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Abstract

Background: Obesity is a growing global issue that is linked 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: This study utilized a multisession mobile phone–based intervention to train IC in an overweight and obese population
using a randomized 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 IC and modified food consumption after training.
Attitudes toward food were also assessed to determine their mediating role in 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 this time. 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 a taste 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 Zealand Clinical Trials Registry ACTRN12616000263493;
http://www.ANZCTR.org.au/ACTRN12616000263493.aspx (Archived by WebCite at http://www.webcitation.org/6ioHjGING)

(JMIR Serious Games 2016;4(2):e10)   doi:10.2196/games.5708
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Introduction

The prevalence of obesity has reached extreme proportions on
a global scale. More than 2.1 billion people—one-third of the
world’s adults, and one-fourth of children and adolescents—are
classified as overweight or obese [1]. Generally speaking,

obesity is attributed to increased calorie intake, unhealthy
changes in diet composition, and an increasingly sedentary
lifestyle [2,3]. In modern society, high-calorie foods are tasty,
affordable, and abundant, making them increasingly difficult
to resist [4,5]. Healthy foods include fresh fruits and vegetables,
as well 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 typically not the
case [7,8]. An emphasis on deficits in executive functions (ie,
the set of processes that 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 allows for self-regulation by
constraining thoughts and actions that may interfere with the
completion of goal-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 IC may be conceptualized as a “muscle” that can
be strengthened with exercise [13,14]. Go/Nogo tasks have been
widely utilized to train IC, 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 less frequent “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 individuals with low levels
of IC to inhibit unintentional impulses toward them.

Intervention studies indicate that IC 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 a single 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 IC training, focused on
weight loss, and did not include psychophysiological measures.
Veling et al [19] used a Go/Nogo task delivered via the 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 tasks that have a food-specific, as opposed to a general,
focus (using nonfood stimuli), have been found to yield greater
improvements in food consumption behaviors [5,17].
Furthermore, current IC training studies have shown that priming

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
individuals in a healthy weight range exhibit more pronounced
“Nogo” N2 and P3 components, indicative of heightened IC,
toward food stimuli as opposed to general stimuli [25].

This study was a pilot 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 a novel IC intervention
to train inhibition toward unhealthy foods and approach (or
“disinhibition”) toward healthy foods in individuals identified
as overweight or obese. Multisession IC training was employed,
as more intensive exercise of neural 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. Attitudes toward dieting and food were also 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
participants in the training 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 has focused
on assessing the generalization of IC abilities from general to
specific, or from general 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
the waitlist 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) area through
flyers distributed in the community. Flyers called for individuals
who wanted to improve their eating habits, and the intervention
was described broadly as “brain training,” with no specific
mention of IC. Participants were required to be older than 13
years (range 19-61, mean 36.48, SD 14.22), have a BMI higher

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 final sample of 52
participants (females=41). Figure 1 shows the CONSORT
(Consolidated Standards of Reporting Trials) flow diagram. An
a priori power analysis using the G*Power computer program
[28] indicated that a total 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 females to 5 males).

Figure 1. CONSORT (Consolidated Standards of Reporting Trials) Flow diagram. Representation of the progress of participants through the trial. T1:
time 1; T2: time 2.

Materials

Barratt Impulsiveness Scale
The Barratt Impulsiveness Scale (BIS) is a 30-item questionnaire
rated on a 4-point Likert scale and includes 3 subscales:
attentional, motor, and nonplanning [29]. It has previously 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,

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 trials in
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 trials 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 a pool of
food-specific images. For the purpose of creating a clear 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 days with each game taking approximately 1 minute
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to complete. The difficulty level of the game increased according
to past performance by reducing the RTD and increasing the
number of images presented at one time (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 improvements in NoGo
app performance as game play progressed, the training data of
each individual participant were split into 3 sessions. Sessions

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).

Healthy Eating Quiz
The Healthy Eating Quiz (HEQ) is a food frequency
questionnaire containing 70 items relating to the frequency of
healthy food consumption over the past 7 days, rated on a Likert
scale from “never” to “5 or more times a week.” 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 questionnaires are widely 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 as little or as much as they liked.
Participants were presented with 4 bowls containing 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

and 161 g of chocolate candies, M&M's). Although nuts and
grapes are still high-calorie choices, these foods were chosen
as they represent “real-world” choices that participants would
be faced with. For example, although 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 the laboratory,
the food was weighed, consumption was recorded, and the
number of calories consumed was calculated. Before completing
the FCT, participants were asked covertly (questions were
embedded in a larger 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 F1,48=0.24, P=.05
or craving F1,48=0.00, P=.99, these factors were not included
as covariates in further analysis.

Three-Factor Eating Questionnaire
Participants completed the 51-item TFEQ [36] that contained
a combination of true or false questions (eg, “Sometimes when
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I start eating, I 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, slightly, moderately,
or almost always). The TFEQ contains 3 subscales (cognitive
restraint, disinhibition, and hunger) measuring the ability to
resist foods and overcome internal 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 IC ability. Tones were presented at 1100 Hz and
2000 Hz for 200 milliseconds, with an interstimulus interval
(ISI) of either 2500 milliseconds (longer RTD) or 1250
milliseconds (shorter RTD). These specific time intervals 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” trials more difficult and increase the likelihood of errors
[13]. As a result, 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 counterbalanced across sessions and participants.
This task was used to assess how the IC training affected general
IC ability by using a task involving similar processes but sharing
few surface features and different modality (auditory rather than
visual) to reduce practice effects and make comparison with the
control group more equal.

Procedure
In the first 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
access to the training app and instructed to play 10 games a day
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 via email 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), individuals
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

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
Electroencephalographic 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 ears were used as a reference,
and an electrode located between Fz, Fp1, and Fp2 acted as a
ground electrode, with impedances kept below 5 kΩ. Signals
were amplified 19 times with a band-pass down 3 dB at 0.01
and 100 Hz. Raw EEG data were 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 µV 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 visually
inspected to identify major peaks. Peak quantification was
completed via a computer algorithm, which allows 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) × 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 frontal midline location (Fz), as the N2 and P3
components showed a frontal maximum. Go and Nogo ERP
data were subject to a condition × time × stimulus (Go, Nogo)
× RTD (longer, shorter) mixed factorial ANOVA. ERP
amplitude analyses included an additional lateral (left, midline,
right) factor. Planned contrasts within the lateral factor compared
the right and left hemispheres. Here we focus on interactions
between time and condition, and time × condition × 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 analysis results for training and waitlist conditions.

P valueF (df)WaitlistTrainingDemographics

SDMeanSDMean

.460.5614.838.314.135.2Age, years

.670.193.529.24.429.7Body mass index

.560.34 (1,46)12.531.215.533.5Return time, days

BIS a - subscale

.321.032.817.03.417.9Attentional

.530.403.722.33.821.6Motor

.460.545.222.63.923.5Nonplanning

a BIS: 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 (F2,46=156.80, P<.001, partial η2=.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), F1,23=133.26,

P<.001, partial η2=.85, and reduced at session 3 (mean 307.1
milliseconds, SD 33.2) compared with session 2, F1,23=35.53,

P<.001, partial η2=.61.

The main effect of time was also significant for correct Go

responses (F2,46=82.78, P<.001, partial η2=.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), F1,23=24.11, P<.001, partial η2=.52, and session 3 (mean
62.46, SD 5.14) had more correct Go responses than session 2,

F1,23=43.37, P<.001, partial η2=.66. The main effect was also
significant for correct Nogo responses (F2,46=93.07, P<.001,

partial η2= .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), F1,23=53.54, P<.001, partial η2=.69, and more correct
Nogo responses in session 3 (mean 42.22, SD 14.62) than

session 2, F1,23=80.19, P<.001, partial η2=.77. Overall, these
results indicate that participants in the training condition showed
improved IC performance with increased training.

Healthy Eating Quiz
The total HEQ score showed a time x condition interaction

(F1,48=9.87, P=.003, partial η2=.17). Simple effects analysis
showed a significant effect of time for the training condition

(F1,25=5.21, P=.03, partial η2=.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 (F1,25=7.88, P=.01, partial η2=.01), with
a decrease in healthy food consumption between time 1 (mean
39.58, SD 9.68) and time 2 (mean 35.88, SD 11.24).

Food Consumption Test
Calorie consumption was calculated for grapes, mixed unsalted
nuts, M&M's, and plain potato chips separately. Then, the
“healthier” foods (nuts and grapes) and “less healthy” foods
(chips and M&M's) were added together to create 2 food groups
for analysis. The condition × food × time ANOVA was

significant (F1,48=8.88, P=.005, partial η2= .18). Follow-up
2-way ANOVA for each condition separately showed no
significant interaction for the waitlist condition but a significant
food × time interaction for training condition (F1,19=8.81,

P=.008 partial η2= .32). This showed an increase in calorie
consumption of healthier foods at 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 (F1,50=4.07, P=.05, partial η2=.08). Simple effects
analysis showed no time effect for the training condition,
whereas the waitlist condition showed a significant time effect,

F1,25=10.74, P=.003, partial η2=.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 (F1,50=6.02, P=.02, partial η2=.11).
Simple effects analysis indicated no significant time effect for
the waitlist condition, but a significant effect was present for

the training condition, F1,25=6.01, P=.02, partial η2=.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 ×
time × laterality × RTD interaction was found for P3 (F1,46=8.49,

P=.005, partial η2=.16; Figure 5). The waitlist condition showed
a reduction (largest in the left frontal region) in P3 amplitude
at time 2 compared with time 1 for the longer ISI task and a

very minor reduction (largest in the right frontal region) at time
2 compared with time 1 for the shorter ISI 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 ISI
task and a smaller increase (mainly in the right frontal region)
at time 2 compared with time 1 for the shorter ISI 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
time 2; T1: = training time 1; T2: training time 2.

Figure 4. Grand mean event-related potentials at 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.

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.

Participant groupVariable

WaitlistTraining

Time 2BaselineTime 2Baseline

35.8839.5842.4236.96Healthy Eating Quiz

--31.5963.17FCTa: healthy food

--76.50234.68FCT: unhealthy food

6.885.58--TFEQb: hunger

--11.509.27TFEQ: cognitive restraint

a FCT: 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 IC training in overweight
and obese individuals. Traditional measures were used to assess
food consumption (HEQ, FCT) and attitudes toward food and
dieting (TFEQ). As a measure of general IC 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 an increase in scores on the cognitive restraint 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, a reduction in
immediate unhealthy food consumption and an increase in

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
an increase in healthy food consumption in the week 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, as well as strengthening resistance toward
unhealthy foods. Furthermore, the results provide some evidence
that these changes may have translated 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. Participants in 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 loss in dieters and
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improvements in avoiding unwanted food consumption [26].
Bryant and colleagues [27] showed that a weight loss
intervention developed cognitive restraint in some participants,
and this resulted in increased weight loss for these participants.
Although our study did not monitor weight loss, this increased
ability to control calorie intake may assist individuals to achieve
weight loss goals, especially as it can easily be used alongside
diets such as meal plans [2].

Our study incorporated psychophysiological methods to measure
the neural correlates of IC 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
a broad 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 (a process not targeted by
the IC training), as opposed to IC [39,40].

Training effects were present for the P3 ERP component, with
amplitude increases after training seen in the training but not
the waitlist conditions. This effect could be described as “global”
as it did not differ based on the stimulus type (ie, Go, Nogo)
and was consistent across the longer and shorter RTD Go/Nogo
tasks. However, the nature of the condition effect depended on
task difficulty; the shorter ISI 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 the left 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 was induced
and thus inhibitory “activation” was required to inhibit automatic
motor responses [41]. Given the established relationship between
the P3 ERP component and cancellation of a planned response
[42,43], these training effects for P3 are consistent with
improved IC abilities, with the degree of improvement more
evident in the easier of the 2 tasks.

Limitations
The results reported here should be considered in light of several
limitations, primarily because of the limited nature of this
preliminary study. Although all 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 benefits from the training, as IC abilities are
known to continue developing into adolescence [44]. Other
variables that affect food consumption, such as beverage intake
[45], mental 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 access to food and
obesity rates [48-50]. As the majority of participants were
female, our results cannot be generalized across sex. Females
and males have been shown to consume unhealthy food at

different rates, and for different reasons, particularly when
snacking [51].

Additionally, the study duration was relatively short and did
not use weight loss 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 all
featured in the training task or none at all to ascertain if training
on specific stimuli can transfer to general stimuli.

Most importantly, this study has focused on self-report
measures, which are inherently biased and vulnerable to demand
effects. Although the waitlist-control design helps to reduce the
effects of random error, the nonblind randomization of
participants means that individuals who know they are in a
waitlist versus training group may not respond as they 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. This subscale is linked to making poorer health food
choices [52], which may be the result of the control group
allowing themselves to “give in” to their food cravings, knowing
that they will be receiving a healthy eating intervention after
the experimental period. In the same way, those in 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 due to the training
itself. Although utilizing an active control condition (eg, having
participants read information about healthy eating choices) is
a potential 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 male and female
participants would improve statistical power.

Conclusions
This study, while preliminary, replicated and extended previous
food-related IC training research, by priming both inhibitory
responses to unhealthy food and approach responses toward
healthy foods. Inhibitory control training was delivered through
a purpose-designed, mobile phone app that allowed participants
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to complete the training at a time and place convenient to them.
Further research is required to assess if the observed changes
transfer to longer-term real-life contexts, such as weight loss.

As it is easy to complete and cheap to obtain, IC training is a
promising alternative or addition to existing obesity
interventions.
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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 a possible 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 general 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 tasks in 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 games is that 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 be leveraged for purposes beyond entertainment in the
form of gamification. The aim of gamification is to 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
is vital. There is 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. This is a particular problem
for Web-based studies where participants can simply close the
browser window and drop out of the study the moment they
decide it 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
this regard. If we can successfully import game design elements
into cognitive tasks without undermining their scientific value,
then we may be able to improve the 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
a number of outcomes, including working memory, attentional
capacity, problem solving, motivation, emotional control, and
prosocial 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
coherence in 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

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 deliberately 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
The following databases were searched electronically: PsycInfo,
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 available video games (ie, “off-the-shelf” games)
as well as gamelike tasks that have been in use for many years,
such as Space Fortress (see [16] for a review).

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,
decision 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
Involving 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 a task 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. Data relating 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 scaffolding 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

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 papers included in
the review was therefore 33. See Figure 1 for a flowchart of the
combined searches and Table 1 for details of all included studies.
We used Cohen K to assess inter-rater reliability of paper
inclusion at the 20% data check stage (7590 papers checked).
There was 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.a

CategoryGameFull titleAuthor, year

TestingSpace CodeGs invaders: Assessing a computer gamelike test of processing speedMcPherson and Burns, 2007
[17]

TestingSpace Matrix/Space
Code

Assessing the validity of computer gamelike tests of processing speed and
working memory

McPherson and Burns, 2008
[18]

TrainingXcogCognitive remediation improves cognition and good cognitive performance
increases time to relapse—results of a 5-year catamnestic study in
schizophrenia patients

Trapp et al, 2008 [19]

TestingEldergamesEldergames project: An innovative mixed reality table-top solution to pre-
serve cognitive functions in elderly people

Gamberini et al, 2009 [20]

TestingWii TestsNeuropsychological testing through a Nintendo Wii consoleGamberini, Cardullo, Seraglia,
and Bordin, 2010 [21]

TestingMegabotCan motivation normalize working memory and task persistence in children
with attention-deficit/hyperactivity disorder? The effects of money and
computer-gaming

Dovis, Oord, Wiers, and Prins,
2011 [22]

TestingRetirement PartyA context for normalizing impulsiveness at work for adults with attention
deficit/hyperactivity disorder (combined type)

Delisle and Braun, 2011 [23]

TrainingSupermechaDoes computerized working memory training with game elements enhance
motivation and training efficacy in children with ADHD?

Prins, Dovis, Ponsioen, ten
Brink, and van der Oord, 2011
[24]

TrainingCogolandA brain-computer interface based attention training program for treating
attention deficit hyperactivity disorder

Lim et al, 2012 [25]

TestingGroundskeeperA machine learning-based analysis of game data for attention deficit hyper-
activity disorder assessment

Heller et al, 2013 [26]

TestingEM-Ants and Ghost
Trap

Gamelike features might not improve dataHawkins et al, 2013 [9]

BothTap the HedgehogIn-game assessment and training of nonverbal cognitive skills using TagTilesVerhaegh, Fontijn, Aarts, and
Resing, 2013 [27]

TestingBAM-COGPuzzling with online games (BAM-COG): reliability, validity, and feasibil-
ity of an online self-monitor for cognitive performance in aging adults

Aalbers, Baars, Rikkert, and
Kessels, 2013 [28]

TrainingPlaymancerVideo game therapy for emotional regulation and impulsivity control in a
series of treated cases with bulimia nervosa

Fagundo et al, 2013 [29]

TrainingNeuroracerVideo game training enhances cognitive control in older adultsAnguera et al, 2013 [30]

TrainingBraingame BrianA pilot study of the efficacy of a computerized executive functioning reme-
diation training with game elements for children with ADHD in an outpatient
setting

van der Oord, Ponsioen, Geurts,
Ten Brink, and Prins, 2014 [31]

TestingThe Great Brain Ex-
periment

Crowdsourcing for cognitive science—the utility of smartphonesBrown et al, 2014 [32]

TestingWhack-a-moleDeveloping a serious game for cognitive assessment: choosing settings and
measuring performance

Tong and Chignell, 2014 [33]

TrainingWMTrainerDifferential effect of motivational features on training improvements in
school-based cognitive training

Katz, Jaeggi, Buschkuehl,
Stegman, and Shah, 2014 [34]

TrainingMACBETHImplicit and explicit training in the mitigation of cognitive bias through the
use of a serious game

Dunbar et al, 2013 [8]

TrainingCard-PairingA brain-computer interface based cognitive training system for healthy el-
derly: A randomised control pilot study for usability and preliminary efficacy

Lee et al, 2013 [35]

TestingVisual SearchIntrinsic motivation and attentional capture from gamelike features in a vi-
sual search task

Miranda and Palmer, 2013 [36]

TestingShapebuilderMeasuring working memory is all fun and games: A four-dimensional spatial
game predicts cognitive task performance

Atkins et al, 2014 [37]

TrainingWatermonsDissociable effects of game elements on motivation and cognition in a task
switching training in middle childhood

Dörrenbächer et al, 2014 [38]
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CategoryGameFull titleAuthor, year

TestingThe Great Brain Ex-
periment

Dissociating distractor-filtering at encoding and during maintenanceMcNab and Dolan, 2014 [39]

TrainingABMTAppMental health on the go: Effects of a gamified attention-bias modification
mobile application in trait-anxious adults

O’Toole and Dennis, 2014 [40]

TestingTENITENI: A comprehensive battery for cognitive assessment based on games
and technology

Tenorio Delgado, Arango
Uribe, Aparicio Alonso, and
Rosas Diaz, 2014 [41]

TrainingBraingame BrianWorking memory and cognitive flexibility-training for children with an
autism spectrum disorder: a randomized controlled trial

De Vries, Prins, Schmand, and
Geurts, 2015 [42]

TrainingBraingame BrianImproving executive functioning in children with ADHD: Training multiple
executive functions within the context of a computer game. A randomized
double-blind placebo controlled trial

Dovis, Van Der Oord, Wiers,
and Prins, 2015 [43]

TrainingSmart HarmonyEffects of a serious game training on cognitive functions in older adultsKim et al, 2015 [44]

BothKitchen and Cooking“Kitchen and cooking,” a serious game for mild cognitive impairment and
Alzheimer’s disease: a pilot study

Manera et al, 2015 [45]

TrainingGAMEGame elements improve performance in a working memory training taskNinaus et al, 2015 [46]

TestingVAP-MOn the comparison of a novel serious game and electroencephalography
biomarkers for early dementia screening

Tarnanas et al, 2015 [47]

aIn 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.

