software to allow
for near real-time presentation of the participant’s avatar (39
ms latency). The MotionMonitor software was used to control
bidirectional communication with Vizard, set game parameters
and target locations, and record al kinematic data during the
experimental testing session.

In the 3DTV condition, a Samsung 1080p 240 Hz 3D Smart
LED TV was paired with 3D shutter glasses providing an
effectiverefresh rate of 60 Hz/eye. The participant viewed their
slightly translucent avatar from athird-person perspective from
a camera position 1.5 meters directly behind their avatar. The
translucent avatar allowed for visibility of objects in front of
the avatar. The FOV for gameplay with the 3DTV display was
asfollows: horizontal=50°, vertical=40°. Inthe HM D condition,
the participant viewed their avatar from a first-person
perspective that was projected using an Oculus Rift (Oculus
Rift Developers Kit 2). From this perspective, the participant
viewed their avatar and the environment from the position of
theavatar’'seyes. The FOV for the HMD display was asfollows:
horizontal=100°, vertical=100°, and the refresh rate was fixed
at 75 Hz/eye.

Gameplay

The game environment was an indoor basketball arena, with
the participant positioned at the free-throw line on one side of
the court and the four virtual opponents positioned on the
free-throw line on the opposite side of the court. The opposing
playersmoved 3 m fore-aft and 3 mleft-right in arandom order.
Virtual balls were launched every 3.3 £ 0.3 seconds in a
randomized order from each of the 4 virtual opponents. The
opponent who was about to launch avirtual ball changed color
300 ms prior to launch to alert the participant. If the opponent
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turned green and the launched ball was yellow, the participant
had to attempt to block the ball with the ball held in their hand
(co-located with the virtual ball held by the avatar). If the
opponent turned red and the launched ball was orange, the
participant had to attempt to duck to avoid the ball. A large
scoreboard was positioned at the opposite end of the arena
(above the opponents) so that participants could track their
performance and cash rewards earned. Sound effects were also
incorporated, including crowd cheering, buzzers, referee
whistles, and a duck quacking sound that occurred whenever
an orange ball was launched. An instrumented participant
engaged in virtual dodgeball with the HMD is shown in Figure
1

A round of gameplay consisted of a basic practice level to
introduce the scoring metrics and three gamelevels, each lasting
approximately 2 minutes. There were two sets of 15 launched
balls within each game level. The intended impact |ocations of
the 15 launched balls were distributed to five impact heights
(IH) that were determined by the participant’s height and the
amount of lumbar flexion they used during the baseline
standardized reaching tasks. For example, during Level 1 of
gameplay, the participant could successfully block the virtual
ball launched to IH4 (ie, the lowest impact height) simply by
using the identical amount of lumbar flexion used in the
standardized reaching task to the high target performed at
baseline, whereas during Level 3 of gameplay, the participant
could successfully block the virtual ball launched to I1H4 (ie,
the lowest impact height) simply by using the identical amount
of lumbar flexion used in the standardized reaching task to the
low target performed at baseline. The five impact heights used
in gameplay were scaled to impact between the height of
participant’s eyes (IHO=highest impact) and approximately their
shins (IH4=lowest impact) across the three levels of gameplay
(seeFigure 2). Threeballswerelaunched at each IH to intersect
the participant at their midline, and 20 cm left or right of the
midline. It is important to note that the order of the virtual
launched balls was permutated at each round of play to make
the game exciting, chalenging, and to some extent
unpredictable. After each set, the participant was presented with
a static virtual ball and instructed to reach out and touch the
ball with the ball held in their hands. The location of the virtual
ball was co-located to individualized target locations used during
the standardized reaching task performed in real-world at
pretreatment baseline such that the locations of the virtual balls
during Levels 1, 2, and 3 were co-located to the real-world
location of the high target, middle target, and low target,
respectively.

Performance was updated in real-time and displayed on the
virtual scoreboard, and the participant was awarded
progressively more for each successful block or duck at each
level of play (Practice Level=1¢, Level 1=2¢, Level 2=5¢, Level
3=10¢). Successful contact for each highlighted ball presented
between each set resulted in a bonus 25¢ reward. Conversely,
the participant lost cash rewards for each failure to block or
duck. Each player started the game with a cash balance on the
scoreboard such that if they failed on every launched or
presented ball, their cash balance would be zero. The average
gameplay session lasted approximately 15 minutes.
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Following each session, the participants rated their overall
efforts using the NASA Task Load Index (TLX). The NASA
TLX is multidimensional assessment that rates perceived
workload acrossto assess system performance[26] (Multimedia
Appendix 2). Specifically, the NASA TLX asked the participants
to provide 1 (very low) to 7 (very high) ratings of their
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experience along six dimensions: Mental Demand, Physical
Demand, Tempora Demand, Performance, Effort, and
Frustration. In the context of assessing display type on Virtua
Dodgeball, this measure providesinsight into differencesin the
perceived workload performing nearly identical tasks.

Figure 1. Participant instrumented and engaged in Virtual Dodgeball using the head-mounted display (HMD).

Figure 2. Methods for computing location of theimpact heights (IHO-1H4) of the launched virtual balls for a single game level (left). The distribution
of launched virtual balls across the 3 levels of gameplay is shown (right). The lowest impact height (IH4) for each gameplay level (1-3) was calculated
from the lumbar spine flexion used to reach the high, middle, and low targets during the baseline standardized reaching tasks.

7.5cm

T = === IH,=AC + 20cm
Span --1H, = Span
2

---IH, = Span
4

Nl

--1H; = Span
8

IH, = Full Reach - 24cm

15 cm

http://games.jmir.org/2016/2/e16/

Game Level 2
Middle Target

Game Level 1
High Target

Game Level 3
Low Target

THO THO THO

TH1

1H2

1H2
IH3

1H4 1H3 1H2

TH4
IH3

TH4

JMIR Serious Games 2016 | vol. 4 | iss. 2 |e16 | p.78
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR SERIOUS GAMES

Data Reduction and Analysis

Because the games were played with both hands in fixed
locations on the ball and joint excursions were nearly identical
for the left and right limbs, analyses are restricted to the right
side. Firgt, time-series position vector of theright index fingertip
was smoothed using a 41-point fourth-order Savitzky-Golay
filter [27]. That is, at each sampletime, fourth-order polynomials
were fit in the least-squares sense to the data at that point and
20 neighboring samples on each side. The polynomial
coefficients were then used to determine velocity. Movement
onset was determined from a backwards search from peak
velocity and defined as the point where vel ocity was <5% peak
velocity. Target contact was defined as the point where velocity
was <5% peak velocity using a forward search from peak
velocity. The changein joint angles (ie, ankle, knee, hip, spine,
shoulder, and elbow) and displacement of whole body COM
along the anterior-posterior, medio-lateral, and vertical axes
was calculated from movement onset to target contact. To
determine hand position at target contact, we first calculated
the centroid of the hands from the x, y, and z position traces
from marker clusters on the left and right hands and adjusted
this to the centroid of the left and right ankle joint. We then
determined the hand position at target contact for the
anterior-posterior, medio-lateral, and vertical axes.

Statistical Power and Analysis

We calculated that we needed 14 participants to determine the
within-subject effects of display type with 80% power, assuming
alpha=.05, and correl ation between measures of .5 and an effect
size of f=0.4 (large effect) using G* Power 3.19 [28]. The effect
size was based on initia pilot testing of the effects of display
types on movement strategies. The dependent measures were
(1) movement time, (2) hand position at target contact (ie,
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anterior-posterior [AP], medial-lateral [ML], vertical), (3) joint
excursions (ie, right ankle, knee, hip, spine, shoulder, and
elbow), and (4) displacement of COM (ie, AP, ML, vertical).
Separate 4-way mixed-model multivariate analysis of variance
with sex asthe between-subjects variable, and environment type
(3DTV, HMD), IH (IHO-1H4), and Level (1-3) as the repeated
factors were performed on the dependent measures. Posthoc
analyses were performed using the method of least significant
differences. Interactions were examined using a simple effects
model. The NASA TLX datawere analyzed used paired t tests
with a Bonferroni correction for multiple comparisons. All
statistical analyses were completed in SPSS 22.

Results

Movement Time

There was a main effect of Display Type on movement time
(F1,15=6.72, P=.02), with participants moving more quickly in
the 3DTV condition. Specifically, mean movement time for
reaches madeto intercept the launched virtual ballsinthe 3DTV
condition was 480 ms (SD 140) versus 530 ms (SD 210) for the
HMD condition. There was also a main effect of IH on
movement time (F, 1,=12.76, P<.001). Asillustrated in Figure
3, thisisdriven primarily by the differencesin movement times
between the movements to virtual balls launched to IHO (ig,
duck condition) compared virtual balls launched to IH1-4 (ie,
block conditions). Specificaly, movement times for IHO
averaged 659 ms (SD 220), which was significantly longer than
movement times to intercept virtual balls launched to the other
targets: IH1=486 ms (SD 200) to IH4=451 ms (SD 180). But
posthoc analyses revealed that there were no significant
differences in movement times between any of the pairs of
IH1-1H4.

Figure 3. Effect of 3D television (3DTV) versus a head-mounted display (HMD) on movement time for each impact height (1H).
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Hand Position at Ball Contact

Asillustrated in Figure 4, there was an interaction of Display
Type and IH of the launched virtual balls for the AP axis
(F41,=8.44, P=.002) and the vertical axis (F,;,=9.18, P=.01).
Asexpected, there was also amain effect of IH on hand position
at intercept with the launched virtual balls for the AP axis
(F115=29.28, P<.001), the ML axis (F; 15=12.11, P<.001), and
the vertical axis (F;;5=119.66, P<.001). There were aso
significant effects of Display Type on hand position at intercept
with the launched virtua balls for the AP axis (F; 5=16.39,
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P=.001), the ML axis (Fy ;5=17.61, P=.001), and the vertical
axis (Fy15=54.01, P<.001). Simple analyses of the effects of
Display Type revealed that, compared to 3DTV, AP hand
position at intercept was approximately 14 cm further forward
in gameplay with HMD for IH1-4 (Multimedia Appendix 3).
Vertical hand position at intercept was approximately 18 cm
higher in gameplay with 3DTV compared to HMD for IH2-4
(Multimedia Appendix 3). Therewas no effect of Display Type
for vertical hand position for IH1-2. Finally, there was a
significant effect of Level, but only for the hand position along
the vertical axis (F.,5=11.16, P=.001).

Figure4. Effectsof 3D television (3DTV) versus a head-mounted display (HM D) on hand position at target intercept for each impact height (IH) along
the anterior-posterior (AP) axis, along the medial-lateral (ML) axis, and along the vertical axis.
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Joint Excursions

There were significant interactions of Display Type by IH for
on joint excursions of the ankle (F,,,=7.43, P=.003), knee
(F412=19.00, P<.001), hip (F4.,=8.45, P=.002), spine
(F1,15=5.26, P=.011), shoulder (F,1,=5.76, P=.001), and elbow
(F41,=9.95, P<.001). As shown in Figure 5, this interaction is
driven primarily by the fact that Display Type had no effect on
joint excursions for launched virtual ballsto IHO (ie, balls that
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required the participant to duck). For the ankle, knee, hip, spine,
and shoulder, thejoint excursions used to intercept the launched
virtual balls to locations IH1-IH4 was significantly greater
during gameplay using the HMD compared to gameplay with
the 3DTV (Multimedia Appendix 3). The sum of these effects
on the apportionment of joint excursions (IH1-IH4) in these
full-body reaching tasksisdepicted in Figure 6, which isderived
from the mean join excursions across target heights, mean
participant height (70"), and estimating limb segment lengths
from Winter [29].
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Figure5. Interaction of 3D television (3DTV) versus head-mounted display (HMD) by impact height (IH) on the joint excursions of the ankle, knee,
hip, spine, shoulder, and elbow.
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Figure 6. Effectsof 3D television (3DTV) versus head-mounted display (HMD) on the posture adopted at target intercept.

Displacement of Center of Mass

There was a significant interaction of Display Type and IH on
displacement of COM along the AP axis (F4;,=5.63, P=.001),
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ML axis (F,,=6.03, P=.001), and vertical axis (F4,=9.95,
P=.001). Asshownin Figure 7, with the exception of IHO, COM

displacement along the AP and vertical axes was greater in
HMD compared to 3DTV for launched virtual balls launched
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to IH1-4 (Multimedia Appendix 3). Conversely, the only
significant effects of Display Type on COM displacement along
the ML axiswas for launched virtual balls to IHO. Further, the
differences along the ML axis were rather small (ie, 2 cm).
There was also a main effect of Display Type on displacement
of COM along the AP axis (F; 15=12.64, P=.003) and vertical

Thomas et al

axis (F,5=41.82, P<.001). On average, participants had an 8
cm (SD 0.003) larger forward displacement of the COM along
AP axis and an 86 cm (SD 0.017) larger downward
displacement along the vertical axis during gameplay with the
HMD compared to the 3DTV.

Figure 7. Effects of 3D television (3DTV) versus a head-mounted display (HMD) on displacement of whole-body center-of-mass (COM) for each
impact height (IH) along the anterior-posterior (AP) axis, along the medial-lateral (ML) axis, and along the vertical axis.
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Task Load Index

Analysis of the Task Load Index data (Figure 8) revealed that,
relativeto the 3D TV, participantsindicated that HMD gameplay
resulted in greater satisfaction with overall performance
(P<.001) and was less frustrating (P=.001). There were no
significant differences noted for physical demand, mental
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demand, temporal demand (ie, perceived time pressure), or
overall effort required. Examination of the effects of display
type on success rate during gameplay reveal ed that participants
had a success rate of 38.8% (SD 2.0) for gameplay with the
3DTV compared to 71.2% (SD 2.6) for the HMD (Fy ;5=142.
4, P<.001).

Figure 8. Effectsof 3D television (3DTV) versus head-mounted display (HMD) on NASA Task Load Index(TLX) scores.
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Discussion

Principal Results

The primary goal of this study was to determine the effects of
display type on the joint excursions used while playing Virtual
Dodgeball. Figure 4 best captures how display type influences
motor behavior during gameplay. When playing Virtua
Dodgeball withthe HMD, participants had larger excursions of
the postural joints compared to gameplay on the 3DTV. This
appears to reflect an overal shift in how participants respond
to the launched virtual balls when using the HMD such that
they intercept the virtual ballsfurther in front of their body and
from alower position.

For virtual balls launched to IH1-4, hand position at target
intercept contact was about 14 cm forward (AP axis) and 18 cm
lower (vertica axis) in gameplay with HMD compared to 3DTV
(Figure 2). It has been suggested that distanceis underestimated
in virtua reality space due, in part, to a restricted FOV [9].
However, the FOV for the 3D TV (horizontal=50°, vertical=40°)
is considerably less than the FOV for the HMD
(horizontal=100°, vertical=100°). If these results were driven
by FOV, then one would expect target intercept with HMD to
be lessthan 3DTV; however, that is clearly not what we found.
Thus, FOV does not provide a plausible explanation for the
differencesin hand position at target intercept between thevisua
displays. Thisfinding realy indicates a difference in strategy,
as it is a robust finding across the various IHs of the virtual
launched balls. The exceptionis, of course, for the virtual balls
launched to IHO (ie, required the participant to duck). There
was no difference in movement strategies as a function of
display type for this portion of Virtual Dodgeball.

While differencesin FOV do not provide an explanation for the
differencesin hand position or joint excursions, perhaps COM
displacement can explain the changes in strategy between
display types. The vertical displacement for the COM was
greater in HMD compared to 3DTV across IH1-4. From an
energetics perspective, lowering the height of the COM could
result in a fundamentally more stable system. However, the
forward displacement of thewhole-body COM wasal so greater
inthe HMD condition compared to 3DTV. Thus, from the same
energetics perspective, the greater forward displacement would
not lead to a more stable system. It has been shown that COM
displacement is changed in standing reaching tasks performed
in virtual reality environments when the viewing angle of the
participant’s avatar is altered [ 7]. The change in viewing angle
of the avatar could have similar effects on the perception of the
task and the evaluation of a participant’s location in the virtual
environment [13]. Further, while Levin and colleagues found
no differences in joint excursions of the trunk, shoulder, and
elbow in reaching tasks performed in two visual display types
(ie, 3DTV versus HMD) [2], they used a seated reaching task
that did not present the same challenges to sability as
intercepting dynamic targets performed from astanding position.
It does not appear that conservation of displacement of COM
is asignificant factor in the difference in movement strategies
observed in Virtual Dodgeball played with two display types.
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It is possible that differences in joint excursions between the
visual displays could be driven, in part, by differences in
movement timeto intercept the virtual launched balls. We have
shown that joint excursions of the ankle, knee, and hip increase
as movement time to target is reduced by half (ie, when
participants move twice as fast to the target) [23,25]. However,
we found that movement times were shorter during Virtua
Dodgeball played with the 3DTV compared to the HMD (ie,
faster movement speeds). Thus, one could expect that joint
excursions would be greater in 3DTV compared to HMD.
Because we observed just the opposite, movement speed does
not appear to explain the differencesin joint excursions observed
between the visual displays.

Another potential contributor to the differences in observed
movement strategies is the difference in refresh rates for the
two display types. However, the kinematic input streamsto the
avatars in both display typesis 100 Hz with the 3DTV, paired
with the shutter goggles, having an effective update rate of 60
Hz/eye and the HM D having an update rate of 75 Hz. Thusthe
differencein refresh rates resultsin an absolute time difference
of about 3.3 ms. Further, as both display types use an LED
display, there should be no differences in persistence of the
displayed images. Finally, according to Ware, the processing
timefor humansisapproximately 166 msand visual |ags effect
performance at about 200 ms [30]. Thus, it is highly unlikely
that difference in refresh rates was a driving factor of the
differencein joint excursions reported.

The difference in movement strategies observed between the
two display types could be due to the presentation of the avatar.
Some investigations have reported that the sense of actual
presence in VR was weakened when the avatar was viewed
from a third-person perspective [13,14]. Although differences
in sense of presence could influence motor behavior, a recent
study found no differences in temporal or spatial performance
in atask that required participants to search and walk toward
targets in the VR environment [31]. However, Ustinova and
colleagues reported that trunk and peripheral joint excursions
changed as a function of viewing angle of the avatar in a VR
presented on a3DTV [7], but inthat study the avatar was always
presented in the third-person perspective. As such, it was not a
specific comparison between first- and third-person perspectives
as in the current study. In fact, we are unaware of any studies
that have examined the effects of avatar perspective on joint
excursions. As noted in the methods, Virtual Dodgeball
gameplay in 3DTV presented the participant’s avatar in the
third-person perspective whereas a first-person perspective of
the avatar was used in HMD. The visual transformation that
must occur while viewing one's avatar, which in the virtual
world was located 1.5 meters in front of the participant, can
have significant effects on movement control. However, it is
possiblethat display typewasthe driving factor of the observed
differencesin joint excursions and not avatar perspective.

Finally, the results of this study provide further support for
Virtual Dodgeball as an effective strategy to promote lumbar
flexion. Importantly, the current findings also indicate that the
clinical utility of Virtual Dodgeball may be enhanced with an
HMD because it elicits more lumbar spine flexion, greater

JMIR Serious Games 2016 | vol. 4 | iss. 2 [e16 | p.83
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR SERIOUS GAMES

participant satisfaction with overall performance, and less
frustration.

Limitations

A limitation of this study isthat it cannot assign differencesin
motor performance in these tasks simply to avatar perspective.
The differences could also be due to the use of a3DTV versus
the HMD, or to differences in display of the avatar (ie,
first-person versusthird-person perspective). Accordingly, future
studies are needed to carefully isolate the effects of perspective
and display type.

Conclusions

The results of this study demonstrate that visual display type
influences motor behavior in Virtual Dodgeball. These dataare
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Abstract

Background: A computer-based game, named Timo's Adventure, was developed to assess specific cognitive functions (eg,
attention, planning, and working memory), time perception, and reward mechanisms in young school-aged children. The game
consists of 6 mini-games embedded in a story line and includes fantasy elements to enhance motivation.

Objective: The aim of this study was to investigate the validity of Timo's Adventure in normally developing children and in
children with attention-deficit/hyperactivity disorder (ADHD).

Methods: A total of 96 normally developing children aged 4-8 years and 40 children with ADHD were assessed using the game.
Clinical validity was investigated by examining the effects of age on performances within the normally developing children, as
well as performance differences between the healthy controls and the ADHD group.

Results: Our analyses in the normally developing children showed developmental effects; that is, older children made fewer
inhibition mistakes (r=-.33, P=.001), had faster (and therefore better) reaction times (r=-.49, P<.001), and were able to produce
time intervals more accurately than younger children (p=.35, P<.001). Discriminant analysis showed that Timo’'s Adventure was
accurate in most classifications whether a child belonged to the ADHD group or the normally developing group: 78% (76/97) of
the children were correctly classified as having ADHD or as being in the normally developing group. The classification results
showed that 72% (41/57) children in the control group were correctly classified, and 88% (35/40) of the children in the ADHD
group were correctly classified as having ADHD. Sensitivity (0.89) and specificity (0.69) of Timo's Adventure were satisfying.

Conclusions; Computer-based games seem to be avalid tool to assess specific strengths and weaknesses in young children with
ADHD.

(JMIR Serious Games 2016;4(2):€15) doi:10.2196/games.5997
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experimental games; ADHD; children; neuropsychological test
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Introduction

Assessment of children’s cognitive strengths and weaknesses
is an important focus of clinical child neuropsychological
research and clinical careworldwide[1]. Cognitive abilitiesare
quantified traditionally by use of, for example, paper-and-pencil
performance tests and more recently with computer-assisted
tools [2,3]. Performances on traditiona cognitive tests are
believed to be influenced significantly by noncognitive
functions, such as motivation and perseverance [4]. Therefore,
a lower score on, for instance, a working memory test might
indicate a memory problem but also, for example, a decreased
motivation. This overall performance score therefore only
limitedly reflects the underlying “cause” in case of adecreased
performance, which makes this score difficult to interpret. In
order to test one's cognitive abilities more purely, it would be
preferable to (1) optimize motivation in the test situation and
(2) assess motivation in a separate test additionally—
unfortunately, tests measuring motivation in children are
relatively scarcely used in the clinics.

On the basis of the literature, it is known that introducing
immediate (vs delayed) rewards and the adaptation of item
difficulty levels to the child's abilities are likely to increase
motivation in children and help the child to stay focused on the
tasks that he or she needsto do [5]. Also, introducing a context
(eg, by introducing cognitivetestsin the context of astory) may
increase motivation, although data on the effects of including
a story line on motivation or engagement in games are so far
inconclusive [6]. The introduction of a story line improves the
child’s feeling of being part of a gaming environment [7]. In
addition, the use of intrinsic fantasy elements has been found
to improve motivation to conduct a specific task [8,9].

The above-mentioned increase in  popularity  of
computer-assisted assessment tools is partly caused by the fact
that it isrelatively easy to implement these immediate rewards,
to adapt difficulty levels, to implement a story, and to use
intrinsic fantasy elements. Thisleadsto asituation in which the
child does not have the feeling of being assessed but instead
thinks that he or sheis playing a game [10]. Thisis especialy
important in tests that are designed for children because it is
known that children can behave differently when they know
they are being studied (also known as the Hawthorne effect
[11]). For this purpose, we developed “Timo's Adventure,” a
computer-based game that consists of 6 mini-games. These
mini-games aim to assess different cognitive processes, for
example, attention, planning, and working memory; delay
aversion, as ameasure of motivation; and time perception (see
method section). The aim of this study was to examine the
validity of Timo's Adventure in assessing strengths and
weaknesses in the above-mentioned domains of young children,
aged 4-8 years. Proof of validity was sought by studying group
differences in performance on the mini-games. Two types of
relevant group comparisons were made. First, the age of the
child is believed to be a relevant variable and was therefore
studied in relation to performances on the mini-games. we
expected younger children (aged <6 years) to perform lesswell
than older children on al mini-games (in line with studies on,
eg, cognitive development [12] and time perception [13,14]).

http://games.jmir.org/2016/2/e15/
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For this purpose, age-rel ated differencesin agroup of normally
developing children (N=96) were examined.

Next, the scores on the mini-games of normally developing
children were compared with those of children with
attention-deficit/hyperactivity disorder (ADHD; N=40).
Attention-deficit/hyperactivity disorder is a developmental
disorder that is associated with academic difficulties and social
disadvantage [15]. According to the Diagnostic and Statistical
Manual of Mental Disorders (Fifth Edition; DSM-V) [16], 2
main areas of impairment in children with ADHD exist:
inattention (eg, difficulty in maintaining attention during atask
or problems in dividing attention) and hyperactivity and
impulsive behavior (eg, acting out before thinking about the
consequences). Previous research has found that cognitive
difficulties, more specifically in the domain of working memory
and attention, occur in children with ADHD [17]. However,
according to the triple-pathway model by Sonuga-Barke et al
[18], not all children with ADHD have cognitive weaknesses.
In this model 3 distinct patterns of ADHD deficits are
distinguished. Thefirst pathway isrelated to cognitive functions
and is called the inhibitory-based executive dysfunction. This
pathway views ADHD asadisorder of dysregulation of thought
and action associated with diminished inhibitory control (ie,
executive functions). In the second pathway, ADHD isexplained
asamotivational style associated with fundamental alterations
in reward mechanisms. Children with ADHD are assumed to
prefer small immediate rewards over large delayed rewards,
which resultsin inattentive, overactive, and impul sive behaviors
[19]. The third pathway states that deficits in time perception,
for instance, deficits in distinguishing between two time
intervals, producing time intervals, and estimating time, are
another component of ADHD. Indeed, time perception deficits
have been reported for children with ADHD [20]. However, the
results are not consistent; that is, some authors report no
ADHD-related deficits [21]. All 3 pathways are believed to
have their own neural substrate [18]. Sonuga-Barke and
colleagues [18] found in children with ADHD aged between 6
and 17 yearsthat delay aversion, poor executive functions, and
poor time perception are core, but unrelated and independent,
characteristics of ADHD. A person with ADHD can have
deficits in one of the pathways or a combination of pathways.
Neuropsychol ogical measurements (which are used to examine
possible deficitsin one of the pathways) usually focus primarily
on just one of the pathways, whereas one can conclude from
the model by Sonuga-Barke et al that it is necessary to gain
information on possible deficitsin all 3 pathways. Sonuga-Barke
and colleagues used several distinctive computerized tasks to
collect information about the 3 pathways. These were, however,
not connected in a fantasy gaming environment or by a story
line. In our game, astory linewasincluded in order to immerse
the player in an intrinsic fantasy and possibly improve the
reliability of the diagnosis. To our knowledge no computerized
diagnostic tools exist in which all 3 pathways are included in
combination with all motivation-enhancing elements discussed
above (including a story line or fantasy game elements),
although sometraining toolswith astory line exist (for instance,
Braingame Brian [22]). In Timo's Adventure story line,
distracting factors are included to measure real-life distraction.
Previous research found that distractors in a computerized

JMIR Serious Games 2016 | vol. 4 | iss. 2 [e15 | p.88
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR SERIOUS GAMES

continuous performance test resulted in more distractibility in
children with ADHD than in their healthy peers[23].

In summary, the aim of this study wasto investigate the clinical
validity of Timo's Adventure.

Methods

Participants

Normally Developing Children

Parents of all children enrolled in the first 4 grades of 4 Dutch
elementary schools were informed by a letter about the study.
Informed consent of 102 children was acquired. A total of 4
children were excluded because they were not native speakers
and instructions in Timo's Adventure were in the Dutch
language. In addition, 2 children were excluded because they
had a DSM-V diagnosis. The final dataset consisted of 96
children (43 boys), age ranging from 4 to 8 years. An overview
of characteristics for this group can be found in Table 1.

All children were tested individually in a private room at their
school. Approval for testing this sample was given by the Ethical
Review Committee of the Faculty of Psychology and
Neuroscience of Maastricht University, the Netherlands.

Children With Attention-Deficit/Hyperactivity Disorder

Parents of patients of the outpatient clinic Center for
Neurological Learning Disabilities were asked to participatein

Table 1. Characteristics of all participants.

