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Abstract

Background: Health care literature supports the development of accessible interventions that integrate behavioral economics,
wearable devices, principles of evidence-based behavior change, and community support. However, there are limited real-world
examples of large scale, population-based, member-driven reward platforms. Subsequently, a paucity of outcome data exists and
health economic effects remain largely theoretical. To complicate matters, an emerging area of research is defining the role of
Superusers, the small percentage of unusually engaged digital health participants who may influence other members.

Objective: The objective of this preliminary study is to analyze descriptive data from GOODcoins, a self-guided, free-to-consumer
engagement and rewards platform incentivizing walking, running and cycling. Registered members accessed the GOODcoins
platform through PCs, tablets or mobile devices, and had the opportunity to sync wearables to track activity. Following registration,
members were encouraged to join gamified group challenges and compare their progress with that of others. As members met
challenge targets, they were rewarded with GOODcoins, which could be redeemed for planet- or people-friendly products.

Methods: Outcome data were obtained from the GOODcoins custom SQL database. The reporting period was December 1,
2014 to May 1, 2015. Descriptive self-report data were analyzed using MySQL and MS Excel.

Results: The study period includes data from 1298 users who were connected to an exercise tracking device. Females consisted
of 52.6% (n=683) of the study population, 33.7% (n=438) were between the ages of 20-29, and 24.8% (n=322) were between
the ages of 30-39. 77.5% (n=1006) of connected and active members met daily-recommended physical activity guidelines of 30
minutes, with a total daily average activity of 107 minutes (95% CI 90, 124). Of all connected and active users, 96.1% (n=1248)
listed walking as their primary activity. For members who exchanged GOODcoins, the mean balance was 4,000 (95% CI 3850,
4150) at time of redemption, and 50.4% (n=61) of exchanges were for fitness or outdoor products, while 4.1% (n=5) were for
food-related items. Participants were most likely to complete challenges when rewards were between 201-300 GOODcoins.

Conclusions: The purpose of this study is to form a baseline for future research. Overall, results indicate that challenges and
incentives may be effective for connected and active members, and may play a role in achieving daily-recommended activity
guidelines. Registrants were typically younger, walking was the primary activity, and rewards were mainly exchanged for fitness
or outdoor products. Remaining to be determined is whether members were already physically active at time of registration and
are representative of healthy adherers, or were previously inactive and were incentivized to change their behavior. As challenges
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are gamified, there is an opportunity to investigate the role of superusers and healthy adherers, impacts on behavioral norms, and
how cooperative games and incentives can be leveraged across stratified populations. Study limitations and future research agendas
are discussed.

(JMIR Serious Games 2016;4(1):e1)   doi:10.2196/games.5358

KEYWORDS

behavioral economics, cooperative games, adherence, compliance, serious games, Superusers, health rewards, internet of things,
wearable devices

Introduction

Opportunities related to behavioral economics [1-2], wearable
devices [3-4], tailored evidence-based behavior change tools
[5-7], and community support [8-9] are highlighted in health
care literature, but their collective integration into real-world
interventions are limited in scope. Subsequently, there is a
paucity of outcome data, and health economic effects remain
largely theoretical.

While the literature does investigate the relationship between
exercise and the use of less sophisticated wearable devices, such
as pedometers [10-11], there are little, if any, published
outcomes on more sophisticated devices (such as Fitbit,
Jawbone, or Apple Watch), the use of tracking apps (such as
Moves, Runtastic Pedometer, or Pedometer++), or
health-tracking platforms (such as Google Fit, MapMyFitness,
or GOODcoins).

However, this will soon change. One source identifies over
nearly 300 registered clinical trials that are utilizing devices in
their protocols [12]. A recent pharma-focused trade publication
notes that although in its infancy, wearables are emerging as a
multifaceted solution to typical problems in clinical trials [13],
and Google is developing a wristband health tracker specifically
for the clinical research industry [14]. In relation to physical
activity, tailored prescriptions that leverage personalized
algorithms and wearables are feasible [15].

These efforts to leverage digital health tools and behavioral
incentives [16-20] have escalated in recent years, perhaps due
to the growing health care crisis in North America. Costs of
medication and treatment non-adherence are estimated to exceed
$300 billion each year [21-22], and policy theorists have
identified technology’s potential to have an important impact
on decreasing costs and increasing intervention efficacy [23-24].

However, researchers are showing concern over high program
attrition rates [25], sustainability [26], and the failure of digital
health to show impacts at population levels [27-28]. A
countermeasure is that increasing amounts of data becoming
available, and analysis of specific usage patterns and topologies
are becoming more insightful [29-30].

For example, a rule of thumb in digital marketing is the 1%
rule, or 90-9-1 principle, which seeks to explain network
participatory patterns [31]. The rule states that 90% of network
actors observe and do not participate, 9% contribute sparingly,
and 1% of actors create the vast majority of new content. This
90%, 9%, and 1% are also known as Lurkers, Contributors, and
Superusers, respectively [32].