Why Do Researchers Use Gamification?
We searched each paper for explanations as to why a gamelike
task had been used and identified reasons for researchers opting
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
gave no motivations at all. Supplementary Table 1 in Multimedia

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

To Increase Participant Motivation
Although we assume that increasing participant motivation was
a goal for every study in this review, we found 16 studies that
explicitly used gamified tasks to measure or train cognition in
a more 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 is not a requirement. As such,
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 aims to increase engagement with tasks that might
otherwise be perceived as demotivating [48], and the highly
repetitive nature of cognitive tasks means they are ripe for
improvement.

To Increase Usability/Intuitiveness 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 a mouse 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, we found 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
a regular 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 was to assess the 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 data as 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 as a key 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

speed [55,56]. The “active ingredient” of this cognitive
enhancement effect is not yet known, but it comes as no surprise
that researchers who are interested 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 al explain [8],
games are uniquely suited to some forms of cognitive training
as they give the 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 is commonly 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, all of which can easily be delivered in a gamelike
environment [22,24,62].

What Are the 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 is also 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 the field.

Supplementary Table 4 in Multimedia Appendix 1 shows the
cognitive domains assessed. Working memory was the most
commonly tested domain. This is likely due to its ease of testing
and also because working memory deficit is a common symptom
in many disorders. General executive function (EF), attention,
and inhibition were also 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 Table 5 in 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. There is a smaller 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 studies we 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 studies that compared a gamelike task directly against
a nongamified counterpart, and these studies can shed light on
the specific effects of gamification on testing and training tasks.

Most gamified assessments were validated successfully. Wii
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 1 in Multimedia Appendix 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 a research 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-Mole’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 correlations with measures of working
memory, visuospatial ability, and processing speed were not
stable [18]. The fact that Space Code was thought to be a fairly
pure measure in one study and then was shown to be
mixed-domain in the next highlights the fact that designing
gamified cognitive tasks is difficult, and multiple, well-powered
validation studies may be required to ensure a task is measuring
what is intended.

Gamification also has the potential to invalidate a task. For
example, Retirement Party was compared against the
Continuous Performance Task-II in healthy controls and adults
with ADHD. The Continuous Performance Task-II 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

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 al [22]
studied whether different types of incentive could normalize
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 results indicate that performance
problems in ADHD training might be somewhat alleviated
through the use of gamelike tasks. This is further supported by
the study by Prins et al (Supermecha [24]), which found that
ADHD children completed more training trials (M=199.48,
SD=47.46 vs M=134.43, SD=34.18), with higher accuracy (69%
vs 51%), when trained using a gamified working memory
training task as opposed to a non–gamelike one. Children in the
gamelike condition were also more engaged and enjoyed the
training more, as measured by “absence time.” In a similar 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 overall participant performance in 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. The fully 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
the block. 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 a sense of player autonomy and competence.
The task-switching training was embedded within a rich
storyline and graphically 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
more willing to perform training when in the gamelike condition.

Miranda and Palmer [36] used a visual 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 due to attentional capture and did not improve
scores of subjective engagement. Points appeared to have no
effect on data and boosted subjective engagement scores. These
results highlight the delicate nature of designing gamified
cognitive tests because something as innocuous as a few sound
effects had deleterious effects on participant performance.

Finally, Hawkins et al, [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 be included 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 clinically
related reasons such as making tasks more interactive 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
a novel interface and gameplay, the target audience might feel
more comfortable.

We saw several games aimed at training and testing people with
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 reasons that psychologists are keen to 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 still maintaining a scientifically valid task. However, Katz
et al [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

research is required 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 typically contained many features and were
similar in appearance to commercial 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 a long period. In contrast, assessment games were simpler,
predominantly using 2D graphics, sound effects, score, and
theme to create the appearance of a game. Several games simply
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
minimal gamification is better than no gamification. The
simplicity of gamification employed is likely due to 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
We found 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 the intervention. Sample sizes were small in nearly
all of the studies we reviewed, and there was little consideration
of statistical power when sample sizes were 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 studies including 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
One limitation of this review is the necessity of a narrow scope.
Gamification in psychology and psychiatry is a rapidly 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 is that many of the studies
reviewed were of a preliminary nature, and as such, the findings
reported here should be considered tentative.

Conclusions
As discussed 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

research. Gamified cognitive tasks are more engaging than
traditional tasks, thus making the participant experience less
effortful and potentially reducing drop-outs in longitudinal
studies. Furthermore, despite concerns that some commonly
used game mechanics might reduce participant motivation [72]
(such as by having a visibly low score [73]), we saw no evidence
that this was the case. Indeed, gamification was reported as both
motivational and positive by study authors and participants
alike. Gamelike tasks may also reduce feelings of test anxiety
and allow alternative interfaces to cognitive tests that would
otherwise be difficult to deliver in certain populations. The
results of this review also show that it is possible to design
gamified cognitive assessments that validate well against more
traditional measures, providing that caution is taken to avoid
developing mixed-domain measures or masking deficits of
interest.

As cognitive research begins to move out of the laboratory and
onto personal computers and mobile devices, engagement will
be the key to collecting high-quality data. Gamification is likely
to play an important role in enabling this change; but further
research and more rigorous validation is needed to understand
the delicate interplay between game mechanics and cognitive
processes.
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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 developing 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 this is a paramount objective for validation to evaluate responsiveness in
intervention studies.

Objective: Specific assessment parameters have been developed using quantitative data directly derived from the data stream
during the game task of a training device (Physiomat). The aim of this study was to present data on construct validity, test–retest
reliability, sensitivity to change, and feasibility of this internal assessment approach, which allows the 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 (rs). For test–retest reliability, we used intra-class correlations (ICC3,1) 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 (rs=−.22 to .68, P ≤.001-.03), moderate (rs=−.33 to .71, P ≤.001-.004), and complex motor-cognitive Physiomat tasks
(rs=−.22 to .83, P ≤.001-.30) indicating a good construct validity. Moderate-to-high correlations between test and retest assessments
were found 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: Overall, Physiomat proved to have good psychometric qualities in people with mild-to-moderate dementia
representing a reliable, 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 interventions to delay
age-related physical or mental decline.

Using Exergames for Training and Assessment Purpose
Modern computer technology has yielded creative and
motivating procedures especially 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 a few 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 potential 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 motor 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 commercially available games such as
The Nintendo’s Wii Fit provides integrated approaches to
evaluate balance performance. Sensors measure bodily
movements, and algorithms automatically convert sensor
information into quantitative data, for example, the center of
pressure (COP) (eg, [10]). The COP is used 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 real
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
nonfallers (P ≤.001) as well as moderate criterion-related
validity (r=−.55 to −.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 (ICC=.29-.74), and
concurrent validity was also poor (r<.50) [13]. Goble et al [14]
indicate that these results suggest that game software–based

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

The data flow 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
a wide range of results in terms 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
commercially 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 (ICC=.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 (ICC=.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 (ICC=.92-.98) with force
platform–based assessments during balance tasks in people with
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
a force platform balance measurement and training device (Good
Balance), in which participants had to move their COP along a
track (a circle or a zigzag figure) shown on a computer screen,
indicated also good results (ICC=.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
game tasks used for training purpose. Some intervention 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 al [15] have developed an interface that
retrieves information from the Wii Balance Board, which can
be used to create a series of balance games for both training and
assessment. However, in this study, effects of a training with
game tasks developed with the interface (catching apples falling
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 al [25].

Although we could identify 2 studies that have validated
assessments based on the game’s original training tasks to obtain
a reliable 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 original 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 evaluate 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
commercially available games or research grade systems not
only in young participants without any injuries and history of
neurological and musculoskeletal 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 allowing a mere
classification of cognitive impairment by clinical screening
tools, for example, the Mini Mental State Examination (MMSE)
(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 inadequately screened for cognitive status
or screening process was 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
dementia diagnoses in this study was collected using the MMSE
[34] and the Frontal Assessment Battery [35], but only a small
sample (n=14) was included in the study.

As outlined previously, there are a number of validation studies
mainly focusing on reliability and validity analyses of
assessments incorporated into commercially available exergames

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
responsiveness in intervention studies. Feasibility analyses based
on documentations of completion rates, reasons for missing
responses, and mean completion time of assessment process
are also generally lacking. Commonly, questionnaires to 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 game task used for training
and therefore relate to similar but not identical or integrated
performances trained, (2) people with diagnosed dementia have
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 was to complement the pool of validated game-based
measurements that have already 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
are therefore direct marker of the training tasks. Parameters test
a much more complex performance including the interplay (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 feasibility.

Methods

Study Design
The validation study was part of a double-blind randomized
controlled trial (ISRCTN37232817) to improve motor-cognitive
functions in people with mild-to-moderate dementia. To prevent
high test burden in the frail and multimorbid sample, validation
measures were split. Assessments for 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 criteria were: age>65 years, place of residence
<15km from the study center, no severe neurological,
cardiovascular or psychiatric disorders, or visual deficits, ability
to walk 10 m without using a walking aid and written informed
consent (obtained by the patient or by a legal 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], a modified 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 subperformances lay under the 10% percentile
of the sample corresponding to a z-value of −1.3) were included
in the study.

Measurement and Data Collection

Physiomat Assessment
Physiomat (Physio = physiological, M=medical, A=active,
T=therapy, EPL medical engineering [39], Figure 1) has been
developed as a training 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. This device’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–lateral 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 a measuring range of 0-1000 digits
for each motion axis. This means that the movement excursion
of the platform is measured in digits/ms, and based on that sway
path and sway area are determined as quantitative parameters.
Movement excursion of the platform measured in digits/ms is
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 as used 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

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 a motor-cognitive task to test a complex performance
including the interplay (dual task) between challenging balance
and cognitive tasks, 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
movements that do commonly not coincide with evidence-based
neuropsychological tasks, we incorporated an internationally
established cognitive test (the Trail-Making Test) into a balance
training device. This test has been modified and successfully
validated for use in 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
prevents frequent floor effects as compared by the original tests
and is valid for the target sample of this study of cognitively
impaired persons. The test is sensitive also for early deficits in
the course of neurodegenerative diseases and documents
cognitive subperformances such as executive functions including
procedural 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) as fast 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 movements is 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 levels would 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
as a moving 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) challenging
postural control while standing without using the handles (Figure
4). Tasks also 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 FTBTs, the degree of
movements was limited by a larger 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

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

in mm2/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
as there were 3 levels (PTMTs: 4, 9, and 20 digits; PBTs: 3, 10,
and 30 seconds) indicating that all complexity levels have been
performed successfully. For the total score including all PTMTs,
PBTs, and the FTBT, a maximum 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. Example for complex Physiomat Trail-Making Task (PTMT). Participants were instructed to capture digits in correct order as fast as possible
by shifting the weight to numbered targets.

Figure 3. Physiomat Follow-the-Ball Task (FTBT). Participants were instructed to follow a yellow 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 a yellow target for 3,
10 and 30 seconds without using the grab rails.

Descriptive Measures
Demographic and clinical characteristics including age, gender,
education, social status (independent or institutionalized),
number of falls in the previous year, 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-I)
[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 MMSE [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 analyses were performed on SPSS 22.0 for Windows.
Descriptive data are 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 data were not normally distributed,
nonparametric tests were used in addition to parametric tests.

Construct Validity
Spearman’s rank correlations 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

predefined hypotheses [44,45]. The hypotheses are given in
detail in Table 3. Our assumptions can be summarized briefly
as follows:

Cognitive measures as MMSE and especially ZVT-G were
expected to be associated with PTMTs because both
motor-cognitive Physiomat tasks and the mentioned tests require
multiple cognitive abilities. A higher correlation with ZVT-G
was expected because both tests assess a similar 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 (rs < .2),
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moderate (rs = .2-.5), or high (rs > .5) correlations. In addition,
we used ICC 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 baseline values of a RCT (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 participants to 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.

Effect sizes were calculated 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 (completion 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 as a slip 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 outcomes was related 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.

Table 1. Descriptive characteristics of the participants.a

All participants

N=105
Characteristicsb

82.7 (5.9)Age (years), mean (SD)

76 (72.4)Gender (female), n (%)

11.8 (2.9)Education (years), mean (SD)

31 (29.5)Social status (institutionalized), n (%)

21.9 (2.8)Cognitive status MMSEb (sum score), mean (SD)

2.8 (2.3)Depression GDSc (sum score), mean (SD)

19 (18.1)Indicated depression (GDS score >5), n (%)

49 (46.7)Number of falls, n (%)

9.2 (2.8)Fear of falling FES-Id (sum score), mean (SD)

8.2 (4.1)Number of diagnosis, mean (SD)

18.4 (11.3)TUGe (test duration in seconds)

22.3 (4.0)POMAf (total score)

a Given are sample size (N), mean and standard deviation (SD) or percentages (%) of the sample of all characteristics.
b MMSE: Mini-Mental-State Examination
c GDS: Geriatric Depression Scale
d FES-I: Falls Efficacy Scale International
e TUG: Timed Up and Go
f POMA: Performance-Oriented Mobility Assessment
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We separated the validation measures into 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),
visual impairment (n=2), and fear of assessment using Physiomat
(n=1). Sensitivity to change was assessed in 47 participants in
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

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 associations 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.

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

Complex PTMT (P value)Moderate PTMT (P val-
ue)

Simple PTMTb (P value)Variable (unit)Test

.61d (P ≤.001).71d (P ≤.001)68d (P ≤.001)Duration (time in seconds)FTBTc

−0.34g (P=.10)−0.03f (P=.79)0.11f (P=.31)sway path (mm/second)PBTe 10 sec.

0.08f (P=.71)−0.40g (P ≤.001)−0.22g (P=.03)Total scorePOMAh

0.19f (P=.35)0.48g (P ≤.001)0.22g (P=.03)Duration (time in seconds)TUGi

0.66d (P ≤.001)0.35g (P=.002)0.29g (P=.004)Total scoreMMSEj

0.83d (P ≤.001)0.44g (P ≤.001)0.36g (P ≤.001)Duration (time in s)ZVT-Gk

−0.22g (P=.30)−0.19f (P=.12)−0.25g (P=.02)Total scoreZN-Gl

−0.16f (P=.12)−0.42g (P=.04)−0.33g (P=.004)Number of quoted wordsWordlist immediate recall

a Given are Spearman’s rank correlations (rs) between simple (4 numbers), moderate (9 numbers), and complex (20 numbers) PTMTs and motor-functional
(FTBT, moderate PBT, POMA, and TUG) and cognitive outcomes (MMSE, ZVT-G, ZN-G and wordlist immediate recall).
b Physiomat Trail-Making Task
c FTBT: Follow-The-Ball Task
d High correlation (rs > .5)
e PBT: Physiomat-Balance-Task
f Low correlation (rs < .2)
g Moderate correlation (.2 ≥ rs ≤ .5)
h POMA: performance-oriented mobility assessment
i TUG: Timed Up and Go
j MMSE: Mini-Mental-State Examination
k ZVT-G: modified version of the Trail-Making-Test A
l 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
(rs=.61-.71). Correlations with PBT, POMA, and TUG were
low to moderate (rs= −.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

with instruments measuring memory skills were low to moderate
(ZN-G: rs= −.19 to −.25; wordlist immediate recall: rs= −.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 PTMTs regarding
temporal parameters (time in seconds) indicating excellent
construct validity [45].
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Table 3. Results of 8 predefined hypotheses.

Hypothesis confirmed?Hypothesisa

Expected associations with cognitive outcome measures

No.

YesWe expected moderate-to-high associations between PTMTsb and MMSEc as both assessments
measure multiple cognitive functions.

1

YesWe expected more pronounced associations between PTMTs and ZVT-Gd as both assessments
measure a similar construct where particularly attentional abilities are demanded.

2

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

3

Yes (except ZN-Ge)We expected higher associations of cognitive outcome measures with increasing complexity
of PTMTs as for difficult Physiomat levels cognitive demands may predominate.

4

Expected associations with motor-functional outcome measures

YesWe expected associations between PTMTs and TUGf as well as POMAg as also balance per-
formances are demanded in each of the assessments, although not comparable in type of assess-
ment.

5

YesWe expected pronounced associations between PTMTs and FTBTh as FTBT is a preliminary
Physiomat training task requiring similar strategies of balance performances.

6

YesWe expected a less association between PTMTs and the moderate PBTi (10 seconds) as this
Physiomat task requires a different strategy of balance performance.

7

NoWe expected higher associations of motor-functional outcomes with decreasing complexity of
PTMTs as for simple Physiomat levels motor-functions demands may predominate.

8

a 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.
b PTMT: Physiomat Trail-Making Task
c MMSE: Mini-Mental-State Examination
d ZVT-G: modified version of the Trail-Making-Test A
e ZN-G: repeating numbers
f TUG: Timed Up and Go
g POMA: performance-oriented mobility assessment
h FTBT: Follow-The-Ball Task
i PBT: Physiomat-Balance Task

Test–Retest Reliability
For almost all outcomes of Physiomat measures and for
requirement level concerning all Physiomat tasks (total, PBT,

and PTMT score) moderate-to-high correlations between test
and retest assessment were found indicating good to excellent
test–retest reliability (Tables 4 and 5).
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Table 4. Test–retest results of all Physiomat tasks and requirement level (Spearman’s rank correlations).

P valuersMean (SD)

Retest

Mean (SD)

Test

NVariable (unit)Test

PBTa 3 Sec

≤.001.48b120.6 (84.1)134.4 (83.9)71Sway path (mm/second)

≤.001.45b534.7(1289.1)627.7(1311.3)Sway area (mm2/second)

PBT 10
Sec

≤.001.68c568.7 (292.6)571.3 (312.2)68Sway path (mm/second)

≤.001.60c627.7 (1120.2)654.5 (1164.8)Sway area (mm2/second)

PBT 30 Sec

≤.001.78c1589.8 (844.1)1719.3 (1020.5)61Sway path (mm/second)

≤.001.75c563.7 (1015.2)750.2 (1729.2)Sway area (mm2/second)

FTBTd

≤.001.74c3269.1 (1005.5)3449.1 (1044.2)73Sway path (mm/second)

≤.001.69c21.2 (6.8)20.9 (5.4)Duration (time in seconds)

≤.001.59c1774.7 (343.4)1883.7 (558.5)73Sway path (mm/second)Simple

PTMTe

≤.001.60c8.2 (2.9)8.2 (2.8)Duration (time in seconds)

Moderate
PTMT

≤.001.78c3630.9 (923.8)3722.3 (910.9)69Sway path (mm/second)

≤.001.74c19.9 (6.2)20.8 (5.9)Duration (time in seconds)

Complex
PTMT

≤.001.80c8111.1 (2170.9)8319.4 (2220.8)47Sway path (mm/second)

≤.001.87c49.1 (16.7)51.0 (16.2)Duration (time in seconds)

≤.001.89c6.3 (1.1)6.3 (1.1)74Total Score

≤.001.89c2.6 (0.6)2.6 (0.6)74PTMT Score

≤.001.87c2.7 (0.7)2.8 (0.7)74PBT Score

a PBT: Physiomat-Balance Tasks
b moderate correlation (.2 ≥ rs ≤ .5)
c high correlation (rs > .5)
d FTBT: Follow-The-Ball Task
e PTMT: Physiomat Trail-Making Task

Regarding Spearman’s rank correlations reliability for the total
sample was moderate to high (rs=.45-.89) for all 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 score rs=.89; PTMT score rs =.89; and

PBT score rs=.87). Moderate correlations were only found for
sway path (rs =.48) and sway area (rs=.45) of the simple PBT
(3 seconds). Overall, 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 (ICCsa).