Peijnenborgh et a

this study by their medical specialist. In parallel, parents of
children enrolled in a special needs program for children with
behavioral problems were informed by aletter about the study
and asked to participate, via the children’s school. Informed
consent of 62 children with adiagnosis of ADHD was acquired.
A total of 22 children did not meet theinclusion criteriabecause
they had acomorbid DSM-V diagnosis (n=4), because they used
medication for attentional problems and hyperactive behavior
(stimulants, atomoxetine, tricyclic antidepressants, or clonidine;
n=6), or because of a combination of these exclusion criteria
(n=12). The final dataset of the ADHD group consisted of 40
children (30 boys), all with adiagnosis of ADHD according to
DSM-V. These diagnoses were made on the basis of a protocol
formulated by Goldman et al [24] that includes (1) extensive
history taking, (2) cognitive testing, (3) general physical and
neurological examination of the child, and (4) systematic
assessment of ADHD characteristics by means of structured
guestions based on the most recent version of the DSV [16].
Age range of the clinical sample was 6-8 years. An overview
of characteristics of the ADHD group can be found in Table 1.

Children enrolled in the specia needs program for children with
behavioral problems were tested individually in a private room
at their school. The children who were patients of the Center
for Neurological Learning Disabilities were seen for
neuropsychological testing as part of clinical care.

Approva for testing this sample was given by the Medical
Ethical Board of Kempenhaeghe.

Characteristics Typically developing ADHD? group
children

Number of participants 96 40

Boyd/girls 43/53 30/10

Agerange, years 4-8 6-8

Mean age (SD), years 5.85 (1.33) 6.90 (0.74)

Verbal 1Q (WPPSI-I11-NLP Vocabulary), mean (SD) 94.74(10.79) 87.92(13.05)

3ADHD: attention-deficit/hyperactivity disorder.

BWPPSI-111-NL: Dutch version of the Wechsler Preschool and Primary Scale of Intelligence [25].

Materials

Computer-Based Game Timo's Adventure

Timo's Adventure is a single-player game. All tasks are
embedded in a story line: the main character in Timo's
Adventure is Timo, a friendly alien whose rocket has run out
of fuel [26]. He asks the child to go on an adventure together
to collect stars that can be used as fuel. To complete all tasks,
it takes approximately 20 minutes. The game is categorized as
a serious game: a game designed for specific purposes beyond
entertainment [27]. The game has afirst-person view to simulate
the feeling of presence, to make the child feel like he or sheis
inside the game world.

Development of the game was divided into 3 stages: design,
implementation, and evaluation, as based on the iterative
software cyclic model and the spiral model [28-30]. Besides

http://games.jmir.org/2016/2/e15/

the designers of Eindhoven University of Technology, users
were invited in the design process. Users in this case were
children (who helped us by explaining what they would like
and by making drawings) and psychologists from
Kempenhaeghe (who participated in the development of the
functionalities of the game, the visual graphics, and story line
that needed to match the age of the children). In the
implementation phase, the functionalities of the game were
created (by engineers of Eindhoven University of Technology
in close collaboration with the psychologists from
Kempenhaeghe). During the evaluation phase (consisting of a
user test with a paper prototype technique and an
computer-based prototype), the game was played and eval uated
by children and by psychologists who were not part of the
devel opment team. Thisfeedback was used to improve the game
and remove small bugs[31].
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The computer-based game consists of 6 different tasks (ie, 6
mini-games), each of which measures different neurocognitive
functions and thus gives information about possible deficits.
The 6 tasks measure aspects of executive functions, time
perception, and reward mechanismsto represent the 3 pathways
of Sonuga-Barke’'s model. All tasks were developed because
of the need to measure the specific function and modeled after
the theoretical background of the triple-pathway model.

Pathway 1: Executive Functions

All irrelevant mouse clicks are measured and thus give
information on impulsivity and hyperactive behavior of the
child. Furthermore, the following mini-games are included to
assess impairments in this pathway: Dressing up (planning),
Sandwich (working memory), Monkey (inhibition), and Magic
Land (simple reaction time).

The first task, the mini-game Dressing up (planning), is set in
the bedroom of the child. Timo tells the child that he or she
needs to get dressed before the adventure can start. Several
garmentsare spread throughout the room, which can be selected
by clicking on them (see Figure 1). After clicking, the garment
moves toward the reflection of the child in the mirror and the
child gets dressed. Thistask givesinformation on the planning
and organi zation skills of the child. The order in which the child
selectsthe clothesis assessed to see whether the child is capable
of planning his or her actions in the right order. The child can
get atotal score of 2 points: 1 point for being completely dressed
and 1 point for using an executable and correct manner.

The second task, the mini-game Sandwich (working memory),
is set in the kitchen (see Figure 2). Timo tells the child that it
is necessary to eat something before starting the adventure, and
he shows the child pictures of the ingredients. The child needs
to remember theseingredients and select them in the same order

http://games.jmir.org/2016/2/e15/
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as presented by Timo. The first sandwich starts with 2
ingredients, adding up to 5 ingredients in the last sandwich.
Thistask isameasurement of the capacity of the visual working
memory. According to Craeynest [32], the capacity of the
working memory develops from remembering 2 targets when
the child is 2.5 years old, to 3 targets when 3 years old, and 5
targets when the child is 7 years old. Martinussen et a [33]
found that the capacity of the working memory in children with
ADHD is markedly lower. In this task, the child can get atotal
score of 5 points: one for each correct sandwich.

In the third task, the mini-game Monkey (inhibition), amonkey
has thrown banana peels on the road (see Figure 3). To cross
the road, the child needs to swipe the banana peels and clear
theroad. However, if the monkey seesthe child swiping banana
peels, it will undo the child's actions. The monkey is playing
hide-and-seek and appears suddenly. The child needs to wait
for the moment the monkey disappears. Thisis a go or no-go
task that gives information on the response inhibition of the
child: isthe child capable of inhibiting his or her response until
the monkey hides? Children with ADHD have deficits in this
response inhibition and they can beinclined to react impulsively
[19]. The number of failures (ie, when the monkey sees the
action of the child) is the outcome variable of this task; the
higher this score, the worse the inhibition skills.

In the mini-game Magic Land (simple reaction time), stars shoot
upward from magic holes (see Figure 4). The child needs to
collect these stars. If the child does not react within 2 seconds,
the stars will disappear. The task ends after 50 stars shoot
upward. Outcome variables in this task are the number of
collected stars (with a maximum of 50) and average reaction
timefor collected stars. Slower and more variable reaction times
have been found to be a characteristic of ADHD [34].
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Figure 1. Screenshot of the mini-game Dressing up (planning).

Figure 2. Screenshot of the mini-game Sandwich (working memory).
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Figure 3. Screenshot of the mini-game Monkey (inhibition).
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Figure5. Screenshot of the mini-game Rocket (reward mechanisms).

Peijnenborgh et a

Pathway 2: Reward M echanisms

In the task mini-game Rocket (delay aversion; see Figure 5),
the child gets a choice between an immediate but small reward
(ending of the task) or a delayed but bigger reward (aflight in
the rocket, after 2 minutes of waiting). The child can end the
task at any moment. Impul sive behavior occurswhen responding
produces moreimmediate, relatively smaller rewards at the cost
of delayed, larger rewards[35]. Outcome variables are whether
the child chooses a small or big reward and how long (in
seconds) the child waited.

Pathway 3: Time Perception

The task mini-game Balloon (time production) is set at ariver
with abroken bridge (see Figure 6). To crosstheriver, the child
needsto inflate aballoon with the balloon machine by producing

http://games.jmir.org/2016/2/e15/
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atime interval of 10 seconds. A produced interval between 9
and 11 secondsresultsin a perfect balloon. When the produced
interva issmaller than 9 secondsthe balloon fallsinto the water,
and a produced interval larger than 11 seconds results in a
balloon that flies away. The child can make a maximum of 3
perfect balloons, or the task will end after 3 minutes with a
perfect balloon (regardless of what the interval is). Barkley et
al [36] suggested that the estimation of temporal intervals is
atypical in children with ADHD. The number of correct balloons
is an outcome variable. Furthermore, the average production
interval for the first 3 balloons is measured by subtracting 10
seconds from each of the first 3 balloons, transforming these
scores to absol ute scores, adding these scores, and then dividing
them by 3. The higher this score, the less precise the mean
produced intervals are.
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Figure 6. Screenshot of the mini-game Balloon (time perception).

n

Vocabulary

This subscale of the Dutch version of the Wechsler Preschool
and Primary Scale of Intelligence (WPPSI-111-NL [25]) was
used to estimate verbal intelligence [37]. In this task, the child
was asked to give definitions of words such as “umbrelld’ or
“shoe” The total score can be transformed to |Q scores, with
100 as the mean (SD 15).

Statistics

Datawere analyzed with IBM SPSS Statisticsversion 21.0.0.0.
All outliers (scores with z>3.29) within the concerned group
(ie, normally developing children and the ADHD group) were
replaced by the mean + 3timesits standard deviation as advised

by Field [38]. Means and standard deviations of all variables
were calculated.

Potential age-related differences on Timo's Adventure within
the sample of normally devel oping children were examined by
conducting Pearson correlation (for scale outcome
measurements; eg, number of irrelevant mouse clicks, time used
to complete the task) and Spearman correlation analyses (for
the ordinal outcome measurements; eg, correct or incorrect, did
the child choose the large or small reward). Age was used as a
continuous variable in these analyses.

Second, a discriminant analysis was performed to investigate
to which level the variables of the game can discriminate
between children belonging to the ADHD group and the
normally developing children. Sensitivity and specificity were
measured. All children aged <6 yearsin the sample of normally
devel oping children were excluded from these analyses, in order
to match with the age of the children in the ADHD group,
resulting in a control group of 57 children. An independent
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samples t test revealed that children in the ADHD group and
children in the normally developing group were equal in terms
of Vocabulary scores (ADHD group: mean 87.92, SD 13.05;
control group: mean 94.74, SD 10.79; t5,=1.92, P=.11), therefore

it was not necessary to correct for 1Q in further analyses.

Findly, it was analyzed on which variables children with ADHD
scored significantly different scores from normally developing
children. Again, al children aged <6 years in the sample of
normally developing children were excluded from these
analyses, in order to match with the age of the children in the
ADHD group. Three types of analyses were used. For the
continuous variables, general linear model univariate analyses
were used. In four variables, the assumption of homogeneity in
variances was violated; therefore, nonparametric t tests
(Mann-Whitney) were used in these variables. | n the categorical
variables, Pearson chi-square analyses were performed.

Results

Descriptive Statistics of All Variables

Means and standard deviations for al variables of both groups
are reported together with the analyses of group differences.
All reported results are after correction for outliers.

Developmental Effects

An overview of al correlation analyses between age and
variables of Timo's Adventure can be found in Table 2.
Pathway 1. Executive Functions

Pearson correlation analyses with age as a continuous variable
showed significant correlations on 2 tasks: in the inhibition task
(Monkey), older children had significantly fewer inhibition
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failures (r=-.33, P=.001); and in the reaction time task (Magic
Land), older children collected significantly more stars (r=.60,
P<.001) and were faster in collecting these stars (r=-.49,
P<.001).

Pathway 2: Reward Mechanisms

No significant correlations were found in this pathway,
indicating that age does not influence reward mechanisms.

Peijnenborgh et a

Pathway 3: Time Perception

In the time production task (Balloon), older children produced
significantly more correct balloons (p= .35, P<.001) and had
more precise time productions than younger children (r=—.25,
P=.01).

Table 2. Correlation between results on Timo's Adventure and age for normally developing children (N=96).

Variables Age? P value
Pathway 1: executive functions
Dressing up, total score =-.08 46
Dressing up, clicks r=-.05 .66
Sandwich, total score p=.21 .05
Sandwich, clicks r=.09 71
Balloon, clicks r=.14 .18
Monkey, failures r=-.33 .001
Monkey, clicks r=.08 45
Magic Land, number of collected stars r=.60 <.001
Magic Land, average time for collected stars r=—.49 <.001
Magic Land, clicks r=.16 14
Pathway 2: rewar d mechanisms
Rocket, reward p=.05 .65
Rocket, time waited r=.07 .50
Pathway 3: time perception
Balloon, correct p=.35 <.001
Balloon, average time for attempts r=-.25 .01

8 : Pearson correlation; p: Spearman correlation.

Table 3. Structure matrix in discriminant analysis.

Output variable

Pooled within-group correlations between discriminating variables and
standardized canonical discriminant functions

Magic Land, number of clicks

Magic Land, number of collected stars
Balloon, number of clicks

Monkey, number of failures

Dressing up, total score

Rocket, time waited

Balloon, number of correct balloons
Sandwich, total score

Sandwich, number of clicks

Magic Land, average reaction time for collected stars
Rocket, small (=0) or large (=1) reward
Monkey, number of clicks

Balloon, average time taken to inflate balloons

Dressing up, number of clicks

-.82
40
.34
31
.29
-.27
-.18
A7
14
A1
-.10
.09
-.02
.01

http://games.jmir.org/2016/2/e15/

JMIR Serious Games 2016 | vol. 4 | iss. 2 [e15 | p.95
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR SERIOUS GAMES

Differences Between Children With ADHD and
Healthy Controls

Discriminant Analysis

All variables were included in a discriminant analysis to
investigate whether Timo's Adventure can discriminate between
the children with ADHD and the healthy controls. A significant
difference between the groups was found: Wilks A=.51,
X%14=50.8, P<.001. The structure matrix (see Table 3) revealed
that especially the number of mouse clicksin several tasks and
the mini-games on reaction time (Magic Land), inhibition
(Monkey), and planning (Dressing up) were potential predictors.
The classification results showed that 72% (41/57) childrenin
the control group were correctly classified, and 88% (35/40) of
the children in the ADHD group were correctly classified as
having ADHD. Overdl, 78% (76/97) of the children were
correctly classified asbeinginthe ADHD group or in the control
group. Sensitivity of Timo's Adventure was 0.89 and specificity
was 0.69.

http://games.jmir.org/2016/2/e15/
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Group Differences on Individual Variables

Because the combination of al variables was useful in
discriminating between children with ADHD and normally
developing children, the specific variables for which children
with ADHD had a different result from normally developing
children were examined. All significant differences between
children with ADHD and healthy controls are reported.

Pathway 1: Executive Functions

Results of this pathway can be found in Table 4. There was a
significant association between the group (ADHD or control)
and the score on the Dressing up task (planning; x%=11.4,
P=.003, V=.35), indicating that typically developing children
had better scores than children with ADHD on a planning task.
In the Magic Land task (simple reaction time), children with
ADHD used more mouse clicksin collecting starsthan children
in the control group (U=389.50, P<.001, r=-.55).
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Table4. Resultson Timo's Adventure for normally developing children in the control group (N=56) and children in the attention-deficit/hyperactivity
disorder group (N=40) in pathway 1, executive functions.

Variable Group Mean SD Statistic P vaue Effect size

Dressing up, total score (0-2)

Controls 1.18 0.56 X22:11-41 .003 V=35

ADHD 0.93 0.81

Dressing up, number of clicks (minimum for a satisfying result is4 clicks)

Controls 17.59 14.32 U°=895.00 .09 d__ 17

ADHD 26.14 22.61
Sandwich, total score (0-5)
Controls 0.89 110 = 105=0.47 .50 p2:_01e

ADHD 1.05 0.97

Sandwich, number of clicks (minimum for 5 correct sandwichesis 22 clicks)
Controls 87.49 51.12 U=823.00 .25 r=—-12
ADHD 92.57 53.48

Balloon, number of clicks (minimum for 3 correct balloonsis 6)
Controls 108.52 93.91 U=945.50 24 r=-12
ADHD 206.87 227.87

Monkey, number of failures (minimum is 0)

Controls 0.77 133 F1,06=2.97 .09 2_ 03

ADHD 1.26 148
Monkey, number of clicks (minimum to complete thetask is 6)

Controls 20.72 2.20 F1,06=0.82 37 2_m

ADHD 33.83 1.62
Magic Land, number of collected stars (maximum is 50)

Controls 37.61 10.87 F105=2.92 09 22003

ADHD 4141 8.33
Magic Land, average reaction timefor collected stars

Controls 2.25 0.55 F1’95=0.02 .88 p2:0.00

ADHD 222 0.48

Magic Land, number of clicks
Controls 76.27 19.52 U=389.50 <.001 r=-.55
ADHD 155.65 89.68

8. Cramer's V.

bADHD: attention-deficit/hyperactivity disorder.
€U: Mann-Whitney test.

dr: Pearson correlation coefficient.

© ,2: partial variance explained.
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Table5. Resultson Timo's Adventure for normally developing children in the control group (N=56) and children in the attention-deficit/hyperactivity

disorder group (N=40) in pathway 2, reward mechanisms.

Variable Group Mean SD Statistic P vaue Effect size
Rocket, small (=0) or large (=1) reward
Controls 0.55 0.50 x%4=7.3 .01 Vo
ADHDP 0.28 0.46
Rocket, time waited (minimum is 0 seconds, maximum is 120 seconds)
Controls 80.98 50.05 F1,00=5.52 .02 p2=.06d
ADHD 56.26 50.13

8. Cramer's V.
bADHD: attention-deficit/hyperactivity disorder.
¢ p2: partial variance explained.

Pathway 2: Reward M echanisms

Results of this pathway can be found in Table 5. In the Rocket
task, a significant association between the group (ADHD or
control) and whether or not a child chose the delayed reward
wasfound (x?,=7.3, P=.01, V=.28). Also, thetotal timethat the
child waited before he or she ended the task was significantly
different: children in the control group were able to wait longer

for the delayed reward than the children in the ADHD group
(F102 =552, P=.02, ,*=.06).

Pathway 3: Time Perception

Results of this pathway can be found in Table 6. No significant
differences between children with ADHD and normally
developing children were found in the time production task.

Table 6. Resultson Timo's Adventure for normally developing children in the control group (N=56) and children in the attention-deficit/hyperactivity

disorder group (N=40) in pathway 3, time perception.

Variable Group Mean SD Statistic P vaue Effect size
Balloon, number of correct balloons (minimum is 0, maximum is 3)
Controls 225 1.09 F1,96=0.07 .80 p2:.00a
ADHDP 221 1.06
Balloon, aver age time taken to inflate balloons
Controls 4.33 4.05 F1,06=1.69 20 p2:_02
ADHD 3.38 2.01

b pz: partial variance explained.
CADHD: attention-deficit/hyperactivity disorder.

Discussion

Principal Findings

Recently, the development and use of computerized tasks in
measuring, for example, neurocognitive abilities is increasing
and resultsin promising effectsin thefield of interventions. For
instance, children with ADHD benefit from game-based training
tools on executive functions such as Braingame Brian and
Cogmed, aswasreported in areview by Peijnenborgh et al [39].
Important elements of thesetraining tools are believed to be the
use of fantasy, astory line, adaptation of the degree of difficulty,
and the use of immediate rewards. However, most studiesfocus
on training tools, whereasin our research a diagnostic tool was
studied. This computerized diagnostic tool, named Timo's
Adventure, was developed for young children (between 4 and
8 yearsold) to investigate the presence of the 3 distinct patterns
of possibledeficitsin ADHD asdescribed in the triple-pathway

http://games.jmir.org/2016/2/e15/
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model by Sonuga-Barke and colleagues. To our knowledge,
thisis the first computerized tool in which all 3 pathways are
assessed. The aim of this study was to investigate the clinical
validity of Timo’s Adventure.

The first proof of validity was found in the developmental
effects of the game. In a population of 96 normally developing
children between 4 and 8 years old, we found significant
correlationswith agein 2 of the 3 pathways. The older the child,
the faster he or she isin completing the tasks. Furthermore, it
was found that older children are better in inhibiting their
response on a go or no-go task. Thisisin line with previous
research (eg, [40,41]). Also, in a reaction time task, older
children have better responses on aertness and have better
reactions to visually presented stimuli after a visual warning
signal. Again, thisisin line with previous research (eg, [42]).
Furthermore, age-related differences were found in the third
pathway (ie, time perception), indicating that the older the child,
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the better he or she is in producing a predetermined time
interval. Thisisinlinewith research by, for example, Friedman
and Laycock [43] and Pouthas and Jacquet [13] stating that
development of time perception skills increases sharply at an
early age (ie, before the age of 7 years) and refines in the last
grades of elementary school. Interestingly, no developmental
effectswerefound in the second pathway (reward mechanisms),
indicating that age does not influence the choice between
immediate or delayed rewards. Thismight be caused by thefact
that this aspect might be fully developed before the age of 4
years, as the findings by Mischel et al [44] suggest.

Further proof for clinical validity wasfound in satisfying results
on the discriminant analysis, indicating that Timo's Adventure
was correct in most classifications. Sensitivity and specificity
of the measurement were satisfying. Our results are similar to,
and sometimes even more promising than, other diagnostic
measurements. For instance, Williams and colleagues[45] could
classify 68% of the children with ADHD correctly when using
IntegNeuro. However, only 2 of the 3 pathways are included in
IntegNeuro, and it is not suitable for young children.

When looking more closely at theindividual variablesthat help
to differentiate between children with and without ADHD, we
found severa significant differences between both groups. In
the first pathway (executive functions), we found that children
with ADHD have significantly moreirrelevant mouse clickson
the Magic Land task (reaction time) than healthy peers. This
indicates impulsiveness, motor restlessness, and hyperactive
behavior, as is also suggested by Hervey and colleagues [46].
Also, children with ADHD had lower planning skills than
healthy controls had, what might be expected because planning
and organization are affected in children with ADHD [47]. In
several tasks we found results that were encouraging but not
statistically significant (eg, children with ADHD tend to have
more inhibition mistakes in the Monkey task and collect more
stars in the Magic Land than typically developing children).
This seems promising for the future: maybe, with some
adjustments to the tasks, sensitivity and specificity can even
increase.

Evidence was also found for differences between the ADHD
group and the controls in the second pathway (reward
mechanisms): children with ADHD chosethelarge but delayed
reward | ess often than the control group and did not wait aslong
as the control group before deciding to end the task. Thisisin
line with previous research, which states that children with
ADHD have an aversion for delay [48]. No significant

Peijnenborgh et a

differenceswerefound in the third pathway of Sonuga-Barke's
model (time perception). Although timing deficits are known
inchildrenwith ADHD, it isnhot uncommon that time production
tasks do not result in significant effects [49]. Further research
is necessary to gain moreinformation on this aspect of possible
ADHD-related deficits.

Finally, we found that user experiences were positive: when
asked afterward, 81% of the children said they liked the game
very much, and an extra14% of the children said that they liked
the game.

One limitation of this study is that information on reliability
cannot be reported at this moment. Because Timo's Adventure
consists of several independent functions, analysisof Cronbach
alpha would automatically result in low consistency between
theitems. It would be interesting to test children several times,
to collect datafor test-retest reliability analyses. Further research
is necessary to examine the reliability of this instrument.
Another interesting question for future research might be to
investigate possible effects of use of medication. In our analysis
all children with ADHD who were taking medication (18 in
total) were excluded, but it might be possible that medication
influences only one (or acombination) of the pathways. Finally,
it would be interesting to determine which (or combination of)
tasks and corresponding outcome measurements are especially
sensitive for the diagnosis of ADHD. It is possible that a total
score and normative data can be measured, which can be used
to determine a profile of ADHD symptoms. Future research is
necessary to determine such a profile or total score.

Conclusions

This is the first time that all 3 pathways of Sonuga-Barke's
model areincluded in one diagnostic computerized tool with a
context of rewards and story line. In clinical care, diagnostic
instruments on time perception and reward mechanisms are
scarce, but it is necessary to gain information on these aspects
to complete an analysis of strengths and weaknesses of the child.
Proof for validity of Timo's Adventure was found in
developmental effects and group differences between normally
developing children and children with ADHD, and Timo's
Adventure was satisfying accurately when classifying to which
group (ie, the ADHD group or the healthy controls) the child
belonged. Thissuggeststhat Timo’s Adventure can be of added
valueinthe diagnosisof ADHD becauseit helpsinformulating
a profile of strengths and weaknesses. Further research is
necessary to confirm these findings and to examine potential
effects of medication.
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Abstract

Background: Finding ways to increase and sustain engagement with mHealth interventions has become a challenge during
application development. While gamification shows promise and has proven effective in many fields, critical questions remain
concerning how to use gamification to modify health behavior.

Objective: The objective of this study is to investigate how the gamification of mHealth interventions leads to a change in
health behavior, specifically with respect to smoking cessation.

Methods: We conducted a qualitative longitudinal study using a sample of 16 smokers divided into 2 cohorts (one used a
gamified intervention and the other used a nongamified intervention). Each participant underwent 4 semistructured interviews
over aperiod of 5 weeks. Semistructured interviews were also conducted with 4 experts in gamification, mHealth, and smoking
cessation. Interviews were transcribed verbatim and thematic analysis undertaken.

Results. Resultsindicated perceived behavioral control and intrinsic motivation acted as positive drivers to game engagement
and consequently positive health behavior. Importantly, external socia influences exerted a negative effect. We identified 3
critical factors, whose presence was necessary for game engagement: purpose (explicit purpose known by the user), user alignment
(congruency of game and user objectives), and functional utility (a well-designed game). We summarize these findings in a
framework to guide the future development of gamified mHealth interventions.

Conclusions: Gamification holds the potential for alow-cost, highly effective mHealth solution that may replace or supplement
the behavioral support component found in current smoking cessation programs. The framework reported here has been built on
evidence specific to smoking cessation, however it can be adapted to health interventions in other disease categories. Future
research isrequired to evaluate the generalizability and effectiveness of the framework, directly against current behavioral support
therapy interventions in smoking cessation and beyond.

(IMIR Serious Games 2016;4(2):€18) doi:10.2196/games.5678
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Introduction

Smoking is responsible for 19% of all deaths in the United
Kingdom, with a direct cost of £5.2 billion to the National
Health Service (NHS) [1]. It isaleading cause of chronic disease
[2], and has been declared as the most important cause of
preventable morbidity and premature mortality worldwide [3].
However, depressingly, there remains a significant disparity
between individual s desiring to quit smoking (~68%), and those
actually successfully quitting (~3%) [4]. In 2013/14, the NHS
Stop Smoking Services reached only 9% of individuals in the
United Kingdom seeking to quit. Alarmingly, this represented
a19% year-on-year reduction [5,6]. Asaresult, the NHS 5-year
forward view pledged ‘hard-hitting national action’ against
preventable diseases including smoking, with a new set of
smoking cessation services being outlined by Public Health
England to promote healthier behavior [7].

A Cochrane review concluded that high-intensity behavioral
support combined with pharmacological intervention was the
most effective method for smoking cessation [8] with the
National Ingtitute for Health and Care Excellence demonstrating
a 35% quit rate compared with a 2% background quit rate.
However, this approach is expensive with lifetime costs of
£7010 per person, where behavioral support contributes to the
bulk of the cost [9]. The continuing economic and societal
burden created by smoking suggests current smoking cessation
techniques are underserving the population and begs the
guestion: are there any other novel approaches we can take to
tackle the addiction of smoking?

The rapid technological advancement of mobile phone
technologies over the last decade has facilitated a burgeoning
market for mHealth apps. However, while thousands of mHealth
apps have been released, most have fallen short of their grand
expectations owing largely to poor user engagement levels[10].
User engagement wasidentified asacritical factor to the success
of mHealth in an analysis of 945 mHealth apps [11]. Thus,
finding ways to increase user engagement with their target
audience has become a significant focus of mHealth
interventions [12].

Gamification is ‘the use of game design elements in nongame
contexts' [13], making use of the potential motivational ability
of games. Gamification empowers usersto complete tasks more

Figure 1. How motivational affordances lead to behavioral outcomes[19].
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efficiently, while making them more enjoyable, with the aim
of increasing engagement [14]. Cugelman [15] argues that
gamification is only effective when used in conjunction with
academically grounded behavioral change strategies, and goes
ontoidentify 7 “coreingredients’ that can be used as persuasive
strategies to promote behavioral change.

The application of gamificationin mHealth isan emerging field.
Soarx, a digital game intervention developed to treat clinical
depression in adolescents, represents a successful
implementation of gamification. A randomized controlled trial
demonstrated noninferiority of the game against traditional
face-to-face counseling, along with significantly higher
remission rates [16]. From the perspective of health behavior,
gamification has shown promising results in encouraging
physical activity by turning the ‘work of exercise’ into a game
[17]. A recent review published in IMIR Mental Health found
no studies had been published explicitly examining the role of
gamification features on program adherence with Web-based
interventions to manage common mental health disorders[18].

Many health apps have attempted to replicate such success by
promoting positive heath behavior in a wider context,
particularly in relation to smoking, albeit with variable success
[12]. A systematic literature review found that the
implementation of game elements helps to create motivational
affordances that lead to desired psychological outcomes and
the consequent behavioral outcome (Figure 1) [19]. However,
critical questions remain concerning the mechanism by which
gamification exerts its influence, with a particular paucity in
research surrounding gamification in the context of health
behavior.