Since healthy adherers and Superusers tend to be the primary
contributors to community-based tools, a concern is that
interventions are mainly utilized by healthy adherers, individuals
who are already highly engaged in healthy behaviors [33-34].
However, it is also possible that in community-based platforms,
Superusers may influence those who are less active.

Objective
The objective of this preliminary study is to analyze descriptive
data from GOODcoins, a self-guided, free-to-consumer
engagement and rewards platform incentivizing walking,
running and cycling.

The Intervention
Registered members accessed the GOODcoins platform through
PCs, tablets or mobile devices. Following registration, users
were encouraged to sync wearable devices such as Jawbone,
Fitbit or the Moves App to their profile.

Zerofootprint Software Inc., the Toronto-based Corporation
that manages GOODcoins, is a software company that
aggregates data from sensors, databases, medical devices, smart
electronics and telematics for the purposes of creating evidence
and reward-based behavior change. GOODcoins is a social
currency that is being awarded to members for achieving activity
goals. There is no cost or membership fee, and any individual
can join the GOODcoins platform. Cumulative and anonymized
data generated from the program is analyzed by Zerofootprint,
program sponsors, or academic partners.

Gamified Group Challenges Measuring Individual
Progress
Following registration and the syncing of their wearable device
or app, members were encouraged to opt into various gamified
group challenges that involved walking, running, or biking.

Each challenge was unique, and had its own reward structure.
GOODcoins (or partner organizations that sponsored a
challenge) determined the challenge reward structures. Figure
1 illustrates three specific challenges that members could choose
to join on November 11, 2015.

Once a member joined a specific challenge, they were able to
compare their progress to other GOODcoins members. Figure
2 illustrates the challenge “Walk 30 Minutes”. In this challenge,
members were rewarded 10 GOODcoins if they walked 30
minutes each day.

The challenge was gamified as it allowed users to measure their
daily progress. Normative feedback allowed members to
compare their progress to other members who also opted into
the challenge. This is illustrated by the chart to the left of the
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text “This chart shows how your activity compares to others in
this challenge”. The section below the chart outlined the
member’s daily progress on an individual level.

Periodically, new, short-term challenges were offered to the
community. Figure 3 illustrates the completed challenge “Walk
around the Earth”.

In this challenge, cooperative game theory was utilized to
encourage members to individually contribute to a single overall

goal. The challenge, offered between June 1, 2015 and June 30,
2015, was initiated by the question: “Can the GOODcoins
community walk around the earth together this month? Let’s
find out! Contribute each day and get 50 GOODcoins each time
you meet the daily targets”.

Each member who accepted the challenge was incentivized by
being rewarded 50 daily GOODcoins for walking 5 kilometers
per day.

Figure 1. GOODcoins opt-in challenges for November 11, 2015.

Figure 2. Walk 30 minutes challenge.
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Figure 3. Walk around the earth challenge.

Sponsored Challenges
Challenges are sponsored by Zerofootprint, or partner
organizations. Figure 4 is an example of a challenge titled
“Walking Weekend Warrior”, which was sponsored by Mellow

Walk, a Canadian shoe retailer. The challenge was offered over
one specific weekend, and members were rewarded with 100
GOODcoins for joining, and 200 GOODcoins for reaching the
target of 120 minutes.

Figure 4. Challenge sponsored by Mellow Walk.
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Rewards
As members met challenge targets and accumulated
GOODcoins, they had the option of redeeming their GOODcoins

for planet- or people-friendly products offered in the
GOODcoins shop (Figure 5).

All products were curated by the GOODcoins team, and were
deemed to be socially and environmentally conscious.

Figure 5. Sample products in the GOODcoins shop.

Anticheat Measures
Although it is not possible to ensure that members, groups of
members, or a single member posing as a group of members do
not commit fraud, risk is managed in 4 specific ways. First,
statistical techniques can be used to detect whether member
movements fall within realistic ranges. Movement that is not
within a realistic range is flagged. Second, internal staff reviews
challenges and challenge completion rates. Third, redemption
rates in the GOODcoins shop are monitored. Finally, members
of the GOODcoins community have the opportunity to contact
GOODcoins directly if they observe atypical behavior in
gamified group challenges.

Methods

The reporting period was December 1, 2014 to May 1, 2015.
Descriptive self-report data were analyzed using MySQL and
MS Excel. All member data are self-report. Outcome data in
this study was obtained from the GOODcoins custom SQL
database.

At registration all members consented to the use of their data
for research or commercial purposes. Data collection procedures
adhered to Canadian privacy guidelines [35].

Prior to analysis, data was scrubbed of test cases, and
de-identified. Typical of digital health studies based on
retrospective databases which are free of personally identifiable
information, the authors deemed the study exempt from formal,
ethical review.