P valueICC (95%CI)Mean (SD)

Retest

Mean (SD)

Test

NVariable (unit)Test

S

≤.001.50b (.30-.66)120.6 (84.1)134.4 (83.9)71Sway path (mm/second)

≤.001.73b (.59-.82)534.7 (1289.1)627.7 (1311.3)Sway area (mm2/seconds)

PBTc 10 Sec

≤.001.66b (.50-.78)568.7 (292.6)571.3 (312.2)68Sway path (mm/second)

≤.001.57b (.38-.71)627.7 (1120.2)654.5 (1164.8)Sway area (mm2/s)

PBT 30 Sec

≤.001.73b (.59-.83)1589.8 (844.1)1719.3 (1020.5)61Sway path (mm/seconds)

.005.32d (.08-.53)563.7 (1015.2)750.2 (1729.2)Sway area (mm2/seconds)

FTBTe

≤.001.84f (.76-.89)3269.1 (1005.5)3449.1 (1044.2)73Sway path (mm/second)

≤.001.79f (.68-.86)21.2 (6.8)20.9 (5.4)Duration (time in seconds)

Simple

PTMTg

≤.001.47b (.27-.63)1774.7 (343.4)1883.7 (558.5)73Sway path (mm/second)

≤.001.55b (.37-.69)8.2 (2.9)8.2 (2.8)Duration (time in seconds)

Moderate
PTMT

≤.001.74b (.61-.82)3630.9 (923.8)3722.3 (910.9)69Sway path (mm/second)

≤.001.79f (.68-.87)19.9 (6.2)20.8 (5.9)Duration (time in seconds)

Complex
PTMT

≤.001.82f (.69-.89)8111.1 (2170.9)8319.4 (2220.8)47Sway path (mm/second)

≤.001.83f (.72-.91)49.1 (16.7)51.0 (16.2)Duration (time in seconds)

Total score

≤.001.92f (.88-.95)6.3 (1.1)6.3 (1.1)74Score

PTMT score

≤.001.90f (.85-.94)2.6 (0.6)2.6 (0.6)74Score

PBT score

≤.001.89f (.84-.93)2.7 (0.7)2.8 (0.7)74Score

a ICC: intraclass correlations
b moderate ICC (.40 ≤ ICC ≤.75)
c PBT: Physiomat-Balance Tasks
d Low ICC (< .40)
e FTBT: Follow-The-Ball Task
f high ICC (ICC >.75)
g PTMT: Physiomat Trail-Making Task

Regarding ICCs, moderate-to-high test–retest reliability
(ICC=.47-.92) was found for almost all variables. Only sway
path of the complex Physiomat balance task (30 seconds) was

below the threshold of moderate reliability (ICC <.40). High
ICCs were found for sway path (ICC=.82) and duration
(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). ICCs increase with complexity level of PTMT. For
sway path (ICC=.84) and duration (ICC=.79) of FTBT, high
correlations were proven, too.

Spearman’s correlations and ICCs were all significantly different
from zero at a.01 level (P ≤ .001).

To examine potential influence of deviating subsamples in
different conditions (larger sample in 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.

P valueICC (95%CI)Mean (SD)

Retest

Mean (SD)

Test
NaVariable (unit)Test

Simple PTMTb

.006.36c (.09-.59)1793.1 (313.9)1799.9 (417.6)47Sway path (mm/second)

.001.44d (.18-.64)7.5 (2.5)7.3 (2.2)Duration (time in seconds)

Moderate PTMT

≤.001.75d (.59-.85)3602.8 (674.5)3660.4 (675.4)47Sway path (mm/second)

≤.001.79e (.66-.88)18.6 (4.3)19.2 (4.2)Duration (time in seconds)

Complex PTMT

≤.001.81e (.69-.89)8204.9 (2145.3)8392.7 (2248.3)47Sway path (mm/second)

≤.001.84e (.72-.91)49.1 (16.7)51.0 (16.2)Duration (time in seconds)

a 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
c Low ICC (< .40)
d Moderate ICC (.40 ≤ ICC ≤.75)
e High ICCs (ICC >.75)

Results are comparable to the results of the nonselected group.
Moderate-to-high test–retest reliability (ICC=.44-.84) was found
for almost all variables. Only sway path of the simple PTMT
was below the threshold of moderate reliability (ICC<.40). ICCs
also increase with complexity level of PTMT.

Sensitivity to Change
All trained Physiomat tasks (FTBT and PTMTs) showed
significant improvements indicating good-to-excellent sensitivity
to change. Results of the Wilcoxon test and effects sizes (SRMs)
are outlined in Table 7.
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Table 7. Sensitivity to change for trained Physiomat tasks.

SRMbP valueaMean (SD)

T2 – after intervention period

Mean (SD)

T1 – before intervention
period

NVariable (unit)Test

FTBTc

0.4d≤.0013135.4 (569.6)4356.5 (3064.8)47Sway path (mm/second)

0.7e≤.00118.6 (4.3)19.3 (4.6)Duration (time in seconds)

Simple PTMTf

(4 numbers)

0.3d≤.0011732.5 (307.3)2944.3 (4597.5)45Sway path (mm/second)

0.5e≤.0017.2 (1.9)17.6 (21.9)Duration (time in seconds)

Moderate PTMT

(9 numbers)

0.7e≤.0013472.5 (643.1)4296.5 (1482.6)37Sway path (mm/second)

1.1g≤.00118.5(4.1)28.6(10.6)Duration (time in seconds)

Complex PTMT

(20 numbers)

0.8e.016850.6 (1341.2)8361.7 (2269.5)14Sway path (mm/second)

2.0g.00137.5 (7.8)57.6 (11.7)Duration (time in seconds)

1.1g≤.0012.8 (0.6)2.0 (0.8)47PTMT Score

aP 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).
c FTBT: Follow-The-Ball Task
d Small effect size (SRM=0.2-0.5)
e Moderate effect size (SRM=0.5-0.8)
f PTMT: Physiomat Trail-Making Task
g Large effect size (SRM >0.8)

Results showed significant changes (P ≤ .001) of both spatial
and temporal 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).
There were also significant changes (P ≤ .001) for requirement
level concerning motor-cognitive Physiomat tasks (PTMT score)
with a large effect size (SRM=1.1).

Feasibility
Physiomat assessment was found to be practicable by frail, old,
and multimorbid persons with mild to moderate–stage dementia.
There were no clinical events, slips, 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)

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 problems in assessing and analyzing the
data occurred. Results of response rates are illustrated 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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Figure 5. Feasibility analysis including response rates during a consecutive Physiomat assessment.

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 gameplay.
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 dementia who 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 this purpose, Spearman‘s rank correlations
between temporal parameters (test duration in seconds) of
simple, moderate, and complex PTMTs and theoretically related
motor-functional as well as cognitive measures were calculated.
Almost all predefined hypotheses could be confirmed indicating
a good construct validity of Physiomat assessment.

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 especially
including attentional abilities and 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 participants that investigated the relationship between
interactive computerized assessment strategies comparable to
Physiomat and cognitive test batteries, which do not use
technological devices, although game-based assessments require
a combination of motor and cognitive abilities. Expected higher
associations of motor-functional instruments with decreasing
complexity of PTMTs could not have conclusively identified
for all tests (Table 2). Except the Physiomat balance task,
highest correlations of motor-functional tests (FTBT, TUG, and
POMA) were actually found with moderate and simple PTMTs,
and expected lowest associations between complex PTMTs and
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 leads to 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 cognitive tasks,
which could explain stronger correlations between
motor-functional outcome measures and easier levels of PTMTs
in our study.

We could not find any studies that have investigated the
relationship between interactive assessment methods and
established motor tests in 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 a Wii Balance Board dynamic balance task measuring
shifting of body weight to follow a visual feedback target and
the TUG, which is comparable to our findings. A further study
examining the association of TUG scores and different levels
of a computer-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 scores especially at relatively easy Biodex
Balance System levels (higher stability of the foot platform).
This is comparable to our results including higher correlations
between the simple and moderate PTMTs (less digits to connect/
less path of movement) and TUG. Significant stronger
associations with relatively easy tasks (simple and moderate
PTMT) indicate that the assessment of balance performance
using motor-cognitive Physiomat tasks should be conducted at
a simple or moderate level.

Test–Retest Reliability
Almost all Physiomat outcome measures showed
moderate-to-high correlations 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. These findings are comparable to results of test–retest
analyses of temporal (time used to complete the test) and spatial
(the extent of the path moved by the COP during the test)
variables of different dynamic balance tasks using a force
platform with visual biofeedback in nondemented female nursing
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 due to illness-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

time) and spatial (maximum excursion during test performance)
variables.

Regarding test–retest reliability of motor-cognitive Physiomat
tasks (PTMTs), we found an association 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 a task-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 simple
to complex tasks have been reported by Lezak et al [54]
attributed to the results of Oliveira et al [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 as it reproduced significant improvements regarding
all trained Physiomat tasks (FTBT as well as simple, moderate,
and complex PTMTs) after a 10-week (twice a week/10 minutes)
intervention period. In this study, temporal parameters of
PTMTs and 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 be the result of the test
instruction to “perform the FTBT and the PTMTs as fast—not
as accurate—as possible,” which focused on speed rather than
accuracy of action. Results refer 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 game training. Results may also be influenced
by variance of measurement as spatial outcomes showed higher
SD compared with temporal outcomes leading 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 previous findings 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 is the very large effect sizes documented in
highly trained outcomes representing the maximal potential
change to be achieved, which are of paramount methodological
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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
participants to 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 reports in force platform–based assessment strategies that
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, all subjects could cope with the FTBT,
and most participants could perform lower complexity levels
of simple and moderate PBTs and simple and moderate PTMTs.
As expected, response rate of the complex tasks was lower based
on the higher request on motor-cognitive performance.
According to the participants’ reports, fatigue based on
motor-functional or cognitive limitations was the 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 events were significantly associated with
inadequate reports on anxiety-related events such as falls in old
age [59]. As denial 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
minutes for the comprehensive Physiomat test protocol including
a detailed and clear instruction, several trials and breaks between
single tasks, and performance levels. As in the original test
protocol, more than 3 tasks (simple, moderate, and complex
PTMTs) as documented in this validation study were assessed
and the completion time to perform those will be substantially

reduced. Time to 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, falls, and slips 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 levels in 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 all test, comparability of
psychometric quality may be influenced by slight change of
samples 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 performances trained 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 effects in a rapidly 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 (ISB), 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 participants in the HC
and LC groups were more likely to increase in perceived susceptibility to cancer (P=.03), perceived severity of cancer (P=.02),
and ISB (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 an immediate 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
cells in the game is related to the increase in perceived severity (B=0.1, SE 0.03, P=.001), and perceived susceptibility is related
to changes in 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 potential to increase cancer risk
perception and ISB. 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 ISB. The findings call for the development of a Web-based, game-based intervention for
cancer risk communication and information seeking among young adults.
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http://www.controlled-trials.com/ISRCTN15789289 (Archived by WebCite at http://www.webcitation.org/6jGYZC3lZ)

(JMIR Serious Games 2016;4(2):e13)   doi:10.2196/games.5793
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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
less than half of Americans look for cancer information [2]. By
promoting ISB [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 ISB 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 has found 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, the lack of ISB 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
risks and ISB [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 ISB. 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 a video 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 a fully 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 adhere to 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 a result, 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

Re-Mission might modify risk perception in healthy young
adults. This would indicate whether there is a potential to design
a digital game for the promotion of cancer preventing behaviors
among young adults.

One theory supporting an association between game-play and
cancer preventing behaviors is the 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 adults who play Re-Mission at ‘high challenge’ (HC) are
more likely to increase perceived severity of cancer, perceived
susceptibility to cancer, and cancer-related ISB, compared with
young adults who play Re-Mission at ‘low challenge’ (LC) or
do not play Re-Mission. We also hypothesized that (1) perceived
threat in the gaming intervention is related to perceived
susceptibility and perceived severity, and (2) such secondary
outcomes are related to ISB.

Methods

Game Intervention Format and Key Features
The story in Re-Mission revolves around Roxxi, a nanorobot
designed by a doctor 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 a virtual cancer patient
that needs assistance. The game gives the players control over
the movement of Roxxi, who undertakes missions to fight cancer
cells in a three-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
players to 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 is a key feature of challenge in 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 adhere to 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 × 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 eligibility of all interested undergraduate
students through a screening conducted before participation.
Inclusionary criteria were 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 criteria involved having a medical 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 institutional 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 at HC (n=85), an
intervention group playing Re-Mission at LC (n=81), and a
control group with no challenge (NC; presented with illustrated
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-mechanics to form an HC environment:
(1) difficulty level (ie, amount of ammunition needed to destroy
a cancer cell), (2) vulnerability 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 a pictorial depiction of manipulation.

The NC condition involved the presentation of several
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). Each illustration included a textual description of
the event and the context of the game. As a result, this condition
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 a driver of health
outcomes.

Implementation
A verbal announcement was made in 3 undergraduate classes
at a northeastern university. Each class included approximately
500 young adults. A Web-based announcement was also posted

through the course material announcement page, and interested
students were able to contact the research team for participation.
Recruitment continued for a period of 2 months, or until
reaching the target sample size. 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 the random allocation sequence. The research assistant
enrolled participants and assigned them to groups. Concealed
envelopes were used to implement the random allocation while
concealing the sequence 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 a tutorial 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
time the players completed the mission and every time they 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.

Participants in all 3 conditions were invited to complete a survey
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 a result 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).

Measures
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 is the only survey that occurred in the presence
of a research assistant, who was only available for technical
assistance. The primary outcome ISB 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
variables that might affect play behavior in a challenging 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

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 α 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.

αbDescriptionT2aT1aMeasures

Mean

(SD)

Mean

(SD)

.71dTwo items: “Have you paid attention to any cancer information in the
past week or so?” and “Have you attempted to look for information about
cancer in the past week or so?” (from 1=not at all to 9=a whole lot).

2.16

(1.50)

2.12

(1.50)

ISB

.91Participants were asked how possible they were to contract cancer in the
next year, in 5 years, in 10 years, and in their life-time (from 1=not at
all possible to 7=extremely possible).

3.17

(1.20)

2.92

(1.22)

Perceived susceptibility

.80Four items such as “Cancer is a serious disease that can kill” (from 1=very
strongly disagree to 7=very strongly agree).

5.67

(1.13)

5.71

(1.28)

Perceived severity

.79Ten items such as “I am able to control my level of anxiety while playing
a video game” (from 1=very strongly disagree to 7=very strongly agree).

-5.00

(0.98)

General control over stress

.77Five items such as “There is little I can do to change threatening events”
(Reverse coded; from 1=very strongly disagree to 7=very strongly agree).

-4.64

(0.99)

General reaction to threat

.85Six items such as “I am very skilled at playing shooting games” (from
1=very strongly disagree to 7=very strongly agree).

-3.72

(1.34)

General perceived skills in
game play

-One open-ended question: “How many hours per week do you spend
playing computer games?”

-2.71

(4.98)

Frequency of game play

.95An adapted scale with 9 items such as “For me to feel in control over all
cancer cells was difficult” (from 1=very strongly disagree to 7=very
strongly agree).

4.11

(1.84)

-Perceived control over

Re-Mission

.90Four items such as “Playing Re-Mission has challenged me to perform
to the best of my abilities” (from 1=very strongly disagree to 7=very
strongly agree).

3.69

(1.39)

-Perceived challenge

.92Four 9-point semantic differential items such as “While playing

Re-Mission, how threatening did you feel cancer cells to be?” (from
0=not at all threatening to 8=extremely threatening).

4.70

(2.27)

-Perceived threat from virtual
cancer cells

.91Eight 9-point semantic differential items (e.g., dislike/like and not worth
owning/worth owning).

4.22

(1.70)

-Attitude toward Re-Mission

aT1 and T2 indicate measures at pretest and post-game play respectively for all participants. T2 for ISB indicates 20-day follow-up.
bCoefficients for Cronbach’s α 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.
dIndicates Pearson’s correlation between 2 items, instead of Cronbach’s α.

Sample Size and Statistical Analysis
Sample size was estimated on the basis of a previous pilot study
of 44 young adults [19]. Analyses targeted detection of an effect
size of 0.15 (Cohen's d) with 85% power and α=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,

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, skills in 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 also 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 alpha over 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) × 3 (time; baseline, 10-day and
20-day follow-up) factorial design for ISB, and at four
time-points in a 3 (treatment) × 4 (time; baseline, post-test,
10-day, and 20-day follow-up) factorial design for perceived
cancer severity and susceptibility. ISB was not measured at
immediate posttest because participants did not yet have the
chance to seek cancer information. Intervention effects on the
change in outcomes over time were determined by the treatment
× time interaction 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 ISB change. ISB change is a variable measured by
subtracting the ISB score at baseline from the ISB score at
10-day follow-up.

Logistic regression analysis was also conducted to determine
group differences in ISB at three time-points (baseline, 10-day,
and 20-day follow-up). In this case, the ISB measure was treated
as a dichotomous variable with “not at all” 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 logistic 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 models with the interactions (1) gender × condition
× time, (2) ethnicity × condition × time, (3) prior cancer history
× condition × time, and (4) general perceived skills in game
play × condition × time predicting ISB.

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, ISB), a repeated-measures, mixed-effect model
was conducted controlling for the intervention effect, age,
gender, and ethnicity.

Results

Attrition and Intervention 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 adults took 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 (F1,201=3.40, P=.07), gender

(χ2
1=0.17, P=.68), ethnicity (χ2

4=7.08, P=.13), usual frequency
of gameplay at preintervention (F1,203=0.09, P=.76), or control
over stress (F1,180=0.02, P=.90). Similarly, there were no
differences between participants who did and those who did not
continue to 20-day follow-up with respect to age (F1,201=0.08,

P=.78), gender (χ2
1=0.03, P=.85), ethnicity (χ2

4=4.65, P=.32),
usual frequency of gameplay at preintervention (F1,203=0.07,
P=.79), or control over stress (F1,180=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.

P bParticipants, n (%)aCharacteristics

Total sample

(n=216)

High challenge

(n=85)

Low challenge

(n=81)

No challenge (control)

(n=50)

Age, years

.138 (17.6)15 (17.7)20 (24.7)3 (6.0)18

52 (24.1)21 (24.7)21 (25.9)10 (20.0)19

49 (22.7)24 (28.2)13 (16.1)12 (24.0)20

31 (14.6)13 (15.3)9 (11.1)9 (18.0)21

32 (14.8)9 (10.6)11 (13.6)12 (24.0)≥22

14 (6.5)3 (3.5)7 (8.6)4 (8.0)Missing

Gender

.599 (45.6)43 (50.6)37 (45.7)19 (37.3)Male

104 (47.9)39 (45.9)37 (45.7)27 (54.0)Female

14 (6.5)3 (3.5)7 (8.6)4 (8.0)Missing

Race/ethnicity

.1131 (60.2)46 (54.1)50 (61.7)34 (68.0)White/Caucasian

40 (18.5)21 (24.7)15 (18.5)4 (8.0)Asian

8 (3.7)3 (3.5)4 (4.9)1 (2.0)Hispanic/Latino

17 (7.9)10 (11.8)3 (3.7)4 (8.0)African American

3 (1.4)1 (1.12)0 (0.0)2 (4.0)American Indian/Alaska Native

18 (8.3)4 (4.7)9 (11.1)5 (10.0)Missing

Prior cancer screening

.732 (14.8)11 (12.9)13 (16.1)8 (15.7)Yes

169 (77.9)70 (82.4)61 (75.3)38 (74.5)No

16 (7.4)4 (4.7)7 (8.6)5 (9.8)Missing

Prior cancer diagnosis

.62 (14.8)0 (0.0)1 (1.2)1 (2.0)Yes

200 (79.6)81 (85.9)73 (74.1)46 (90.2)No

15 (6.9)4 (4.7)7 (8.6)4 (7.8)Missing

aPercentages may not sum to 100% due to rounding.
bTest 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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Figure 1. 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.

η2PF aHigh challengeLow challengeControlVariables

Mean (SD)Mean (SD)Mean (SD)

Manipulation-dependent personality traitsb and gaming experience

<.001.980.013.71 (1.36)3.72 (1.37)3.77 (1.26)General perceived skills in game play

.005.630.454.70 (1.04)4.64 (0.98)4.47 (1.00)General reaction to threat

.001.870.145.04 (0.94)4.98 (1.05)4.93 (0.94)General control over stress

.008.440.832.79 (8.50)1.70 (3.13)3.00 (5.31)Number of hours of game play per week

Expected manipulation outcomesc

.006.480.744.28 (1.80)4.32(1.65)3.96 (1.61)Attitude toward Re-Mission

.14<.00127.393.29 (1.21)4.42 (1.55)-Perceived control over Re-Mission

.07<.00112.064.04 (1.22)3.33 (1.47)-Perceived challenge in playing Re-Mission

.05.0058.025.18 (2.19)4.21 (2.22)-Perceived threat from cancer cells

aEight separate one-way ANOVAs analyzing the differences between the conditions.
bPersonality traits that are considered are those that may affect the manipulation of challenge. No differences were found in such traits between groups.
cOutcomes 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,
as well as any personality traits that 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. As expected, players in the HC condition, compared
with the LC condition, were less likely to perceive control over
game play. In addition, players at HC were more likely to
experience positive challenge and perceive threat from cancer
cells in the game (Table 3).