While gamification shows promise and has proven effective in
many fields, research is required to investigate the beneficial
effects on health behavior and disease self-management to
warrant theimplementation of such interventions[20]. Theaim
of this study was to take a cognitivist approach, building on the
evidence gathered from existing literature and our own data
collection, to gain insight into the underlying thought processes
and internal rules, which govern the way individuals react to a
gamified smoking cessation intervention. Consequently, in this
exploratory work, we aim to suggest how gamification might
lead to a change in health behavior specifically with respect to
smoking cessation.

Motivational
affordance

Psychological
outcomes

Behavioural
outcomes
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Table 1. Intervention comparison.
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Game Components Kwit 2 Puff Away

Storerating Applestore-4.5/5 Google Play - 4.2 /5

Godl setting Progress tracking Nonexistent
Level system

Capacity to overcome challenges Information facilitating growth Nonexistent
Learning and devel opment

Providing feedback on performance Messages via achievement system Nonexistent

Reinforcement Rewards from levels and achievements Nonexistent
Avoiding punishment associated with smoking

Comparing progress Nonexistent Nonexistent

Socia connectivity Facebook Nonexistent
Twitter

Fun and playfulness Minimal Nonexistent

Methods

Study Approach

We conducted a qualitative longitudinal study with 16 smokers
in 2 cohorts. The first cohort used a nongamified mHealth
intervention free of any game components, while the second
used a gamified mHealth intervention.

Interventions

In order to isolate the game-specific effects we would require
2 identical apps, differing only by the presence of gamified
features. To approach this level of distinction, we shortlisted,
downloaded, and tested 12 appsto establish which, gamification
aside, were the most similar in app mechanics to allow fair
comparison. ‘Puff Away’ and ‘Kwit 2' were chosen because
they both used very similar mechanisms to engage the user,
focussing on tackling user education and providing progress
tracking. The additional game components in Kwit 2 are
specified in Table 1 [15].

Participants

All participants met thefollowing 4 criteria: asmoker currently
intent on quitting; 18+ years old; English speaker; and owner
of a smartphone. We excluded those with smoking-related
illnesses. Participantswererecruited from local smoking support
groups and university campuses in London. Each participant
was then randomly allocated to acohort and asked to install the
relevant app onto their own smartphones. Participants were not
compensated for their time. Informed verbal and written consent
was obtained prior to commencing the study. The study had
approval from the Imperia College Research Ethics Committee.

Interview Procedure

We conducted semistructured, one-on-one interviews with
participants (30 minutes). Four interviewswere conducted with
each participant over the course of 5 weeks. Thefirst interview
(week 0) assessed their smoking background and demographics.
This was accompanied by a standardized set of instructions on
how to use their specific app. Subsequent interviews were then
conducted at weeks 1, 3, and 5, with changes in participant

http://games.jmir.org/2016/2/e18/

behavior and emotions being tracked and recorded. I nterviewers
were instructed to neither encourage nor discourage the
participant’s smoking behavior so asto minimize any effect on
their behavior. Interview questions were formulated and then
discussed with 2 independent, experienced quadlitative
researchers. The participants were asked about their progress
in relation to smoking cessation, their experience using the app,
the effect of the app on their behavior and emotions, aswell as
the specific effects of the game components. Thefinal interview
incorporated an exit interview in which participants expressed
their overall experience. We conducted an internal pilot to test
our methodology with 5 participants. Week 0 and week 1
interviews were conducted with each participant, allowing us
to refine the interview questions and confirm the suitability of
the 2 apps selected. The methodology employed with the pilot
study was deemed satisfactory for the main study and so the
results of al 5 pilot participants were included in the full
longitudinal study. A semistructured interview guide can be
found in the Web-based supplement in Multimedia Appendix
1.

Analysis Procedure

The 6-phase analytic framework was employed in our thematic
analysis[21]. Audiotaped interviews were transcribed and read
by 3 researchers on 2 separate occasions. Theseinterview scripts
werethen used to manually generate codesfor recurring patterns
across participants. The codes were then analyzed to form
overarching themes, all of which were defined by the 3
researchers. Ambiguitieswereresolved in discussion. Thiswas
arecursive process, whereby researchers cycled back and forth
through the phases to allow for iteration as required. Once the
saturation point had been reached and no new themes were
emerging, the recruitment of new participants was stopped,
conforming to the grounded theory approach [22]. All data
regarding theme construction and interpretation was recorded
in areflexivity journal. Once the themes had been completed
and defined, the researcherswent back to theinitial datasample
to verify the accuracy of the overarching themes.
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Expert Interviews

Semistructured interviews with 4 experts were conducted. The
expertswereinitially shortlisted following our literature search,
subsequently looking specifically at the research credentials of
candidates. This shortlist was then narrowed to 4 based on their
level of expertise within their respective fields of gamification,
digital health, and smoking cessation. The experts were: Prof
Scott Nicholson, Professor of Game Design and Devel opment,
and Director at Because Play Matters gamelab, Wilfrid Laurier
University; Prof Steven Johnson, Assistant Professor at Fox
School of Business, Temple University; Dr Dominic King,
Coauthor of the most cited editorial on Gamification and Health
Behavior Change; and Dr Omar Usmani, Reader in Respiratory
Medicine and Consultant Physician in Respiratory Medicine at
the National Heart and Lung Institute, Imperial College London
& Roya Brompton Hospital. A semistructured interview was
conducted with each expert affording an in-depth multifaceted
exploration of both gamification and smoking cessation. The

Table 2. Participant characteristics.

El-Hilly et &
transcripts from these interviews underwent the same manual
thematic coding procedure as outlined for the longitudinal

participant interviews.

Results

Participant Characteristics

Of the 19 participantsinitially recruited, 3 participants dropped
out after the week O interview. Of the 3 dropouts, 2 werein the
gamified cohort and 1 was in the nongamified cohort. The
reasons given for dropout were refusal of further contact (2)
and problems with availability (1). The resulting analysisis of
the remaining 16 participants. 9 used the gamified intervention
and 7 used the nongamified intervention. All 16 participants
reported daily use of their smartphones. All participants
expressed a desire to quit smoking prior to recruitment to the
study, with 31% (5/16) of the participants attempting to quit for
thefirst time. Additional characteristicsare summarizedin Table
2

Characteristic Gamified Users Non-Gamified users
(n=9) (n=7)
n (%) n (%)
Mean age 26.22 (range, 18-45) 28.1 (range, 20-52)
Cultural split
South Asian 5 (56) 2(29)
Arab 2(22) 1(14)
Caucasian/British 2(22) 2(29)
East Asian - 2(29)
Gender
Female 3(39) 2(29)
Male 6 (67) 5(71)
Occupation
Student (undergraduate and postgraduate) 6 (67) 6 (86)
Working(part-time or full-time) 4 (44) 2(29)
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Figure2. Analysisof results.
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Longitudinal Participant I nterviews

A total of 57 interviewswere conducted across a5-week period:
16 interviews at week 0, 16 at week 1, 11 at week 3, and 14 at
week 5. Transcripts and audio recordings were available for all
theinterviews.

Three overarching themesthat influenced the impact of the app
intervention on health behavior were identified from the
longitudinal participant interviews only, with 8 subthemes
(Figure 2): app engagement, game engagement, and external
influences. App engagement refersto the components common
to both gamified and nongamified interventions that helped to
create engagement with the user. Game engagement refers to
those game components unique to the gamified intervention
that helped build engagement with the user. Finaly, external
influence describes the factors external to both interventions
that impacted engagement with the app. The number of codes
found in each subtheme can be found in Figure 3.

Expert Interviews

There was a consensus among the experts that technology has
the potential to support health care professionals, in providing
the behavioral support necessary in certain segments of the
population. However, the experts questioned the long-term
impact of a gamified intervention, and stated it would be a
challenge to maintain long-term user commitment. Experts
suggested that gamification can only reinforce desired behaviors,
interventions should aim to build intrinsic motivation, rewards
should be variable, and that a self-relevant experience is a
critical success factor to building engagement with the game.

Analysis of Results

Following a thorough analysis of our findings, we identified
drivers and modifiers to health behavior change. Drivers
describe the key mechanisms by which behavioral change is
produced. Modifiers were identified as those factors whose
presence and quality determined the strength of the drivers, and
therefore how likely the app was to promote positive health
behavior.

We recognized 3 drivers common to the mHealth interventions:
attitude change, goal setting, and association (of the mHealth
solution with the maladaptive health behavior). Additionally,
2 drivers were proposed as the method by which gamification
promotes positive health behavior: perceived behavioral control
and intrinsic mativation. Figure 2 illustrates the relationship
between the themes from the participant interviews, the other
data sources and the drivers to behavioral change.

Driversand Modifiers Common to the mHealth
Interventions

Driver 1 - Attitude Change

A change in attitude toward the maladaptive health behavior
described by 1 participant in the following statement:

It makes me reconsider if | really need to smoke or
not and sometimes that extra few seconds is enough
to put my cigarette away. .. It makes you contemplate
and double think ‘Do | really need a cigarette right
now?’

http://games.jmir.org/2016/2/e18/
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This was seen repeatedly with another participant explaining
the following:

When someone is trying to quit it’s like a battle in
your head [ between smoking and not smoking] ... the
app helps you in this battle [to not smoke] .

Thisfinding can be explained by the Health Belief Model, which
states that positive behavioral change can arise fromincreasing
perceived threat of the negative health behavior and increasing
perceived benefit of the positive health behavior [23]. Dr
Usmani, with a background in smoking cessation, reinforced
this by explaining how highlighting the implications of an
individual’s actions may result in behavior change:

First of all contextualizing the advantage of stopping
smoking gives them a scare, a bit of a shock... thisis
what happensin real life terms of making people want
to quit smoking.

Driver 2 - Goal Setting

The progress tracking mechanism provided a simple visua
means for participants to keep track of their efforts with
participants appreciating the importance of such features:

It gives [me] nice visuals. Sometimes it's hard to
visualize exactly what a cigarette means but the bars
help you visualize it.

Othersfelt the impact even more stating that:
it does help [motivate me]
willpower.

Participants also reported a sense of commitment and duty
toward the goals of the app:

. especially with

It feels like I've committed to this, so | am more
motivated to try and make it work.

With some this commitment was often expressed through some
sense of guilt when they smoked:

When | smoked it'slike cheating... you betray yourself
when you press the button... Now when | think about
it | feel horrendously guilty [when | smoked].

This commitment was more common among users of the
gamified intervention with only 1 participant expressing
commitment in the nongamified cohort, but 4 expressing this
feeling in the gamified cohort in week 1 interviews. PRIME
theory states that in the context of smoking cessation, an
intention or commitment is required before an individual can
be motivated to change their behavior [24].

Driver 3 - Association
Participants began to associate the act of smoking with the
mHealth interventions with a participant explicitly voicing this:
The app helped me create an associated between app
and smoking.
Another user went further to explain the change in his habit
with the following:

My routine has changed now, when | get my cigarette
out | automatically get my phone out as well now.
The app has become integrated into my smoking.
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Extant knowledge: the usefulness of information provided wasinversely proportional to the user’s existing knowledge. User’s persistently commented

on meaninglessness of repeated information:

All thisinformation is out there already; | need something with more information [that is not known by me].

Ease of use: perceived simplicity increased engagement. The less convenient and simple the app was to use the lower the level of engagement of the

user:

[It's] Impractical, when you reach for a cigarette the last thing you're thinking about is pulling out your phone and update the app... you' ve made

your decision and you're over that dilemma.

Aesthetics: an attractive app design increased engagement with participants specifically mentioning unenticing visuals:
[Itig] difficult to engage in the app due to poor presentation and poor visuals.

Initial motivation: the app was not able to change behavior if the user did not already possess the initial motivation to quit. This was a key point

mentioned across all data sources as described in the following statement:

If | was on the path of trying to quit and desperately trying [to quit] then the game would help me, but due to not being in that mindset it did not [ help

me).

Physical distraction: the apps could act only as a supplementary tool in smoking cessation, asit was not able to address the physical side of the smoking

habit. Asis explained when one user said:

| chew some chewing gum.. [it] just gives me something to do with my mouth.

This phenomenon reflects Pavlov's Theory of Classical
Conditioning, whereby the instinctive, unconditioned stimulus
(the urge to smoke) is paired with a new, conditioned stimulus
(drawing for the app) [25]. However, it isimportant to note that
merely forming an association between smoking and the app
was in itself insufficient to change health behavior. In order to
do so, it should be paired with intrinsic motivation as was
emphasised by our expert interviews. Prof Nicholson stated:

If the app hasn’t built up intrinsic motivation and the
user hasn’t found their own motivation to continue,
then the health behavior will revert if there is no
intrinsic motivation.

Modifiers Common to the mHealth Applications

Weidentified 5 modifiers of the mHead th interventions as shown
in Textbox 1.

Driversand Modifiers of Gamified mHealth
Interventions

Driver 1: Perceived Behavioral Control

Our dataindicated that breaking down challenges of changing
health behavior into smaller milestones, helped to increase the
perceived behavioural control (PBC) of the individual by
increasing their control beliefs, illustrated in the following:

If the end goal is just to quit smoking it makes it so
hard, but if you have a game it enthuses the idea of
something to work towardsand it can steadily reward
or punish you by setting short term goals...

It has been further suggested that ‘ Flow’ might be involved in
shifting the locus of control from external to internal regulation,
explaining how gamification might impact control beliefs and
subsequently, PBC [26,27]. Achievements and rewards
stimulated self-efficacy by providing a feedback mechanism,
and thus a form of performance monitoring [28]. In this way,
the conditional rewardswould reinforce positive health behavior
and in turn serve as a conditioned stimulus [29,30]; illustrated
with the following users’ statements:

http://games.jmir.org/2016/2/e18/

The (achievements) felt good. .. achieving something. ..
makes you feel like you can do it.

It constantly reminds you, it's like going on a streak,
you fedl proud of yourself.

The game (achievements) showed that | can resist
sometimes and proved that | can resist.

Participants exhibited anxiety at the prospect of going down a
level if they were to smoke a concept known as loss aversion
[31]:

It's so annoying when you go down a level, | want to
go up not down. | didn't think much about gaining
levels but | really did not want to lose levels.

Itisessential to balance loss aversion against the possibility of
negatively impacting self-efficacy by going down a level, and
consequently reducing PBC.

PBC was also impacted by external influences, namely local
networks (family, friends, and near acquaintances). If they did
not support the idea of smoking cessation, it decreased
self-efficacy, and thus PBC.

He[my husband] actually thinksthat it's possibly not
the best timeto do it [quit] because | have my exams
coming in... so not go without any because... you're
going back to cigarettes.

This produced a negative effect as they discouraged the use of
the intervention. Therefore, the local network had a profound
effect in defining the level of perceived self-efficacy and their
involvement should be minimized.

Driver 2: Intrinsic Motivation

Participants using the gamified intervention demonstrated
greater levels of motivation and subsequent engagement than
the nongamified cohort. Game elements such as rewards and
level progression acted as motivational affordances leading to
engagement. Participantsin the nongamified cohort specifically
mentioned game components with statements echoing the
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following quote: “If you put anything into a game it makes it
more fun, and achieving something makes it more fun.”

Self-determination theory defines intrinsic motivation as ‘an
activity one doesbecauseit isinherently enjoyable’ and extrinsic
motivation as ‘ doing something because it leads to a separable
outcome’ [32]. The motivational effectiveness of extrinsic
rewards will reduce over time; in the context of smoking this
increases the likelihood of relapse as engagement decreases
[33]. However, intrinsic motivation leads to increased frequency
of behavior, and therefore increased engagement with the app
[34].

Intrinsic motivation was also impacted by external influences.
If local networks supported the idea of smoking cessation,
participantswere morelikely to receive words of encouragement
regarding their progress. Studies have shown positive feedback
to be associated with smoking cessation, with the reverse also
being true [35]. However, although words of encouragement
from peers can lead to positive behavior change in the short
term, the effects are unlikely to belasting if the encouragement
isnot self-relevant. Reliance on extrinsic rewards, which create
a sense of duty, should be avoided; especidly if they are
perceived as controlling:

The pressure does not help, you don’t want to betold
what to do, you want to do it on your own merit and
| want to quit when | want to. It feels very parental
and ...having people shove their own ideas down my
throat asif | amnot aware of what | amdoing isvery
patronizing.
Any such rewards will undermine the game and impact
negatively on intrinsic motivation, thereby compromising
engagement [32,36].

Modifiers of Gamified mHealth | nterventions

There are 7 modifiers that have determined the strength of the
drivers specific to gamification: (1) personaization, (2)
meaningful framing, (3) challenge-ability balance, (4)
unpredictability, (5) user-centered design, (6) fun, and (7) socia
community.

Per sonalization

Participants cited that achievements of the gamified intervention
lacked self-relevance : “Smoking is persona and should not
have premade incentives, people should generate their own
incentives and the app should empower [them].” The orientation
of the individual affects how they will perceive extrinsic
rewards; whether they perceive it as controlling (externally
oriented), or informational (internally oriented) [32]. An element
of personalization can tailor an intervention to the individual,
and thus account for an externally oriented user.

M eaningful Framing

Framing achallengein ameaningful way works synergistically
with the gamified reward system to enhance intrinsic motivation

[37].

http://games.jmir.org/2016/2/e18/
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Challenge-Ability Balance

Ensuring adynamic bal ance between the participants’ perceived
ability and the perceived challenge is a core tenet of flow [36].

Unpredictability

Participants exhibited tedium after using the gamified
intervention for some time, which led to disengagement :
“Achievements became slightly repetitive and need to be more
creative” However, integrating variable rewards, which are
informational and unpredictable in nature has been found to
increase focus and engagement [38]. In contrast, rewards that
are contingent on engagement and performance aone should
be minimized as far as possible, where do they not align with
the individua’s intrinsic motivation, or they risk undermining

it[27].
User-Centered Design

Ensuring that the user's needs and goals are the primary
consideration at every stage of the process[39].

Fun

A common request from participantsin the nongamified cohort
was to add an element of fun to the game: “If it was a game
with milestones and achievements and levelsit would definitely
be realy cool... if it was a game | would definitely do that.”
Fun can be defined as a type of intrinsic motivation that may
play an important role in achieving a state of flow [40]. It is
important to note that ‘fun’ is the product of the relationship
between an activity and an individual’s goals, rather than solely
as aproperty of the activity itself.

Social Community

Users were unwilling to share their progress via Facebook and
Twitter. With multiple participants sharing the sentiment in the
following quote: “1 actually think it [sharing on social media)
is counterproductive. You do it for yourself, not other people”

However, they expressed desire to interact with like-minded
individuals, with whom they could better relate. Kwon et a [41]
reinforced these observations when they found that the
motivations for social networking, and the motivations for
building up reputation were not mutually exclusive.

Discussion

Framework

In this study, we compared 2 apps, 1 gamified and the other
nongamified, in a longitudina qualitative study and then
analyzed our findingsin the context of expert opinions and the
extant literature. We sought to establish how best to exploit
gamification as an effective tool to build and maintain
engagement of mHealth apps designed to promote smoking
cessation. This work culminated in the development of a
framework to isolate the drivers and factors that govern effective
gamification (Figure 4). The framework suggests that a change
in health behavior is dependent on the degree of engagement
with the gamified intervention and that this was influenced by
‘critical factors' and ‘drivers’ of game engagement.
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Figure 4. How positive health behavior can be promoted by the gamification of mHealth apps.
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Critical Factors

Critical factors were the 3 components that had to be present
in order for users to engage with the game; absence of any one
of these critical factorswould lead to disengagement. A mHealth
app looking to promote positive health behavior change needs
a‘purpose’ that is made explicit and clear to the user. However,
this ‘purpose’ needs to align with the user’s own persona
objective (‘user alignment’). This ‘user alignment’ is key to
tapping into the user’s intrinsic motivation, ensuring sustained
engagement with the intervention as explained by both experts
and users aike.

——

Negative
Driver

The final critical factor is ‘functional utility’ or the perceived
ability of the intervention to fulfil the needs and solve the
problems of the participant. Thiswasthe most frequently coded
code during the thematic analysis, with 39% (39/100) of codes
referring to at least 1 of game or app functional utility. Wefound
that when users’ perceived functional utility of the intervention
was|ow, they became disengaged. To enhancefunctional utility,
the intervention needs to be easy to use, designed around the
user, and integrate afeedback mechanism to allow usersto track
their progress.

Drivers

We identified ‘perceived behavioral control’ and ‘intrinsic
motivation’ as positive drivers, which when present, directly
led to game engagement. In the context of health behavior, game
engagement can be maximized by taking advantage of modifiers
that boost self-efficacy and minimize control beliefs. We also
observed intrinsic motivation to be a principal driver of game
engagement, and should be maximized, by using the modifiers
in the presence of the 3 critical factors.

The impact of positive drivers is determined by factors in the
framework classed as modifiers. We identified 7 modifiers of
gamified mHealth interventions: (1) personalisation: challenges
and rewardsthat are self-relevant, (2) meaningful framing: link
the challenge of changing health behavior to an overall
self-relevant goal, (3) chalenge-ability balance: a dynamic
balance must exist between the perceived ability and perceived
challenge, (4) unpredictability: unexpected rewards are
perceived asleast controlling types of rewards, (5) user-centered
design: ensuring the user’s needs and goals are constantly met,
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(6) fun: the experience must beinnately enjoyable, and (7) socia
community: create a community of like-minded individuals,
where posting accolades will boost an individual’s reputation.

We aso identified ‘external socia influence’ as a negative
driver, which should therefore be minimized to optimaly
promote positive health behavior. We observed that the presence
of an external social influence negatively impacted self-efficacy
and consequently decreased the individual’s perceived
behavioral control and intrinsic motivation. For emphasis,
‘external social influence’ has been depicted to directly impact
game engagement, although it does this by impairing the user’'s
PBC and intrinsic motivation.

Applicability of the Framework

Our aim is for our framework to be used as a guide for health
care professionals and app developers in appraising whether a
gamified app has the right ingredients to be successful in
generating and promoting positive health behavior change. The
successful implementation of gamified mHealth interventions
will require a multidisciplinary approach, marrying input from
clinicians, behaviora scientists, and game designers to build
compelling apps [42]. As such, a further application of this
framework is to provide a theoretical basis around which the
multidisciplinary teams could collaborate.

Limitations

Limitations to our study mainly relate to the infancy of
gamification as a field, meaning only a limited number of
interventions were available to us. Although the gamified
intervention was identified as one of the leading apps
implementing game mechanics, it fell short in anumber of areas
leading to a drop in engagement over time. However, it is
unclear whether this was due to shortcomings solely within the
app, or gamificationitsalf. In order to fully understand the effect
of a gamified intervention, we would have benefited from a
more optimal implementation of gamification aswell astesting
interventions employing a wider range of game elements
reflecting the variety of gamification strategies employed by
different health apps. Moreover, whilewetried to choose 2 apps
that employed the same intervention content, bar the presence
of gamified features in one and the absence in the other, there
may well be some confounding variables responsible for our
results that we were unable to identify in our anaysis. To
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combat this, a further study would be required involving the
creation, from scratch, of 2 interventions offering the same
educational content and differing only by the use of gamified
features. In addition, we were unable to examine the long-term
impact of gamification beyond the 5-week study period. A more
representative analysis of the overall smoking demographic
could have been conducted with the inclusion of the diseased
population and a larger sample of smokers from different
geographical and socioeconomic contexts. A larger sample may
also help to better elucidate the scale of the findings we present
intheframework, for instance the extent to which external social
influencesresult in atruly negative effect and whether there are
instances where they may bolster an individua’s intrinsic
motivation for example.

Policy Implications of Implanting Gamification in the
National Health Service

Offering individuals a gamified mHealth intervention for
smoking cessation could be the answer to theinability of current
NHS smoking cessation services to serve the population,
particularly for millennials who have grown up as ‘digital
natives' [43]. A gamified mHealth intervention would confer
the benefits of evidence-based behavioral therapy, while
transforming the expensive interface of patient-doctor
consultations, to one between patients and an app. Furthermore,
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theintervention will always be close at hand to the user helping
to provide support when high-risk situations arise.

Gamified mHealth interventions should not be used in isolation,
but rather be considered as an additional tool in the delivery of
health care. For example, implementation among older, less
technol ogically competent patientswill prove challenging, with
certain patients still favoring human-human interaction. As
such, it will be important to continue to offer conventional
behavioral support alongside anew intervention to optimizethe
effectiveness of the service.

Conclusions

Gamification holds the potential for low-cost, highly effective
mHealth solutionsthat may replace or supplement the behavioral
support component found in current smoking cessation
programs. Our proposed framework has been built on evidence
specific to smoking cessation. We propose that it can also be
extended to pave the way toward new methods of public health
education, as our findings showed that gamification could be
an effective modality for engaging people with the provision
of information. However, questions still remain in relation to
thelong-term effects of gamification. Futureresearchisrequired
to evaluate the effectiveness of the above framework against
current behavioral interventions in smoking cessation.
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Abstract

Background: Smoking is recognized as the largest, single, preventable cause of death and disease in the developed world.
While the majority of smokers report wanting to quit, and many try each year, smokers find it difficult to maintain long-term
abstinence. Behavioral support, such as education, advice, goal -setting, and encouragement, isknown to be beneficial inimproving
the likelihood of succeeding in a quit attempt, but it remains difficult to effectively deliver this behavioral support and keep the
patient engaged with the process for a sufficient duration. In an attempt to solve this, there have been numerous mobile apps
devel oped, yet engagement and retention have remained key challengesthat limit the potential effectiveness of theseinterventions.
Video games have been clearly linked with the effective delivery of health interventions, dueto their capacity to increase motivation
and engagement of players.

Objective: The objective of this study isto describe the design and development of a smartphone app that is theory-driven, and
which incorporates gaming characteristicsin order to promote engagement with content, and thereby help smokersto quit.

Methods: Game design and development was informed by a taxonomy of motivational affordances for meaningful gamified
and persuasivetechnol ogies. Thistaxonomy describesaset of design componentsthat isgrounded in well-established psychological
theories on motivation.

Results: This paper reports on the design and development process of Quittr, a mobile app, describing how game design
principles, game mechanics, and game elements can be used to embed education and support content, such that the app actually
requiresthe user to access and engage with relevant educational content. The next stage of thisresearch isto conduct arandomized
controlled trial to determine whether the additional incentivization game features offer any value in terms of the key metrics of
engagement—how much content users are consuming, how many days users are persisting with using the app, and what proportion
of users successfully abstain from smoking for 28 days, based on user-reported data and verified against a biochemical baseline
using cotinine tests.

Conclusions: We describe a novel, and theoretically-informed mobile app design approach that has a broad range of potential
applications. By using the virtual currency approach, we remove the need for the game to comprehensively integrate the healthy
activity as part of itsactual play mechanics. Thisopens up the potential for awide variety of health problemsto be tackled through
games where no obvious play mechanic presentsitself. Theimplications of this app are that similar approaches may be of benefit
in areas such as managing chronic conditions (diabetes, heart disease, etc), treating substance abuse (alcohal, illicit drugs, etc),
diet and exercise, eating disorders (anorexia, bulimia, and binge eating), and various phobias.

(IMIR Serious Games 2016:4(2):e19) doi:10.2196/games.6258
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smoking cessation; video games; mobile phone; motivation
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Introduction

Smoking and Cessation

Smoking is recognized asthe largest, single, preventable cause
of death and disease in the developed world. It is associated
with an increased risk of heart disease, stroke, cancer,
emphysema, bronchitis, asthma, renal disease, and eye disease.
Whilethe mgjority of smokersreport wanting to quit, and many
try each year, smokers find it difficult to maintain long-term
abstinence [1-3].

The delivery of education and support to smokers has been the
backbone of smoking cessation programs for decades. Such
programs were traditionally delivered in face-to-face sessions
with trained tobacco cessation counselors, or via self-help
booklets and websites, but more recently researchers have turned
to technological solutions such as mobile phone apps in order
to deliver content to smokersin away that can be easily scaled
up to population levels [4-6]. Regardless of the delivery
modality, behavioral support programs have been found to be
mildly effective [7], with the educational content involved in
such programs (including advice on when and how to use
pharmacological support) appearing to have the greatest impact
on cessation rates.

Despite significant investment in the development of such
programs, a persistent issue is that smokers do not readily
engage with the cessation content delivered. Failure to engage
with the “active content” of cessation programs is problematic
as it limits the potential effectiveness of such programs. the
education and support delivered cannot hope to be effective if
it isnot used by smokersduring their quit attempt. Evenif users
engage initiadly, it is difficult to keep them interested beyond
the first few days (retention). Identifying mechanisms that
encourage smokers to engage with smoking cessation content
requires ongoing investigation.