At baseline, there were no significant differences between the
conditions with respect to perceived severity (F2,110=0.49, P=.61)
or ISB (F2,139=0.49, P=.17). However, perceived susceptibility
to cancer was greater among participants in the control group,
compared with participants in the HC group (F2,110=3.46, P=.03).
Subsequent analyses controlled for this baseline group difference
by including the baseline variable as an independent variable
in the mixed-effect model.

Checking for Confounders
To check for potential 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 a function of being

female (χ2
2=1.51, P=.47), being White/Caucasian (χ2

2=5.25,

P=.07), having personal or social cancer history (χ2
2=1.04,

P=.59), or reporting having skills in game play (F2,176=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 alpha of 0.05, and a sample size of 101, there was
90.70% power to detect small-to-moderate overall effect
(Cohen's d=0.15). The same power analysis to test ISB revealed
that with 3 groups, 3 repeated measures, a constant correlation
of 0.5, an alpha 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).

Perceived Susceptibility to Cancer
Mixed-effect models showed a significant group × 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, a significant increase was observed
from posttest to 10-day follow-up (B=0.47, SE 0.16, P=.005)
and a marginal increase from 10-day to 20-day follow-up
(B=0.56, SE 0.31, P=.07). For the HC group, a significant
increase in 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. ISB, information seeking behavior; NC, no challenge; LC, low challenge; HC, high challenge.
P-values present significance for the group × time interaction effect.

Perceived Severity of Cancer
A significant group × 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 a significant 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 × 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 to increase in ISB, compared with participants in the NC
group. Also, from baseline to 20-day follow-up, participants in
the LC group (B=1.50, SE 0.52, P=.004) and the HC group
(B=1.42, SE 0.51, P=.005) were more likely to increase in ISB,
compared with participants in the NC group. Interestingly, ISB
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 (ISB at 20-day follow
up – ISB at baseline) was significantly higher for LC compared
with NC (F2,42=3.60, P=.004), and higher for HC compared
with NC (F2,42= 2.96, P=.008).

With ISB as a dichotomous variable, mixed-effect logistic
regression indicated a significant group × time interaction effect
(P=.007). Participants in the LC group were more likely to have
sought cancer information at 10-day follow-up (OR 5.10, 95%
CI 1.06-24.46, P=.04) and 20-day follow-up (OR 121.89, 95%
CI 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 to increases in ISB from
baseline to 10-day follow-up (B=0.21, SE 0.08, P=.008). There
was a marginal significant relationship between the increase in
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 increases in
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 success in 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, as well
as a seeking of cancer-related information. The findings also
indicated that the perception of threat during the intervention
increased perceived severity of cancer.

This trial is the first to present the potential use of Re-Mission
for cancer risk communication among healthy young adults.
Gaming features in 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 cells and
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 a low level of challenge was associated
with a slower change (10-day follow-up), which marginally
increased in the longer term (20-day follow-up). This indicates
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 LC 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 experience likely 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 increase in their
perception of the severity of cancer, and even showed a decrease
in the longer term. Such results are consistent with other research
indicating that interactive experience is an 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 LC groups were more
likely to demonstrate an increase in ISB from baseline to 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.

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 is perceived susceptibility that was found to be related to ISB.
As a result, the antecedents of perceived susceptibility warrant
further investigation in order to understand how ISB occurs
following the gaming intervention.

Our previous investigations with Re-Mission indicated that
threat perception is associated with fear when facing the cancer
cells in the game [41]. Effects of perceived threat can be further
investigated during future research, in order to understand the
role of emotions in 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 a period of time, and the results found in this
study might not be characteristic of more extensive play. The
results may also be affected by the tutorial, 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 a relatively 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, this did not stop 101 participants to continue
in the study, and keep acceptable power for data analysis. Future
work with college students may need to consider a more suitable
timing for data collection.

While the results explain short-term effects on information
seeking, they do not consider long-term opportunities for 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 ISB. The current study did not
inspect specific types of ISB. However, our pilot study indicated
relationships between general ISB 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 healthy young adults (eg,
improvement in healthy eating or prevention of tobacco
smoking). However, our results indicate 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 ISB 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
young adults to experience the consequences of their actions in

the game. In particular, a new intervention may allow young
adults to explore the risks of cancer-promoting behaviors (eg,
smoking), as well as the 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
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
arose in the field 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 chronic illnesses. This paper discusses the validation of a framework
(called The Wheel of Sukr) that was introduced to achieve this goal.

Objective: This research aims to (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: The results provide a validation of the framework. This indicates that gamification might improve the self-management
of chronic illnesses, such as diabetes. Namely, the eight themes in 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 Wheel 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):e14)   doi:10.2196/games.5943

KEYWORDS

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

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 a focus 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

medication, manage illness, and monitor health. Also, online
communities can provide patients with the emotional and
psychological support they need. However, some Web and
mobile health care interventions in their current form lack
effective and engaging qualities; they may not appeal to a lot
of patients and their effect is temporary.

Gamification could be the solution to effective health care
interventions. It is a concept 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 employs the innate urge for recognition and instant
positive feedback as a way 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 ways to achieve goals,
satisfy personal needs, fulfill leader expectations, and gain
rewards or incentives [6]. The health care community is now
realizing the power of gamification on motivation [7-10]. Thus,
some gamification features have been incorporated in a number
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 also incorporated in some
self-management apps for diabetic patients such as MySugr
[14]. MySugr helps users track their blood glucose levels along
with other relevant data such as their carbohydrate intake and
medication. The app also allows users to 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 as it is available only to users in 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]. Diabetes is considered the “disease of the
21st century,” and the most common chronic illness in the world
[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]. This includes the ability to deal with diabetes
requirements such as lifestyle 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 make the tedious
and repetitive tasks of managing a chronic illness such as
diabetes rewarding and more engaging [12]. Moreover, it can
lead to an increase in the adoption of digital health care services,
which is generally 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

services, especially 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 to which it is applied, 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, this is the first framework that
targets the use of gamification in the self-management of chronic
illnesses (more details of the design rationale are found in [21]).
It combines game elements, self-management practices, and
behavioral change methods to provide effective and better
self-management systems that reinforce healthier behavior. The
framework addresses the issues 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. Self-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 a bond 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 a fruitful experience for the user, where
gamification in a social and psychological context can result in
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 diabetes in Saudi Arabia.
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Figure 1. The Wheel of Sukr.

Methods

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

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

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 experts were selected from the University of Southampton.
The overall total number of experts was eight (Table 1), and no
more expert interviews were required since the data from the
interviews approached a saturation level.

Table 1. Interview experts.

Expert #Expert

Experts #1, #3, #4, #8Diabetic doctors

Experts #2, #5Psychologists and psychiatrists

Experts #6, #7Game experts

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 socializing. After that, the interviews were analyzed
based on the coded tags and in relation to the research question
and literature.

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
questions 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 its themes instead of focusing on the
technical concepts of the elements. This is because gamification
may not be a familiar topic to most participants.

The target audience of the questionnaire is diabetics in Saudi
Arabia, where diabetes is wide spread (3.4 million in 2015) and
has a high prevalence [34,35]. Saudi Arabia is 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
is a quarter of the region’s total of 60,700 patients [34].

The sample contains 42 participants. The questionnaire was
sent to a number 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:

• H0 (null hypothesis): median ≤3
• H1 (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]. Specifically, alpha is 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
hypothesis to 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 a number of researchers for feedback. Moreover, the questions
were placed randomly (not according to the themes), and a few
questions were repeated in different places to ensure validity
of the answers. Finally, Cronbach alpha was applied to check
the internal consistency of the questionnaire.

Sample
The snowball method was used to select the sample for the
patients’ questionnaire. Prior to the distribution of the
questionnaire, the sample size was estimated using the program
G*power, setting alpha=.05, β=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.

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 immediate experience with diabetics
in Saudi Arabia. Similarly, psychologists and psychiatrists
provided insight into the psychological issues that diabetics face
in Saudi Arabia that can affect their self-management. As for
game experts, their input was specifically focused on the
elements derived from gamification/game literature. The overall
findings of the interviews provided the validation of the Wheel
of Sukr.

Fun
The idea of creating an enjoyable experience for 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 enjoyable in
whichever form it comes. This will help patients’ self-esteem.”
Furthermore, Expert #8 who regularly participates in events for
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
a diabetic patient needs. Moreover, it creates a good environment
for gamification where the existence of a social 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
adolescents is very big. In fact, it could leave a stronger impact
on the patient than that of the doctor.” Therefore, the social and
community aspect of the framework can be essential in
providing support for diabetics and tying in all the other themes
of the framework.

Esteem
Experts agreed that diabetes has a stigma in Saudi Arabia. The
parents and family of diabetic individuals enforce this by 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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Self-Management
According to some experts, some diabetics feel stigmatized and
may be shy in dealing with their condition when they are
participating in social activities. In turn, this could 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 affects the ability of some patients to 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 patients lack
motivation in terms of self-management. Therefore, a gamified
self-management tool should take this into 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 also
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 essential 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 theme is a vital 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

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. This is reinforced
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
patients where they 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 users into the desired behavior for self-management.

In general, 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 the importance of such projects
for the diabetic people in Saudi, especially because of the
conservative nature of the community. Thus, a gamified online
system could help immensely in motivating diabetics and
keeping their privacy. Additionally, Expert #5 pointed out that
using game elements is 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 enjoyable experience of self-management is important.

Questionnaire Results

Summary
Table 2 shows the results of Part 1 of the questionnaire, which
contained multiple-choice questions on demographical questions
and habits related to their self-management.
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Table 2. Data from Part 1 of the questionnaire.

Responses, %Question/answer choice

Age group, years

21.4318-20

30.9521-25

11.9026-30

14.2931-35

21.4336-40

Gender

76.19Female

23.81Male

When were you diagnosed with diabetes?

14.290-1 years

26.192-4 years

14.295-8 years

45.249+ years

Do you have friends with diabetes?

71.43Yes

28.57No

Do you keep a log of all your daily test results?

40.48Yes

59.52No

How do you log your daily test results?

66.67Manually (using a pen and paper)

33.33Electronically (using mobile apps, computer systems, etc)

Table 3 shows the results of the second part of the questionnaire,
which contained Likert-scale questions on the themes of the
framework. Each theme was associated with a number of
questions to measure the attitude towards the theme (see
Multimedia Appendix 1). For example, the fun theme has 5
questions related to it. The frequencies for each Likert-scale

item (eg, strongly agree) were averaged. This result is shown
in the first column in Table 3 (39.05%). In addition, the sum of
the “strongly agree” and “agree” answers is shown in the “sum”
column (75.71%). Similarly, the sum of the “disagree” and
“strongly disagree” is shown. The same procedure was done
for all the questions.

Table 3. Frequency table (results as percentages).

SumStrongly disagreeDisagreeNeutralSumAgreeStrongly agree

100.004.760.953.8119.5275.7136.6739.05Fun

100.0013.231.5911.6418.7867.9934.1333.86Social

100.009.520.798.7311.1179.3744.4434.92Esteem

100.0014.292.3811.9013.1072.6248.8123.81Self-management

100.0011.112.388.7311.9076.9838.1038.89Motivation

100.003.330.482.868.5788.1044.7643.33Growth

100.0020.631.5919.0536.5142.8623.8119.05Self-representation

100.0010.710.0010.7120.8368.4541.0727.38Sustainability

It is worth mentioning that the Cronbach alpha test was applied
to the questionnaire, and the result was 0.91, which indicates
an internal consistency of the questionnaire.

Fun
Overall, when we average the frequencies of the answers to
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 suggests that the majority
of the participants support the importance of the fun theme,
since it helps them 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 this theme. It is worth 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.

Self-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 a need for developing
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.
This theme 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) is important
since this enables them to self-manage their condition.

Self-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 is important
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. This indicates that
online self-representation is important to a significant number
of the participants, which suggests that the self-representation
theme is indeed relevant.

Sustainability
The results 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 a great deal of attention in the
health care field. It has been pointed out that there is a lack of
professional criteria or guidelines to help developers in creating
effective apps utilizing gamification and behavioral change
theories [11]. This paper presents a validated framework for
gamifying the self-management of chronic illnesses to fill a gap
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 Wheel of Sukr is the first of its kind.

Self-management of chronic illnesses, especially in diabetes,
can be turned into an engaging and enjoyable experience by the
use of gamification. The results of this study support this notion
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 elements in
creating an enjoyable and rewarding experience that could lead
to positive behavioral change. This, in turn, is reinforced 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. This is confirmed by the results
of the interviews and the questionnaire. In particular, experts
emphasized the positive impact of social media and peer support
on patients. Additionally, the results of the questionnaire indicate

JMIR Serious Games 2016 | vol. 4 | iss. 2 | e14 | p.70http://games.jmir.org/2016/2/e14/
(page number not for citation purposes)

AlMarshedi et alJMIR SERIOUS GAMES

XSL•FO
RenderX

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


that patients would like to share positive results with 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 a fun 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
questionnaire. This is because it enables them to track their
progress and compare it 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 are in 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.
The results of 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 the issues raised by the experts and enables it to satisfy
the patients’ expectations.

Providing real-time feedback that is meaningful and relevant
to users is an essential part of gamification [21]. The feedback
can come in many forms including rewards and graphs of blood
tests. The latter will help users learn more about their condition
and recognize patterns. This is supported by the majority of
participants in the questionnaire who mentioned that they would
like to 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. Participants in the questionnaire also supported this.

Many of them stressed that they would like their virtual accounts
to reflect their personality, which is an integral part of the Wheel
of Sukr.

The correlation between gamification and health behavior
theories has been discussed [11]. It was mentioned that even
though gamification apps for health 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 a level 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
quantitative (questionnaire) methods [42], which allows for a
well-rounded representation [43]. Moreover, the data were
collected from both experts and patients, using interviews and
questionnaires. The results from the interviews and the
questionnaires complement each other. In fact, relying on the
expert interviews alone would have resulted in a loss 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 a successful gamified self-management tool. The results
are based on the input of medical 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 developers in
creating better gamified self-managing tools by taking into
account all of its themes: self-monitoring, socializing,
self-representation, fun, esteem, motivation, sustainability, and
growth. Each one of the themes has a number of elements. These
themes combined could create the right conditions for a gamified
environment to improve the self-management of chronic
illnesses and make it an easier and enjoyable process.

Overall, 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 also
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-care is
an important research area that needs further investigation. This
framework sets the stage for further studies such as creating
specific guidelines for gamification (such work is already in
progress).
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Abstract

Background: Virtual reality (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 this study, we sought to determine how differences in 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 a three-dimensional television (3DTV) and a head-mounted display (HMD). The participant’s avatar was presented
from a third-person perspective on a 3DTV 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 relative to 3DTV, participants indicated that HMD 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 visual 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.

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

KEYWORDS

virtual reality; avatar presentation; joint kinematics

Introduction

Virtual reality (VR) has been used to shape motion in patients
with various orthopedic and neurologic impairments (eg, low
back pain, cerebral vascular accident) for a number of years
[1-4]. As commercial VR systems become increasingly

affordable, the feasibility of applying this technology to both
clinical and home settings holds great potential for clinical
rehabilitation. A particular advantage of VR is that a variety of
visual stimuli can be presented and manipulated in real-time to
provide insights into neural control of movement and to guide
or shape joint motion. However, given the variety of platforms
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available to present VR stimuli, it is important to better
understand how differences in 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 a recent study reported no effect
of display type (ie, three-dimensional [3D] image projected on
a large 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 errors were 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 a slightly larger displacement of the whole
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 the influence 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 presence in VR was weakened when the avatar
was viewed from a third-person perspective [13,14], there is no
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], as well as among asymptomatic
individuals with kinesiophobia who have recently recovered
from an episode of low back pain [17]. To address this problem,
we developed a VR 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
I randomized controlled trial to examine feasibility and safety
among individuals with chronic low back pain and high levels
of pain-related fear [21]. In this initial 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

beyond the laboratory and clinic and into the home environment,
this study was designed to compare movement patterns when
Virtual Dodgeball is presented on a 3DTV display versus a less
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 criteria included a history of low back injury,
low back pain within the last 6 months, and any orthopedic,
neurological, or visual 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 three levels
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 Virtual 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 a comfortable speed holding a regulation
dodge ball (24 cm diameter) with both hands. They performed
reaches to each of three targets located 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 differences in 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 balanced 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 virtual 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 a video of gameplay).

Virtual Environment
Vizard software (WorldViz) was used to develop the virtual
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 all 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
effective refresh rate of 60 Hz/eye. The participant viewed their
slightly translucent avatar from a third-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
as follows: horizontal=50°, vertical=40°. In the HMD 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
the avatar’s eyes. The FOV for the HMD display was as follows:
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
players moved 3 m fore-aft and 3 m left-right in a random 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 a virtual ball changed color
300 ms prior to launch to alert the participant. If the opponent

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 game levels, each lasting
approximately 2 minutes. There were two sets of 15 launched
balls within each game level. The intended impact locations 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 IH4 (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 (IH0=highest impact) and approximately their
shins (IH4=lowest impact) across the three levels of gameplay
(see Figure 2). Three balls were launched 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, challenging, 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 across to 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

experience along six dimensions: Mental Demand, Physical
Demand, Temporal Demand, Performance, Effort, and
Frustration. In the context of assessing display type on Virtual
Dodgeball, this measure provides insight into differences in 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 the impact heights (IH0-IH4) 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.
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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. First, time-series position vector of the right index fingertip
was smoothed using a 41-point fourth-order Savitzky-Golay
filter [27]. That is, at each sample time, 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 velocity 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 change in 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 correlation 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 initial 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,

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 as the between-subjects variable, and environment type
(3DTV, HMD), IH (IH0-IH4), 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 data were 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 made to intercept the launched virtual balls in the 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 (F4,12=12.76, P<.001). As illustrated in Figure
3, this is driven primarily by the differences in movement times
between the movements to virtual balls launched to IH0 (ie,
duck condition) compared virtual balls launched to IH1-4 (ie,
block conditions). Specifically, movement times for IH0
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-IH4.

Figure 3. Effect of 3D television (3DTV) versus a head-mounted display (HMD) on movement time for each impact height (IH).
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Hand Position at Ball Contact
As illustrated in Figure 4, there was an interaction of Display
Type and IH of the launched virtual balls for the AP axis
(F4,12=8.44, P=.002) and the vertical axis (F4,12=9.18, P=.01).
As expected, there was also a main effect of IH on hand position
at intercept with the launched virtual balls for the AP axis
(F1,15=29.28, P<.001), the ML axis (F1,15=12.11, P<.001), and
the vertical axis (F1,15=119.66, P<.001). There were also
significant effects of Display Type on hand position at intercept
with the launched virtual balls for the AP axis (F1,15=16.39,

P=.001), the ML axis (F1,15=17.61, P=.001), and the vertical
axis (F1,15=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). There was 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 (F1-15=11.16, P=.001).

Figure 4. Effects of 3D television (3DTV) versus a head-mounted display (HMD) 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.

Joint Excursions
There were significant interactions of Display Type by IH for
on joint excursions of the ankle (F4,12=7.43, P=.003), knee
(F4,12=19.00, P<.001), hip (F4,12=8.45, P=.002), spine
(F1,15=5.26, P=.011), shoulder (F4,12=5.76, P=.001), and elbow
(F4,12=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 balls to IH0 (ie, balls that

required the participant to duck). For the ankle, knee, hip, spine,
and shoulder, the joint 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 tasks is depicted in Figure 6, which is derived
from the mean join excursions across target heights, mean
participant height (70”), and estimating limb segment lengths
from Winter [29].
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Figure 5. 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.