Video Games and Health I nterventions

Video games are immensely popular, with recent statistics
indicating that in the United States 63% of households are home
to at least 1 person who plays video games regularly (3 hours
or more per week) and 65% of households own a device used
to play video games [8]. Rather than video games being seen
assimply time-wasting entertainments, they are now recognized
as an integral part of our modern society, with games and play
increasingly informing other domains of our everyday life.

Research on video games now showsthat games have the ability
to keep people engaged for along time, build relationships and
communities among players, and cultivate their creative
potential. Furthermore, games have been shown to have the
power to support knowledge acquisition and even to bring about
behavior change [9-11].

Games with a purpose, also known as “serious games,” look
much like traditional entertainment games, but differ in that
they have a defined purpose, outcome, or message that the
creators of the game are trying to get across to a particular
audience[12]. By employing al the fun and engaging elements
found in games and applying them to real-world or productive
activities, they have the potential to influence behavior or

http://games.jmir.org/2016/2/e19/
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improve engagement in tasks not generally considered “fun,”
such as learning, exercising, and practicing.

Within the health domain there have been a wide range of
successful serious games initiatives trialed. A 2008 review of
27 publications reporting on 25 video games that promoted
health-related behavior change, identified that most of the
studies demonstrated positive health-related changes from
playing the video games [13].

Morerecently, a2012 review included 38 publications regarding
video games that provide physical therapy, psychological
therapy, improved disease self-management, health education,
distraction from discomfort, increased physical activity, and
skillstraining for clinicians [14]. Among the 38 studies, atotal
of 195 health outcomes were examined. Results indicated that
video gamesimproved 69% of psychological therapy outcomes,
59% of physical therapy outcomes, 50% of physical activity
outcomes, 46% of clinician skills outcomes, 42% of health
education outcomes, 42% of pain distraction outcomes, and
37% of disease self-management outcomes. Further, in 2014,
a meta-analysis of 54 serious digital game studies for healthy
lifestyle promotion reviewed the overall effectiveness of serious
digital games on healthy lifestyle [15], and demonstrated small
positive effects on healthy lifestyle promotion outcomes.

Video Games and Smoking Cessation

The concept of using games to promote smoking cessation is
not entirely new. There is some existing work that exploresthe
potential of the idea, and even some existing game-based
interventions have been developed. Most early attempts at
incorporating video game elements have focused on the ddlivery
of a distraction, to help the smoker get through an episode of
craving. Crave-Out was an early attempt at this style of game,
producing a pattern matching memory game and using the
Questionnaire of Smoking Urge-Brief measurement beforeand
after play to determineif it helped to reduce cravings. A small
but insignificant reduction in cravings was measured. Critically
however, the authors determined during pilot testing that
negative reinforcement had a deleterious effect on smokers, as
it reminded them of smoking, and thisfinding is worth bearing
inmindin future designs[16]. Subsequently, similar “distraction
minigames” have aso been incorporated into other
mHealth-based smoking cessation apps such as SmokeFree 28

[5].

Themost grass-roots evidence to support theideaof game-based
smoking cessation interventions comes from Raiff et al [17],
who explored thelink between video game usage and smoking.
They determined that 74.5% of smokers play video games (more
than nonsmokers), and that 63.7% of participants believed that
a video game-based intervention would motivate smokers to
quit [17]. There is some speculation that the “addictive
tendencies’ of smokers makes them more likely to become
frequent video game players.

Hall et a [18] tried to qualitatively determine, from expert
opinion, key design characteristics for a successful video
game-hased smoking cessation intervention. After interviewing
experts in game development, tobacco, and health behavior a
number of themes emerged. In particular, it was noted that
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targeting youths through games was likely to be an effective
strategy that extensive iterative prototyping was required to
create a compelling game experience, and that incorporating
behavioral change techniques was likely to result in improved
outcomes.

There is also some preliminary evidence exploring Internet
implementations. QuitlT is an Internet-based video game that
is designed to help smokers practice coping strategies for
cravings. Initia evaluation suggests the game was useful in
teaching strategies for coping with urges [19], athough there
isnot yet any datato suggest that it improves quit success rates.

Traditionally, serious gamesin the health behavior change space
have focused on directly encouraging the behavior of interest
(eg, promoting physical activity by requiring movement as part
of the game play). An aternate possible use of games—one that
we explore here-is that games could be embedded with
education and support content, such that the game play simply
actsasthe hook that compel sthe user to access and engage with
relevant educational content, in exchange for incentives that
further the players goals in the game. Such game play may
encourage engagement with proven educationally based
intervention strategies, and thereby improve health outcomes.

It has been suggested that games are fun because they appeal
to some core drives that motivate us toward certain activities,
such as meaning, empowerment, social influence,
unpredictability, avoidance, scarcity, ownership, and
accomplishment [15]. If we can identify the elements of games

Bindoff et al

that support the acquisition of smoking cessation content, and
build agamethat provides an engaging environment for players
to remain engaged with such content, we may be able to
positively influence smoking cessation outcomes.

Theoretical Basisfor Design

This focus aligns with the assessment that reflective and
automatic motivation toward smoking cessati on can be enhanced
by interventions, such as education, persuasion, intensification,
coercion, and modelling [20]. However, the actual content
component of the app itself is flexible and has been designed
to be easily updatable as new content is devel oped.

Game Mechanic and Game Elements Design Phase

Within the cycle of design and development, the initial Game
Mechanic and Elements design phase was informed by a
taxonomy of motivational affordancesfor meaningful gamified
and persuasive technologies (Figure 1) [20]. This taxonomy
describes a set of design components that is grounded in
well-established psychological theories on motivation [20].

To alow for meaningful gamified and persuasive systems,
designers should choose components depending on both the
objectives and the users of the system [20]. To guide this
activity, the taxonomy outlines both general design principles
and mechanics that game designers might benefit from
considering, and that might assist in ensuring theoretically
grounded serious game development, as is required in this
intervention.

Figure 1. Design principles and mechanics for persuasive game design [17].
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Methods

Overview of the Design

Based on the theoretical underpinnings described above, we
designed and developed a mobile phone game called Quittr to
support people in their attempt to quit smoking. This design
borrowed many elements from existing literature [21,22] and
examples of mHealth smoking cessation apps, most notably
SmokeFree 28 [5]. The focus was on creating a platform that

Figure 2. The main dashboard of Quittr.

Quittr

Progress

Time Smoke Free:

Cigarettes Avoided:
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would enablethe delivery of proven effective smoking cessation
support content, but with game elements integrated throughout
to improve user engagement and retention.

An app was produced compatible with both Android and i0OS
mobile phones and tablets. Upon opening the app, users are
greeted with a dashboard system separated into 3 main pages,
which they can swipe between (Figure 2), styled in adherence
with the popular Google Material user interface design
guidelines[23].

Support

Life Added (hours):

Health Milestones

Heart rate and blood pressure have decreased

15%

Carbon monoxide levels return to normal

0%

Data Collection

When the user first opensthe app they are prompted to complete
an entry survey, which includes questions about the user's
smoking status, demographics, health, and financial goals, as
well as questions about the user’s intentions in using the app.
On subsequent openings, the user is asked if they have smoked
any cigarettes that haven't been entered into the app. If the user
indicates yes to this question, they are asked to indicate how
many cigarettesthey smoked on each day that has elapsed since
their last log. If the user has hot opened Quittr for 12 hoursthey
are prompted with anotification on their device asking them to
come back and log their cigarettes. This will repeat daily for
severa daysif they till fail to check-in.

At the end of 28 days or when the user indicates their current
quit attempt has failed, they are also asked to complete an exit
survey. This asks questions about their opinions of the app, the
games, and if appropriate, their reasons for giving up their quit
attempt early. Having indicated that their quit attempt hasfailed,
the user is able to start a new quit attempt at any time, which
will reset all their existing data, triggering a new entry survey,
and so on.

All collected data is stored and uploaded to our webserver for
analysis and review. For the sake of privacy, we do not collect
any personally identifying information, although we do use a

http://games.jmir.org/2016/2/e19/
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unique identifier so that we can track a given user across
potentially many quit attempts.

Progress

The first page of the main dashboard is titled “Progress,” and
includes tracked statistics relating to the financial, health, and
socia outcomes of the user associated with their current quit
attempt. It deliversan easily accessible snapshot of the statistics
that are most relevant/important to the user at the current time
(based on their current status and data collected during a
commencement survey). The user can optionally explore a
comprehensive list of every tracked statistic. These progress
bars provide meaningful feedback to the user as well as
educating them about the benefits of quitting, and have proven
to be a valuable feature in a range of successful smoking
cessation apps [20,24].

The progress page a so includes an achievements section, with
arange of predefined goalsfor the user to strive toward, aswell
as the ability to set their own financial savings goals to target.
The progress page displays the next several achievements that
the user is close to achieving, but the user can click on thetile
to review the full list of achievements, including achievements
they have aready obtained. This style of achievement system
is a proven staple across the games industry, and is a mainstay
in any “gamified” apps. The achievements system ensures that
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the user always has both short and longer term goals in sight,
aswell ashaving aset of accomplishmentsthey can reflect upon
to remind themselves how far they’ve come [20].

Support

The support page includes a range of helpful information and
support, including a button, which simply dials the local Quit
Support hotline, and the “Quick Tips' button that displays
helpful tips about how to use the app. Perhaps the most
interesting feature of this section is the “Information Toolbox”
(Figure 3).

The Information Toolbox includes awide variety of educational
material, which can support the user on their quit attempt. This
includes information about the various therapies and treatment
plans available, as well as information on cravings, coping
strategies, the benefits of quitting, and the consequences of
smoking. The information is neatly structured into *bite-sized
chunks' to makeit easy for the user [22]. After reading asection
the user is challenged by a multiple choice quiz that asks one
of several basic questions that relate to the material they just
read.

Figure 3. The Information Toolbox.

< Quittr

Quitting Methods

Effects of Smoking
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We have designed the content in this section to be readily
customized and expanded upon, with updates being pulled from
our webserver as required whenever Internet connectivity is
available. The content is al so tagged with a set of metadata that
enables it to be tailored to the user based on the data collected
during the entry survey and the state of their current quit attempt
(ie, content about smoking during pregnancy would be more
relevant to pregnant women than to men, and content regarding
cardiovascular disease would be more important to older
smokers).

Games

The games page lists arange of gamesthat the user can engage
with (Figure4). The gamesare split into 2 categories, those that
are intended purely as a distraction from cravings, and those
that are used as an incentive to engage with the broader app.
Currently, 2 games are available, with plans to include more.
By providing a variety of games that will appeal to different
users, we can improve the likelihood that a given user will be
able to find a game they enjoy playing, and that they find it to
be an effective distraction.

[« IS

Quitting Advice

o Nicotine Replacement Therapy

Nicotine Patches ‘

Nicotine Gum

Nicotine Lozenges ‘

Prescription Medicines

Bupropion (Zyban®) ‘

Varenicline (Champix®) ‘

Alternative Methods

Quitting Cold Turkey
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Figure 4. The games currently available in Quittr.
Quittr

Progress

—

N,

Distraction

The distraction games are simple minigamesthat can be played
in a stand-alone 1- to 5-minute session. They are designed to
demand mental focus and both hands, so as to provide a
meaningful and effective distraction or an aternative from the
act of smoking [5,16,22].

There is currently only one distraction minigame included in
Quittr. Thisis a hidden object style game where the user must
search for and tap particular objectsin anincreasingly cluttered
environment, and under time pressure. There are also 2
additiona games being prepared for inclusion: afruit-ninjastyle
game where the user must swipe across missiles, which are
launched while avoiding bombs; and an endless-runner style
game where the user must navigate a plane through a series of
winding caverns without crashing while collecting coins and
powerups.

I ncentivization

Incentivization games are designed to be played incrementally
over the 28-day duration of the quit attempt. These are games
that are designed to involve longer term goa setting and
planning, aswell as frequent monitoring/check-ins by the user.
Most importantly, they make use of apremium currency system,
which we have called QuitCoins. This system will be familiar
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to those who have played free-to-play mobile and Facebook
games, wherein the user can spend a premium currency
(traditionally obtained by spending real money or engaging with
video ads) to obtain bonuses in the game. In this case, instead
of purchasing QuitCoinsusing real money, the user isrewarded
with QuitCoins in return for engaging with the smoking
cessation content of the broader app in a meaningful way (see
Textbox 1). Thisisthe key innovation that our approach adds,
distinguishing it from earlier attemptsin this space.

Currently, we have only created 1 incentivization game. It isa
“city builder” style game, which we have called “ Tappy Town.”
In Tappy Town, the user has an empty plot of land to fill and a
large range of structures they can build to improve that land.
As the user grows their town the town’s economy will also
grow, enabling them to afford increasingly grand and powerful
structures. The town will passively collect resources over time,
but users are rewarded for frequent check-ins by the intermittent
availability of significant bonus resources that require manual
collection by tapping the associated buildings. Thisensuresthat
every 1to 2 hours (corresponding to when we might expect the
next major craving to hit) the user will have something
productive to do in their town, and also provides an additional
mechanism by which the user can distract themselvesfrom their
cravings.
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Textbox 1. The ways the user can earn QuitCoins.

Bindoff et al

«  Completing the entry survey

«  Opening the app

«  Reporting how many cigarettes they’ve smoked
«  Reading through their dashboard statistics

«  Reading support content

«  Successfully completing quizzes

«  Playing adistraction minigame

«  Earning achievements

o Setting up and achieving personal goals

«  Completing the exit survey

However, the QuitCoin rewards for a given piece of content
can only be earned periodically. For example, after reading a
particular piece of advice the user might be rewarded with a
QuitCoin, but they cannot reread the same piece of advice to
earn another QuitCoin; they must wait a day before they can
earn rewards from reading that particular piece of advice again.
QuitCoins are awarded immediately after performing therelated
action, and thisis made visible to the user by an animation and
sound-effect that playsin the top right corner of the dashboard.
When the user taps the QuitCoin icon they are presented with
a list of al the QuitCoin rewards they have been awarded
recently. This ensures that the user understands clearly why
they earned the reward (Figure 5).

Figure5. Collecting QuitCoin rewards.

Rewards

5

10

Having earned QuitCoins, the user can redeem these coins in
Tappy Town (or any other incentivization game we might add
a a later date). The highest performing and most visualy
impressive structures can only be purchased using QuitCoins.
Theintention isthat the user will become hooked on the reward
mechanisms on display in Tappy Town, and will develop a
sense of ownership of the town they are gradually building.
Thiswill inspire them to engage more with the various contents
inthe Quittr app so that they can afford to build theseimpressive
showcase structuresin their town. These mechanismsarereadily
apparent to the user, who is regularly notified that they are
earning QuitCoinsthrough natural interactionswith Quittr, and
who are then encouraged to go to Tappy Town to redeem them.

Completed Achievement: 1
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Completed Achievement: 20
Cigarettes Avoided
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Results

At thetime of publication Quittr islargely complete, with only
content revision still required. It hasbeenin closed (invite only)
beta testing using Apple TestFlight and on the Android Play
Store since August 9, 2016, and has at the time of writing
(Octaober 4, 2016) beeninstalled by 7 usersoniOSand 11 users
on Android. The feedback received during this beta testing
period hasresulted in 6 iterative betareleases during this period
to date. At thistime, we are confident that Quittr is stable and
all features are working as intended. The open beta test is
planned to become available for 2017, pending ethics board
approval.

Discussion

Further Work

It hasyet to be determined whether theinnovative game systems
we have added into the traditional mHealth smoking cessation
recipe provide the additional value we are hoping for in terms
of engagement, retention, and ultimately cessation rates. To test
the impact of the gaming elements, we are currently planning
a research project using a randomized controlled trial design.
Users will be randomized into 1 of 2 groups, either the control
group that gets access to a “baseline” version of the game
without the incentivization game features and the QuitCoin
premium currency system, and the intervention group, which
receives a copy of the game with the full feature set.

Conflicts of Interest
None declared.
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By comparing the results of these 2 groups, we will be able to
determine whether the additional incentivization game features
we have developed offer any value in terms of the key metrics
of engagement—how much content users are consuming;
retention—how many days that users are persisting with using
the app; and smoking cessation rates~what proportion of users
successfully abstain from smoking for given period of time
(based on user-reported data and biochemically verified).

Going beyond this, we would ultimately like to compare our
approach against a usual care scenario, to see how it compares
more directly against current practice. We would also like to
do a more specific evaluation in the younger demographic
because we believe that our approach may be particularly useful
for younger smokers, who are perhaps more willing to engage
with amobile phone—based intervention, and with game-based
approachesin general.

Closing Thoughts

If thismodel proves successful thereisabroad range of potential
applications for this approach. By using the virtual currency
approach in the way we have done here, we remove the need
for the game to comprehensively integrate the healthy activity
as part of itsactual play mechanics. Thisopens up the potential
for a wide variety of health problems to be tackled through
games where no obvious play mechanic presents itself. This
may be of benefit in areas such as managing chronic conditions
(diabetes, heart disease, etc), treating substance abuse (alcohal,
illicit drugs, etc), diet and exercise, eating disorders (anorexia,
bulimia, and binge eating), and various phobias.
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Abstract

Background: Young adults often experiment with heavy use of alcohol, which poses severe health risks and increases the
chance of developing addiction problems. In clinical patients, cognitive retraining of automatic appetitive processes, such as
selective attention toward acohol (known as “cognitive bias modification of attention,” or CBM-A), has been shown to be a
promising add-on to treatment, helping to prevent relapse.

Objective: To prevent escalation of regular use into problematic use in youth, motivation appears to play a pivota role. As
CBM-A isoften viewed aslong and boring, this paper presentsthistraining with the addition of serious game elements as anovel
approach aimed at enhancing motivation to train.

Methods: A total of 96 heavy drinking undergraduate students carried out aregular CBM-A training, agamified version (called
“Shots"), or a placebo training version over 4 training sessions. Measures of motivation to change their behavior, motivation to
train, drinking behavior, and attentional bias for alcohol were included before and after training.

Results: Alcohol attentional biaswas reduced after training only in theregular training condition. Self-reported drinking behavior
was not affected, but motivation to train decreased in al conditions, suggesting that the motivational features of the Shots game
were not enough to fully counteract the tiresome nature of the training. Moreover, some of the motivational aspects decreased
slightly more in the game condition, which may indicate potential detrimental effects of disappointing gamification.

Conclusions: Gamification is not without its risks. When the motivational value of atraining task with serious game elements
islessthan expected by the adolescent, effects detrimental to their motivation may occur. We therefore advise caution when using
gamification, as well as underscore the importance of careful scientific evaluation.

(JMIR Serious Games 2016;4(2):€20) doi:10.2196/games.6464
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cognitive training; cognitive bias modification (CBM); attentional bias; adolescents; serious games; motivation

adolescence [5], can lead to the development of strong

Introduction

Heavy alcohol use during adolescence and early adulthood has
been related to health problems and academic underperformance
[1] and isan important predictor of addictive behaviorslater in
life [2]. Dual-process models of addiction [3,4] suggest that
prolonged use of acohol, especialy when initiated during

http://games.jmir.org/2016/2/e20/

automatically triggered reactions toward alcohol, which inturn
facilitate the development of addictive behaviors. Thisisvisible
in heavy acohol users' tendency to approach [6] and selectively
attend to [7] alcohol-related stimuli more quickly, compared
with non-alcohol-related stimuli. Opposite to these strengthened
automeatic reactions are reflective cognitive processes, including
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control abilities (eg, working memory [8], inhibition [9]) that
can be too weak or too late to moderate the automatically
triggered reactions [5]. The resulting imbalance between
automatically triggered appetitive processes and reflective
control processes may contribute to escalation in problem
drinking.

Research has shown that, in both longtime heavy users and
clinical patients, both types of processes can successfully be
trained or retrained, resulting in less craving and lower relapse
rates[7,10-13]. Despite these promising results, application of
cognitive training in younger populations has proven more
difficult [14], for a number of reasons. First, youngsters tend
to perceive stronger positive than negative effects of their
alcohol use [15], perhaps because positive effects of alcohol
tend to occur sooner than the negative effects [16], making those
positive associations stronger. This typically results in lower
motivation to change their (drinking) behavior compared with
patient populations. Second, the fact that most training
paradigms arelong and often viewed astedious and boring [17]
adds to the problem. To improve mativation to train, one
potential solution could be to make the training sessions more
fun to do by adding game elements into the training paradigm.
For example, Dovis and colleagues [18] offered children with
attention-deficit/hyperactivity disorder (ADHD) a computer
game version of aworking memory task and observed that they
normalized their persistence of performance to the level of
children without ADHD. Dennisand O’ Toole[19] used amobile
game based on attentional bias modification training as an
intervention for stress and anxiety in highly trait-anxious
university students and showed a significant reduction in threat
bias.

In this paper, we apply similar gamification techniques to a
typical cognitive bias modification of attention (CBM-A)
training task aimed at training attention away from pictures of
alcoholic beverages: thevisual probetask (VPT) [20,21]. Inthe
VPT participants are shown pairs of pictures, one of arelevant
stimulus (eg, a picture of an alcoholic beverage), the other a
visually similar, neutral stimulus (eg, apicture of anonal coholic
beverage). Next, a probe (eg, an arrow pointing up or down)
appears at the location of one of the stimuli, and the instruction
isto quickly identify the probe (eg, respond to the direction of
the arrow). The contingency between the location of the probe
and the stimulus it replaces can be manipulated. To assess
attentional bias, the probe appears equally often at the location
of both stimulus types; to train attention away from a certain
set of stimuli (eg, acohoal), the probe appears more often at the
location of the other set of stimuli (eg, nonalcohoalic).
Schoenmakers and colleagues [21] showed that CBM-A can
indeed increase the ability to disengage from alcohol-related
cuesand found that al cohol-dependent patientswho had received
the CBM-A training took significantly longer to relapse after
training than patients who had not received CBM-A.

It should be noted that although adding game elements to a
cognitive training task may help increase participants
motivation to train, they usually also influence the specific task
features and parameters and inevitably change to some degree
the evidence-based nature of the task [22]. For example, using
points as rewards in the gamified training in order to enhance

http://games.jmir.org/2016/2/e20/

Boendermaker et d

motivation to train may a so counterbalanceintrinsic motivation
to train. As such, we will compare the new gamified VPT
training (VPT-G) with both a regular VPT training (VPT-R),
to evaluate the added motivational effects of the game elements,
as well as with a placebo version of the regular VPT training
(VPT-P) to establish whether it has a training effect similar to
the VPT-R. This results in the following hypotheses. First, we
expect asignificant reduction in attentional biastoward alcohol
stimuli in both the VPT-R and VPT-G conditions compared
with the VPT-P condition (H1). This will be measured using
both an assessment version of the VPT and another task that
also measures attentional biasbut is procedurally different, that
is, the visual search task (VST) [23]. Next, we expect the same
pattern of results between conditions with regard to declinein
actual drinking behavior (H2). Finally, we expect to see that
motivation to train is positively affected by the training in the
VPT-G condition but not in the VPT-R and VPT-P conditions
(H3), while motivation to change is expected to remain
unaffected asit is not explicitly targeted by this training (H4).

Methods

Design and Procedure

The training consisted of 4 sessions, at least 1 day apart, over
the course of 2 weeks. Thefirst and last training sessions were
combined with the assessment tasks in our laboratory; the 2
remaining training sessionswere done at home. During thefirst
session, participants were informed about the study’sgoal, gave
digital informed consent, and were randomly assigned to the
VPT-P (n=33), VPT-R (n=30), or VPT-G (n=33) condition.
They continued with digital versions of the Alcohol Use
Disorders Identification Test (AUDIT), a short Readiness to
Change Questionnaire (RCQ), the Timeline Followback (TLFB)
guestionnaire, the Alcohol Use Questionnaire (AUQ), and a
Motivation to Train Questionnaire (MTQ). After the
guestionnaires, they completed the VPT and VST baseline
assessment and finished the session with thefirst VPT training.
The following second and third sessions solely consisted of the
VPT training task. Thelast session started with the fourth VPT
training, after which they performed the VPT and VST
posttraining assessments and the AUQ, TLFB, RCQ, and MTQ
guestionnaires, supplemented by a brief set of questions about
thetraining itself (EVAL). To evaluate drinking behavior after
thetraining, afollow-up TLFB wasfilled in viaemail 2 weeks
after session 4.

Participants

A sample of undergraduate students (n=96, mean age 21.2 years,
SD 1.8, range 18-28 years, 71%, 63/96 female) was recruited
through the university laboratory’s website, based on their
drinking behavior (=5 standard glasses of alcohol on average
per week for males; >4 for females). Participants received study
credits or €30 for taking part in the experiment. The study was
approved by the Ethics Committee of the University of
Amsterdam (Protocol Number: 2015-DP-4215).

Materials

Alcohol use and problemswere measured with 3 questionnaires:
A TLFB [24,25] was used to measure alcohol consumption per
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day over the past week and also included a question about the
number of binge drinking occasions during the past 30 days (>5
standard glasses of acohol consumed during one occasion for
male participants; >4 for females). An adapted version of the
AUQ [26] was used to assess drink-specific a cohol consumption
over the past 6 months. For analyses, Mehrabian and Russell’s
[26] equation 2 was used to calculate the habitual alcohol
consumption (HAC), including those items regarding
consumption of beer, wine, and liquor, as well as our added
items concerning a cohol pops. Alcohol-related problemswere
measured with the AUDIT [27], which includes 10
multiple-choice questions regarding alcohol consumption and
alcohol-related problems. The overall AUDIT score ranges
between 0 and 40, with =8 indicating an increased risk of
alcohol-related problemsin normal samplesand =11 in student
samples [28].

Motivation to train was assessed using a self-developed 4-item
guestionnaire, each item rated on a5-point Likert scale ranging
from “strongly disagree” to “strongly agree.” Motivation to
change was assessed using ashortened version of theRCQ [29],
consisting of 3 multiple-choice items. The EVAL questions
concerned how they rated the training overall. See Multimedia
Appendix 1 for an overview of trandated questions.

Table 1. Visual search task block distribution.

Boendermaker et d

Attentional biaswas measured using assessment versions of the
VST and VPT paradigms. Inthe VST [23,30], participantswere
shown agrid of 4 by 4 pictures of beverages, where only 1 was
of a different type: 1 alcoholic among 15 nonalcoholic
beverages, or vice versa. The instruction was to find and click
the deviant type of beverage as quickly and accurately as
possible. Tofocusvisua attention to the center of thegrid, each
trial started with afixation cross in the center of the screen the
participants had to mouse over in order to start the trial. When
an incorrect response was given, feedback was given and the
trial had to beredone. Thetask consisted of 6 blocksof 18trials,
using active (person drinking) or passive (bottle or glass only)
pictures of acoholic and nonalcoholic beverages or neutral
pictures of 5- or 7-petaled flowers, following the schedule in
Table 1. The order of the blocks containing beverages was
counterbalanced over participants. A progress bar indicated the
number of trials left in each block. The attentional bias scores
for active and passive stimuli were computed by subtracting
the respective average reaction times for selecting alcoholic
beverages from the average reaction times for selecting
nonalcoholic beverages. Given that faster reaction times on
alcohol trials suggest an attentional bias toward alcohol, a
positive bias score thus indicated a bias toward a cohol.