Figure 6. Effects of 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 (F4,12=5.63, P=.001),

ML axis (F4,12=6.03, P=.001), and vertical axis (F4,12=9.95,
P=.001). As shown in Figure 7, with the exception of IH0, 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 axis was for launched virtual balls to IH0. 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 (F1,15=12.64, P=.003) and vertical

axis (F1,15=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 8.6 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.

Task Load Index
Analysis of the Task Load Index data (Figure 8) revealed that,
relative to the 3DTV, participants indicated 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

demand, temporal demand (ie, perceived time pressure), or
overall effort required. Examination of the effects of display
type on success rate during gameplay revealed 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 (F1,15=142.
4, P<.001).

Figure 8. Effects of 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 Virtual
Dodgeball with the HMD, participants had larger excursions of
the postural joints compared to gameplay on the 3DTV. This
appears to reflect an overall shift in how participants respond
to the launched virtual balls when using the HMD such that
they intercept the virtual balls further in front of their body and
from a lower 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 (vertical axis) in gameplay with HMD compared to 3DTV
(Figure 2). It has been suggested that distance is underestimated
in virtual reality space due, in part, to a restricted FOV [9].
However, the FOV for the 3DTV (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 less than 3DTV; however, that is clearly not what we found.
Thus, FOV does not provide a plausible explanation for the
differences in hand position at target intercept between the visual
displays. This finding really indicates a difference in strategy,
as it is a robust finding across the various IHs of the virtual
launched balls. The exception is, of course, for the virtual balls
launched to IH0 (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 differences in FOV do not provide an explanation for the
differences in 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 the whole-body COM was also greater
in the 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 stability as
intercepting dynamic targets performed from a standing position.
It does not appear that conservation of displacement of COM
is a significant factor in the difference in movement strategies
observed in Virtual Dodgeball played with two display types.

It is possible that differences in joint excursions between the
visual displays could be driven, in part, by differences in
movement time to 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 Virtual
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 differences in 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 streams to the
avatars in both display types is 100 Hz with the 3DTV, paired
with the shutter goggles, having an effective update rate of 60
Hz/eye and the HMD having an update rate of 75 Hz. Thus the
difference in refresh rates results in 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
time for humans is approximately 166 ms and visual lags effect
performance at about 200 ms [30]. Thus, it is highly unlikely
that difference in refresh rates was a driving factor of the
difference in 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 a task 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 a 3DTV [7], but in that 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
possible that display type was the driving factor of the observed
differences in 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
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participant satisfaction with overall performance, and less
frustration.

Limitations
A limitation of this study is that it cannot assign differences in
motor performance in these tasks simply to avatar perspective.
The differences could also be due to the use of a 3DTV versus
the HMD, or to differences in display of the avatar (ie,
first-person versus third-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 data are

important for the development of virtual reality assessment and
treatment tools that are becoming increasingly practical for
home and clinic use. Because a primary goal of virtual reality
within rehabilitation is often to restore movement following
orthopedic or neurologic injury, it is important to understand
how presentation of the avatar or, by extension, camera position
will affect motor behavior regardless of the display through
which it is presented (ie, 3DTV or HMD). Use of home devices
such as the Kinect sensor to track and presents an avatar in a
third-person perspective may result in very different motor
behavior when compared to the same tasks being presented
from a first-person perspective.
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3DTV: three-dimensional television
AP: anterior posterior
COM: center of mass
FOV: field of view
HMD: head-mounted display
ML: medial lateral
VR: virtual reality
TLX: task load index
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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 (ρ=.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 a valid tool to assess specific strengths and weaknesses in young children with
ADHD.

(JMIR Serious Games 2016;4(2):e15)   doi:10.2196/games.5997
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Introduction

Assessment of children’s cognitive strengths and weaknesses
is an important focus of clinical child neuropsychological
research and clinical care worldwide [1]. Cognitive abilities are
quantified traditionally by use of, for example, paper-and-pencil
performance tests and more recently with computer-assisted
tools [2,3]. Performances on traditional 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 a decreased
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 needs to do [5]. Also, introducing a context
(eg, by introducing cognitive tests in the context of a story) 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 is relatively easy to implement these immediate rewards,
to adapt difficulty levels, to implement a story, and to use
intrinsic fantasy elements. This leads to a situation in which the
child does not have the feeling of being assessed but instead
thinks that he or she is playing a game [10]. This is especially
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 a measure 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 less well
than older children on all mini-games (in line with studies on,
eg, cognitive development [12] and time perception [13,14]).

For this purpose, age-related differences in a group 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 a task
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. The first pathway is related to cognitive functions
and is called the inhibitory-based executive dysfunction. This
pathway views ADHD as a disorder of dysregulation of thought
and action associated with diminished inhibitory control (ie,
executive functions). In the second pathway, ADHD is explained
as a motivational style associated with fundamental alterations
in reward mechanisms. Children with ADHD are assumed to
prefer small immediate rewards over large delayed rewards,
which results in inattentive, overactive, and impulsive 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 years that 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.
Neuropsychological measurements (which are used to examine
possible deficits in 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 deficits in 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, a story line was included 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 some training tools with a story 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
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continuous performance test resulted in more distractibility in
children with ADHD than in their healthy peers [23].

In summary, the aim of this study was to 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 participate in

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 a letter about the study
and asked to participate, via the children’s school. Informed
consent of 62 children with a diagnosis of ADHD was acquired.
A total of 22 children did not meet the inclusion criteria because
they had a comorbid 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 a diagnosis 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
questions based on the most recent version of the DSM [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 special 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.

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

Table 1. Characteristics of all participants.

ADHDa groupTypically developing

children

Characteristics

4096Number of participants

30/1043/53Boys/girls

6-84-8Age range, years

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

87.92 (13.05)94.74 (10.79)Verbal IQ (WPPSI-III-NLb Vocabulary), mean (SD)

aADHD: attention-deficit/hyperactivity disorder.
bWPPSI-III-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 a first-person view to simulate
the feeling of presence, to make the child feel like he or she is
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

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 evaluated
by children and by psychologists who were not part of the
development team. This feedback 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 mechanisms to 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
garments are 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. This task gives information on the planning
and organization skills of the child. The order in which the child
selects the clothes is assessed to see whether the child is capable
of planning his or her actions in the right order. The child can
get a total 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 these ingredients and select them in the same order

as presented by Timo. The first sandwich starts with 2
ingredients, adding up to 5 ingredients in the last sandwich.
This task is a measurement 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 al [33]
found that the capacity of the working memory in children with
ADHD is markedly lower. In this task, the child can get a total
score of 5 points: one for each correct sandwich.

In the third task, the mini-game Monkey (inhibition), a monkey
has thrown banana peels on the road (see Figure 3). To cross
the road, the child needs to swipe the banana peels and clear
the road. However, if the monkey sees the 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. This is a go or no-go
task that gives information on the response inhibition of the
child: is the child capable of inhibiting his or her response until
the monkey hides? Children with ADHD have deficits in this
response inhibition and they can be inclined 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
time for 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).

Figure 4. Screenshot of the mini-game Magic Land (simple reaction time).
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Figure 5. Screenshot of the mini-game Rocket (reward mechanisms).

Pathway 2: Reward Mechanisms

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 (a flight in
the rocket, after 2 minutes of waiting). The child can end the
task at any moment. Impulsive behavior occurs when responding
produces more immediate, 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 a river
with a broken bridge (see Figure 6). To cross the river, the child
needs to inflate a balloon with the balloon machine by producing

a time interval of 10 seconds. A produced interval between 9
and 11 seconds results in a perfect balloon. When the produced
interval is smaller than 9 seconds the balloon falls into 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 absolute 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).

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

Statistics
Data were analyzed with IBM SPSS Statistics version 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 + 3 times its 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 developing 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 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,
resulting in a control group of 57 children. An independent

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; t67=1.92, P=.11), therefore
it was not necessary to correct for IQ in further analyses.

Finally, it was analyzed on which variables children with ADHD
scored significantly different scores from normally developing
children. Again, all 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. In the categorical
variables, Pearson chi-square analyses were performed.

Results

Descriptive Statistics of All Variables
Means and standard deviations for all 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 all 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.

Pathway 3: Time Perception
In the time production task (Balloon), older children produced
significantly more correct balloons (ρ= .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).

P valueAgeaVariables

Pathway 1: executive functions

.46ρ=−.08Dressing up, total score

.66r=−.05Dressing up, clicks

.05ρ=.21Sandwich, total score

.71r=.09Sandwich, clicks

.18r=.14Balloon, clicks

.001r=−.33Monkey, failures

.45r=.08Monkey, clicks

<.001r=.60Magic Land, number of collected stars

<.001r=−.49Magic Land, average time for collected stars

.14r=.16Magic Land, clicks

Pathway 2: reward mechanisms

.65ρ=.05Rocket, reward

.50r=.07Rocket, time waited

Pathway 3: time perception

<.001ρ=.35Balloon, correct

.01r=−.25Balloon, average time for attempts

ar: Pearson correlation; ρ: Spearman correlation.

Table 3. Structure matrix in discriminant analysis.

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

Output variable

−.82Magic Land, number of clicks

.40Magic Land, number of collected stars

.34Balloon, number of clicks

.31Monkey, number of failures

.29Dressing up, total score

−.27Rocket, time waited

−.18Balloon, number of correct balloons

.17Sandwich, total score

.14Sandwich, number of clicks

.11Magic Land, average reaction time for collected stars

−.10Rocket, small (=0) or large (=1) reward

.09Monkey, number of clicks

−.02Balloon, average time taken to inflate balloons

.01Dressing up, number of clicks
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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 Λ=.51,

χ2
14=50.8, P<.001. The structure matrix (see Table 3) revealed

that especially the number of mouse clicks in 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) 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. Overall, 78% (76/97) of the children were
correctly classified as being in the ADHD group or in the control
group. Sensitivity of Timo’s Adventure was 0.89 and specificity
was 0.69.

Group Differences on Individual Variables
Because the combination of all 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; χ2
2=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 clicks in collecting stars than children
in the control group (U=389.50, P<.001, r=−.55).
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Table 4. Results on 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.

Effect sizeP valueStatisticSDMeanGroupVariable

Dressing up, total score (0-2)

Va=.35.003χ2
2=11.410.561.18Controls

0.810.93ADHDb

Dressing up, number of clicks (minimum for a satisfying result is 4 clicks)

rd=−.17.09Uc=895.0014.3217.59Controls

22.6126.14ADHD

Sandwich, total score (0-5)

 p
2=.01e.50Ff

1,95=0.471.100.89Controls

0.971.05ADHD

Sandwich, number of clicks (minimum for 5 correct sandwiches is 22 clicks)

r=−.12.25U=823.0051.1287.49Controls

53.4892.57ADHD

Balloon, number of clicks (minimum for 3 correct balloons is 6)

r=−.12.24U=945.5093.91108.52Controls

227.87206.87ADHD

Monkey, number of failures (minimum is 0)

 p
2=.03.09F1,96=2.971.330.77Controls

1.481.26ADHD

Monkey, number of clicks (minimum to complete the task is 6)

 p
2=.01.37F1,96=0.822.2029.72Controls

1.6233.83ADHD

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

 p
2=0.03.09F1,95=2.9210.8737.61Controls

8.3341.41ADHD

Magic Land, average reaction time for collected stars

 p
2=0.00.88F1,95=0.020.552.25Controls

0.482.22ADHD

Magic Land, number of clicks

r=−.55<.001U=389.5019.5276.27Controls

89.68155.65ADHD

aV: Cramer’s V.
bADHD: attention-deficit/hyperactivity disorder.
cU: Mann-Whitney test.
dr: Pearson correlation coefficient.
e p

2: partial variance explained.

JMIR Serious Games 2016 | vol. 4 | iss. 2 | e15 | p.97http://games.jmir.org/2016/2/e15/
(page number not for citation purposes)

Peijnenborgh et alJMIR SERIOUS GAMES

XSL•FO
RenderX

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


Table 5. Results on 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.

Effect sizeP valueStatisticSDMeanGroupVariable

Rocket, small (=0) or large (=1) reward

Va=.28.01χ2
1=7.30.500.55Controls

0.460.28ADHDb

Rocket, time waited (minimum is 0 seconds, maximum is 120 seconds)

 p
2=.06d.02F1,92=5.5250.0580.98Controls

50.1356.26ADHD

aV: Cramer’s V.
bADHD: attention-deficit/hyperactivity disorder.
c p

2: partial variance explained.

Pathway 2: Reward Mechanisms

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

was found (χ2
1=7.3, P=.01, V=.28). Also, the total time that 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

(F1,92 =5.52, P=.02,  p
2=.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. Results on 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.

Effect sizeP valueStatisticSDMeanGroupVariable

Balloon, number of correct balloons (minimum is 0, maximum is 3)

 p
2=.00a.80F1,96=0.071.092.25Controls

1.062.21ADHDb

Balloon, average time taken to inflate balloons

 p
2=.02.20F1,96=1.694.054.33Controls

2.013.38ADHD

b p
2: 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 results in promising effects in the field of interventions. For
instance, children with ADHD benefit from game-based training
tools on executive functions such as Braingame Brian and
Cogmed, as was reported in a review by Peijnenborgh et al [39].
Important elements of these training tools are believed to be the
use of fantasy, a story line, adaptation of the degree of difficulty,
and the use of immediate rewards. However, most studies focus
on training tools, whereas in our research a diagnostic tool was
studied. This computerized diagnostic tool, named Timo’s
Adventure, was developed for young children (between 4 and
8 years old) to investigate the presence of the 3 distinct patterns
of possible deficits in ADHD as described in the triple-pathway

model by Sonuga-Barke and colleagues. To our knowledge,
this is 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
correlations with age in 2 of the 3 pathways. The older the child,
the faster he or she is in completing the tasks. Furthermore, it
was found that older children are better in inhibiting their
response on a go or no-go task. This is in line with previous
research (eg, [40,41]). Also, in a reaction time task, older
children have better responses on alertness and have better
reactions to visually presented stimuli after a visual warning
signal. Again, this is in 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. This is in line with 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
effects were found in the second pathway (reward mechanisms),
indicating that age does not influence the choice between
immediate or delayed rewards. This might be caused by the fact
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 was found 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 the individual variables that help
to differentiate between children with and without ADHD, we
found several significant differences between both groups. In
the first pathway (executive functions), we found that children
with ADHD have significantly more irrelevant mouse clicks on
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 chose the large but delayed
reward less often than the control group and did not wait as long
as the control group before deciding to end the task. This is in
line with previous research, which states that children with
ADHD have an aversion for delay [48]. No significant

differences were found in the third pathway of Sonuga-Barke’s
model (time perception). Although timing deficits are known
in children with ADHD, it is not uncommon that time production
tasks do not result in significant effects [49]. Further research
is necessary to gain more information 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 extra 14% 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, analysis of Cronbach
alpha would automatically result in low consistency between
the items. It would be interesting to test children several times,
to collect data for 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 a combination) 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 are included 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. This suggests that Timo’s Adventure can be of added
value in the diagnosis of ADHD because it helps in formulating
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 a period 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: Results indicated perceived behavioral control and intrinsic motivation acted as positive drivers to game engagement
and consequently positive health behavior. Importantly, external social 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 a low-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 is required to evaluate the generalizability and effectiveness of the framework, directly against current behavioral support
therapy interventions in smoking cessation and beyond.

(JMIR Serious Games 2016;4(2):e18)   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 is a leading 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 individuals 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
a 19% year-on-year reduction [5,6]. As a result, 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 Institute 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
question: 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 was identified as a critical 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 users to complete tasks more

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
on to identify 7 “core ingredients” that can be used as persuasive
strategies to promote behavioral change.

The application of gamification in mHealth is an emerging field.
Sparx, 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 JMIR 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 health 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 the implementation of such interventions [20]. The aim
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.

Figure 1. How motivational affordances lead to behavioral outcomes [19].
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Table 1. Intervention comparison.

Puff AwayKwit 2Game Components

Google Play - 4.2 /5Apple store - 4.5 /5Store rating

NonexistentProgress tracking

Level system

Goal setting

NonexistentInformation facilitating growth

Learning and development

Capacity to overcome challenges

NonexistentMessages via achievement systemProviding feedback on performance

NonexistentRewards from levels and achievements

Avoiding punishment associated with smoking

Reinforcement

NonexistentNonexistentComparing progress

NonexistentFacebook

Twitter

Social connectivity

NonexistentMinimalFun and playfulness

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 apps to 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 the following 4 criteria: a smoker currently
intent on quitting; 18+ years old; English speaker; and owner
of a smartphone. We excluded those with smoking-related
illnesses. Participants were recruited from local smoking support
groups and university campuses in London. Each participant
was then randomly allocated to a cohort 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 Imperial College Research Ethics Committee.

Interview Procedure
We conducted semistructured, one-on-one interviews with
participants (30 minutes). Four interviews were conducted with
each participant over the course of 5 weeks. The first 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

behavior and emotions being tracked and recorded. Interviewers
were instructed to neither encourage nor discourage the
participant’s smoking behavior so as to minimize any effect on
their behavior. Interview questions were formulated and then
discussed with 2 independent, experienced qualitative
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, as well as
the specific effects of the game components. The final 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 all 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. These interview scripts
were then used to manually generate codes for recurring patterns
across participants. The codes were then analyzed to form
overarching themes, all of which were defined by the 3
researchers. Ambiguities were resolved in discussion. This was
a recursive 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 a reflexivity journal. Once the themes had been completed
and defined, the researchers went back to the initial data sample
to verify the accuracy of the overarching themes.
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Expert Interviews
Semistructured interviews with 4 experts were conducted. The
experts were initially 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 Development,
and Director at Because Play Matters game lab, 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
& Royal Brompton Hospital. A semistructured interview was
conducted with each expert affording an in-depth multifaceted
exploration of both gamification and smoking cessation. The

transcripts from these interviews underwent the same manual
thematic coding procedure as outlined for the longitudinal
participant interviews.

Results

Participant Characteristics
Of the 19 participants initially recruited, 3 participants dropped
out after the week 0 interview. Of the 3 dropouts, 2 were in 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 analysis is 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
the first time. Additional characteristics are summarized in Table
2

Table 2. Participant characteristics.

Non-Gamified users

(n=7)

Gamified Users

(n=9)

Characteristic

n (%)n (%)

28.1 (range, 20-52)26.22 (range, 18-45)Mean age

Cultural split

2 (29)5 (56)South Asian

1 (14)2 (22)Arab

2 (29)2 (22)Caucasian/British

2 (29)-East Asian

Gender

2 (29)3 (33)Female

5 (71)6 (67)Male

Occupation

6 (86)6 (67)Student (undergraduate and postgraduate)

2 (29)4 (44)Working(part-time or full-time)
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Figure 2. Analysis of results.

Figure 3. Thematic analysis.
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Longitudinal Participant Interviews
A total of 57 interviews were conducted across a 5-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
the interviews.

Three overarching themes that 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 refers to 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. Finally, 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 motivation. Figure 2 illustrates the relationship
between the themes from the participant interviews, the other
data sources and the drivers to behavioral change.

Drivers and 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 I 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 I really need a cigarette right
now?’

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].

This finding can be explained by the Health Belief Model, which
states that positive behavioral change can arise from increasing
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… this is
what happens in real life terms of making people want
to quit smoking.

Driver 2 - Goal Setting
The progress tracking mechanism provided a simple visual
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.

Others felt the impact even more stating that:

it does help [motivate me] … especially with
willpower.

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

It feels like I’ve committed to this, so I 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 I smoked it’s like cheating… you betray yourself
when you press the button… Now when I think about
it I feel horrendously guilty [when I 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 I get my cigarette
out I automatically get my phone out as well now.
The app has become integrated into my smoking.
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Textbox 1. The five modifiers of mHealth interventions.