Block Target picture (1) Nontarget pictures (15)

1 Active, acohol related Active, not alcohol related
2 Passive, acohol related Passive, not alcohol related
3and4 5-petaled flower 7-petaled flowers

5 Active, not alcohol related Active, alcohol related

6 Passive, not alcohol related Passive, acohol related

In the VPT, participants were shown pairs of acohol and
nonal coholic beverages followed after 500 milliseconds by a
small arrow probein thelocation of one of the pictures, pointing
upward or downward. The instruction was to press the
keyboard's arrow key corresponding to the arrow’s direction
asquickly and accurately as possible. Thetask consisted of 168
critical trials with pairs of beverages and 32 filler trials with
pairs of neutral objects (office supplies), presented in random
order over 3 blocks: astarting block of 10 neutral practicetrials,
then 2 test blocks of 100 trials (84 critical trials). In one of the
two test blocks, the pictures disappeared as the arrow became
visible (“Go” block); in the other block the pictures remained
visible as the arrow probe was superimposed (“ Stay” block).
The Stay trialswereincluded asthey might better detect difficult
disengagement from alcohol cues [31,32], while the standard
Go trials may be a better measure of rapid allocation and
maintenance of attention on alcohol cues. The order of these
blocks was counterbalanced over participants. Location of
alcohal picture (left or right) and arrow (at alcohol-related or
not-alcohol-related stimulus) was fully counterbalanced. The
filler trials were included to dightly mask the contingency

http://games.jmir.org/2016/2/e20/

between arrow placement and the content of the pictures, as
well as maintain participants' attention on the task and avoid
anticipatory responses. When an incorrect response was given,
the trial had to be redone after feedback was given, and the
arrow direction was reapplied randomly. A progress bar
indicated the number of trials left in each block. All picture
pairswere matched by size and colors (see Figure 1). All stimuli
originated from the Amsterdam Beverage Picture Set (ABPS
[33]). Attentiona bias scores for Stay and Go trials were
computed by respectively subtracting the average reaction time
for correct trials with the arrow at the location of the acoholic
picture from the average reaction time on correct trials where
the arrow was at the location of the nonalcoholic picture.
Correction trials following incorrect responses were excluded,
as reaction times on those trials were deemed unreliable owing
to the stimuli being the same as in the previous trials; reaction
times greater than 3000 milliseconds were coded astoo lateand
were a so excluded. Given that faster responses on alcohol trials
suggest an attentional biastoward alcohol, apositive bias score
thus indicated a bias toward al cohol.
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Figurel. Theregular visual probetask (Ieft) and the Shots gameimplementation (right). The arrow size was matched between the tasks but is enhanced

slightly in the left panel (visual probe task) for visibility in print.

Training

The VPT training taskswereidentical to the assessment version,
except that after the practice block there was only 1 training
block of 156 critical and 16 filler trials, where Stay and Go trials
were presented randomly. Additionally, in the VPT-R and
VPT-G the arrow aways appeared at the location of the
nonal coholic beverage, thus training attention away from the
alcoholic stimuli. In the VPT-G condition, participants trained
using the Shots game (S van Schie, unpublished data, 2014).
The Shots game was functionally identical to the VPT-R
training, whilelooking like as ot machine gamewith 2 spinning
wheels (see Figure 1; note that although the Shots game looks
like aslot machine, it has no gambling elementsto it. Thiswas
also explained to the participants). The game elements used
here constitute an integrated gamification of the VPT paradigm
as defined by the CBM gamification model by Boendermaker
and colleagues[22]. It mainly uses acoin-based reward system
(see Step 1 [22]) and nicer looking graphics, animations (eg,
the spinning wheels with pictures of beverages), and sound
effects (eg, when spinning the wheels or pressing a button; see
Step 3 [22]). The participant is rewarded for correct and fast
responses (using time bonuses and special bonus trias),
requiring acoinin order to spin the wheels (ie, start anew trial)
and eventually the possibility of reaching a new level (a new
look for the machine). The game used picture stimuli similar
tothosein the ABPSbut slightly edited tofit the graphical style
of the game.

Results

Attrition

After the first training session, 2 participants in the VPT-R
condition dropped out of the study and were excluded from the
training effect analyses. An additional 6 participants failed to
do the follow-up assessment and were excluded fromthe TLFB
training effect analysis. Furthermore, basdline data from 2
participants on the RCQ question 3, and 1 participant on the
VPT, were missing because of technical problemsand therefore
excluded from the relevant analyses.

Sample Characteristics

At baseline, participants had consumed an average of 15.09
standard units of alcohol (SD 11.46) during the previous 7 days

http://games.jmir.org/2016/2/e20/

and hinged on average on 6.65 occasions (SD 3.48) during the
previous 30 days. The AUQ average HAC score was 230.91
(SD 17.17) and with 94% (90/96) of participants scoring =8 and
71% (68/96) scoring =11, indicating hazardous drinking in a
large proportion of the sample [27,28]. See Table 2 for an
overview of basdine characteristics. No significant group
differences were detected at baseline.

Training Effects

All dependent variables were screened for univariate extreme
outliers based on inspection of stem-and-leaf and box plots.
When they were present, or one of the general linear model
(GLM) assumptionswere violated, anonparametric method for
factorial repeated-measures analysis of variance was used: the
Aligned Rank Transform analysis of variance [34], in which
dataare aligned and then ranked as a preprocessing step, before
applying GLM procedures (these results are marked with *).

Attentional Bias Change (H1)

There was a significant reduction in alcohol attentional bias
over time on the VPT-Go trids, F;g,*=9.407, P=.003,

r]p2:0.095, as well as a significant interaction with condition,

F,00*=8.685, P<.001, n,’=0.162. Tukey-adjusted contrasts
indicated this was due to a significant decrease in bias in the
VPT-R condition over time, tg;=3.094, P=.031, r=.310, and also
confirmed the result presented in Table 2 that the VPT-Go bias
score at baseline was significantly higher in the VPT-R
condition, compared with the VPT-P condition, t;79 ¢5=3.055,

P=.031, r=.223. The VPT-Stay trials aso showed a significant
reduction in bias over time, F; 0*=10.894, P=.001, np2:O.108,
without an interaction with condition. In contrast, no significant
changes over timewere found on the VST. A significant overall
difference was found between the conditions on the VST-ACT

trials: F,,=5.480, P=.006, 1,’=0.107; but post hoc analyses
revealed no significant contrasts.
Behavioral Change (H2)

There was no significant reduction in TLFB scores for both
binges and total use (P>.05).
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Characteristics Placebo (VPT2-P) Regular (VPT-R) Game (VPT-G) Total P

Total participants (male) 33(10) 30(8) 33(10) 96 (28) .936
Agein years, mean (SD) 21.4(2.1) 21.3(1.4) 21.0(2.0) 21.2(1.8) 743
AUDIT® score, mean (SD) 13.7 (5.5) 135(3.9) 13.6 (4.9) 13.6 (4.8) 986
TLFBE (drinks/7 days), mean (SD) 15.7 (14.2) 13.4(7.6) 16.0 (11.4) 15.1 (11.5) 634
TLFB (binges/30 days), mean (SD) 6.9 (4.3) 6.3(2.8) 6.7 (3.3) 6.7 (3.5) .809
AUQY (HACS), mean (SD) 229.7 (17.8) 233.9(20.5) 229.2 (12.4) 2309 (17.2) 516
RCQ' -1, mean (SD) 2.2(0.8) 2.3(0.7) 2.5(0.9) 2.4(0.8) 454
RCQ-2, mean (SD) 3.8(1.9) 4.0(1.9) 3.7(1.9) 3.8(1.9) 682
RCQ-3, mean (SD) 1.8(0.7) 2.0(0.6) 1.9(0.7) 1.9(0.7) 499
MTGQY, mean (SD) 15.8 (2.4) 16.7 (1.8) 16.4 (2.0) 16.3 (2.1) 249
VPT-Go alcohol bias (ms'), mean (SD) -3.7(20.8) 10.2(25.1) 05(22.9) 2.1(23.4) 053
VPT-Stay alcohol bias (ms), mean (SD) -0.2(37.2) 19(26.1) 3.2(36.0) 16(33.3) 920
VST-ACTX alcohol bias (ms), mean (SD) 64.8 (511.8) 250.9 (596.4) 18.9 (495.9) 107.2 (538.0) 200
VST-PAS alcohol bias (ms), mean (SD) 116.8 (515.2) 118.3(536.1) 232.7 (594.4) 157.1 (547.0) 624

3/ PT: visual probe task.

BAUDIT: Alcohol Use Disorders Identification Test.

°TLFB: Timeline Followback.

dAUQ: Alcohol Use Questionnaire.

€HAC: habitual alcohol consumption.

fRCQ: Readiness to Change Questionnaire (items 1, 2, and 3).
IMTQ: Motivation to Train Questionnaire.

PVPT-Go: VPT trials where the stimulus picture disappeared when the probe appeared.

'ms: milliseconds.

Iy PT-Stay: VPT trials where the stimulus picture remained visible when the probe appeared.

kKVST-ACT: visual search task with active beverage-related stimuli.
I/ ST-PAS: visual search task with passive beverage-related stimuli.

Motivation to Train (H3)

The MTQ demonstrated sufficient internal consistency,
Cronbach alpha=.69. Exploratory principal axisfactor analysis
indicated asinglefactor. Therefore, the sum score was analyzed.
There was a significant decrease in motivation to train over
time, F, 9*=54.377, P<.001, r]p2=0.374, with no interaction
with condition, indicating that motivation decreased similarly
inall conditions. Participants responses onthe EVAL questions
only differed between conditions on the question whether they
would like to do more training sessions (EVAL-4), H,=9.987,
P=.007. Contrasts indicated that the VPT-G conditions scored
significantly lower than both the VPT-P condition, U=356.0,
P=.011, r=-.313, and the VPT-R condition, U=273.0, P=.004,
r=—0.364.

Motivation to Change (H4)

The RCQ showed an overall increase in the degree to which
participants planned to drink less after the training (a lower

score on RCQ-2), F, 4*=5.863, P=.017, r]p2=0.061. However,

http://games.jmir.org/2016/2/e20/

there also was a significant interaction between time and
condition, F,q,*=3.865, P=.024, ,°=0.078. Tukey-adjusted
contrasts indicated a lower motivation to drink less over time
for the VPT-G condition, ty;=—2.985, P=.041, r=.299. The other

RCQ items did not show significant effects. See Table 3 for an
overview of estimated marginal and interaction means.

Additional Training Analyses

Participants differed in terms of the number of errors made
during &l training sessions, H (2)=9.093, P=.011, with
participantsin the VPT-G condition making more errors (mean
40.48, SD 25.91) than those in the VPT-P condition (mean
23.00, SD 11.96), U=781.0, P=.002, r=.374. The average
reaction times over all sessions also differed significantly
between al training conditions, H (2)=59.421, P<.001, with the
VPT-P condition (mean 557.75, SD 33.05) being slower than
the other conditions and the VPT-G condition (mean 373.71,
SD 78.18) being faster than the other conditions (VPT-R, mean
516.49, SD 50.52).
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Table 3. Training effects—estimated means.

Boendermaker et d

Training effect Placebo (VPT2-P) Regular (VPT-R) Game (VPT-G) Time

TLFB® (drinks/7 days), mean (SE)
Baseline 124.4 (14.4) 157.5 (14.5) 137.7 (13.7) 134.3(8.2)
Posttraining 130.7 (14.4) 129.2 (14.5) 120.3 (13.7) 133.2(8.2)
2-Week follow-up 127.9 (14.4) 127.1 (14.5) 137.8 (13.7) 130.0(8.2)
Condition 133.9 (11.5) 125.0 (11.6) 138.7 (11.2)

TLFB (binges/30 days), mean (SE)
Basdline 128.9 (14.4) 139.3 (14.6) 1405 (13.9) 136.4 (8.2)
Posttraining 122.2 (14.4) 138.2 (14.6) 1334 (13.9) 135.6 (8.2)
2-Week follow-up 129.1 (14.4) 121.3 (14.6) 139.5 (13.9) 1255 (8.2)
Condition 1345 (12.7) 122.9 (12.7) 140.1 (12.3)

MTQF, mean (SE)
Baseline 92.9(9.7) 94.8 (10.1) 100.7 (9.7) 113.6 (5.3)
Posttraining 96.0 (9.7) 90.7 (10.1) 91.9(9.7) 75.4(5.3)
Condition 85.0 (8.5) 102.9 (8.75) 95.6 (8.5)

RCQY -1, mean (SE)
Baseline 106.3 (9.5) 76.0 (9.9) 91.6 (9.5) 99.0 (5.5)
Posttraining 110.4 (9.5) 89.3(9.9) 93.5(9.5) 90.0 (5.5)
Condition 86.5 (8.4) 99.9 (8.7) 97.2 (8.4)

RCQ-2, mean (SE)
Baseline 108.2 (9.5) 76.1(9.8) 86.5 (9.5) 100.4 (5.6)
Posttraining 100.8 (9.5) 85.4 (9.8) 110.1 (9.5) 88.6 (5.6)
Condition 84.3 (8.4) 101.4 (8.7) 97.7 (8.4)

RCQ-3, mean (SE)
Baseline 91.6 (9.2) 69.8 (9.6) 88.6 (9.3) 97.5 (5.4)
Posttraining 116.9 (9.2) 83.4 (9.6) 104.7 (9.3) 87.5 (5.4)
Condition 84.1(7.4) 103.1 (7.6) 90.2 (7.5)

VPT-Go® alcohal bias (ms'), mean (SE)
Baseline 77.1(9.2) 118.1(9.7) 80.9 (9.3) 104.8 (5.5)
Posttraining 105.0 (9.2) 76.5(9.7) 103.3(9.3) 82.2 (5.5)
Condition 91.7 (7.0) 87.8(7.2) 101.0 (7.0)

VPT-Stay? alcohol bias (ms), mean (SE)
Baseline 79.8 (9.5) 103.3(10.0) 92.6 (9.6) 106.9 (5.5)
Posttraining 105.6 (9.5) 88.6 (10.0) 91.0 (9.6) 80.1 (5.5)
Condition 99.6 (6.5) 88.4 (6.7) 92.4(6.6)

VST-ACT" alcohol bias (ms), mean (SE)'
Baseline 64.8 (93.5) 226.6 (101.5) 18.9 (935) 103.4 (55.6)
Posttraining 50.2 (104.7) 535.1 (113.7) 28.0 (104.7) 204.4 (62.2)
Condition 57.5(79.7) 380.8 (86.5) 235 (79.7)

VST-PAS alcohol bias (ms), mean (SE)’
Baseline 116.8 (95.8) 153.6 (104.0) 232.7 (95.8) 167.7 (56.9)
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Training effect Placebo (VPT2-P) Regular (VPT-R) Game (VPT-G) Time
Posttraining 29.6 (96.8) 178.9 (105.1) 235.5(96.8) 147.9 (57.5)
Condition 73.2 (75.7) 166.1 (82.2) 234.1 (75.7)

3/PT: visual probe task.

bTLFB: Timeline Followback (shows the number of standardized drinks during the week before the pretraining assessment).

°MTQ: Mativation to Train Questionnaire.
dRCQ: Readiness to Change Questionnaire (questions 1, 2, and 3).

&V PT-Go: VPT trials where the stimulus picture disappeared when the probe appeared.

fms: milliseconds.

9V PT-Stay: VPT trials where the stimulus picture remained visible when the probe appeared.

PV ST-ACT: visual search task with active beverage-related stimuli.

Usi ng regular analysis of variance procedure. For the all the other values, the Aligned Rank Transform procedure was used.

IlVST-PAS: visual search task with passive beverage-related stimuli.

Discussion

Principal Findings

This study aimed to decrease attentional bias toward alcohol
and hazardous drinking behavior in young adults by using a
CBM-A training with game elements. After training, therewas
an overall decline in attentional bias on the VPT task, but this
effect was primarily driven by the regular VPT training
condition, where a stronger bias was observed at baseline. The
training effect did not generalize to the VST task, nor wasthere
a decline in alcohol use after the training. Motivation to train
decreased equally in al conditions, indicating that the training
indeed became boring over time, but a so that the motivational
elements of the Shots game could not sufficiently counteract
this effect. Interestingly, motivation to change, with respect to
planning to drink lessin the future, increased in the regular and
placebo training but decreased in the game training condition.
Moreover, participants in the game condition indicated alower
motivation to continue training compared with the other
conditions. Participants also differed with regard to overall
speed and accuracy of responses during the training, which may
be due to the more complex nature of the gamified version of
the training or the level of engagement in the training.

Thesefindings regarding the motivational effects of thetraining
may haveimportant implications on the potential risksinvolved
with using certain types of game elements. Although the
gamified training arguably looked fancier than the regular
training, the game elements in this study merely consisted of
upgraded visuals and a coin-based reward system. There was
no story line and only limited progression and personalization
options were available in the game. As such, it is likely that
these rather minimal game elements alone were insufficient to
increase motivation to train in our student sample. Moreover,
most participantswill likely compare any gamified training with
what they believe a game experience should look and fedl like
[22]. If the game training experience then disappoints,
motivation could indeed take adive, even going below the level
observed inthe regular training conditions, because expectations
were higher to begin with. This was perhaps reflected in our
finding that participants in the game condition, specifically,
wereless motivated to continuetraining, aswell asstart drinking
less, after thetraining. Finally, these results may also berelated

http://games.jmir.org/2016/2/e20/

to the visual and auditory game elements used, which might
have distracted participantsfrom thetraining el ements, rendering
it less effective. Indeed, the standard training condition with no
game elements did show a small change in attentional bias.
Moreover, motivation to change increased only in the nongame
conditions. It could be that the exposure to alcohol cues gave
participants a push toward areadiness to change but only when
therewere no distracting game el ements surrounding those cues.
Although thislast point is speculative, it is clear that some game
elements may be detrimental not only to motivation to train but
also to the training mechanisms themselves. More research is
necessary in order to determine which game elements are best
suited for cognitive training, and CBM-A in particular. For
example, more levels, a background story, or the introduction
of character development throughout the multiple sessions of
the game could benefit participants’ motivation. However, such
additional elements would also have to be tested to see what
their effect is on cognitive bias and related behavior.

Limitations

Some limitations apply to this study. First, despite hazardous
drinking in asubstantial part of the sample, the modest training
effectsin this sample may be partially dueto arelatively small
alcohoal attentional biasat baseline, which isaknown moderator
of training effects [13,35,36]. However, it should be noted that
this notion does not necessarily make CBM-A inappropriatein
such samples. For example, Schoenmakers and colleagues[21]
detected no bias at baseline in their sample but still found a
positive bias after training in their control group and a negative
bias in their experimental group. Furthermore, this study
included a total of 624 critical training trials divided over 4
sessions. Although this number is similar to that used in other
research (eg, [19]), other attentional bias modification studies
have used markedly larger numbers (eg, Schoenmakers et al
[21], where participants completed 2640 training trials over 5
sessions). Given the very likely dose-response relationship
between use and effectiveness of cognitive training paradigms,
the amount of training practice may have prevented thetraining
from efficiently changing attentional bias. Finally, a recent
meta-analysis [37] concluded that Web-based CBM-A studies
usually show smaller effect sizesthan laboratory-based studies.
Although the assessments took place in the laboratory, it is
possible that the option to train at home had a negative effect
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on participants’ motivation, for example, by making participants
take the training less seriously.

Conclusions

In sum, the novel game-like approach used in this study proved
insufficient to motivate young adults to train, in comparison
with a regular CBM-A training. In fact, some aspects of
motivation appeared to deteriorate rather than improve,
suggesting that gamification can have drawbacks if not done
optimally. It could be concluded from this study that a
point-based reward system in combination with fancy graphics
does not satisfy participants expectations of what constitutes
a game. Because one expects a game to be fun, this may have
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Abstract

Background: Emergency medical practices are often team efforts. Training for various tasks and collaborations may be carried
out in virtual environments. Although promising results exist from studies of serious games, little is known about the subjective
reactions of learners when using multiplayer virtual world (MVW) training in medicine.

Objective: The objective of this study was to reach a better understanding of the learners' reactions and experiences when using
an MVW for team training of cardiopulmonary resuscitation (CPR).

Methods: Twelve Swedish medical students participated in semistructured focus group discussions after CPR training in an
MVW with partially preset options. The students' perceptions and feelings related to use of thiseducational tool wereinvestigated.
Using qualitative methodology, discussions were analyzed by a phenomenological data-driven approach. Quality measures
included negotiations, back-and-forth reading, triangulation, and validation with the informants.

Results: Four categories characterizing the students' experiences could be defined: (1) Focused Mental Training, (2) Interface
Diverting Focus From Training, (3) Benefits of Practicing in a Group, and (4) Easy Loss of Focus When Passive. We interpreted
the results, compared them to findings of others, and propose advantages and risks of using virtual worlds for learning.

Conclusions: Beneficial aspects of learning CPR in avirtual world were confirmed. To achieve high participant engagement
and create good conditions for training, well-established procedures should be practiced. Furthermore, students should be kept
in an active mode and frequent feedback should be utilized. It cannot be completely ruled out that the use of virtual training may
contribute to erroneous self-beliefs that can affect later clinical performance.

(IMIR Serious Games 2016;4(2):€22) doi:10.2196/games.6448

KEYWORDS

avatars, cardiopulmonary resuscitation; educational technology; medical students; experiences, multiplayer virtua worlds; patient
simulation; virtual learning environments

for learning [1,2]. It has been shown that videogames used for
entertainment may possess atransferable effect to medical skills
[3]. Although several studies within diverse educational areas
find serious games to be of benefit, more critical analyses of
the effectiveness of computer-based serious games have

Introduction

New generations of students, having grown up playing
videogames and computer games, embrace these technologies
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questioned this by pointing out ambiguities and a need for
further research [4,5]. In areview of serious games designed
for health care professional s, Wang et al found positivetraining
effects [6]. However, effects were hard to compare and
heterogeneities and methodol ogical difficulties were noted [6].

Several reports on benefits of this learning tool exist in the
medical field [7-10]. Furthermore, skills and procedurestaking
placein group settings (asis often the case in the medical field)
may potentialy utilize training in multiplayer virtual worlds
(MVWSs) [11,12]. In contrast to so called virtual patients, MVWs
enable training for teamwork skills, such as team coordination
and team communication.

Traditionally, cardiopulmonary resuscitation (CPR) training is
performed on mannequins under instructor supervision, focusing
on single-person psychomotor skills, but in thelast two decades
alternative forms of basic CPR training have been introduced
[13-15], including CPR team training using MVWs[16].

Studies of serious games would benefit from moving the focus
away from the acquisition of CPR knowledge and skills, and
instead focus on how studentsthink and feel during MVW-CPR
training. Furthermore, this approach may also indicate potential
uses of MVWs and give rise to new questions about the use of
MVWs for medical education. By using qualitative research
methodology, new knowledge will be generated about this
phenomenon, contributing to a novel and rapidly developing
educational field. The aim of this study wasto explore medical
students' experiences using MVW-CPR in groups via broad
qualitative analyses.

Methods

After regional research ethics committee approval, 12 first year
medical students at Karolinska Institutet (Stockholm, Sweden)
were recruited to the study. Inclusion criteria included
elementary computer knowledge and previous CPR training in
medical school. Exclusion criteriawere restricted to any students
who had previously used a virtual world-based serious game.
To elucidate how virtual world training in groups was conceived,
the studentswereinvited to share their thoughts and experiences
in focus group discussions.

The study was an after-training follow-up in which the trainees
served as informants. Convenience sampling was used for this
study. All subjects were enrolled by answering an invitation
distributed by email to al first semester medical students at

http://games.jmir.org/2016/2/e22/

Creutzfeldt et al

Karolinska Ingtitutet. Upon enrollment, written consent was
obtained and confidentiality was guaranteed by the authors.

The virtual environment used during training (On-Line
Interactive Virtual Environment) was devel oped in conjunction
by the authors, coresearchers at Stanford University Medical
Media and Information Technologies, and game developers at
Forterra, Incorporated (San Mateo, CA). The MVW included
aschool building (interior and exterior) and aparking lot (Figure
1), and was accessed by standard personal computers connected
to a server on the Internet. The subjects interacted by use of
their avatars and a headset (voice over Internet protocol). The
avatars movements and actions were controlled by akeyboard
and computer mouse. Conventional gaming commands were
used. Some essential commands for examination and treatment
were accessible on action tab-lists defined by situation. During
MVW training, the computers were isolated to prevent users
from overhearing each other.

Before engaging in the training, participants were introduced
to the virtual world by a virtual world instructor (avatar) that
aided the trainees with navigational and procedural software
commands, and taught the participants how to communicate
with others. Altogether, familiarization lasted for approximately
15 minutes, and wasfollowed by four scenariosin which ateam
of three trainees were instructed to act upon the need of the
situation. In all scenarios, there was a victim-avatar (controlled
by the instructor) that collapsed. The first two scenarios took
place in a classroom, in which a teacher collapsed due to a
cardiac arrest. The students (trainees) witnessed the event and
had to take action: circulatory arrest was to be diagnosed and
CPR started in accordance with existing bystander-CPR
guidelines[17]. These guidelines require the rescuersto quickly
start CPR when appropriate, call for help after circulatory arrest
has been confirmed, and to relieve the rescuers in order to
maintain the effectiveness of chest compressions. Thethird and
fourth scenarios occurred outside the school building in a
parking lot, where a person close to of a group of students
(trainees) collapsed. The participants had to perform in the same
manner as described above. In addition to taking care of the
victim, the participants were expected to run to a phone to call
911, and to guide the paramedics to the victim and give a brief
report. The scenarios lasted for 5-7 minutes each and ended
when an avatar-paramedic entered the scene. After each scenario
the participants were reassembled to receive real-world ora
feedback from the instructor. The feedback focused on
adherence to the CPR algorithm and how to coordinate activities
in the resuscitation team.
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Figure 1. Interior of the multiplayer virtual world classroom, with a student (trainee) taking care of avictim as a paramedic arrives.

As part of the MVW-CPR training program, a second identical
training session was undertaken after 6 months. A semistructured
group discussion approach was used, in which the aim of the
discussion wasto explore how the subjects had experienced the
virtual world training. The discussants were the three
participantswho had just trained in the MVW, and the moderator
wastheinstructor (JC). The discussion started 10-to-15 minutes
after the end of the second training session. Data was collected
by use of an audio recorder, and the discussions lasted for
55-t0-65 minutes. Additional notes were collected by the
moderator.

Aninterview guidewas used (Multimedia Appendix 1), focusing
on the central question of experiences, but the spontaneous
emergence of topicswas allowed. Participants were encouraged
to speak freely and at length, and the moderator’s role was to
pose open questions, highlight inconsistencies, and follow up
on ambiguities. A verbatim transcription of the audio material
was performed, and validation of the transcriptions was made
by comparing parts of transcripts and recordings (JC, LH). By
examining the degree of novelty of information in thefollowing
discussions, saturation was reached after 4 focus discussions
with 12 participants.

A qualitative methodology described by Malterud was used
[18]. This approach aims to describe a phenomenon by
generating descriptions, categories, models, or theories. The
aim of the analysis wasto get abroad picture of the experience
of using MVW for CPR training among medical students. A
phenomenological data-driven approach was used, including
analytical reduction, didtillation, and aggregation [18].
Transcriptions were read back-and-forth independently by two
researchers (JC, LH) who were blinded to the identity of the
subjects. Themes characterizing the transcripts were negotiated,
and a matrix was created in which the identified meaning
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bearing units from the informants were arranged according to
theme. To enable further decontextualizing, the themes were
replaced by codes that were refined, split, and combined asthe
process of connecting the analysisto the transcriptions and notes
continued. Categories evolved asend products. To assert quality
in the evolving process of analysis, grouping, and structuring
of the decontextualized material, discussions and negotiations
took place between two authors (JC, LH). All discussions were
in Swedish and quotesweretrand ated to English by the authors.
Seven informants representing different gaming backgrounds,
sexes, and experiences during the training were consulted at a
late stage of analysisto verify and comment on the results.

Results

The participants are characterized in Table 1.

Quantitative Data on Self-Efficacy, Mental Strain, and
Concentration

Following the same protocol asaprevious study, before-training
and after-training assessments of the subjects level of
self-efficacy (using a 5-item validated instrument) was
performed, and the levels of mental strain and concentration
were assessed during the training using questions from validated
instruments [16]. These assessments revealed that the level of
mental strain in general was low and stable (mean 22/100,
standard deviation [SD] 19 during the first scenario; mean
20/100, SD 14 during the last scenario) and concentration was
moderate (mean 60/100, SD 13 during the first scenario; mean
65/100, SD 18 during the last scenario). Self-efficacy ratings
were high before training (mean 5.8/7, SD 0.8) and increased
further after training (mean 6.3/7, SD 0.6; P<.001, Wilcoxon
signed rank test). A theoretical triangulation against these
guantitative data was carried out after the qualitative analysis.
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Table 1. Background demographics of the subjects.

Characteristic Total (N=12) Male (n=6) Female (n=6)

Age, mean (standard deviation) 22.7 (2.6) 23.3(3.6) 222(1.2)

Number with access to computer at home 12 6 6

Level of computer experience®, median (range) 2(1-3) 2(2-3) 2(1-2)

Videogame and computer game use®, median (range) 103 2(1-3) 0.5(0-1)

4 evel of computer experience was graded on a 0-to-3 Likert-type scale (O=none, 1=beginner, 2=experienced, and 3=very high or expert).
b The use of computer and video games was graded on a 0-to-5 Likert-type scale (0=none, 1=lessthan once a month, 2=once every second week, 3=once

aweek, 4=several times every week, and 5=every day).