Extant knowledge: the usefulness of information provided was inversely proportional to the user’s existing knowledge. User’s persistently commented
on meaninglessness of repeated information:

All this information is out there already; I 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:

[It is] 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 I 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, as it was not able to address the physical side of the smoking
habit. As is explained when one user said:

I 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 is important 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
We identified 5 modifiers of the mHealth interventions as shown
in Textbox 1.

Drivers and Modifiers of Gamified mHealth
Interventions

Driver 1: Perceived Behavioral Control
Our data indicated 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 towards and 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 rewards would reinforce positive health behavior
and in turn serve as a conditioned stimulus [29,30]; illustrated
with the following users’ statements:

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 feel proud of yourself.

The game (achievements) showed that I can resist
sometimes and proved that I 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, I want to
go up not down. I didn’t think much about gaining
levels but I really did not want to lose levels.

It is essential 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 thinks that it’s possibly not
the best time to do it [quit] because I 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. Participants in 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 does because it is inherently 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,
participants were more likely 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 be lasting if the encouragement
is not self-relevant. Reliance on extrinsic rewards, which create
a sense of duty, should be avoided; especially if they are
perceived as controlling:

The pressure does not help, you don’t want to be told
what to do, you want to do it on your own merit and
I want to quit when I want to. It feels very parental
and ...having people shove their own ideas down my
throat as if I am not aware of what I am doing is very
patronizing.

Any such rewards will undermine the game and impact
negatively on intrinsic motivation, thereby compromising
engagement [32,36].

Modifiers of Gamified mHealth Interventions
There are 7 modifiers that have determined the strength of the
drivers specific to gamification: (1) personalization, (2)
meaningful framing, (3) challenge-ability balance, (4)
unpredictability, (5) user-centered design, (6) fun, and (7) social
community.

Personalization

Participants cited that achievements of the gamified intervention
lacked self-relevance : “Smoking is personal 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.

Meaningful Framing

Framing a challenge in a meaningful way works synergistically
with the gamified reward system to enhance intrinsic motivation
[37].

Challenge-Ability Balance

Ensuring a dynamic balance 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 alone should
be minimized as far as possible, where do they not align with
the individual’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 participants in the nongamified cohort
was to add an element of fun to the game: “If it was a game
with milestones and achievements and levels it would definitely
be really cool… if it was a game I 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 a property 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: “I 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 al [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 longitudinal qualitative study and then
analyzed our findings in 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.

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 factors would 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 personal
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 alike.

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. This was the 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. We found
that when users’ perceived functional utility of the intervention
was low, they became disengaged. To enhance functional utility,
the intervention needs to be easy to use, designed around the
user, and integrate a feedback mechanism to allow users to 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 rewards that are self-relevant, (2) meaningful framing: link
the challenge of changing health behavior to an overall
self-relevant goal, (3) challenge-ability balance: a dynamic
balance must exist between the perceived ability and perceived
challenge, (4) unpredictability: unexpected rewards are
perceived as least controlling types of rewards, (5) user-centered
design: ensuring the user’s needs and goals are constantly met,

(6) fun: the experience must be innately enjoyable, and (7) social
community: create a community of like-minded individuals,
where posting accolades will boost an individual’s reputation.

We also identified ‘external social influence’ as a negative
driver, which should therefore be minimized to optimally
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, behavioral 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 a number 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 gamification itself. In order to fully understand the effect
of a gamified intervention, we would have benefited from a
more optimal implementation of gamification as well as testing
interventions employing a wider range of game elements
reflecting the variety of gamification strategies employed by
different health apps. Moreover, while we tried 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 analysis. 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
in the framework, for instance the extent to which external social
influences result in a truly negative effect and whether there are
instances where they may bolster an individual’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 the inability 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,

the intervention 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
technologically competent patients will prove challenging, with
certain patients still favoring human-human interaction. As
such, it will be important to continue to offer conventional
behavioral support alongside a new intervention to optimize the
effectiveness of the service.

Conclusions
Gamification holds the potential for low-cost, highly effective
mHealth solutions that 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
the long-term effects of gamification. Future research is required
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, is known to be beneficial in improving
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
developed, yet engagement and retention have remained key challenges that limit the potential effectiveness of these interventions.
Video games have been clearly linked with the effective delivery of health interventions, due to their capacity to increase motivation
and engagement of players.

Objective: The objective of this study is to describe the design and development of a smartphone app that is theory-driven, and
which incorporates gaming characteristics in order to promote engagement with content, and thereby help smokers to quit.

Methods: Game design and development was informed by a taxonomy of motivational affordances for meaningful gamified
and persuasive technologies. This taxonomy describes a set of design components that is grounded 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
requires the user to access and engage with relevant educational content. The next stage of this research is to conduct a randomized
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 its actual play mechanics. This opens up the potential for a wide variety of health problems to be tackled through
games where no obvious play mechanic presents itself. The implications 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 (alcohol, illicit drugs, etc),
diet and exercise, eating disorders (anorexia, bulimia, and binge eating), and various phobias.

(JMIR Serious Games 2016;4(2):e19)   doi:10.2196/games.6258
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Introduction

Smoking and Cessation
Smoking is recognized as the 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.
While the majority of smokers report 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 smokers in a way 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 is not used by smokers during their quit attempt. Even if users
engage initially, 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 Interventions
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
as simply 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 shows that games have the ability
to keep people engaged for a long 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 all 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

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].

More recently, a 2012 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
skills training for clinicians [14]. Among the 38 studies, a total
of 195 health outcomes were examined. Results indicated that
video games improved 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 explores the
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 delivery
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 before and
after play to determine if 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 this finding is worth bearing
in mind in future designs [16]. Subsequently, similar “distraction
minigames” have also been incorporated into other
mHealth-based smoking cessation apps such as SmokeFree 28
[5].

The most grass-roots evidence to support the idea of game-based
smoking cessation interventions comes from Raiff et al [17],
who explored the link 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 al [18] tried to qualitatively determine, from expert
opinion, key design characteristics for a successful video
game–based 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. QuitIT is an Internet-based video game that
is designed to help smokers practice coping strategies for
cravings. Initial evaluation suggests the game was useful in
teaching strategies for coping with urges [19], although there
is not yet any data to suggest that it improves quit success rates.

Traditionally, serious games in 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 alternate 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
acts as the hook that compels the 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

that support the acquisition of smoking cessation content, and
build a game that provides an engaging environment for players
to remain engaged with such content, we may be able to
positively influence smoking cessation outcomes.

Theoretical Basis for Design
This focus aligns with the assessment that reflective and
automatic motivation toward smoking cessation 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 developed.

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 affordances for 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 allow 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

would enable the 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 iOS
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].

Figure 2. The main dashboard of Quittr.

Data Collection
When the user first opens the 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 cigarettes they smoked on each day that has elapsed since
their last log. If the user has not opened Quittr for 12 hours they
are prompted with a notification on their device asking them to
come back and log their cigarettes. This will repeat daily for
several days if they still 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 has failed,
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

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
social outcomes of the user associated with their current quit
attempt. It delivers an 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 also includes an achievements section, with
a range of predefined goals for the user to strive toward, as well
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 the tile
to review the full list of achievements, including achievements
they have already 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

JMIR Serious Games 2016 | vol. 4 | iss. 2 | e19 | p.119http://games.jmir.org/2016/2/e19/
(page number not for citation purposes)

Bindoff et alJMIR SERIOUS GAMES

XSL•FO
RenderX

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


the user always has both short and longer term goals in sight,
as well as having a set of accomplishments they 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 a wide 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 make it easy for the user [22]. After reading a section
the user is challenged by a multiple choice quiz that asks one
of several basic questions that relate to the material they just
read.

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 also 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 a range of games that the user can engage
with (Figure 4). The games are 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.

Figure 3. The Information Toolbox.

JMIR Serious Games 2016 | vol. 4 | iss. 2 | e19 | p.120http://games.jmir.org/2016/2/e19/
(page number not for citation purposes)

Bindoff et alJMIR SERIOUS GAMES

XSL•FO
RenderX

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


Figure 4. The games currently available in Quittr.

Distraction
The distraction games are simple minigames that 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 alternative from the
act of smoking [5,16,22].

There is currently only one distraction minigame included in
Quittr. This is a hidden object style game where the user must
search for and tap particular objects in an increasingly cluttered
environment, and under time pressure. There are also 2
additional games being prepared for inclusion: a fruit-ninja style
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.

Incentivization
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 goal setting and
planning, as well as frequent monitoring/check-ins by the user.
Most importantly, they make use of a premium currency system,
which we have called QuitCoins. This system will be familiar

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 QuitCoins using real money, the user is rewarded
with QuitCoins in return for engaging with the smoking
cessation content of the broader app in a meaningful way (see
Textbox 1). This is the key innovation that our approach adds,
distinguishing it from earlier attempts in this space.

Currently, we have only created 1 incentivization game. It is a
“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. This ensures that
every 1 to 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 themselves from their
cravings.
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Textbox 1. The ways the user can earn QuitCoins.

• 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 a distraction minigame

• Earning achievements

• 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 the related
action, and this is made visible to the user by an animation and
sound-effect that plays in the top right corner of the dashboard.
When the user taps the QuitCoin icon they are presented with
a list of all the QuitCoin rewards they have been awarded
recently. This ensures that the user understands clearly why
they earned the reward (Figure 5).

Having earned QuitCoins, the user can redeem these coins in
Tappy Town (or any other incentivization game we might add
at a later date). The highest performing and most visually
impressive structures can only be purchased using QuitCoins.
The intention is that 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.
This will inspire them to engage more with the various contents
in the Quittr app so that they can afford to build these impressive
showcase structures in their town. These mechanisms are readily
apparent to the user, who is regularly notified that they are
earning QuitCoins through natural interactions with Quittr, and
who are then encouraged to go to Tappy Town to redeem them.

Figure 5. Collecting QuitCoin rewards.
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Results

At the time of publication Quittr is largely complete, with only
content revision still required. It has been in 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
(October 4, 2016) been installed by 7 users on iOS and 11 users
on Android. The feedback received during this beta testing
period has resulted in 6 iterative beta releases during this period
to date. At this time, 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 has yet to be determined whether the innovative 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.

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 a mobile phone–based intervention, and with game-based
approaches in general.

Closing Thoughts
If this model proves successful there is a broad 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 its actual play mechanics. This opens 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 (alcohol,
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 alcohol (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 pivotal role. As
CBM-A is often viewed as long and boring, this paper presents this training with the addition of serious game elements as a novel
approach aimed at enhancing motivation to train.

Methods: A total of 96 heavy drinking undergraduate students carried out a regular CBM-A training, a gamified 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 bias was reduced after training only in the regular training condition. Self-reported drinking behavior
was not affected, but motivation to train decreased in all 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 a training task with serious game elements
is less than 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):e20)   doi:10.2196/games.6464

KEYWORDS

cognitive training; cognitive bias modification (CBM); attentional bias; adolescents; serious games; motivation

Introduction

Heavy alcohol use during adolescence and early adulthood has
been related to health problems and academic underperformance
[1] and is an important predictor of addictive behaviors later in
life [2]. Dual-process models of addiction [3,4] suggest that
prolonged use of alcohol, especially when initiated during

adolescence [5], can lead to the development of strong
automatically triggered reactions toward alcohol, which in turn
facilitate the development of addictive behaviors. This is visible
in heavy alcohol 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
automatic 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 are long and often viewed as tedious and boring [17]
adds to the problem. To improve motivation 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 a working memory task and observed that they
normalized their persistence of performance to the level of
children without ADHD. Dennis and O’Toole [19] used a mobile
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: the visual probe task (VPT) [20,21]. In the
VPT participants are shown pairs of pictures, one of a relevant
stimulus (eg, a picture of an alcoholic beverage), the other a
visually similar, neutral stimulus (eg, a picture of a nonalcoholic
beverage). Next, a probe (eg, an arrow pointing up or down)
appears at the location of one of the stimuli, and the instruction
is to 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, alcohol), the probe appears more often at the
location of the other set of stimuli (eg, nonalcoholic).
Schoenmakers and colleagues [21] showed that CBM-A can
indeed increase the ability to disengage from alcohol-related
cues and found that alcohol-dependent patients who 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

motivation to train may also counterbalance intrinsic 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 a significant reduction in attentional bias toward 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 bias but is procedurally different, that
is, the visual search task (VST) [23]. Next, we expect the same
pattern of results between conditions with regard to decline in
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 as it 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. The first and last training sessions were
combined with the assessment tasks in our laboratory; the 2
remaining training sessions were done at home. During the first
session, participants were informed about the study’s goal, 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)
questionnaire, the Alcohol Use Questionnaire (AUQ), and a
Motivation to Train Questionnaire (MTQ). After the
questionnaires, they completed the VPT and VST baseline
assessment and finished the session with the first VPT training.
The following second and third sessions solely consisted of the
VPT training task. The last session started with the fourth VPT
training, after which they performed the VPT and VST
posttraining assessments and the AUQ, TLFB, RCQ, and MTQ
questionnaires, supplemented by a brief set of questions about
the training itself (EVAL). To evaluate drinking behavior after
the training, a follow-up TLFB was filled in via email 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%, 68/96 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 problems were 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 alcohol consumed during one occasion for
male participants; >4 for females). An adapted version of the
AUQ [26] was used to assess drink-specific alcohol 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 alcohol pops. Alcohol-related problems were
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 problems in normal samples and ≥11 in student
samples [28].

Motivation to train was assessed using a self-developed 4-item
questionnaire, each item rated on a 5-point Likert scale ranging
from “strongly disagree” to “strongly agree.” Motivation to
change was assessed using a shortened version of the RCQ [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 translated questions.

Attentional bias was measured using assessment versions of the
VST and VPT paradigms. In the VST [23,30], participants were
shown a grid 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. To focus visual attention to the center of the grid, each
trial started with a fixation 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 be redone. The task consisted of 6 blocks of 18 trials,
using active (person drinking) or passive (bottle or glass only)
pictures of alcoholic 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 alcohol.

Table 1. Visual search task block distribution.

Nontarget pictures (15)Target picture (1)Block

Active, not alcohol relatedActive, alcohol related1

Passive, not alcohol relatedPassive, alcohol related2

7-petaled flowers5-petaled flower3 and 4

Active, alcohol relatedActive, not alcohol related5

Passive, alcohol relatedPassive, not alcohol related6

In the VPT, participants were shown pairs of alcohol and
nonalcoholic beverages followed after 500 milliseconds by a
small arrow probe in the location 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
as quickly and accurately as possible. The task 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: a starting block of 10 neutral practice trials,
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 trials were included as they 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
alcohol picture (left or right) and arrow (at alcohol-related or
not-alcohol-related stimulus) was fully counterbalanced. The
filler trials were included to slightly mask the contingency

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
pairs were matched by size and colors (see Figure 1). All stimuli
originated from the Amsterdam Beverage Picture Set (ABPS
[33]). Attentional 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 alcoholic
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 as too late and
were also excluded. Given that faster responses on alcohol trials
suggest an attentional bias toward alcohol, a positive bias score
thus indicated a bias toward alcohol.
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Figure 1. The regular visual probe task (left) and the Shots game implementation (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 tasks were identical 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 always appeared at the location of the
nonalcoholic 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, while looking like a slot machine game with 2 spinning
wheels (see Figure 1; note that although the Shots game looks
like a slot machine, it has no gambling elements to it. This was
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 a coin-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 trials),
requiring a coin in order to spin the wheels (ie, start a new trial)
and eventually the possibility of reaching a new level (a new
look for the machine). The game used picture stimuli similar
to those in the ABPS but slightly edited to fit 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 from the TLFB
training effect analysis. Furthermore, baseline data from 2
participants on the RCQ question 3, and 1 participant on the
VPT, were missing because of technical problems and 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

and binged 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 baseline 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) assumptions were violated, a nonparametric method for
factorial repeated-measures analysis of variance was used: the
Aligned Rank Transform analysis of variance [34], in which
data are 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 trials, F1,90*=9.407, P=.003,

ηp
2=0.095, as well as a significant interaction with condition,

F2,90*=8.685, P<.001, ηp
2=0.162. Tukey-adjusted contrasts

indicated this was due to a significant decrease in bias in the
VPT-R condition over time, t90=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, t179.05=3.055,
P=.031, r=.223. The VPT-Stay trials also showed a significant

reduction in bias over time, F1,90*=10.894, P=.001, ηp
2=0.108,

without an interaction with condition. In contrast, no significant
changes over time were found on the VST. A significant overall
difference was found between the conditions on the VST-ACT

trials: F2,91=5.480, P=.006, ηp
2=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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Table 2. Baseline characteristics by group.

PTotalGame (VPT-G)Regular (VPT-R)Placebo (VPTa-P)Characteristics

.93696 (28)33 (10)30 (8)33 (10)Total participants (male)

.74321.2 (1.8)21.0 (2.0)21.3 (1.4)21.4 (2.1)Age in years, mean (SD)

.98613.6 (4.8)13.6 (4.9)13.5 (3.9)13.7 (5.5)AUDITb score, mean (SD)

.63415.1 (11.5)16.0 (11.4)13.4 (7.6)15.7 (14.2)TLFBc (drinks/7 days), mean (SD)

.8096.7 (3.5)6.7 (3.3)6.3 (2.8)6.9 (4.3)TLFB (binges/30 days), mean (SD)

.516230.9 (17.2)229.2 (12.4)233.9 (20.5)229.7 (17.8)AUQd (HACe), mean (SD)

.4542.4 (0.8)2.5 (0.9)2.3 (0.7)2.2 (0.8)RCQf -1, mean (SD)

.6823.8 (1.9)3.7 (1.9)4.0 (1.9)3.8 (1.9)RCQ-2, mean (SD)

.4991.9 (0.7)1.9 (0.7)2.0 (0.6)1.8 (0.7)RCQ-3, mean (SD)

.24916.3 (2.1)16.4 (2.0)16.7 (1.8)15.8 (2.4)MTQg, mean (SD)

.0532.1 (23.4)0.5 (22.9)10.2 (25.1)−3.7 (20.8)VPT-Goh alcohol bias (msi), mean (SD)

.9201.6 (33.3)3.2 (36.0)1.9 (26.1)−0.2 (37.2)VPT-Stayj alcohol bias (ms), mean (SD)

.200107.2 (538.0)18.9 (495.8)250.9 (596.4)64.8 (511.8)VST-ACTk alcohol bias (ms), mean (SD)

.624157.1 (547.0)232.7 (594.4)118.3 (536.1)116.8 (515.2)VST-PASl alcohol bias (ms), mean (SD)

aVPT: visual probe task.
bAUDIT: Alcohol Use Disorders Identification Test.
cTLFB: Timeline Followback.
dAUQ: Alcohol Use Questionnaire.
eHAC: habitual alcohol consumption.
fRCQ: Readiness to Change Questionnaire (items 1, 2, and 3).
gMTQ: Motivation to Train Questionnaire.
hVPT-Go: VPT trials where the stimulus picture disappeared when the probe appeared.
ims: milliseconds.
jVPT-Stay: VPT trials where the stimulus picture remained visible when the probe appeared.
kVST-ACT: visual search task with active beverage-related stimuli.
lVST-PAS: visual search task with passive beverage-related stimuli.

Motivation to Train (H3)
The MTQ demonstrated sufficient internal consistency,
Cronbach alpha=.69. Exploratory principal axis factor analysis
indicated a single factor. Therefore, the sum score was analyzed.
There was a significant decrease in motivation to train over

time, F1,91*=54.377, P<.001, ηp
2=0.374, with no interaction

with condition, indicating that motivation decreased similarly
in all conditions. Participants’ responses on the EVAL questions
only differed between conditions on the question whether they
would like to do more training sessions (EVAL-4), H2=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), F1,91*=5.863, P=.017, ηp
2=0.061. However,

there also was a significant interaction between time and

condition, F2,91*=3.865, P=.024, ηp
2=0.078. Tukey-adjusted

contrasts indicated a lower motivation to drink less over time
for the VPT-G condition, t91=−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 all training sessions, H (2)=9.093, P=.011, with
participants in 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 all 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.