Qualitative Analysis

The following four categories evolved as end products: (1)
Focused Mental Training, (2) Interface Diverting Focus From
Training, (3) Benefits of Practicing in a Group, and (4) Easy
Loss of Focus When Passive.

Focused Mental Training

The participants generally enjoyed the training. In particular
they mentioned that MV W was a reasonable and good way to
go through the procedure of CPR in their minds. Their focus
was on when and how to perform CPR. Their perceptions of it
being a cognitive training are illustrated by the following
representative quotes:

...it makesyou improve each timeyou repeat... it feds

like a very good complement - you really want to do

more times. [Woman, 21, little previous gaming

experience]

Yes sometimes you think about that, you know,

thinking ahead in the game and well to be a step

ahead, kind of ... [Man, 30, moderate previous gaming

experience]
However, frequent commentsindicated that realism was lacking
in the scenarios. There was lack of physical realism (virtual
versus real-world) and participants were unable to perform all
parts of the CPR procedure hands-on. The participants also
indicated that thelevel of mental stress, although not completely
absent, was much lower than would be expected in areal-world
CPR event, exemplified by:

Alright, it feels like | remember what we have done,
but it doesn't feel like training because it is so
unrealistic to me. [Woman, 22, little previous gaming
experience]

...itisnot, no emotional tension at all, possibly there
is some mental challenge, you have to think about, at
least a bit about, what thereisto do, but it’sno, it's
no stress in that sense. [Man, 19, moderate previous
gaming experience]

I nterface Diverting Focus From Training

All participating medical students could relate to videogames
and computer games, but thelevel of gaming experiencevaried.
Despite this variability, the interface to the virtual world and
the quality of thevirtual world received agreat deal of attention,
substantiated in the following discussion. Students with less

http://games.jmir.org/2016/2/e22/

videogame and computer game experience commented on this
issue, and indicated that they were unfamiliar with how they
should interact in thevirtual environment and control the avatar.
This lack of familiarity had several consequences: it made it
difficult to control and navigate the avatar, resulting in negative
reactions; and trainees unaccustomed to this technology felt
more distant to what was going on in the virtual setting.

Because, you know, if you haven't played computer
games it would take like a week before you felt
comfortable in these movements and where to ook
and how it works... [Man, 21, moderate previous
gaming experience]

I think | was a bit afraid to press the wrong button so
| stood somewhat passive, so to test - nope, it didn’t
work. [Woman, 20, little previous gaming experience]

Conversely, studentswith more videogame and computer game
experience demonstrated a tendency to criticize and compare
the interface and the environment with previous experiences:

...exactly, | think that it can help when you can choose

yourself, you know, build [an avatar] yourself a hit,

it is quite fun. [Man, 20, large previous gaming

experience]

[An improvement would be] maybe just monitoring

[on the computer screen] on how, how well or bad

this person [the victim] feels, kind of. [Man, 22, large

previous gaming experience]
To find further support, a post hoc quantitative analysis of
meaning-bearing units was performed, focusing on technical
difficulties versus sex. In this analysis, female participants
addressed their own experienced difficultiesfive times, whereas
males never did. Males mentioned the importance of gaming
skills, in general terms, to act in the virtual world atotal of seven
times. This concept was never mentioned by females.

Benefits of Practicing in a Group

MVW technology enables trainees to learn in team
constellations. In all virtual world scenarios, the participants
trained together in groups of three. The strengths with this
concept arose repeatedly during the discussions, and could be
broken down into two subgroups: Practicing a Team-Based
Activity inaGroup, and Training in aGroup is M ore Engaging.

Practicing a Team-Based Activity in a Group

CPR is often carried out in team settings. In the virtual world,
the trainees could perform group activities that resembled what
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could be expected in real life; they were able to communicate
toinform, seek support, and make decisions. Some team aspects
of the CPR guidelines could also be simulated (eg, starting
resuscitation while someone elsewas calling for help, relieving
each other during CPR):

It wasreally good because otherwise you would have
sat down yourself and done everything, but now |
have to think about who does what; should | do that
now or... and that was much better. You learn to
cooperate in a completely different way than when
you just do it yourself, and then when you actually
join other persons too which do the same thing you
get stunned, [what] should | do now? But you learn
how to divide the tasks, | think, in quite short time.
[Woman, 21, little previous gaming experience]

Yes cooperate, and it's actually where the biggest
problems lie... Moderator: And here the training
contributed? Yes, maybe it can't be trained in any
other way than just likethis. [Man, 22, large previous
gaming experience]
Trainingin a Group isMore Engaging
Some participants declared that performing the trai ning together
with others increased their engagement and made the training
feel more fruitful (eg, making it easier to suspend feelings of

unreality, and prosper from feedback and support from peers
during training):

When, when | was coached kind of, like what they
told me, | liked it, [it] was good...Then, besides, |
guessit was much more fun [working together]. [Man,
21, moderate previous gaming experience]

Well, you get a little more focused if there are two
others watching and three others looking who know
it [what to do]. [Woman, 22, little previous gaming
experience]

Easy Loss of Focus When Passive

A large category of conversation focused on feeling engaged
inthetask during thevirtual training. Direct statements, aswell
as many ideas on how to increase the sense of directedness,
arose during the discussions. In general, the students felt most
challenged in the beginning of the training. With the addition
of similar scenarios, a common experience indicated that the
training became repetitive and less demanding. When therewas
a demand for action the participants were engaged, but when
they were less active, they easily lost focus and got bored. It
was pointed out that the trainee having the most
mentally-demanding tasks was more focused, whereas others
(eg, awaiting the arrival of paramedics) quite easily lost the
sense of engagement in the endeavor, exemplified by the
following quotes:

...and before, when it is tedious, you think about
completely different thingsthat, well, have to do with
life outside. [Man, 30, moderate previous gaming
experience]

| think it is boring when you get the task to wait for
the ambulance because then you really notice how
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long time thistakes. [Woman, 23, very little previous
gaming experience]

Discussion

Principal Findings

Using serious games for CPR training was a novel experience
for all participants. Several benefitsof thistraining tool proposed
intheliterature (eg, thefocus of the cognitive part of thetraining
and the added value of group practice) have aso reoccurred
among our four categories. However, our results also draw
attention to other important properties of scenario-based MVW
training when used for medical education.

The most important finding was the close rel ationship between
the level of activation and degree of difficulty, and the level of
engagement reported by the subjects. One of the commonly
assumed strengths using serious gamesisthe capacity to engage
the player [11,19]. Our datasupport this, asall participantswere
positive about the experience and gave examples of their
engagement in thevirtual world training. Thisengagement could
be an effect of the training tool itself, but might also be related
to the seriousness and importance of the subject. Conversely,
the inherent characteristic of this technology to give rise to
engagement cannot betaken for granted, as pointed out by Choi
and Baek [20]. Conceptual similarities exist between the
construct of engagement and that of flow, as described by
Csikszentmihalyi [21]. In his model of optimal experience,
Csikszentmihalyi predicts a flow experience when the level of
challenge and the level of personal skills are matched [21].
Based on our results, this model seems appropriate. The CPR
scenarios were quite repetitive and the level of difficulty did
not increase, so the subjects (presumably getting more skilled)
tended to experience less challenge, and hence moved from a
sense of anxiety and arousal towards one of control, relaxation,
and boredom. This finding underscores the concept of leveling
in gaming practice (ie, a progressive increase in difficulty to
maintain challenge and motivation) that should also be
considered in serious games.

Focusing on our psychometric data, mean concentration (a
conceptually important component of flow) displayed atendency
to increase after the first training scenario. Triangulating these
datawith the students' experiences could imply that part of the
increase is to be ascribed to the increased proficiency of
maneuvering in the virtual environment and overcoming
technical difficulties.

The seemingly close relationship between activation and
challenge with engagement might be more pronounced than
that experienced in real-lifelearning. According to constructivist
learning theories, as the learner gets more accustomed and
proficient, he or she moves into more complex reasoning and
deeper understanding [22]. Accordingly, this development might
not be as pronounced in a virtual world, and engagement in a
virtual world might be more dependent on novelty and
challenge. The assumption that avirtual world offersalessrich
environment, in which the altered perception in the learning
space affects our ways of learning, should be further elucidated.
Furthermore, the use of serious games for tasks that may be
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monotonous can be questioned, since one of the key features
of this educational tool (engagement) may be lost.

During training, feedback on performance was mainly given by
peersinthevirtual world, and by an instructor in the real-world
immediately after each scenario. Overall, this feedback was
appreciated, but the participants asked for more direct feedback
within the virtual world. The virtual environment provides
possibilities that tantalize the user to test and vary (eg, actions,
appearances, and surroundings). In particular, with such
characteristics incorporated into the virtual world, it is not
surprising that the participants, whether previously accustomed
to computer games or not, seek immediate feedback. Serious
games lacking such features might render less active
experimentation, and possibly less engagement [20].

The training was characterized as being mainly cognitive.
Participants were accustomed to traditional CPR training, and
several trainees noted the lack of psychomotor skills training
as an important insufficiency. During training, the level of
mental strain was low to moderate; this was confirmed in the
discussions, and lack of stress was seen as another unrealistic
feature of the virtual world training. The low level of stress has
the potential to create a more structured and optimal learning
situation during theinitial phase of training. However, without
training in a stressful and complex environment, transfer to
real-world CPR situations may be hampered.

Discussions with the participants demonstrated an attitude of
high capability in bystander-CPR. Thistheme was reflected by
an attitude of mastery and a demand for more complex and
difficult scenarios; there were many creative suggestions for
variation and increased difficulty. In aprevious study, we found
that medical studentsreported that aweaknesses of MVW-CPR
wasin the area of , “tasks too easy, more options wanted” [16].
These finding agree with the increase in self-efficacy beliefs.
It can be argued that shifting from a clinical high-stakes
environment to a simulated (at least in this case) low stakes
training environment might alter self-efficacy beliefs. Such an
effect would be predicted by Bandura's ideas about cost of
failure, in which increased socia cost tends to lower
self-efficacy beliefs more if performance does not meet the
needs of the situation [23]. If situations shift from partly
decontextualized learning and training to high-stakes clinical
reality, problems could arise in terms of misconceived
self-beliefs and attitudes. Based on this issue, some positive
aspects of using virtual worlds for learning and training (eg,
engagement and experimentation) might have a downside of
inadequate attitudes about situational demands and individual
capabilities, as discussed by Wang et a [6]. Taking such risks
into consideration, using virtual worldsfor trainingin medicine
(and probably other high risk professions) should be addressed
with caution, not only by the trainees, but also by teachers,
instructors, managers, and developers.

Serious games have been mentioned as an attractive aternative
for digital natives [19], although this argument has also been
disputed [24,25]. In this study, al participants were between
20 and 30 years of age, and the level of previous videogame
and computer game experience varied. There was no clear
correlation between age and experiences in the virtual training
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environment. The participants that were most clear about the
lack of realism in the MVW were among the youngest.
Therefore, the common belief that younger people would ask
for more (and more easily accept) learning in virtua
environments, could be questioned. These attitudes are likely
attributable to more factors than simply age alone.

One category highlighted in this study was related to the
influences of the interface. Most participants held strong
opinions about its effects. Sweden is a highly computer
technol ogy-devel oped country, and students are accustomed to
using computers; the Internet is regularly accessed for private
and educational purposes [26]. Despite this general trend,
students that were | ess experienced with computer games often
mentioned difficulties with navigation in the MVW, along with
other technical problems, whereas studentswith more experience
tended to be forgiving towards software deficiencies.
Representatives of the latter group tended to compare the
MVW-CPR training with previous gaming experiences, and
provided suggestions about how to make the interface and
software more compelling, immersive, and enjoyable. To some
extent, the opinions of the less-experienced and
more-experienced participants are contradictory. Making use
of high-end technological solutionsthat create more optionsfor
interactions, with the goal of making the experience more
realistic, complex, and unpredictable, could render a virtual
world that takes longer to get familiarized with. Interest in
technology and computer gameswill vary among different users
in medical fields, so a balance between technical solutions and
usability must always be considered [27]. Furthermore, in the
partly-experimental setting of this study, technical support was
readily accessible, and interest from the instructors was high.
Using thiskind of training tool in an average educational setting
also emphasi zes the need to keep such technol ogies manageable
for the users.

General discussions about videogames and computer games
indicate that sex differences is a common issue; females and
mal es seem to be attracted to different game genres[28]. Males
and females also spend different amounts of time in different
computer-related activities. It has also been reported that
videogames and computer games have different meanings to
men and women [29,30], and that men and women are attracted
by different featuresin virtual worlds[31]. Kron et a discovered
sex differences concerning attitudes towards video games among
medical students [1], although a simplistic gender view is
questioned by others[32]. Addressing thisissuewasnot anam
of this study, making it hard to draw any further conclusions
from present work on this issue. However, there seem to be
some differences between males and females in our findings.
Among the subjects, more men had a history of using
videogames or computer games: thislikely explainsthe tendency
for female participants to focus more on technical difficulties
in the MVW. Conversely, this trend does not explain why the
importance of the training (versus importance of the interface
itself) was raised more often by the females. Male participants
appeared to display a more relaxed attitude towards the
seriousness of the topic, and showed an interest in discussing
how the tasks could be made more challenging, and the technical
solutions more appealing. This difference in the importance of
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CPR competence among future physicians is mirrored by our
previous results that demonstrated differences in self-efficacy
beliefs before virtual world training among males and females
[16].

In medicine, insufficient teamwork skills have been identified
as a common cause for suboptimal performance and harm
[33-35]. Thisproblem also seemsto betrue during CPR [36,37].
Our findings indicate that the participants appreciated the team
focus, and the creation of an atmosphere of shared tasks and
responsibilities seemed to be of importance for engagement in
the scenarios. Not only was there a common belief in the
strength of practicing ateam endeavor in ateam setting, but the
students also considered it to be more fun, inspiring, and
rewarding to train together. Inferring theories of situated learning
[38], it is likely that positive experiences might occur due to
the students learning with their peers. This matter, investigated
by deNoyellesand Seo, might be of great importancefor virtual
world learning [39].

The participantstrained in four short virtual world scenarioson
two occasions. Severa participants were aware of the rapid
deterioration of CPR skills, and suggested MVW training as a
good way to repeat and retrain. Distributed training using
self-directed methods, such as a serious game technol ogy, seems
like an attractive option for retraining CPR.

Our group of informants consisted of avery homogenous group
of early Swedish medical students, making it difficult to
generalize our results. However, we believe that our findings
can be applicableto other virtual world scenario-based training
programs in medicine, in which clinically inexperienced (but
at least moderately computer-experienced) users can train while
reflective feedback is given. The strengths of this study lie in
its novelty and ability to highlight certain characteristics of
medical team training in virtual worlds, and how these MVWs
are experienced. Methodologically we have also triangulated
our results with psychometric process variables and previous
results to reach better credibility [16].

Further investigations should involve studies of more
heterogeneous groups, and include outcome measuresfocusing
on behaviors and performance after training (transfer). Studies
focusing on when and where virtual world trainingisparticularly
effective would also be of interest. The perceptions and
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experiences of instructors, teachers, and other stakeholders
involved in this educational technology are also warranted. In
our datathere were many suggestions about how to create better
and more challenging scenarios, and make use of more exciting
technical solutions. Adding stressful elements, such as a
real-time timing and scoring that reflect chances for successful
resuscitation, unforeseen interruptions, or multiple emergency
medical conditions might increase the experienced levels of
stress, and could be included when the learner has completed
the basic procedural and team-oriented steps. Technology is
advancing quickly in this area, and it would also be interesting
to understand which features would facilitate learning. There
is a definite risk of being captured by the possibilities of this
learning tool, and how it is used and varied among game
developers. Instead, it isimportant to utilize experience-based
and scientifically grounded knowledge in the field of learning

psychology.

Thereare severa limitations of this study. Our participantswere
12 first year Swedish medical students that actively answered
a call for participants. Adding more informants could have
added more experiences and unraveled additional categories.
The scenarios were all CPR-related and the virtual training
environment was partly developed for this study, and lacked
many features of real-world scenarios (eg, noises, bystanders).
Although our study was designed for arich input of data, the
aim of understanding how virtual world team CPR training is
experienced cannot be fully reached. Experiences depend on
individuals' subjectivity, how the teams are arranged, and the
learning situation in which the study is performed.

Conclusions

Four categories—Focused Mental Training, Interface Diverting
Focus From Training, Benefits of Practicing in a Group, and
Easy Loss of Focus When Passive—illustrate the phenomenon
of virtual world team CPR training among medical students. In
order to be successful, we suggest that the use of scenario-based
virtual world team training should address how to actively
engage users in the training of shorter, well-established
behaviors, and focus on procedures that contain a high degree
of group member interaction and feedback. Learning by use of
MVW training occurs on several levels, and pedagogic validity
should be examined when changing from traditional real-world
training to that of avirtual world.
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Abstract

Background: Theemergence of new technologiesin the obstetrical field should |ead to the devel opment of |earning applications,
specifically for obstetrical emergencies. Many childbirth simulations have been recently developed. However, to date none of
them have been integrated into a serious game.

Objective: Our objective was to design a new type of immersive serious game, using virtual glasses to facilitate the learning
of preghancy and childbirth pathol ogies. We have el aborated a new game engine, placing the student in some maternity emergency
situations and delivery room simulations.

Methods: A gynecologist initially wrote ascenario based on areal clinical situation. He al so designed, along with an educational
engineer, atree diagram, which served as a guide for dialogues and actions. A game engine, especially developed for this case,
enabled us to connect actions to the graphic universe (fully 3D modeled and based on photographic references). We used the
Oculus Rift in order to immerse the player in virtual reality. Each action in the game was linked to a certain number of score
points, which could either be positive or negative.

Results: Different pathological pregnancy situations have been targeted and are as follows: care of spontaneous miscarriage,
threat of preterm birth, forceps operative delivery for fetal abnormal heart rate, and reduction of a shoulder dystocia. The first
phase immerses the learner into an action scene, as a doctor. The second phase ask the student to make a diagnosis. Once the
diagnosisis made, different treatments are suggested.

Conclusions: Our serious game offers anew perspective for obstetrical emergency management trainings and provides students
with active learning by immersing them into an environment, which recreatesall or part of thereal obstetrical world of emergency.
It is consistent with the latest recommendations, which clarify theimportance of simulation in teaching and in ongoing professional
development.

(IMIR Serious Games 2016;4(2):€21) doi:10.2196/games.5526

KEYWORDS
serious game; obstetric emergencies; gynecol ogy

trained team is needed. In these cases, the training is mostly
performed on real patients under the supervision of a senior.

In most cases, pregnancy and childbirth are conducted without ~HOWEVer, emergency situation does not facilitate the learning
complications. However, when pathology occurs, sometimes ~ PrOCess.
severe and urgent, a fast and efficient care led by a perfectly
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The occurrence of certain situations is therefore random and
depends on the maternity services with which the student is
affiliated.

The emergence of new technologies in the obstetrical field
should lead to the development of learning applications,
specifically for obstetrical emergencies. Indeed, according to
the latest 2014 Haute Autorité de Santé recommendations,
related to birth care quality and safety, simulation exercises are
integrated into the team training for obstetrical emergencies[1].
Many trainings using simulation were designed to teach medical
students and to develop their capacity to perform surgeriesin
the future. Effectiveness of this form of learning is now well
established [2,3]. Furthermore, using virtual glasses-headphones
coupling allows total immersion of the player in a 3D
environment and affects both hearing and sight. Thisimmersion
is more complete as compared with a situation in which the
player isjust in front of a computer screen with keyboard and
mouse control devices[4].

In the obstetrical field, many childbirth simulations have been
recently designed for educational purposes [5]. However, to
date, none of them have been integrated into a serious game,
allowing aglobal “virtual patient” approach.

Our goal isto develop a new type of immersive, virtua reality
serious game using virtual glasses. We describe the design of
a new game engine, placing the student in some maternity
emergency situations and delivery room simulations. In-game
decision-making should lead, in the second step, to an accurate
obstetrical gesture realization on a physical manikin.

Methods

For several years, our obstetricians’ team has been working in
partnership with an educational engineer.

Different pathological situations during pregnancy that have
been targeted are as follows: threat of early spontaneous
miscarriage, threat of preterm birth, forceps operative delivery
for abnormal heart rate, and reduction of a shoulder dystocia.

This serious game targets different categories of learners.

Indeed, “ spontaneous miscarriage” and “ possible preterm birth”
scenarios deal with 2 topics that are part of the French
educational program of the medicine study second cycle [6].
They asoform apart of the midwife educational program. Thus,
these scenarios target a wide audience, composed of medicine
students, obstetrical and gynecological internes and residents,
and apprentice midwives. The “forceps operative delivery for
abnormal fetal heart rate” scenario will permit the gynecology
and obstetrics residents training.

Obstetricians and midwives must know the* shoul der dystocia’
diagnosisand the related reduction gestures. Thelast 2 scenarios
could be integrated as part of an ongoing medical training.

Anobstetrician initially wrote ascenario based on areal clinical
situation. All scenarios were designed following the same
method. The first phase put the learner in an action scene, asa
doctor. The second phase lead to making the diagnosis of the
pathology. An actions diagram tree referring to all the possible
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actions enables the students to progress following a clinical
reasoning. Players can have accessto various additional clinical
elements, for example, the possibility to perform an ultrasound,
a biological assessment, consult medical records, or fetal
monitoring. Once the diagnosis is made, different treatments
are offered to learners.

We want to reach the most rea-like situation by offering
students the maximum dialog choices and additional tests.

In order to offer a certain freedom in action, a complex actions
diagram tree lead in-game actions and allows students to make
their own choicesin the game.

Both an educational engineer and a doctor have designed this
actionstree. It contains all the possible actions, which are given
to players in the game. Thanks to this method, the scenario
moves away from a linear path, and allows students to learn
through attemptsand errors. All these actions diagram trees are
designed with adiagramming software, such as Ed Graph Editor,
(see Figure 1).

This actions diagram has been evaluated for its relevance by
doctors with different knowledge levels. Thus, medicine
students, obstetrical residents, and hospital practitioners tested
it. It was aimed to highlight possible misunderstandings or
inconsistencies, which may persist in the scenario realization.
Thiswill also enable us to expand the range of options offered
to players. Some answers may not have been initially envisaged
and might be relevant in diagnostic or therapeutic procedures.

The graphic universe has been fully 3D modeled and is based
on hospital photographic references. Different views have been
taken in some strategic locations such as obstetrical emergencies
unit, guardrooms, and delivery rooms (see Figure 2). So far, 2
locations have been 3D modeled in order to compose the
environment of the 4 scenarios. “ Spontaneous miscarriage” and
“possible preterm birth” scenarios take place in the obstetrical
emergencies unit. “ Forceps operative delivery for fetal abnormal
heart rate” and “ reduction of ashoulder dystocid’ scenariostake
place in a delivery room. These different locations are 3D
modeled using “Autodesk 3ds Max” software.

Game devel opment was carried out following 2 distinct phases.

First, it was necessary to develop a game engine. Indeed, once
the actions tree design was completed, each actions branch had
to be linked to in-game actions. Each action contains, via the
game engine, the action description, the previous actions
(leading to this action), and the following actions (unlocked by
this action). Some other information can also be set up, such as
corresponding interactive objects, code names, and so on.
Second, indicated actions are connected with the graphic
universe. For example, ultrasound actions type appeared by
clicking on the ultrasound equipment, respecting the timeline
and the causes or consequences relationship established in the
actions tree diagram.

Playersareimmersed in virtual reality thanksto the Oculus Rift
technology, avirtual reality device designed by the Oculus VR
Company. The device looks like a mask covering eyes and can
be strapped to the face at the rear of the head. A digital screen
is placed afew centimetersin front of each eye, perpendicular

JMIR Serious Games 2016 | vol. 4 | iss. 2 €21 | p.146
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR SERIOUS GAMES

to the sight line. This screen displays a stereoscopic picture,
digitally distorted by 2 lenses located in front of each eye, in
order toinversethe optical distortion. It expandsthe visual field
and the definition in front of the fovea. The screenisplaced in
the focal plane of these lenses. The created virtual picture is
projected to infinity. Various sensors detect user head
movements, which make a real-time picture adaptation on the
screen possible and produce atotal immersion into the rendered
scene.

A score, which can be either positive or negative, is set for every
possible in-game action. A good action is positively rewarded,
and conversely, bad actions are negatively rewarded. Therefore,
certain choices would be rewarded, and others would be
penalized. Score points setting depend on the student diagnostic
process and its relevance. For example, if the student
immediately led a biological assessment before interrogating
or examining the patient, the student will be rewarded less score
points than a student who follows a correct approach, with a
medical logic (interrogation, followed by clinical tests, and
additional tests). In delivery room scenarios, aconcept of penalty
depending on the student’s decision time is added.

Jean dit Gautier et d

All these actions are then summarized at the end of the game
in a score table (see Figure 3). The score table is divided into
5 sections. On the top, the global player score is provided that
the player earned on the entire scenario. The first column
reminds each action he or she performed, the second showsthe
actions category, the third shows the score associated with this
particular action, and the last column often leads to additional
content (videos, articles, and courses).

Every time a session ends, a personal and downloadable
assessment of the player is edited through a spreadsheet software
(Excel-like). Thus, the player can see his mistakes and successes
at the end of the game. A scoring system permits the player
assessment. Thelearning assessment is atwo-step process. The
first step is made through the game based on the choices the
player virtually made and for which he or she has been given
points (positive and negative) assigning the player afinal grade.
The second step occurs through the actual debrief at the end of
the learning session, with the teacher who will go through the
blunt assessment given by the game.

Figure 1. Orange: environment changes and specific content display; blue: player decision making; purple: interaction with object; green: game

automatic feedback; black: checkpoint.
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Figure 2. Elaboration of a graphic environment: (a) 3D modeled graphic
obstetrical emergencies unit.

Jean dit Gautier et d

universe, based on hospital photographic references: guard room and (b)

a)

Figure 3. Scoretable: personal and downloadable score table of the player.
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Results

All the scenarios mentioned above have been devel oped.

Two scenarios take place in obstetrical emergencies unit. The
2 selected pathologies are frequent motives for consultations:
spontaneous miscarriage and possible preterm birth [7].

The player is in an emergency room. He or she has access to
al the necessary equipment in order to solve the clinical case:
personal medical records, cardiotocography, lookup table,
ultrasound device, tensiometer, thermometer, tubesfor biological
samples, or even urine sample bottles for urinalysis strips uses.
Each element has a specific role in the scenario.

The threat of preterm birth scenario is a simple situation in
which a patient comesto obstetrical emergencies unit for pelvic
pain at 30 weeks of gestation. We have created avirtual dialogue
between the patient and the learner or player in order to provide

http://games.jmir.org/2016/2/e21/

RenderX

him with the necessary information on diagnosis. The learner
can also consult the personal medical recordsin order to access
various data such as patient history, allergies, and pregnancy
monitoring. If the player wishes, he or she can perform an
ultrasound, or consult the fetal heart rate and tocography. If so,
he or she will have an access to ultrasound images we have
included in the scenario (cervical length and estimated fetal
weight). The purpose of these additional elements s to guide
thelearner toward a possible preterm birth diagnosis. However,
only the player can chooseif he or sherealizes(or not) amedical
interrogation and additional examinations. He or she can then
choose among several therapeutic treatments. To some extent,
the player can constantly access the ongoing diagnosis before
choosing the appropriate treatment and modify it if he or she
wants. However, there are points of no return: Once he or she
reaches one, the player cannot go back would he or she want to
obtain additional information and modify his diagnosis. The
diagnostic processis estimated at 20 minutes, which isthetime
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amount allotted to the player to solve the case. With this
countdown system, we want to recreate the stressful conditions
of emergency services (average consulting time).

The*" spontaneous miscarriage scenario” takes placein the same
environment and is based on the same game action engine, with
a similar diagnostic approach. A patient, at the first trimester
of pregnancy, comes for metrorrhagia. The player can realize
detailed examinations, ultrasound, and biological check-up
(pregnancy blood test, complete blood count). He or she should
eventually make aspontaneous miscarriage diagnosis and choose
the adapted therapy. Regarding the scenarios taking place in
the delivery room, we needed to create a new graphic
environment.

An obstetrical unit midwife calls the player and asks him to
comeinto the delivery room. He or she can consult the personal
medical records, the monitoring (showing an abnormal fetal
heart rhythm and expul sive efforts), ultrasound, and has access
to various obstetrical tools.