TimeGame (VPT-G)Regular (VPT-R)Placebo (VPTa-P)Training effect

TLFBb (drinks/7 days), mean (SE)

134.3 (8.2)137.7 (13.7)157.5 (14.5)124.4 (14.4)Baseline

133.2 (8.2)120.3 (13.7)129.2 (14.5)130.7 (14.4)Posttraining

130.0 (8.2)137.8 (13.7)127.1 (14.5)127.9 (14.4)2-Week follow-up

138.7 (11.2)125.0 (11.6)133.9 (11.5)Condition

TLFB (binges/30 days), mean (SE)

136.4 (8.2)140.5 (13.9)139.3 (14.6)128.9 (14.4)Baseline

135.6 (8.2)133.4 (13.9)138.2 (14.6)122.2 (14.4)Posttraining

125.5 (8.2)139.5 (13.9)121.3 (14.6)129.1 (14.4)2-Week follow-up

140.1 (12.3)122.9 (12.7)134.5 (12.7)Condition

MTQc, mean (SE)

113.6 (5.3)100.7 (9.7)94.8 (10.1)92.9 (9.7)Baseline

75.4 (5.3)91.9 (9.7)90.7 (10.1)96.0 (9.7)Posttraining

95.6 (8.5)102.9 (8.75)85.0 (8.5)Condition

RCQd -1, mean (SE)

99.0 (5.5)91.6 (9.5)76.0 (9.9)106.3 (9.5)Baseline

90.0 (5.5)93.5 (9.5)89.3 (9.9)110.4 (9.5)Posttraining

97.2 (8.4)99.9 (8.7)86.5 (8.4)Condition

RCQ-2, mean (SE)

100.4 (5.6)86.5 (9.5)76.1 (9.8)108.2 (9.5)Baseline

88.6 (5.6)110.1 (9.5)85.4 (9.8)100.8 (9.5)Posttraining

97.7 (8.4)101.4 (8.7)84.3 (8.4)Condition

RCQ-3, mean (SE)

97.5 (5.4)88.6 (9.3)69.8 (9.6)91.6 (9.2)Baseline

87.5 (5.4)104.7 (9.3)83.4 (9.6)116.9 (9.2)Posttraining

90.2 (7.5)103.1 (7.6)84.1 (7.4)Condition

VPT-Goe alcohol bias (msf), mean (SE)

104.8 (5.5)80.9 (9.3)118.1 (9.7)77.1 (9.2)Baseline

82.2 (5.5)103.3 (9.3)76.5 (9.7)105.0 (9.2)Posttraining

101.0 (7.0)87.8 (7.2)91.7 (7.0)Condition

VPT-Stayg alcohol bias (ms), mean (SE)

106.9 (5.5)92.6 (9.6)103.3 (10.0)79.8 (9.5)Baseline

80.1 (5.5)91.0 (9.6)88.6 (10.0)105.6 (9.5)Posttraining

92.4 (6.6)88.4 (6.7)99.6 (6.5)Condition

VST-ACTh alcohol bias (ms), mean (SE)i

103.4 (55.6)18.9 (93.5)226.6 (101.5)64.8 (93.5)Baseline

204.4 (62.2)28.0 (104.7)535.1 (113.7)50.2 (104.7)Posttraining

23.5 (79.7)380.8 (86.5)57.5 (79.7)Condition

VST-PASj alcohol bias (ms), mean (SE)i

167.7 (56.9)232.7 (95.8)153.6 (104.0)116.8 (95.8)Baseline
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TimeGame (VPT-G)Regular (VPT-R)Placebo (VPTa-P)Training effect

147.9 (57.5)235.5 (96.8)178.9 (105.1)29.6 (96.8)Posttraining

234.1 (75.7)166.1 (82.2)73.2 (75.7)Condition

aVPT: visual probe task.
bTLFB: Timeline Followback (shows the number of standardized drinks during the week before the pretraining assessment).
cMTQ: Motivation to Train Questionnaire.
dRCQ: Readiness to Change Questionnaire (questions 1, 2, and 3).
eVPT-Go: VPT trials where the stimulus picture disappeared when the probe appeared.
fms: milliseconds.
gVPT-Stay: VPT trials where the stimulus picture remained visible when the probe appeared.
hVST-ACT: visual search task with active beverage-related stimuli.
iUsing regular analysis of variance procedure. For the all the other values, the Aligned Rank Transform procedure was used.
jVST-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, there was
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 was there
a decline in alcohol use after the training. Motivation to train
decreased equally in all conditions, indicating that the training
indeed became boring over time, but also that the motivational
elements of the Shots game could not sufficiently counteract
this effect. Interestingly, motivation to change, with respect to
planning to drink less in the future, increased in the regular and
placebo training but decreased in the game training condition.
Moreover, participants in the game condition indicated a lower
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.

These findings regarding the motivational effects of the training
may have important implications on the potential risks involved
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 participants will likely compare any gamified training with
what they believe a game experience should look and feel like
[22]. If the game training experience then disappoints,
motivation could indeed take a dive, even going below the level
observed in the regular training conditions, because expectations
were higher to begin with. This was perhaps reflected in our
finding that participants in the game condition, specifically,
were less motivated to continue training, as well as start drinking
less, after the training. Finally, these results may also be related

to the visual and auditory game elements used, which might
have distracted participants from the training elements, 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 a readiness to change but only when
there were no distracting game elements surrounding those cues.
Although this last 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 a substantial part of the sample, the modest training
effects in this sample may be partially due to a relatively small
alcohol attentional bias at baseline, which is a known moderator
of training effects [13,35,36]. However, it should be noted that
this notion does not necessarily make CBM-A inappropriate in
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 the training
from efficiently changing attentional bias. Finally, a recent
meta-analysis [37] concluded that Web-based CBM-A studies
usually show smaller effect sizes than 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

detrimental effects on motivation. Moreover, when those game
elements distract participants from the training elements, they
may actually impair performance. A second notion that can be
taken from this study is that the observed attentional biases
toward alcohol as measured with the VPT in this heavy drinking
student sample were remarkably low. Whether this has
implications for the presence of attentional bias in adolescent
samples in general or merely pertains to the VPT paradigm as
a valid assessment measure of attentional bias remains to be
determined by future research. If nothing else, however, these
results underscore the importance of careful scientific evaluation
before serious games are used as interventions.
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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 this educational tool were investigated.
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 a virtual 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.

(JMIR Serious Games 2016;4(2):e22)   doi:10.2196/games.6448

KEYWORDS

avatars; cardiopulmonary resuscitation; educational technology; medical students; experiences; multiplayer virtual worlds; patient
simulation; virtual learning environments

Introduction

New generations of students, having grown up playing
videogames and computer games, embrace these technologies

for learning [1,2]. It has been shown that videogames used for
entertainment may possess a transferable 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
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questioned this by pointing out ambiguities and a need for
further research [4,5]. In a review of serious games designed
for health care professionals, Wang et al found positive training
effects [6]. However, effects were hard to compare and
heterogeneities and methodological difficulties were noted [6].

Several reports on benefits of this learning tool exist in the
medical field [7-10]. Furthermore, skills and procedures taking
place in group settings (as is often the case in the medical field)
may potentially utilize training in multiplayer virtual worlds
(MVWs) [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 the last 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 students think 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 was to 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 criteria were 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 students were invited 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 all first semester medical students at

Karolinska Institutet. 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 developed 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
a school building (interior and exterior) and a parking 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 a keyboard
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 was followed by four scenarios in which a team
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 rescuers to 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. The third 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 oral
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 a victim 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 was to explore how the subjects had experienced the
virtual world training. The discussants were the three
participants who had just trained in the MVW, and the moderator
was the instructor (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-to-65 minutes. Additional notes were collected by the
moderator.

An interview guide was used (Multimedia Appendix 1), focusing
on the central question of experiences, but the spontaneous
emergence of topics was 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 the following
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 was to get a broad picture of the experience
of using MVW for CPR training among medical students. A
phenomenological data-driven approach was used, including
analytical reduction, distillation, 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

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 as the
process of connecting the analysis to the transcriptions and notes
continued. Categories evolved as end 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 quotes were translated to English by the authors.
Seven informants representing different gaming backgrounds,
sexes, and experiences during the training were consulted at a
late stage of analysis to 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 as a previous 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
quantitative data was carried out after the qualitative analysis.
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Table 1. Background demographics of the subjects.

Female (n=6)Male (n=6)Total (N=12)Characteristic

22.2 (1.2)23.3 (3.6)22.7 (2.6)Age, mean (standard deviation)

6612Number with access to computer at home

2 (1-2)2 (2-3)2 (1-3)Level of computer experiencea, median (range)

0.5 (0-1)2 (1-3)1 (0-3)Videogame and computer game useb, median (range)

aLevel of computer experience was graded on a 0-to-3 Likert-type scale (0=none, 1=beginner, 2=experienced, and 3=very high or expert).
bThe use of computer and video games was graded on a 0-to-5 Likert-type scale (0=none, 1=less than once a month, 2=once every second week, 3=once
a week, 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 MVW 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 makes you improve each time you repeat… it feels
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 comments indicated 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 the level of mental stress, although not completely
absent, was much lower than would be expected in a real-world
CPR event, exemplified by:

Alright, it feels like I 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]

… it is not, no emotional tension at all, possibly there
is some mental challenge, you have to think about, at
least a bit about, what there is to do, but it´s no, it’s
no stress in that sense. [Man, 19, moderate previous
gaming experience]

Interface Diverting Focus From Training
All participating medical students could relate to videogames
and computer games, but the level of gaming experience varied.
Despite this variability, the interface to the virtual world and
the quality of the virtual world received a great deal of attention,
substantiated in the following discussion. Students with less

videogame and computer game experience commented on this
issue, and indicated that they were unfamiliar with how they
should interact in the virtual 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 look
and how it works… [Man, 21, moderate previous
gaming experience]

I think I was a bit afraid to press the wrong button so
I stood somewhat passive, so to test - nope, it didn’t
work. [Woman, 20, little previous gaming experience]

Conversely, students with more videogame and computer game
experience demonstrated a tendency to criticize and compare
the interface and the environment with previous experiences:

…exactly, I think that it can help when you can choose
yourself, you know, build [an avatar] yourself a bit,
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 difficulties five times, whereas
males never did. Males mentioned the importance of gaming
skills, in general terms, to act in the virtual world a total 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 in a Group, and Training in a Group is More 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
to inform, seek support, and make decisions. Some team aspects
of the CPR guidelines could also be simulated (eg, starting
resuscitation while someone else was calling for help, relieving
each other during CPR):

It was really good because otherwise you would have
sat down yourself and done everything, but now I
have to think about who does what; should I 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 I do now? But you learn
how to divide the tasks, I 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 like this. [Man, 22, large previous
gaming experience]

Training in a Group is More Engaging

Some participants declared that performing the training 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 I was coached kind of, like what they
told me, I liked it, [it] was good…Then, besides, I
guess it 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
in the task during the virtual training. Direct statements, as well
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 there was
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 things that, well, have to do with
life outside. [Man, 30, moderate previous gaming
experience]

I think it is boring when you get the task to wait for
the ambulance because then you really notice how

long time this takes. [Woman, 23, very little previous
gaming experience]

Discussion

Principal Findings
Using serious games for CPR training was a novel experience
for all participants. Several benefits of this training tool proposed
in the literature (eg, the focus of the cognitive part of the training
and the added value of group practice) have also 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 relationship 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 games is the capacity to engage
the player [11,19]. Our data support this, as all participants were
positive about the experience and gave examples of their
engagement in the virtual world training. This engagement 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 be taken 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 a tendency
to increase after the first training scenario. Triangulating these
data with 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-life learning. 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 a virtual world offers a less rich
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
peers in the virtual 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 the initial 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. This theme 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 a previous study, we found
that medical students reported that a weaknesses of MVW-CPR
was in 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 social 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 al [6]. Taking such risks
into consideration, using virtual worlds for training in 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 alternative
for digital natives [19], although this argument has also been
disputed [24,25]. In this study, all 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

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 virtual
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
technology-developed 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 less experienced with computer games often
mentioned difficulties with navigation in the MVW, along with
other technical problems, whereas students with 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 solutions that create more options for
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 games will 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 this kind of training tool in an average educational setting
also emphasizes the need to keep such technologies manageable
for the users.

General discussions about videogames and computer games
indicate that sex differences is a common issue; females and
males 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 features in virtual worlds [31]. Kron et al discovered
sex differences concerning attitudes towards video games among
medical students [1], although a simplistic gender view is
questioned by others [32]. Addressing this issue was not an aim
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: this likely explains the 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

JMIR Serious Games 2016 | vol. 4 | iss. 2 | e22 | p.140http://games.jmir.org/2016/2/e22/
(page number not for citation purposes)

Creutzfeldt et alJMIR SERIOUS GAMES

XSL•FO
RenderX

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


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]. This problem also seems to be true 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 a team endeavor in a team 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 deNoyelles and Seo, might be of great importance for virtual
world learning [39].

The participants trained in four short virtual world scenarios on
two occasions. Several 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 technology, seems
like an attractive option for retraining CPR.

Our group of informants consisted of a very homogenous group
of early Swedish medical students, making it difficult to
generalize our results. However, we believe that our findings
can be applicable to 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 measures focusing
on behaviors and performance after training (transfer). Studies
focusing on when and where virtual world training is particularly
effective would also be of interest. The perceptions and

experiences of instructors, teachers, and other stakeholders
involved in this educational technology are also warranted. In
our data there 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 is important to utilize experience-based
and scientifically grounded knowledge in the field of learning
psychology.

There are several limitations of this study. Our participants were
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 a rich 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 a virtual world.
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Abstract

Background: The emergence of new technologies in the obstetrical field should lead to the development of learning 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 pregnancy and childbirth pathologies. We have elaborated a new game engine, placing the student in some maternity emergency
situations and delivery room simulations.

Methods: A gynecologist initially wrote a scenario based on a real clinical situation. He also designed, along with an educational
engineer, a tree 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
diagnosis is made, different treatments are suggested.

Conclusions: Our serious game offers a new perspective for obstetrical emergency management trainings and provides students
with active learning by immersing them into an environment, which recreates all or part of the real obstetrical world of emergency.
It is consistent with the latest recommendations, which clarify the importance of simulation in teaching and in ongoing professional
development.

(JMIR Serious Games 2016;4(2):e21)   doi:10.2196/games.5526

KEYWORDS

serious game; obstetric emergencies; gynecology

Introduction

In most cases, pregnancy and childbirth are conducted without
complications. However, when pathology occurs, sometimes
severe and urgent, a fast and efficient care led by a perfectly

trained team is needed. In these cases, the training is mostly
performed on real patients under the supervision of a senior.
However, emergency situation does not facilitate the learning
process.
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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 surgeries in
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. This immersion
is more complete as compared with a situation in which the
player is just 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 a global “virtual patient” approach.

Our goal is to develop a new type of immersive, virtual 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 also form a part 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 “shoulder dystocia”
diagnosis and the related reduction gestures. The last 2 scenarios
could be integrated as part of an ongoing medical training.

An obstetrician initially wrote a scenario based on a real clinical
situation. All scenarios were designed following the same
method. The first phase put the learner in an action scene, as a
doctor. The second phase lead to making the diagnosis of the
pathology. An actions diagram tree referring to all the possible

actions enables the students to progress following a clinical
reasoning. Players can have access to 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 real-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 choices in the game.

Both an educational engineer and a doctor have designed this
actions tree. 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 attempts and errors. All these actions diagram trees are
designed with a diagramming 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.
This will 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 a shoulder dystocia” scenarios take
place in a delivery room. These different locations are 3D
modeled using “Autodesk 3ds Max” software.

Game development 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.

Players are immersed in virtual reality thanks to the Oculus Rift
technology, a virtual 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 a few centimeters in front of each eye, perpendicular
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to the sight line. This screen displays a stereoscopic picture,
digitally distorted by 2 lenses located in front of each eye, in
order to inverse the optical distortion. It expands the visual field
and the definition in front of the fovea. The screen is placed 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 a total 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, a concept of penalty
depending on the student’s decision time is added.

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 shows the
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. The learning assessment is a two-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 a final 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 universe, based on hospital photographic references: guard room and (b)
obstetrical emergencies unit.

Figure 3. Score table: personal and downloadable score table of the player.

Results

All the scenarios mentioned above have been developed.

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
all the necessary equipment in order to solve the clinical case:
personal medical records, cardiotocography, lookup table,
ultrasound device, tensiometer, thermometer, tubes for 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 comes to obstetrical emergencies unit for pelvic
pain at 30 weeks of gestation. We have created a virtual dialogue
between the patient and the learner or player in order to provide

him with the necessary information on diagnosis. The learner
can also consult the personal medical records in 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 is to guide
the learner toward a possible preterm birth diagnosis. However,
only the player can choose if he or she realizes (or not) a medical
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 process is estimated at 20 minutes, which is the time
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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 place in 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 a spontaneous 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
come into the delivery room. He or she can consult the personal
medical records, the monitoring (showing an abnormal fetal
heart rhythm and expulsive 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
possible the 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
situation.

The “reduction of a shoulder dystocia scenario” takes place in
the same way. The same additional examination possibilities
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 supports the Oculus Rift technology, allows
the integration of new scenarios with minimal effort, especially
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

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 a real clinical situation, which offers a multiple
action combination and leads to a realistic and immersive game.

Moreover, the project must lead to the integration of a medical
training manikin, be sensor-equipped, and link to the Serious
Game, to allow obstetrical gesture training with real-time
feedbacks. Our game engine should therefore be custom
designed in regard with this evolution. Serious games
developments in the medical field are often very specific to each
project. Few of them use a game engine, which allows creating
new scenarios with minimal efforts, especially in the
gynecologic field. Our work led to the development of a new
game engine, which allows integrating, quickly and easily, new
scenarios, both in the gynecologic and obstetric fields, as well
as in 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 already 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 a clinical 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 enable the learner
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 is why we combined
both the work and the skills of a pedagogic engineer, a game
designer, a medical doctor, and a medical professor.

Our educational method aims at learning various common
gynecological pathologies through realistic virtual situations.
The game provides the 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. Thanks to the game and to the learning session with
the debrief-time.

Even today, serious game is not a well-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 game type). This Serious Game is developed as a part
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 game is 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 nonetheless a basic assessment,
even without learning sessions. The scoring system, initially
designed by a doctor, allows the 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 sessions 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.

Thereafter, we would allow the learner to realize these technical
gestures on a sensor-equipped obstetrical anatomic manikin,
which tracks each learner’s gestures.

We are working on a virtual simulator of the pregnant woman’s
pelvic system in order to allow gestures on a digital 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 skills in a short time.

Our serious game is part of this type of educational training,
and offers a new 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: This study aims to present the results of a systematic review focused on usability evaluation methods for 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 eligibility criteria.
As a requirement, 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: In the 10 studies found, there was no standardization in the methods because they considered diverse analysis variables.
Heterogeneously, authors used different instruments to evaluate 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 participants in rehabilitation tasks. This highlights the need for creating an evaluation protocol for older adults to provide
a user-friendly interface according to the user’s age and limitations.

Conclusions: Through this study, we conclude this field is in need of a usability 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.

(JMIR 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

Introduction

Interactive systems can only be considered useful and practical
if they have good usability. According to Karray et al [1],
usability is the variety and the degree to which system features
can be used efficiently so that the user can accomplish tasks

effectively and intuitively. The balance between functionality
and usability allows achieving the system effectiveness. Among
the usability characteristics defined by Nielsen [2] are ease in
performing basic tasks, efficiency when performing these tasks,
facility by reusing resource, reestablishment of services when
mistakes occur, and satisfaction with use.
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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 is essential
to establish a relationship 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
a system is easy and pleasant to use.

The constant development 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 virtual reality environments and games.

According to Morelli and Folmer [4], gesture-based games
typically simulate real physical activities because they use
whole-body gestures. These kinds of games are intuitive to play,
they have successfully attracted users, and they provide different
social 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 gestures to emulate interactive environments [1]. According
to Karam and Schraefel [6], depending on the application type,
it is possible to use more than one input device in the interaction
base, which will all allow the same action.

Given the market demand for systems with 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 elements and Maidi and Preda [9] organized
how gestures could be evaluated. However, it is difficult to
establish a consensus between these and other studies regarding
what should or not be evaluated, especially 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

quantitative, some focus on perception or acceptance, some
consider physiological measures, and so on. The big gap is the
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 this goal, specific objectives
have been set: (1) identify and analyze techniques applied to
usability analysis of games interfaces for 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

This study is a systematic review, explicit and rigorous research
that identifies, critically evaluates, and synthesizes relevant
studies about a specific subject [10].

Eligibility Criteria
The eligibility criteria to 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 the following expression: games AND usability AND
evaluation AND (“Kinect” OR “Wii”).

Flowchart of Identified Studies
Figure 1 shows the flowchart of studies identified by the search
strategy used in this study. The selection process and reading
of these materials involved at least two researchers.
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Figure 1. Flowchart of identified studies. ACM: Association for Computing Machinery.

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.

Komlódi Et Al
Komlódi et al [11] aimed to test the Wiimote device in basic
navigation, object manipulation, and menu gestural interaction
tasks in a virtual environment. The users perform pointing and
turning gestures using their hands and the Wii controllers.

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, virtual
environments can simulate or represent a game in 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 methods in 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) walk 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 also requested
to complete a sociodemographic questionnaire and the
Myers-Briggs Type Indicator (MBTI) personality type
questionnaire. This questionnaire identifies users’characteristics
of extroversion/introversion, sensing/intuition, thinking/feeling,
and judgment/perception. Participants also 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
sessions of interaction involving experts and novices with 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.

Legouverneur 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.

Broca Hospital professionals from Paris, France, conducted the
evaluation with two groups of users recruited from a health 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
cognitive impairment. A third group consisted of healthy elderly
individuals. All users were aged between 75 and 90 years.

The test protocol included an introductory session and four test
sessions, with mean duration of 1 hour per week. The
introductory session included a neuropsychological evaluation.
During this session, participants also created their own avatar
as a way 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 simultaneously.

The use of the Wiimote was to mimic the actions of swinging
a racket (tennis) or rolling a ball down an alley (bowling).
According to the authors, the movement performed by each
user was analyzed considering the approach of games (no
specific gesture was evaluated).

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
questionnaire 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 allowed users with cognitive impairment to
be comfortable with technological devices in order to learn how
to use them and have a positive experience with them. This
experience also confirmed the role of motivation and a socially
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 navigation in Bing Maps
through the devices previously mentioned.

With the Wiimote, the gestures were inspired 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 resemble the turning handlebar
of an imaginary motorcycle. With the Nunchuk, the airplane
cloche metaphor was used to control altitude: its tilting 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
Salerno in Salerno, Italy. Ages ranged between 18 and 41 years,
with a mean 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
questions, 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 groups in which
each member of the same group started the experiment with the

same system. After each task, all participants filled-in
After-Scenario Questionnaires (ASQ) to evaluate 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 evaluate 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.

Table 1. Studies included in the systematic review.

DevicePaper titleStudy ID

WiiEmpirical Usability Evaluation of the Wii Controller As an Input Device for the VirCA
Immersive Virtual Space

Komlódi et al [11]

WiiWii Sports, a Usability Study with MCI and Alzheimer’s PatientsLegouverneur et al [12]

Wii and
Kinect

Wiimote and Kinect: Gestural User Interfaces Add a Natural Third Dimension to HCIFrancese et al [13]

KinectInteractive Virtual Reality Game-Based Rehabilitation for Stroke PatientsNorouzi-Gheidari et al [14]

KinectAn Approach of Indoor Exercise: Kinect-Based Video Game for Elderly PeopleLiu et al [15]

KinectA Task-Specific Interactive Game-Based Virtual Reality Rehabilitation System for Patients
with Stroke: a Usability Test and Two Clinical Experiments

Shin et al [16]

KinectInteractive Physical Games: Improving Balance in Older AdultsFang et al [17]

KinectAssessing Older Adults’ Usability Challenges Using Kinect-Based ExergamesHarrington et al [18]

KinectInvestigating the Effects of Motion-Based Kinect Game System on User CognitionNakai et al [19]

KinectUser-Centered Design of Interactive Gesture-Based Fitness Video Game for ElderlySheu et al [20]

Norouzi-Gheidari Et Al
Norouzi-Gheidari et al [14] developed a study to use a research
protocol to validate a virtual reality system for rehabilitation.
This system used five games for the motor recovery of the upper
limb in stroke survivors. The gestural interaction device used
was the Kinect. The evaluation involved eight health
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
the Kinect camera at a fixed distance of 1.5 meters as 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 all five games at least once during
the 20-minute session. The doctor defined the level of difficulty

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) as a way 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. Additionally, 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 al [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 volunteers in 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 a list of open questions and provided any suggestions
for the game design. The activities performed by the users when
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 motivator, while also helping to
maintain long-term exercise habits for the elderly. Third, through
the online gaming platform, players could still have fun together
with their friends as if being together somewhere. All current
devices work individually and keep the elderly away from their
companions, which could have a negative impact on their social
life. However, online platforms offer access to players to share
their scores and comments with their friends. This not only
increased the game’s entertainment, but also 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
questionnaires 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 al [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 health professionals (occupational therapists and
physiatrists) who were involved in the software design of
RehabMaster, a game-based virtual reality rehabilitation system
developed by the authors. Two clinical studies were 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

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
stimulate patients through tasks using arm and trunk movements.
The motions were intended to promote incremental 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 was to evaluate RehabMaster from the perspective
of each group. Meetings held with stroke patients took 20
minutes at regular intervals, twice a week 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
levels for all different patients in the stroke group.

To diagnose if the game provided stroke patients with a desirable
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 was that the usability evaluation did not compare
the perspectives of each group.

Fang Et Al
Fang et al [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
exercises was on lower body strength. Tasks developed 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 squats, 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. Before the test, users were asked to complete a Physical
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 a navigation
requiring less learning, corrective feedback, and warnings while
idle.

Harrington Et Al
Harrington et al [18] stated that few studies had examined the
usability challenges faced by the elderly using exergames. Thus,
it is necessary to identify these challenges and how they translate
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 Georgia Institute 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 arms in balance challenges, and
did torso exercises. Hand gestures were used to select a
particular activity in each game, without any restriction.

The evaluation was developed as follows: before participating,
each participant completed a health questionnaire, a
demographic questionnaire, a technology experience survey,
and a game experience questionnaire. Health and demographic
questionnaires evaluated the health of the participants and
collected basic information, including age, sex, race, education,

and limitations (vision, hearing, or mobility). The technology
experience questionnaire evaluated the use and familiarity of
participants with various technologies. The game experience
questionnaire [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
questionnaire with five items measured satisfaction with the
motion controls and gestures for navigation. A seven-item
questionnaire assessed satisfaction with the activity developed
in the program. Both questionnaires used a scale ranging from
1 (strongly disagree) to 7 (strongly agree). The game experience
questionnaire was adapted from Boot et al [23]; information
about the other questionnaires was not detailed.

After completing the questionnaires, participants interacted 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 participant
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. The first questionnaire evaluated
usability and included the following propositions measured on
a Likert scale ranging 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
questionnaire 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 al
[24]. The third 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
participants in the 60 to 69 year group agreed that the interface
was friendly, whereas most in the 70 to 79 year group disagreed
with ease of use.

Nakai Et Al
Nakai et al [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 a user and a computer
system. The study involved 12 users who performed the tasks
and system usability testing. They had 10 minutes to play
different levels in a game prototype called “The Glider.”

In this game, the user controls a virtual glider using body
motions and rotations, such as front-back movements to 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:
questionnaire, 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
are thinking, 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 is important 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 a time 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

the players’ attention and players showed eagerness to learn
new things.

Sheu Et Al
Sheu et al [20] aimed to address issues on how to design a
gesture-based system that allows older people to play in a secure,
convenient, and enjoyable way. This study used two
gesture-based games (EG I and EG II) developed by researchers
for Kinect. The EG II is an optimized version of the EG I 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
criteria for the participants were not detailed. The test had three
stages: (1) pretest questionnaires and basic living information
for user selection; (2) procedure introduction (game), signing
the consent form, and using game for 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 all tasks. On average, users
performed the tasks more quickly on the EG II interface,
suggesting that EG II was more usable than EG I. Furthermore,
the subjective score for EG II was higher than for EG I. For task
selection, it was suggested that, in terms of effectiveness and
efficiency, vertical 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 less tiring.

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.

ParticipantsEvaluation stagesFocus and devicesEvaluation methodsStudy ID and publication
year

N=14 (7 men, 7 women);
age: mean 24 years

(1) Questionnaires and tests; (2) verbal
guidance and reading; (3) tasks in a
virtual environment; (4) evaluation

Test device for naviga-
tion and task manipula-
tion using gestures (Wii)

Sociodemographic and
health questionnaire, ob-
servation, video record-

ing, MBTIa, Folding
Test, Eyes Test

Komlódi et al [11] (2011)

N=undefined; age: range
75-90 years

(1) Neuropsychological evaluation; (2)
sessions tests

Conduct a usability study
for 2 sports games (Wii)

Author’s questionnaire,
video recording

Legouverneur et al [12]
(2011)

N=24 (16 men, 8 wom-
en); age: range 18-41
years

(1) Questionnaire; (2) instructions; (3)
tests; (4) ASQ and CSUQ question-
naires

Evaluate two 3D interac-
tion games in navigation
tasks (Kinect and Wii)

ASQb, CSUQc, Presence
Questionnaire

Francese et al [13] (2012)

N=24 with stroke; age:
undefined

(1) System interaction; (2) question-
naires and evaluation

Using a protocol for
evaluating a virtual reali-
ty system as motor reha-
bilitation tool of upper
limb (Kinect)

User performance report,
author’s questionnaire,
TAM, Fugl-Meyer

Norouzi-Gheidari et al
[14] (2013)

N=6 (2 men, 4 women);
age: range 50-88 years

(1) Game introduction; (2) game activ-
ities; (3) interview

Evaluate a game usability
for select objects with
top-down movements
(Kinect)

InterviewLiu et al [15] (2014)

Group 1: n=7, group 2:
n=16; age: undefined

Different experimental protocolsCombining rehabilitation
exercises with game ele-
ments (Kinect)

Author’s questionnaire,
Observation, Fugl-Mey-
er, Barthel

Shin et al [16] (2014)

N=13 (2 men, 11 wom-
en); age: range 60-80
years

(1) Physical evaluation; (2) exercises;
(3) satisfaction evaluation

Check the user’s experi-
ence; train the equilibri-
um in elderly with upper
limb (Kinect)

Interview, PARQe,

PAESf

Fang et al [17] (2015)

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

(1) Questionnaires; (2) training; (3)
test; (4) interview; (5) satisfaction
questionnaires and usability

Identify usability chal-
lenges based on ex-
ergames for seniors
(Kinect)

Sociodemographic and
health questionnaire, au-
thor’s questionnaire, In-
terview, technology expe-
rience and videogame
experience question-

naires, TAM, SUSg

Harrington et al [18]
(2015)

N=12; age: “seniors”(1) Questionnaire; (2) behavioral obser-
vation; (3) think-aloud; (4) game test;
(5) analysis

Evaluate a game usability
using evaluation methods
based on Kansei Engi-
neering (Kinect)

Sociodemographic and
health questionnaires,
author’s questionnaire,
video recording, think-
aloud protocol

Nakai et al [19] (2015)

N=7 (4 men, 3 women);
age: range 60-77 years

(1) Questionnaires; (2) game introduc-
tion; (3) test procedure; (4) question-
naires posttest; (5) interview

To list design issues of a
gesture-based system that
allows seniors to interact
naturally in selection
tasks (Kinect)

Sociodemographic and
health questionnaire, In-
terview, PARQ, PAES,
SUS

Sheu et al [20] (2015)
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Table 3. Summarization of results of included studies.

ResultsStudy ID and publication year

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.

Komlódi et al [11] (2011)

All participants, regardless of their cognitive status, could use the wireless controller and learn to
play both games.

Legouverneur et al [12] (2011)

If the interface is more natural, the user will be as satisfied and engaged in the navigation experience
as you want.

Francese et al [13] (2012)

This review presented preliminary results. It aimed to compile and identify benefits and limitations
perceived by clinicians and patients with stroke in rehab games.

Norouzi-Gheidari et al [14] (2013)

The game offers more entertainment and less physical risks than physical activity, and may motivate
seniors to increase the practice of exercises to get more points.

Liu et al [15] (2014)

It is necessary to define a standard assessment protocol and a time of intervention in order to
evaluate the usability of the game.

Shin et al [16] (2014)

Seniors like exercises based on games and showed a positive experience using EFS.Fang et al [17] (2015)

Regarding ease of use, most participants in 60-69 year group agreed that the interface was friendly,
whereas most in 70-79 year group disagreed with ease of use.

Harrington et al [18] (2015)

It is necessary to provide a game training session and initial guidance to the participants. The
motivation proved to be a key point.

Nakai et al [19] (2015)

The way of selecting elements in the program interface must be vertically.Sheu et al [20] (2015)

aMBTI: Myers-Briggs Type Indicator.
bASQ: After-Scenario Questionnaire.
cCSUQ: Computer System Usability Questionnaire.
dTAM: Technology Acceptance Model.
ePARQ: Physical Activity Readiness Questionnaire.
ePAES: 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
the reason for this difference because the interaction device may
interfere positively or negatively in a usability evaluation. This
research could evaluate, for example, if there is really a usability
difference between both devices or if the increased use of Kinect
is due to 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 there is a
need for creating a usability evaluation protocol for serious
games for seniors, capable of generating qualitative and
quantitative 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 age including, 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.

Of the nine studies that used games to assess usability, eight
studies (89%) used games developed by researchers and only
one [12] used a commercial 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 al [18], inside the elderly population
there is further fragmentation that results in groups with 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 systems to 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 also argued that seniors could
improve their game skills throughout 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.
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Nakai et al [19] determined that it is necessary that players
receive guidance about the game. This can be an alternative 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 games to 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 Göbel 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 studies that used questionnaires were 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 still no protocol
for interface usability evaluation for serious games, especially
for specific populations such as elderly.

Usability Evaluation Methods Used in Selected Studies
Regarding usability evaluation methods of this review, we
observed a variety of techniques applied by authors in 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 a protocol 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.

The benefits of this diversity are a good 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 skills in experiments.
Another group applied methods and techniques to evaluate 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 a game according to the user’s
profile.

Considering the evaluation instruments used by selected studies,
it is possible to think about advantages and disadvantages to
define the basis of a standardized 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 the test conduction. Preliminarily, physical and
cognitive limitations can also 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 a problem.
On the other hand, the subjective nature of the interviews leads
to different interpretations by the evaluators in groups with
many users.

Observations also require time for analysis because of the large
amount of data acquired. However, it may provide a different
perspective to the evaluator 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 one task at a time, 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 a usability evaluation for motion-based games.

User performance reporting 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 is essential to instruct users in a very specific way
about how they should perform the task in order to obtain
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balanced results. This is important because there is an implicit
relationship between task performance metrics, such as speed
and accuracy. The participant may be faster, but be less accurate,

or the participant can increase accuracy, but decrease the speed
[21].
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Table 4. Purposes of each method in selected studies.

Used to...Method and study ID

Sociodemographic and health questionnaire

Identify the users’ profilesKomlódi et al [11]

Identify the users’ profiles and their physical limitationsHarrington et al [18]

Identify the users’ profilesNakai et al [19]

Obtain personal informationSheu et al [20]

Author’s questionnaires

Get the user satisfaction and verify if familiarization with the games have influence on user preference
measures

Legouverneur et al [12]

Evaluate the acceptance of virtual reality technology for gamesNorouzi-Gheidari et al [14]

Test the usability of the game from expert perspectiveShin et al [16]

Evaluate the user task performance and user satisfactionHarrington et al [18]

Get the user feedback about the gameNakai et al [19]

Observation

Verify the users’ behaviors and issues during a sessionKomlódi et al [11]

Assess the usability and the negative effects of the gameShin et al [16]

Video recording

Verify the task time and get usability issuesKomlódi et al [11]

Used to elicit users’ behavior and performanceLegouverneur et al [12]

Verify the users’ behaviors during a sessionNakai et al [19]

User performance report

Evaluate success rate, speed, and accuracy during the tasksNorouzi-Gheidari et al [14]

Think-aloud protocol

Verify the users’ behaviors during a sessionNakai et al [19]

Interview

Collect suggestions about the game in open questions (qualitative data analysis)Liu et al [15]

Identify what users liked or not in each game, the reason of the answers, their frustration, and what form
of aid is the most beneficial

Harrington et al [18]

Verify the user experience and get doubtsSheu et al [20]

Evaluate the combined use of exercises and verify the user experienceFang et al [17]

Other relevant tools

Verify cognitive, motor, and emotional aspects (MBTIa, Folding Test, Eyes Test)Komlódi et al [11]

Measure the user satisfaction during interaction process, the usability and the quality of the system, and

the presence and immersion (ASQb, CSUQc, Presence Questionnaire)

Francese et al [13]

Assess of sensorimotor function of upper limbs (Fugl-Meyer Assessment)Norouzi-Gheidari et al [14]

Assess of sensorimotor function of upper limbs, and functional capacity (Fugl-Meyer Assessment, Barthel)Shin et al [16]

Ensure that participants were physically and mentally ready to perform to play, and check the degree of

pleasure during the tasks (PARQd, PAESe)

Fang et al [17]

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, TAMf, SUSg)

Harrington et al [18]

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)

Sheu et al [20]

aMBTI: Myers-Briggs Type Indicator.
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bASQ: After-Scenario Questionnaire.
cCSUQ: Computer System Usability Questionnaire.
dPARQ: Physical Activity Readiness Questionnaire.
e PAES: Physical Activity Enjoyment Scale.
fTAM: Technology Acceptance Model.
gSUS: 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 is necessary to manage specific
questionnaires 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 is important to create specific questionnaires to evaluate
the usability of motion-based games. In this case, the
questionnaires must be validated in preliminary studies to prove
the quality of the results. Preferably, they must be applied with
other posttest tools in preliminary assessments in 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 aspects to avoid biases. For example, it can identify
a problem 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 is useful if the purpose is to 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’s interaction with the game tasks. Heart
rate, for example, can show evidence of stress during the
interaction process. Observations can also 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.

In the posttest stage, one can opt for a qualitative or quantitative
analysis, depending on the purpose of the evaluation. If the
option is for qualitative results, we recommend an interview to
collect the user’s perception of the game. On the other hand, in
a quantitative analysis, the use of instruments such as TAM and
SUS, for example, may be useful for evaluating user acceptance

and user satisfaction. In this case, we recommend scales that
allow for statistical analysis, such as a Likert scale.

Conclusions
Results show that there is no standardization in evaluation
methods because they use different analysis variables. The
definition of usability in games, especially 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
criteria in pilot tests or protocols for 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 this reason, the use of a standard usability evaluation process
for gesture-based games and definition of criteria to enable a
quantitative analysis in evaluations can be significant to this
area. Therefore, understanding the different types of goals in
usability evaluation and its implementation becomes relevant.
Once the different types of goals have been established, it
becomes possible, for example, to create a usability 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 stress issues are
measures that could be collected during the evaluation. It is
essential to consider these questions to advance the study in this
area, defining at least one basic usability method to guide user
assessments.

With this in 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 is increasing globally, are using interaction systems more
and more every day.
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Future Work
Our proposal is to validate the suggested approach in a usability
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 experiences and the identified
studies in this review.

The focus for the elderly is justified by the fact that the game
industry has been investing in this age group due to the growth
of this population and increased life expectancy in most
countries. In this systematic review, it was observed that some
studies also used this population [12,17,18,20], with serious
games for physical exercise and rehabilitation processes.

Adults today have greater contact with technologies and,
therefore, will tend to use them more in the future. Easy access
to a larger set of gestural interaction devices and general
information systems will also contribute to the use of these
technologies by a greater number of users.
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