Regarding “forceps operative delivery through forceps for
abnormal heart rate scenario,” the player can lead a patient and
a midwife interrogation, perform a vaginal examination, an
ultrasound, and collect some information about fetal head
engagement and orientation. The goal is to achieve as soon as
possiblethe abnormal fetal heart rate diagnosis requiring forceps
operative delivery. The decision must be taken within 10
minutes in order to represent the urgency of this type of
sSituation.

The “reduction of a shoulder dystocia scenario” takes placein
the same way. The same additional examination possihilities
are offered to the player. Most of them are useless, and even
have a negative impact and result in a waste of time because
the shoulder dystocia diagnosis is purely clinical. The player
goal is to reach this diagnosis as soon as possible and choose
among various proposed gestures.

Discussion

Principal Findings

We designed a new type of immersive serious game, using a
new game engine. It supportsthe Oculus Rift technology, alows
theintegration of new scenarioswith minimal effort, especialy
in the gynecologic field, and could be linked to the medical
training manikin. It has been designed so that it is
sensor-equipped to allow gesture realization.

The use of new simulation technologies has been widespread
in the obstetrical field for the last ten years. However, to our
knowledge, there is no publication about serious games used
as pedagogic tools for learning in obstetrical emergency
situations.

Nowadays, learning through simulation mostly concerns
trainings related to breast and pelvic clinical examination as
well as to postpartum hemorrhage management [8]. This
learning form is commonly linked to the technical skills
reinforcement, especially with postexercise debriefing. Through
the game, our educational tool can help stimulate the motivation
of medicine students, obstetrical interns, residents, and
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midwifery students by offering the possibility to face frequent
emergency situations, which require quick management answers
and are based on essential knowledge.

Some commercial or nonprofit platforms already exist but have
not been totally adapted to the medical training needs. For
instance, these game engines do not support the Oculus Rift
technology. Based on our training needs, we created our own
specific tool. It allows the incorporation of a complex diagram
tree, based on areal clinical situation, which offers a multiple
action combination and leadsto arealistic and immersive game.

Moreover, the project must lead to the integration of amedical
training manikin, be sensor-equipped, and link to the Serious
Game, to alow obstetrical gesture training with real-time
feedbacks. Our game engine should therefore be custom
designed in regard with this evolution. Serious games
developmentsin the medical field are often very specific to each
project. Few of them use agame engine, which allows creating
new scenarios with minimal efforts, especialy in the
gynecologic field. Our work led to the development of a new
game engine, which alowsintegrating, quickly and easily, new
scenarios, both in the gynecologic and obstetric fields, as well
asin other medical fields, without requiring the intervention of
a programmer. Each scenario can be integrated into a new
graphic environment, corresponding to various hospital
locations, using aready created graphic assets. Moreover, few
serious games offer a complete immersion in the medical field
currently. Immersion, through the Oculus Rift, can increase the
realism of aclinical situation and the involvement of the player

9.

Learning by playing seems to be a solid method to gain better
appropriation for the learner [10]. Serious games, mostly
developed for surgical skills, have been tested to prove their
validity [11-13]. Serious games seem to better enablethelearner
to feel immersed, to improve their confidence, and to enhance
their clinical skills [12]. Serious games offer an innovative
approach and seem more attractive than the* old fashioned way”
of learning. Nevertheless, in order to do so, it is important to
cooperate in designing and validating a serious game for a
specific educational problem [14,15]. That iswhy we combined
both the work and the skills of a pedagogic engineer, a game
designer, amedical doctor, and a medical professor.

Our educational method aims at learning various common
gynecological pathologies through realistic virtual situations.
The game providesthe learner with the opportunity to think and
to follow a patterned diagnosis approach. Thanks to the
postgame score analysis, the learner can evaluate himself and
get debriefed about the mistakes he or she committed during
the game session.

Naturally, this tool has to be properly tested on a student’s
sample in order to validate its performances and demonstrate
its pedagogic potential, and also evaluate the good learning
acquisition. Thanksto thegame and to thelearning onwith
the debrief-time.

Even today, serious gameis not awell-defined concept. So far,
it has many definitions, which differ from author to author
[16-20]. Our work matched with the definition of Julian Alvarez
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that defines serious games as any “ computer application whose
initial intention is to combine, with consistency, both serious
aspects with fun spring from video game” [18]. We have
described a system that meets this definition by using scoring
system, action and decision tree, stressful and immersive graphic
environment narrative systems, and game mechanics based on
flow and game design theory (especially from point and click
adventure gametype). This Serious Gameisdevel oped asapart
of a continuing medical training, funded by Lille2 University.
It is used within the framework of learning sessions, managed
by a professor. A medical teacher carries out the briefing and
the debriefing. In this context, the gameis only a support, used
to initiate a dialogue involving the player’s own knowledge.
However, this game can be also used as a “ standalone game””
The final report screen allows nonethel ess a basic assessment,
even without learning sessions. The scoring system, initialy
designed by adoctor, alowsthe player to visualize his mistakes,
and to get the “correct answer” related to the clinical situation
he or she just experienced. Prior to any training, we will use
these ons as an opportunity to make A-B testing (with and
without the game) and evaluate its usability, through a form
filled by the student at the end of each session.

So far, delivery room scenarios end at the obstetrical gesture
choice.

Acknowledgments
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Thereafter, wewould allow thelearner to realize these technical
gestures on a sensor-equipped obstetrical anatomic manikin,
which tracks each learner’s gestures.

We are working on avirtual simulator of the pregnant woman’s
pelvic systemin order to allow gestures on adigital model. The
game action engine of our serious game can also integrate new
future scenarios such as ectopic pregnancy, operative delivery
for obstructed labor, and/or vacuum extraction.

Conclusion

Simulation teaching offers active learning, conducted by the
learner, immersed in an environment recreating all or part of
the real world, promoting knowledge integration and technical
and behavioral skillsin a short time.

Our serious game is part of this type of educational training,
and offersanew perspective for obstetrical emergency learning.
We need to test it on a student sample to validate its pedagogic
potential in order to justify its integration into an obstetrical
learning program.

We want to develop it by creating some new scenario in the
gynecologic and obstetrical fields to extend its pedagogical
impact.
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Abstract

Background: Gestural interaction systems are increasingly being used, mainly in games, expanding the idea of entertainment
and providing experiences with the purpose of promoting better physical and/or mental health. Therefore, it is necessary to
establish mechanisms for evaluating the usability of these interfaces, which make gestures the basis of interaction, to achieve a
balance between functionality and ease of use.

Objective: Thisstudy aimsto present the results of a systematic review focused on usability evaluation methodsfor gesture-based
games, considering devices with motion-sensing capability. We considered the usability methods used, the common interface
issues, and the strategies adopted to build good gesture-based games.

Methods: The research was centered on four electronic databases. IEEE, Association for Computing Machinery (ACM),
Springer, and Science Direct from September 4 to 21, 2015. Within 1427 studies evaluated, 10 matched the dligibility criteria
As arequirement, we considered studies about gesture-based games, Kinect and/or Wii as devices, and the use of a usability
method to evaluate the user interface.

Results: Inthe 10 studiesfound, there was no standardization in the methods because they considered diverse analysis variables.
Heterogeneously, authors used different instruments to eval uate gesture-based interfaces and no default approach was proposed.
Questionnaires were the most used instruments (70%, 7/10), followed by interviews (30%, 3/10), and observation and video
recording (20%, 2/10). Moreover, 60% (6/10) of the studies used gesture-based serious games to evaluate the performance of
elderly participantsin rehabilitation tasks. This highlights the need for creating an evaluation protocol for older adultsto provide
auser-friendly interface according to the user’s age and limitations.

Conclusions: Through this study, we concludethisfield isin need of ausability evaluation method for serious games, especially
games for older adults, and that the definition of a methodology and a test protocol may offer the user more comfort, welfare,
and confidence.

(IMIR Serious Games 2016;4(2):e17) doi:10.2196/games.5860

KEYWORDS
usability testing; evaluation; computer games; gestural input; usability evaluation; method; gesture-based games

effectively and intuitively. The balance between functionality
and usability allows achieving the system effectiveness. Among
the usability characteristics defined by Nielsen [2] are easein
performing basic tasks, efficiency when performing these tasks,
facility by reusing resource, reestablishment of services when
mistakes occur, and satisfaction with use.

Introduction

Interactive systems can only be considered useful and practical
if they have good usability. According to Karray et a [1],
usability isthe variety and the degree to which system features
can be used efficiently so that the user can accomplish tasks
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Researchers in the area of human-computer interaction have
been developing several usability evaluation methods in order
to determine whether a system or interactive device is usable
or not. According to Cockton [3], usability evaluation isessential
to establish arelationship between the quality of an interactive
system and interaction quality. The author mentions that when
a usability evaluation shows that an application or device can
be used, methods and metrics can determine the extent to which
asystem is easy and pleasant to use.

The constant devel opment of usability evaluation mechanisms
occurs due to the high supply of interactive systems on the
market, constantly bringing to the user new ways of interacting.
Gestural interactions are among the styles that have evolved in
more recent years and used in largely in entertainment
applications, such as virtua reality environments and games.

According to Morelli and Folmer [4], gesture-based games
typicaly smulate real physical activities because they use
whole-body gestures. These kinds of games areintuitiveto play,
they have successfully attracted users, and they provide different
socia forms of gaming—especially because they allow natural
interaction and immersion. This interaction style is present
through different motion-sensing input devices [5]. Microsoft
Kinect and Nintendo Wii are examples of devices that use
gestures as an interaction method. They apply unimodal and
multimodal resources, meaning they can combine audio, video,
and gesturesto emulate interactive environments[1]. According
to Karam and Schraefel [6], depending on the application type,
it ispossible to use morethan oneinput devicein theinteraction
base, which will all allow the same action.

Given the market demand for systemswith gestural interaction,
it is necessary to establish procedures to evaluate the usability
of these interfaces in order to minimize interaction problems.
In this perspective, Keskinen et al [7] proposed a method to
evaluate user experience in interactive systems. Rautaray and
Pandey [8] presented comparative studies that characterized
gestural interaction elementsand Maidi and Preda[9] organized
how gestures could be evaluated. However, it is difficult to
establish a consensus between these and other studiesregarding
what should or not be evaluated, especialy when it comes to
evaluating the usability of gestural interaction applied to games.

Different tools are being used now to assist the usability
evaluation process. some present qualitative results and others
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guantitative, some focus on perception or acceptance, some
consider physiological measures, and so on. The big gap isthe
lack of a validated approach that makes it possible to ensure
consistent assessment results and increase its credibility. Still,
usability patterns could be defined from this approach along
time to use as benchmarks in evaluations.

In this sense, the aim of this study is to present a systematic
review about the usability evaluation methods applied to games
with gestural interaction, considering devices with
motion-sensing capability. To reach thisgoal, specific objectives
have been set: (1) identify and analyze techniques applied to
usability analysisof gamesinterfacesfor gesture-based devices,
(2) identify common problems found in gesture-based games
interfaces, and (3) relate strategies and technologies that have
been used to solve user interface problems in gesture-based
games.

Methods

Thisstudy isasystematic review, explicit and rigorousresearch
that identifies, critically evaluates, and synthesizes relevant
studies about a specific subject [10].

Eligibility Criteria

The eligibility criteriato identify studies in the primary phase
included were (1) games for gestural interaction devices, (2)
Kinect and/or Wii as the gestural interaction device, and (3)
description of a usability evaluation technique for analysis of
user interfaces.

Search Strategy for Primary Studies

The research was concentrated into four electronic databases:
IEEE Xplore Digital Library, Association for Computing
Machinery (ACM), Springer International Publisher Science,
and Science Direct. This work collected studies published in
English between September 4 and 21, 2015, not limited by date,
and using thefollowing expression: games AND usability AND
evaluation AND (“Kinect” OR “Wii").

Flowchart of Identified Studies

Figure 1 showstheflowchart of studiesidentified by the search
strategy used in this study. The selection process and reading
of these materialsinvolved at least two researchers.
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Figure 1. Flowchart of identified studies. ACM: Association for Computing Machinery.

Studies identified in
database searching (n = 1427)
ACM: 115
IEEE: 196
Science Direct: 203
Springer: 913

Studies after duplicates removed ) Studies duplicated
(n=1259) (n=168)
A 4
Studies screened by title and abstract N Studies excluded
(n=655) (n=604)
Studies excluded after full-text assessed
\ 4 (n=41), with:
Full-text studies assessed for eligibility »| 1) Studies that failed to comply with one
(n=51) or more eligibility requirements (n = 25)
b) Studies that did not show the outcome
of interest (n= 16)

Studies included for the systematic review
(n=10)

Results

Table 1 presents the 10 studies that met the eligibility criteria.
These studies showed no standardization in their data or their
methods, which made it impossible to conduct a statistical
analysis.

Each study will be presented considering the following items:
1. Evaluation aim: approach and focus of each study;

2. Gesture-based devices used: equipment used during the
experiments;

3. Evaluator’s profile: professionals and researchers team;
4. Profile and number of participants. characterize the sample;

5. Evaluation method and its application steps: the author’'s
methodology and how it was applied;

6. User's tasks. experiment tasks;

7. Type of interface (2D or 3D) and software used: the
applications used during the experiments;

8. Time required for the user experience and evaluation: the
period for each user evaluation; and

9. Results: the analysis and conclusions of the authors of each
study.

Komlédi Et Al

Komlédi et al [11] aimed to test the Wiimote device in basic
navigation, object manipulation, and menu gestural interaction
tasksin avirtual environment. The users perform pointing and
turning gestures using their hands and the Wii controllers.

http://games.jmir.org/2016/2/e17/

During the interaction process, they also pushed the buttons of
the controllers to operate different navigation modes.

Researchers from the University of Maryland in the United
States and the Budapest University of Technology and
Economics in Hungary conducted the evaluation. A group of
14 Hungarian undergraduate students (seven men and seven
women) participated in the evaluation; the mean age of
participants was 24 years. Half of these users had some
experience with computer game simulators. Four had used the
Wiimote previously, but none had significant experience.

Although this study was not a game, it was included because,
in the demographic questionnaire, the authors considered the
user's previous game experience important. According to
Bowman et al [21], this has a strong impact on the ability to
interact with virtual environments. Moreover, virtua
environments can simulate or represent agamein 3D space. In
this study specifically, one of the user tasks involved the
handling of dominoes using the Wiimote.

During the pilot test, three participants performed the tasks in
a virtual environment and answered questionnaires. The
procedure had several changes throughout the testing period:
extension of the training period, review of tasks, and changes
in the interview questions.

The study combined qualitative and quantitative methods to
explore the utility of interaction methodsin a 3D environment.
After a brief training session, 14 participants executed two
immersive tasks in three pilot tests. A video camera recorded
the entire process and the researchers interviewed participants
about their experience immediately after the interaction.

After the orientation and training session, participants read
instructions for tasks on a poster. This poster displayed the
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following guidance: (1) wak around the room, find the
dominoes, stack the dominoes one on top of another, and
dismantle them; and (2) use the KUKA robot to move the gray
black balls on the table and, when finished, tell the session
coordinator.

Participants answered a questionnaire containing 19 questions
about their experience using the game. Some questions were
issues, such as ease of interaction, first impressions, reactions
during use, satisfaction when using, and suggestions for future
game improvements. Only two questions used a scale of 0 to
100; the others were dissertated.

In addition to this questionnaire, participants were al so requested
to complete a sociodemographic questionnaire and the
Myers-Briggs Type Indicator (MBTI) personadlity type
guestionnaire. Thisquestionnaireidentifiesusers characteristics
of extroversion/introversion, sensing/intuition, thinking/feeling,
and judgment/perception. Participants a so performed the VZ-2
paper folding test to measure cognitive ability of spatial
visualization, which can influence the user’s ability to navigate
in 3D space and manipulate objects in space, and the Reading
the Mind in the Eyes Test.

For effective usability studies, the authors found the need for
more training time and practice with games as well as several
onsof interaction involving experts and noviceswith games
and devices. In addition, reducing the memory load for users
by including tasks and feedback functions, as well as help in
the environment also improves the game usability.

L egouverneur Et Al

Legouverneur et al [12] aimed to conduct a usability study of
two sports games for the Wii. The purpose was to determine
whether the elderly with cognitive impairment could learn to
play and control their movements with the wireless controller
(Wiimote). A secondary objective was to examine how specific
neuropsychological deficits may modulate the game usability.

BrocaHospital professionalsfrom Paris, France, conducted the
evaluation with two groups of usersrecruited from ahealth care
center. The first group consisted of elderly people with
mild-to-moderate Alzheimer disease as the diagnostic criteria.
The second group consisted of elderly people with mild
cognitiveimpairment. A third group consisted of healthy elderly
individuals. All users were aged between 75 and 90 years.

Thetest protocol included an introductory session and four test
sessions, with mean duration of 1 hour per week. The
introductory session included aneuropsychological evaluation.
During this session, participants also created their own avatar
as away to learn to use the Wiimote. In the test sessions, the
participants interacted with two bowling games and two tennis
games alternately. Each test session had two cameras to record
the game screen and the player simultaneoudly.

The use of the Wiimote was to mimic the actions of swinging
a racket (tennis) or rolling a ball down an aley (bowling).
According to the authors, the movement performed by each
user was analyzed considering the approach of games (no
specific gesture was evaluated).

http://games.jmir.org/2016/2/e17/
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In addition to the game console and cameras, other equipment
involved in the experiment was a 46-inch plasma TV and
behavioral analysis software. In order to collect performance
and behavior data, the authors used the video recordings. A
guestionnaire using a five-point Likert scale evaluated user
preferences. The authors used the questionnaire at the end of
the first test session and after session 4 to evaluate whether
familiarity with the games influenced user preferences.

The results showed that all participants, regardless of their
cognitive status, could use the wireless controller and learn to
play both games. A positive experiment result, according to the
authors, was the improvement of skills with games throughout
the sessions on performance measures observed for most
participants. The study also confirmed the importance of
usability testing with end users before introducing traditional
technology to older adults who have cognitive dysfunction.
Multiple sessions alowed users with cognitive impairment to
be comfortable with technological devicesin order to learn how
to use them and have a positive experience with them. This
experience also confirmed the role of motivation and asocially
supportive environment on how a person learns to use new
technologies.

Francese Et Al

In the Francese et al study [13], the aim was to evaluate two
games developed for 3D interaction with the use of navigation
maps from Bing Maps. The games used were Wing for the Wii
and King for Kinect. The main objective was to evaluate the
gestural interaction by controlling user navigationin Bing Maps
through the devices previously mentioned.

With the Wiimote, the gestureswereinspired by the motorcycle
metaphor: roll/rotation of the Wiimote acts as a motorcycle
throttle command connected to navigation forward and backward
movements, the turning gestures resembl e the turning handl ebar
of an imaginary motorcycle. With the Nunchuk, the airplane
cloche metaphor was used to control atitude: itstilting direction
determined the vertical variations of the navigation.

Using Kinect, the bird (or airplane) metaphor was used, with
natural gestures associated to the various commands. The idea
was to mimic the bird's wing movements, when possible, with
arm gestures. For example, the user would move their aligned
arms downward to the left as the bird or airplane did onscreen.
A virtual paper plane was presented to the user to give a
feedback about their movement.

The evaluation process involved 24 volunteers (16 men and 8
women), who were staff and students from the University of
Salernoin Salerno, Italy. Agesranged between 18 and 41 years,
with amean of 24 years.

Before beginning the experiment, the skills of participants in
the games were evaluated. Eight participants mentioned they
played at least once a week, three played Wii, and only two
played Xbox and Kinect. Each participant answered 12
guestions, using a seven-point Likert scale, and three factors
were evaluated: involvement, distraction, and control. The study
was performed in a research laboratory of the University of
Salerno.
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For the experiment, participants were quickly introduced to
gestural interfaces and performed two navigation tasks. After
being instructed on how to use both games, Wing and King,
users were asked to navigate in two geographical routes
involving well-known Italian cities: MAR
(Cagliari-Naples-Palermo) and TERRENO
(Genoa-Rome-Venice).

Both tasks were compatible in terms of distance and difficulty
in locating the destination cities. In order to avoid bias in
evaluation tasks, the approach defined two user groupsin which
each member of the same group started the experiment with the

Table 1. Studiesincluded in the systematic review.

Simor et al

same system. After each task, al participants filled-in
After-Scenario Questionnaires (A SQ) to eval uate the time spent,
the ease of completion, and the adequacy of support information.

Authors used the Computer System Usability Questionnaire
(CSUQ), consisting of 19 questions, to eval uate user satisfaction
with the 3D maps game for four factors: general evaluation,
system utility, information quality, and interface quality.
According to the authors, evaluation results conducted through
questionnaires confirmed that, if the interface is more natural,
the user will be as satisfied and engaged in the navigation
experience.

Study ID Paper title Device
Komladi et a [11] Empirical Usability Evaluation of the Wii Controller As an Input Device for the VirCA Wii
Immersive Virtual Space
Legouverneur et a [12] Wii Sports, aUsabhility Study with MCI and Alzheimer’s Patients Wii
Francese et a [13] Wiimote and Kinect: Gestural User Interfaces Add a Natural Third Dimension to HCI Wii and
Kinect
Norouzi-Gheidari et al [14] Interactive Virtual Reality Game-Based Rehabilitation for Stroke Patients Kinect
Liueta [15] An Approach of Indoor Exercise: Kinect-Based Video Game for Elderly People Kinect
Shineta [16] A Task-Specific Interactive Game-Based Virtual Reality Rehabilitation System for Patients  Kinect
with Stroke: a Usability Test and Two Clinical Experiments
Fang et al [17] Interactive Physical Games. Improving Balancein Older Adults Kinect
Harrington et al [18] Assessing Older Adults' Usability Challenges Using Kinect-Based Exergames Kinect
Nakai et al [19] Investigating the Effects of Motion-Based Kinect Game System on User Cognition Kinect
Sheu et a [20] User-Centered Design of Interactive Gesture-Based Fitness Video Game for Elderly Kinect

Norouzi-Gheidari Et Al

Norouzi-Gheidari et al [14] developed astudy to use aresearch
protocol to validate a virtual reality system for rehabilitation.
This system used five gamesfor the motor recovery of the upper
limb in stroke survivors. The gestural interaction device used
was the Kinect. The evauation involved eight heath
professionals, with at least 1 year of experience in neurological
work, who evaluated 24 stroke patients with different skill
levels.

The games activities used arm movements (unilateral and
bilateral) and torso control in the sitting position. For this
evaluation, the active range of motion of the arm was only
considered within the context of reaching for each patient to
determine target placement for the activities.

For the experiment, the patients were divided into four groups
of six patients based on level of motor ability. Each patient
participated in three 20-minute game sessions of over 10 days.
During each session, patients should sit in a chair in front of
theKinect cameraat afixed distance of 1.5 metersas per device
specifications. The calibration at this distance was important
because the active range of arm movement within the game’s
reach space determined the target position for the activities.

The patient interacted with al five games at least once during
the 20-minute session. The doctor defined thelevel of difficulty

http://games.jmir.org/2016/2/e17/

of each activity (eg, required speed, destination number,
repetitions), which could be adjusted during the session.

After interacting with each game, the patient had access to a
score of correct answers (according to their level of
performance) asaway to encourage him/her to continue. At the
end of each session, the doctor had access to a global
performance report. In the final session, doctors and patients
should complete a questionnaire based on the Technology
Acceptance Model (TAM) of medical information to assess
their opinions about the game system. Additionaly, the
Fugl-Meier Assessment of sensorimotor recovery after stroke
test evaluated the upper limbs. For each patient, session, and
activity, they measured the success rate, the performance in
tests of success (medium speed and precision), and highest
difficulty level reached within the session.

However, this article showed only preliminary results,
specifically compiling and identifying the advantages and
limitations perceived by clinicians and patients with stroke in
rehab games. Success rates, performance scores, and difficulty
levels have not been studied yet.

Liu Et Al

Liu et a [15] evaluated the usability of a game they had
developed, which used the Kinect device. The game allowed
users to accumulate points and stimulated competition among
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friends. The interaction tasks were to select bubbles that fell
from the top of the screen area.

The authors randomly chose six volunteersin a park (two men
and four women), who were aged between 50 and 88 years.

The players were able to move one of their hands to select any
button options to configure the game. During the interaction
process, hands were used freely to select the game objects.

The evaluation experiment consisted of three stages: a brief
introduction to the game, testing activity (use the game), and a
follow-up interview to collect their comments. First, the
evaluator presented the game and the user could ask questions.
After that, the user played the game prototype for 1 minute then
answered alist of open questions and provided any suggestions
for the game design. The activities performed by the userswhen
using the game consisted of indoor exercises, like jump, hit,
and grab onto it.

As for results, the authors emphasized some issues. First, the
video game presents less danger to the player. Second, it offers
more entertainment and, therefore, motivation. The mechanism
of obtaining points and prizes by exercising helped the players
to increase the amount of exercise unconsciously. The event of
winning served as a strong mativator, while also helping to
maintain long-term exercise habitsfor the elderly. Third, through
the online gaming platform, players could till have fun together
with their friends as if being together somewhere. All current
deviceswork individually and keep the elderly away from their
companions, which could have anegativeimpact on their social
life. However, online platforms offer accessto playersto share
their scores and comments with their friends. This not only
increased the game' s entertainment, but al so added competition
among friends, helping with motivation and having a positive
effect during the exercises. Although all users showed interest
in the game and provided a good evaluation, the evaluation
guestionnaires showed some directions to consider improving
the game. The game should have different difficulty levels and
diverse tasks. Game messages should provide clearer
instructions and not just information. In addition, it must provide
kinds of exercises that can help exercise different body parts,
yet must be simple for easy learning and understanding by the
elderly.

Shin Et Al

Shin et a [16] aimed to combine gestural rehabilitation exercises
with game elements using PrimeSense technology, which are
3D-depth camera sensor chips part of Microsoft's Kinect
motion-sensing system. Researchers at the University of
Hanyang in Seoul, South Korea, conducted the evaluation. The
organization of two user groups was as follows: stroke patients
and heath professionals (occupational therapists and
physiatrists) who were involved in the software design of
RehabMaster, agame-based virtua reality rehabilitation system
developed by the authors. Two clinical studieswere performed;
the first with seven patients and the second with 16 patients, all
diagnosed with stroke. The first was an observational study in
which seven patients with chronic stroke received the
RehabMaster intervention for 30 minutes per day for 2 weeks.
The second was a randomized controlled study of 16 patients
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with acute or subacute stroke, who received 10 sessions of
conventional occupational therapy and plus 20 minutes of the
RehabMaster intervention.

The authors evaluated patients' routine tasks individually and
focal group studies were performed once a week for
approximately 6 months. The software categorized user feedback
during the development process.

Regarding gestures and motions, the interventions aimed to
stimul ate patients through tasks using arm and trunk movements.
The motionswereintended to promoteincremental improvement
in range of motion and endurance, strength, and deviation from
synergistic motion patterns. RehabMaster provided games to
train the patient’s forearm movement and eye-hand coordination;
upper extremity control, endurance, speed, accuracy, and range
of motion; and to increase the control, speed, and accuracy of
extremity control and trunk movements.

The same users also participated in the usability study later on.
The objective wasto eval uate RehabM aster from the perspective
of each group. Meetings held with stroke patients took 20
minutes at regular intervals, twice aweek for two weeks, under
supervision of occupational therapists and physiatrists. Each of
the three groups answered a different questionnaire using a
five-point Likert scale, so the authors could collect diverse
viewpoints. The Fugl-Meyer Assessment and the modified
Barthel Index also were used during the evaluation.

Patient involvement was a key point of the RehabMaster
intervention. With the stroke patients, the authors wanted to
evaluate RehabMaster’s ability to provide strong motivation,
pleasure, and an optimal flow experience. With the secondary
user group (occupational therapists and physiatrists), they
wanted to assess the usability of RehabMaster for improving
upper limb function and the ability to provide adequate challenge
levelsfor all different patients in the stroke group.

To diagnoseif the game provided stroke patientswith adesirable
rehabilitation level, the study considered three factors in their
game experience: attention maintenance, ability, and motivation.
These factors were identified through six questions asked of
participants. Generally, it found that participants had serious
attention and a pleasant experience (immersion), even
considering the users' motor limitations.

Tests showed the viability of using RehabMaster in stroke
patients with different levels of severity within a safe virtual
environment. However, their results were inconsistent due to
the different experimental protocols using different intervention
times in both experiments.

The authors emphasized the need for a new study. One reason
was because cognitive function, motivation, and depression,
which are common in stroke patients, were not considered.
Another factor wasthat the usability evaluation did not compare
the perspectives of each group.

Fang Et Al

Fang et a [17] developed an interactive prototype motion-based
game called Evergreen Fitness System (EFS), in order to train
balance in older adults. Health care experts carefully selected
the exercises for the users.
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The EFS recognizes body gestures and body motions using
Kinect. Gestures were used to select the menu (hand
movements), whereas body motions were required as part of
the exercises available on the game system. Because the goal
was to improve senior’s balance performance, the focus of the
exerciseswas on lower body strength. Tasks devel oped consisted
of specific exercises for balance training and strengthening of
the lower limbs. Six exercises designed for improving balance
explored knee marching, side hip raise, lunges, partial squats,
wide sguats, and standing knee flexion.

Thirteen participants were involved in the study (2 men and 11
women) aged between 60 and 80 years. The study used six
exercises, specifically designed by experts to increase lower
body strength in older adults, and integrated the elderly in
games. Beforethetest, users were asked to complete aPhysical
Activity Enjoyment Scale (PAES) questionnaire to evaluate if
they were physically capable of performing the test. After the
exercises, participants answered a second questionnaire
(Physical Activity Readiness Questionnaire, PARQ) that
measured the degree of pleasure performing the activity [22].

This study showed that elderly participants approved the
exercises based on games, culminating in a positive experience
with the EFS. They provided feedback on improving the system
design, on the appropriateness of the six exercises, system
operation, game design, and demonstrated intention of using
the game. It also verified the system should include anavigation
requiring lesslearning, corrective feedback, and warningswhile
idle.

Harrington Et Al

Harrington et al [18] stated that few studies had examined the
usability challengesfaced by the elderly using exergames. Thus,
itisnecessary to identify these challengesand how they trandate
into guidelines to provide user-friendly exergames for seniors.
The objective of this study was to identify the challenges of
usability based on Kinect exergames for seniors. Particularly,
it aimed to identify which were the most difficult assimilation
aspects for the elderly. To do so, 10 people aged between 60
and 69 years (five male and five female) and 10 people (five
male and five female) aged between 70 and 79 years, recruited
from Georgialnstitute of Technology, participated in the study.
Pretrials ensured that participants would be able to perform the
expected actions; none had experience with the Microsoft Xbox
360 or any device that used Kinect.

The proposed activities were two games that encouraged
physical activity: “Body and Brain Connection” and “Your
Shape Fitness Evolved.” Both games used body motion,
providing different activities as participants used their hands or
feet to select objects, used their armsin balance challenges, and
did torso exercises. Hand gestures were used to sdlect a
particular activity in each game, without any restriction.

The evaluation was devel oped as follows:. before participating,
each participant completed a hedth questionnaire, a
demographic questionnaire, a technology experience survey,
and a game experience questionnaire. Health and demographic
guestionnaires evaluated the health of the participants and
collected basic information, including age, sex, race, education,
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and limitations (vision, hearing, or mobility). The technology
experience questionnaire evaluated the use and familiarity of
participants with various technologies. The game experience
guestionnaire [23] evaluated the participants levels of
familiarity with games and their playing habits.

Additional questionnaires were filled out after each individual
session to evaluate user satisfaction and performance. A
guestionnaire with five items measured satisfaction with the
motion controls and gestures for navigation. A seven-item
guestionnaire assessed satisfaction with the activity devel oped
in the program. Both questionnaires used a scale ranging from
1 (strongly disagree) to 7 (strongly agree). The game experience
guestionnaire was adapted from Boot et al [23]; information
about the other questionnaires was not detailed.

After completing the questionnaires, participantsinteracted with
the Kinect device, including training and definition of the
participant’s starting position. Test sessions began with
researchers giving details of what would be required from the
participant. Researchers informed the participants that they
could stop the test at any time if they felt they could not
complete an activity. After that, an interview assessed partici pant
behaviors and opinions about the programs and the experience.
During the interviews, the participants described what they liked
and disliked about each program and their line of thought. In
addition, participants also answered if they used some kind of
help or additional instruction throughout the program. The
purpose of these interviews was to determine what made
participants feel more frustrated and what types of assistance
would be most beneficial.

After completing both exergame programs, each participant
completed three questionnaires. Thefirst questionnaire evaluated
usability and included the following propositions measured on
alLikert scaleranging from 1 (strongly disagree) to 7 (strongly
agree): clear and understandable system interaction, useful
system for daily life, daily use of game to make one more
physically active, and it improves well-being. The second
guestionnaire assessed the ease of use including the following
items measured on the same Likert scale: easy to use, flexibility
to interact, increase of skill, clear tasks, and learn to use. The
first and second questionnaires were adapted from Davis et a
[24]. Thethird questionnaire, the System Usability Scale (SUS),
was adapted from Brooke [25], and was used to give a global
view of subjective assessments of usability. Sessions lasted
between 1.5 and 3 hours for each participant.

The study showed that older people realize the benefits of
exergames, believing it to be a useful means to exercise.
Regarding ease of use, the responses were diverse. Most
participantsin the 60 to 69 year group agreed that the interface
wasfriendly, whereas most in the 70 to 79 year group disagreed
with ease of use.

Nakai Et Al

Nakai et a [19] conducted a study to evaluate the usability of
a game using the Kansei engineering method or “feelings
engineering.” Kansei engineering is a method to develop or
improve products and services by translating the customer’s
psychological feelings and needs into the domain of product
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design. It explores the emotions between auser and acomputer
system. The study involved 12 users who performed the tasks
and system usability testing. They had 10 minutes to play
different levelsin a game prototype called “ The Glider.”

In this game, the user controls a virtual glider using body
motions and rotations, such asfront-back movementsto change
speed and pitch axis, left-right movements to change direction
and roll axis, and torso rotations to control yaw axis. A Kinect
device was used to capture the movements of users.

This approach divided the evaluation into five steps as follows:
guestionnaire, behavioral observation, speech watching, game
testing, and analysis. First, the authors developed a gaming
environment, which was tested preliminarily by three
participants. There were two game preparation sessions. Then,
a pretest questionnaire collected basic information about the
topics. After the observations, they used a posttest questionnaire
to collect participants impressions.

During these observations, speech and behavioral data from
participants were collected based on the think-aloud method.
In this method, players are invited to express aloud what they
arethinking, doing, and feeling. Therefore, the researcher must
take care to explain the experiment purpose to participants,
making it clear that is not to test the player’s playing skills, but
the product itself. It isimportant to clarify the aim so that users
know what is being analyzed so the quality of the experiment
is guaranteed. Users performed the task and reported their
feelings about the product whenever they failed to complete
any of the tasks. In addition, users reported their impressions
and thoughts; the analysis of these data depended on the task
observation, recorded in atime sequence.

The results demonstrated that the first four levels had good
playability and the necessity for players to receive the largest
possible amount of information about the game. Motivation
was the key point in the game because while they were
motivated the game flow looked promising: the game attracted
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the players' attention and players showed eagerness to learn
new things.

Sheu Et Al

Sheu et a [20] aimed to address issues on how to design a
gesture-based system that allows ol der peopleto play in asecure,
convenient, and enjoyable way. This study used two
gesture-based games (EG | and EG I1) devel oped by researchers
for Kinect. The EG Il isan optimized version of the EG | based
on the feedback obtained from usability tests performed in the
first game.

The exercises used gestures for selections (eg, swing right arm
to the right to make cursor move one step to the right and use
left arm for moving cursor to the left).

Seven users participated in the experiment (four men and three
women), who were aged between 60 and 77 years. The selection
criteriafor the participants were not detailed. Thetest had three
stages: (1) pretest questionnaires and basic living information
for user selection; (2) procedure introduction (game), signing
the consent form, and using gamefor the test procedures (tasks);
and (3) posttest questionnaires and interview. Tasks performed
consisted of selecting operations in the program interface.

Users were able to complete al tasks. On average, users
performed the tasks more quickly on the EG Il interface,
suggesting that EG |1 was more usable than EG I. Furthermore,
the subjective scorefor EG |1 was higher than for EG |. For task
selection, it was suggested that, in terms of effectiveness and
efficiency, vertica selection works better than horizontal
selection because moving the right arm to the right to move the
cursor to the right and the left arm to the left to move the cursor
to the left can be exhausting. If this movement is vertically
oriented, the system interaction becomes lesstiring.

To compile the results from all studies, Tables 2 and 3 present
the main characteristics of each study and their results to
correlate the differences and provide support for the Discussion
section.
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Table 2. Summarization of the studies included for the systematic review.

Simor et al

Study ID and publication Evaluation methods Focus and devices Evaluation stages Participants
year
Komlédi eta [11] (2011) Sociodemographicand — Test devicefor navigas (1) Questionnairesandtests; (2) verbal  N=14 (7 men, 7 women);

Legouverneur et a [12]
(2011)

Franceseet d [13] (2012)

Norouzi-Gheidari et al

[14] (2013)

Liuet a [15] (2014)

Shin et a [16] (2014)

Fang et al [17] (2015)

Harrington et al [18]
(2015)

Nakai et al [19] (2015)

Sheu et al [20] (2015)

health questionnaire, ob-
servation, video record-
ing, MBTI?, Folding
Test, Eyes Test

Author’s questionnaire,
video recording

ASQP, CSUQS, Presence
Questionnaire

User performance report,
author’s questionnaire,
TAM, Fugl-Meyer

Interview

Author’s questionnaire,
Observation, Fugl-Mey-
er, Barthel

Interview, PARQS,
PAES'

Sociodemographic and
health questionnaire, au-
thor’s questionnaire, In-
terview, technology expe-
rience and videogame
experience question-
naires, TAM, SUS?

Sociodemographic and
health questionnaires,
author’s questionnaire,
video recording, think-
aloud protocol

Sociodemographic and
health questionnaire, In-
terview, PARQ, PAES,
SUS

tion and task manipula-
tion using gestures (Wii)

Conduct ausability study
for 2 sports games (Wii)

Evaluate two 3D interac-
tion games in navigation
tasks (Kinect and Wii)

Using a protocol for
evauating avirtual reali-
ty system as motor reha-
bilitation tool of upper
limb (Kinect)

Evaluate agame usability
for select objects with
top-down movements
(Kinect)

Combining rehabilitation
exercises with game ele-
ments (Kinect)

Check the user’s experi-
ence; train the equilibri-
um in elderly with upper
limb (Kinect)

Identify usability chal-
lenges based on ex-
ergames for seniors
(Kinect)

Evaluate agame usability
using evaluation methods
based on Kansei Engi-
neering (Kinect)

To list design issues of a
gesture-based system that
allows seniorsto interact
naturally in selection
tasks (Kinect)

guidance and reading; (3) tasksin a
virtual environment; (4) evaluation

(2) Neuropsychological evaluation; (2)
sessions tests

(2) Questionnaire; (2) instructions; (3)
tests; (4) ASQ and CSUQ question-
naires

(1) System interaction; (2) question-
naires and evaluation

(1) Gameintroduction; (2) game activ-
ities; (3) interview

Different experimental protocols

(2) Physical evaluation; (2) exercises,
(3) satisfaction evaluation

(2) Questionnaires; (2) training; (3)
test; (4) interview; (5) satisfaction
questionnaires and usability

(2) Questionnaire; (2) behavioral obser-
vation; (3) think-aloud; (4) game test;
(5) analysis

(2) Questionnaires; (2) gameintroduc-
tion; (3) test procedure; (4) question-
naires posttest; (5) interview

age: mean 24 years

N=undefined; age: range
75-90 years

N=24 (16 men, 8 wom-
en); age: range 18-41
years

N=24 with stroke; age:
undefined

N=6 (2 men, 4 women);
age: range 50-88 years

Group 1: n=7, group 2:
n=16; age: undefined

N=13 (2 men, 11 wom-
en); age: range 60-80
years

Group 1: n=10 (5 men, 5
women), age: range 60-
69 years; group 2: n=10
(5 men, 5 women), age:
range 70-79 years

N=12; age: “seniors’

N=7 (4 men, 3 women);
age: range 60-77 years
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Table 3. Summarization of results of included studies.

Study ID and publication year

Results

Koml6di et al [11] (2011)

Legouverneur et a [12] (2011)

Francese et a [13] (2012)

Norouzi-Gheidari et a [14] (2013)

Liuet a [15] (2014)

Shin et a [16] (2014)

Fang et al [17] (2015)
Harrington et a [18] (2015)

Nakai et al [19] (2015)

Sheu et al [20] (2015)

For effective usability studies, it is necessary to provide more training time and practice with
games. In addition, reducing users memory load, including tasks and feedback functions, and en-
vironment helps also improve games usability.

All participants, regardless of their cognitive status, could use the wireless controller and learn to
play both games.

If theinterfaceismore natural, the user will be as satisfied and engaged in the navigation experience
as you want.

Thisreview presented preliminary results. It aimed to compile and identify benefitsand limitations
perceived by clinicians and patients with stroke in rehab games.

The game offers more entertainment and | ess physical risksthan physical activity, and may motivate
seniors to increase the practice of exercisesto get more points.

It is necessary to define a standard assessment protocol and atime of intervention in order to
evaluate the usability of the game.

Seniors like exercises based on games and showed a positive experience using EFS.

Regarding ease of use, most participantsin 60-69 year group agreed that theinterface wasfriendly,
whereas most in 70-79 year group disagreed with ease of use.

It is necessary to provide agame training session and initial guidance to the participants. The
motivation proved to be akey point.

The way of selecting elementsin the program interface must be vertically.

AMBTI: Myers-Briggs Type Indicator.

bASQ: After-Scenario Questionnaire.

¢CSUQ: Computer System Usability Questionnaire.
4TAM: Technol ogy Acceptance Model.

®PARQ: Physical Activity Readiness Questionnaire.
®PAES: Physical Activity Enjoyment Scale.

fsus: system Usability Scale.

Discussion

Overview of Selected Studies

Of the 10 selected studies, seven used the Kinect device for
interaction, two used the Wii device, and one used both devices.
From this observation, it is possible to propose a study about
thereason for this difference because the interaction device may
interfere positively or negatively in ausability evaluation. This
research could evaluate, for example, if thereisreally ausability
difference between both devicesor if theincreased use of Kinect
is dueto its popularity and its complete controller-free gaming
experience.

In relation to usability evaluation, nine studies used games in
their experiments. Of these, six studies were directed toward
the elderly (60%), showing that there are several efforts in
serious games for this population. Thus, it is evident thereisa
need for creating a usability evaluation protocol for serious
games for seniors, capable of generating qualitative and
guantitative results, because there were no standard serious
game evaluation testing protocols found in this research. This
trend is supported by the requirements needed to adapt the
interface according to ageincluding, for example, the sensitivity
of effort and having enough time to do the tasks. In addition,
there can be evaluated potential differences in serious game
evaluations of 2D or 3D gaming interfaces for the elderly.

http://games.jmir.org/2016/2/e17/

Of the nine studies that used games to assess usability, eight
studies (89%) used games developed by researchers and only
one[12] used acommercial game, in this case for the Wii. This
result promotes questions about what caused this situation. It
can evaluated as there are no games on the market that meet the
objectives of the proposed studies or as the existing games
would not be adequate for testing for some reason.

According to Harrington et a [18], inside the elderly population
thereisfurther fragmentation that resultsin groupswith special
needs for good interface usability. In their study, the majority
of participants in the 60 to 69 year group agreed that the
interface was friendly, whereas most of the 70 to 79 year group
disagreed with ease of use. It is necessary to identify these
challenges and apply them into the development process of
recommendations for the project in order to provide
user-friendly systemsto the elderly population and its subgroups.

On the other hand, the study from Legouverneur et al [12]
showed that all participants, independently of their cognitive
status, were able to use the wireless controller and learn to play
both proposed games. They aso argued that seniors could
improvetheir game skillsthroughout the sessions based on their
collected performance measures. Yet, several usability sessions
allowed users with cognitive impairment to become familiar
with technological devices and learn how to use them and have
a positive experience.

JMIR Serious Games 2016 | val. 4 | iss. 2 |e17 | p.161
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR SERIOUS GAMES

Naka et al [19] determined that it is necessary that players
receive guidance about the game. This can be an aternative for
the same prototype to be applied to many elderly groups even
if they have different characteristics.

Most of the studies identified motivation as a major incentive
for the elderly to use gamesto practice physical activities. Zhao
et al [26] confirmed this condition, showing that physical
exercises are the main intervention instrument in the preventive
health and rehabilitation area. In this context, Cary et al [27]
and Gobel et al [28] emphasized that serious games are
alternative tools and aids for disease prevention. They can
stimulate the practice of beneficial activities to human body
and increase the patient’s interest for his treatment, which is
often slow and painful [29]. Another factor that can encourage
motivation in users is the use of movement track devices; the
more natural the interaction process, the more the user is
satisfied and motivated to explore the game resources [13].

Concerning evaluations, questionnaires were the most used
instruments (70%, 7/10 studies), followed by interviews (30%,
3/10 studies) and observation and video recording (20%, 2/10
studies). There was also use of think-aloud methods and the
Folding Test, but both were applied only in one study.

All studiesthat used questionnaireswere evaluating the interface
exclusively. Only two studies used sociodemographic
questionnaires [11,18]. All approaches used a questionnaire to
evaluate user experiences with natural interaction devices. Four
studies that used questionnaires used a Likert scale for
responses. Half of them were composed of five variation degrees
[12,16] and the other half with seven variation degrees[13,18].
Furthermore, the use of questionnaires was heterogeneous in
relation to discussed studies. This shows that there is no
standardization. It is possible that evaluations that used Likert
scales should vary according to the application under study, but
currently there is not specific research about this topic.

No author proposed new approaches for evaluation methods.
Some authors suggested and used some instruments, such as
the CSUQ questionnaire, MBTI questionnaire, Folding Tests,
Eyes Test, Fugl-Meyer Assessment, PAES, the think-aloud
method, and modified questionnaires from Boot et al [23] and
Brooke [25]. However, it is clear that there is till no protocol
for interface usability evaluation for serious games, especially
for specific populations such as elderly.

Usability Evaluation M ethodsUsed in Selected Studies

Regarding usability evaluation methods of this review, we
observed avariety of techniques applied by authorsin different
approaches, with low adherence between selected studies. Table
4 summarizes these methods and their intended use in related
work.

This heterogeneity shows that researchers are concerned with
particularities of their samples and their experiments, avoiding
biases. This situation also shows a lack of standardization, at
least partially, of aprotocol or tools for evaluating games based
on gestures and/or movements. This makes the choice of best
methods or techniques difficult for a unified approach in future
work.
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The benefits of this diversity are agood number of approaches
that used evaluation instruments are well established in the
literature. A group of authors, for instance, applied tools to
evaluate cognitive, emotional, and motor skillsin experiments.
Another group applied methods and techniquesto eval uate user
satisfaction, user perception, and user performance.

It is important to keep it in mind during the creation of a
standardization process to evaluate usability because there are
consolidated techniques and scales for measuring gains
according to the specificity of each approach. For example,
comparison of games for people with upper limb impairment
can use the Fugl-Meyer test as part of the evaluation process.
In a rehabilitation context, it can support decisions and
appropriately choose and validate agame according to the user’s
profile.

Considering the evaluation instruments used by selected studies,
it is possible to think about advantages and disadvantages to
definethe basi s of astandardized procedure to evaluate usability
of gesture-based games regardless of the user experience.

In reference to sociodemographic and health questionnaires, it
is important to verify the age and previous game experience
(software and hardware) of the user. This can help divide the
user groups and thetest conduction. Preliminarily, physical and
cognitive limitations can aso be identified to avoid health
hazards and contribute to a better gaming experience.

Interviews are recommended when the number of participants
is small, given that the collection data are qualitative and
demands a time-consuming analysis. For example, in
preliminary assessments, groups are smaller and interviews are
useful to understand the reasoning of the user facing aproblem.
On the other hand, the subjective nature of the interviews leads
to different interpretations by the evaluators in groups with
many users.

Observations also requiretime for analysis because of thelarge
amount of data acquired. However, it may provide a different
perspectiveto the eval uator that other techniques do not provide,
such as the moment when a problem occurred. Used together
with video recording, observations can facilitate the review
process of user actions and enrich the usability evaluation.

Think-aloud protocols affect user performance because they
force the participant to do more than onetask at atime, resulting
in the loss of focus on game tasks or in unintended actions.
Another problem is that motion-based systems use sensors for
speech recognition as an interaction technique (because the
feature is available on motion-sensing input devices), making
it impossible in the use of this protocol. Therefore, we not
recommend it in ausability evaluation for motion-based games.

User performancereporting is an interesting instrument because
the game software can collect the measures during the
interaction process and it is useful for collating with other
assessment tools. For example, you can make a relationship
between time spent executing the task with acceptance of the
technology in order to see whether the user liked the game or
not. However, if analyzed without comparison with another
instrument, it isessential to instruct usersin avery specific way
about how they should perform the task in order to obtain
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balanced results. This isimportant because thereisan implicit  or the participant can increase accuracy, but decrease the speed
relationship between task performance metrics, such as speed  [21].

and accuracy. The participant may befaster, but belessaccurate,
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Table 4. Purposes of each method in selected studies.

Method and study ID

Used to...

Sociodemographic and health questionnaire

Komlddi et al [11]
Harrington et al [18]
Nakai et al [19]
Sheu et a [20]
Author’s questionnaires

Legouverneur et a [12]

Norouzi-Gheidari et a [14]
Shinet al [16]
Harrington et al [18]
Nakai et al [19]
Observation
Komlédi et al [11]
Shinet a [16]
Video recording
Komlddi et al [11]
Legouverneur et a [12]
Nakai et al [19]
User performancereport
Norouzi-Gheidari et a [14]
Think-aloud protocol
Nakai et al [19]
Interview
Liueta [15]
Harrington et al [18]

Sheu et a [20]
Fang et al [17]
Other relevant tools

Komlédi et al [11]

Francese et a [13]

Norouzi-Gheidari et a [14]
Shinet al [16]
Fang et al [17]

Harrington et al [18]

Sheu et al [20]

Identify the users’ profiles
Identify the users’ profiles and their physical limitations
Identify the users’ profiles

Obtain personal information

Get the user satisfaction and verify if familiarization with the games have influence on user preference
measures

Evaluate the acceptance of virtual reality technology for games
Test the usability of the game from expert perspective
Evaluate the user task performance and user satisfaction

Get the user feedback about the game

Verify the users’ behaviors and issues during a session

Assess the usability and the negative effects of the game

Verify the task time and get usability issues
Used to elicit users' behavior and performance

Verify the users’ behaviors during a session
Evaluate success rate, speed, and accuracy during the tasks
Verify the users’ behaviors during a session

Collect suggestions about the game in open questions (qualitative data analysis)

Identify what users liked or not in each game, the reason of the answers, their frustration, and what form
of aid isthe most beneficial

Verify the user experience and get doubts

Evaluate the combined use of exercises and verify the user experience

Verify cognitive, motor, and emotional aspects (MBTI?, Folding Test, Eyes Test)

Measure the user satisfaction during interaction process, the usability and the quality of the system, and
the presence and immersion (ASQb, CSUQS, Presence Questionnaire)

Assess of sensorimotor function of upper limbs (Fugl-Meyer Assessment)

Assess of sensorimotor function of upper limbs, and functional capacity (Fugl-Meyer Assessment, Barthel)

Ensure that participants were physically and mentally ready to perform to play, and check the degree of
pleasure during the tasks (PARQY, PAESY)

Evaluate gameplay experience, check the acceptance of technology, the familiarity with technology, and
measure the usability (effectiveness, efficiency and satisfaction) (Technology Experience and Videogame
Experience questionnaires, TAM', SUS?)

Ensure that participants were physically and mentally ready to perform the tasks, check the degree of

pleasure during the activities, and measure the usability (effectiveness, efficiency and satisfaction) (PARQ,
PAES, SUS)

AVIBTI: Myers-Briggs Type Indicator.
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bASQ: After-Scenario Questionnaire.

¢CSUQ: Computer System Usability Questionnaire.
dpa RQ: Physical Activity Readiness Questionnaire.
€ PAES: Physical Activity Enjoyment Scale.

FTAM: Technol ogy Acceptance Model.

9sUS: System Usability Scale.

Finally, the use of posttest questionnaires without validation is
not a good practice in evaluations because it is not certain that
the listed issues are relevant and appropriate inside the
application context. Moreover, it isnecessary to manage specific
guestionnaires at the end of experimental session because they
can tire the participants leading to them not adequately
indicating their impressions about the system. On the other
hand, it isimportant to create specific questionnairesto evaluate
the usability of motion-based games. In this case, the
guestionnaires must be validated in preliminary studiesto prove
the quality of the results. Preferably, they must be applied with
other posttest toolsin preliminary assessmentsin order to define
specific time for the experiment.

Suggested Guidelines for a Usability Evaluation
Approach

In view of our impressions, a suggested usability evaluation
approach for gesture-based and motion-based games can follow
some guidelines within the pretest, test, and posttest stages.

In the pretest stage, we recommend the use of instruments
capable of distinguishing users with previous experience
considering the resources under evaluation and capable of
indicating user limitations that may interfere during the
experiment. We suggest the use of a questionnaire to
characterize the sample. This instrument must track cognitive
and physical aspectsto avoid biases. For example, it can identify
aproblem that affects the understanding of the game activities
during the sessions, or even a limitation that affects the
movement required in gestural interaction. Among the
instruments listed in the studies included in this systematic
review were PARQ and PAES.

During the test, we suggest collecting performance and
physiological user data using software. User performance
reporting isuseful if the purposeisto verify the user’s progress
during the interaction process, usually from objective measures,
such as speed and accuracy. However, it is interesting to use
tracker video software to study the evolution of movements.
Physiological measures can also be useful to identify emotions
that may affect the user’sinteraction with the game tasks. Heart
rate, for example, can show evidence of stress during the
interaction process. Observations can a so record the evaluator’'s
perception during the session. We also recommend testing
different versions of the same game to identify relevant issues,
such as a version that uses a specific guideline and another
without using it.

Inthe posttest stage, one can opt for aqualitative or quantitative
analysis, depending on the purpose of the evaluation. If the
option isfor qualitative results, we recommend an interview to
collect the user’s perception of the game. On the other hand, in
aquantitative analysis, the use of instruments such as TAM and
SUS, for example, may be useful for evaluating user acceptance
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and user satisfaction. In this case, we recommend scales that
allow for statistical analysis, such asaLikert scale.

Conclusions

Results show that there is no standardization in evaluation
methods because they use different analysis variables. The
definition of usability in games, especialy in relation to gestural
interaction, and of who should be evaluated and how it should
be assessed, were not evident in the selected studies. Some
studies evaluated users and others experts, using qualitative
and/or quantitative methods.

We observed that the studies in this systematic review do not
use the same methods in the user selection process or similar
criteriain pilot testsor protocolsfor usability evaluations. There
was also not similarity between the questionnaires and answer
options.

We suspect that the lack of studies and methods (as well as
theoretical foundation) that indicate the appropriate interaction
techniques for each experience or application is the reason for
the lack of standardization.

For thisreason, the use of astandard usability eval uation process
for gesture-based games and definition of criteriato enable a
guantitative analysis in evaluations can be significant to this
area. Therefore, understanding the different types of goalsin
usability evaluation and its implementation becomes relevant.
Once the different types of goals have been established, it
becomes possible, for example, to create ausability evaluation
tool for rehabilitation of people with some type of motor or
cognitive impairment, or even for unimpaired people with a
focus on entertainment or training.

An evaluation for gesture-based games may also consider other
factors in order to contribute to the usability applications.
Physiological metrics, user anxiety levels, and stressissues are
measures that could be collected during the evaluation. It is
essential to consider these questionsto advance the study in this
area, defining at least one basic usability method to guide user
assessments.

With thisin mind, it is important to consider the adoption of a
standard for usability evaluations for two reasons: to guide the
validation of gesture-based and/or motion-based systems in
future case studies and to check whether a particular hardware
or software is suitable for their intended use. This valuation
approach is substantial because the market regularly offers new
interaction methods without consideration for how the public
will use these solutions. As an example, the elderly, a group
that isincreasing globally, are using interaction systems more
and more every day.
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Future Work

Our proposal isto validate the suggested approach in ausability
evaluation protocol using, as a case study, two versions of a
serious game based on gestures and movements (2D and 3D)
for the elderly. We will regard three stages suggested in this
study. We believe that this validation can be the basis to
consolidate a standardized usability evaluation approach for
gesture-based games based on our experiencesand theidentified
studiesin this review.
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