Results

Overall Findings
The study period includes data from 1298 users who were
connected to an exercise-tracking device. Females consisted of
52.62% (683/1298) of the population, 33.74% (438/1298) were
between the ages of 20-29, and 24.81% (322/1298) were
between the ages of 30-39. Canadians comprised 89.45%
(1161/1298) of the sample (Table 1).
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Table 1. Demographic characteristics of GOODcoins members.

n (%)General characteristics

4342 (100.0)Total population

1298 (29.9)Total population using health care challenges

Gender

683 (52.6)Female

557 (42.9)Male

58 (4.5)Unknown

Age

70 (5.4)19 and under

438 (33.7)20-29

322 (24.8)30-39

254 (19.6)40-49

106 (8.2)50-59

30 (2.3)60 and above

78 (6.0)Unknown

Nationality

1161 (89.4)Canadian

90 (6.9)American

47 (3.6)Other

Table 2 outlines activity recorded from members’ wearable
devices. Over 77% of connected and active members
(1006/1298) met daily recommended physical activity guidelines
of 30 minutes, with a total daily average activity of 107 minutes
(95% CI 90-124).

Slightly over 96% of connected and active users (1248/1298)
engaged in walking as their primary activity, versus 1.54% who
preferred running (20/1298), or 2.31% who preferred cycling
(30/1298).

Table 2. Activity.

Percentage of user engagement, n (%)Primary activity

1248 (96.14)Walking

20 (1.54)Running

30 (2.31)Cycling

Of members who exchanged GOODcoins, the mean balance at
time of redemption was 4,000 (equivalent to approximately US
$40) (95% CI 3850-4150). Over 50% (61/122) of redemptions

were for fitness or outdoor products, while 4.1% (5/122) were
for food-related items (Table 3).

Table 3. Redemption categories.

n (%)Redemption categories

5 (4.1)Food

14 (11.6)Apparel

15 (12.4)Home and Garden

26 (21.5)Personal Care

61 (50.4)Fitness/Outdoor

Participants were most likely to complete challenges when
rewards were between 201-300 GOODcoins (Table 4 and Figure
6).
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Table 4. Challenge completion rate.

Average challenge completion rate, %GOODcoins value

4110-50

4251-100

49101-200

67201-300

49301-400

55401-500

64501-600

47601+

Figure 6. Relationship between reward value & challenge completion rate.

Discussion

Principal Findings
This analysis is observational, and its purpose is to form a
baseline for future research in this rapidly emerging field.
Results indicate that challenges and incentives may be effective
for connected and active members, and may play a role in
achieving daily recommended activity guidelines.

Members were generally female (52.62%, 683/1298) and under
the age of 40. Walking was the primary activity (96.14%,
1248/1298), and 50.4% of rewards (61/121) were exchanged
for fitness or outdoor products. More detailed demographic and
psychographic data could assist in the development of profile
utilization patterns, motivations, and impact on overall health
behaviors.

To achieve health benefits, Canadian adults aged 18-64 should
accumulate at last 150 minutes of moderate- to
vigorous-intensity aerobic activity per week in bouts of 10
minutes or more [36]. It is encouraging to note that 77.50%
(1006/1298) of connected and active members were physically
engaged for at least 30 minutes per day, with a total daily
average activity of 107 minutes (95% CI 90-124).

Participants were most likely to complete challenges when
rewards were between 201-300 GOODcoins (67% completion
rate). However the challenge completion rate was 64% when
rewards were between 501 and 600 GOODcoins, 55% between

401 and 500 GOODcoins, and 47% when GOODcoin rewards
were over 600. This lack of detectable trends warrants
investigation into how rewards and incentives are positioned.
Researchers may wish to apply models familiar to economics
and finance such as hyperbolic discounting, operant
conditioning, or matching law.

Yet to be determined is whether members were already
physically active at time of registration and are representative
of healthy adherers, or were previously inactive and were
incentivized to change their behavior.

As outlined in Figure 1, challenges are gamified, and recent
health studies have illustrated positive effects from group-based
challenges [17-18]. Future research should also investigate the
role of Superusers and healthy adherers, and their impact on
behavioral norms.

Strengths and Limitations
A strength of this study is that participants belong to a
naturalistic, self-seeking population that may be representative
of digital patients who seek to participate in rewards programs.
However, this same strength may also be interpreted as a
weakness as the program may primarily attract healthy adherers.
It will also be important for future research to analyze 3, 6 and
12-month trends to determine increases or decreases in
individual physical activity levels, and assess if subjects are
reaching incentives and goals.
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An additional strength is the inclusion of real-time data from
wearable devices. Data are continually synced from devices to
the GOODcoins platform, so it would be difficult for users to
manipulate results.

Absent from this analysis are details examining the potential
relationships between number of participants in a specific type
of challenge, variance of completion rates, and reward value.
Future research should consider the optimization of these
relationships through the lens of economic models such as
hyperbolic discounting or pooling, or behavior change strategies
such as normative feedback or motivational interviewing.

An important limitation is that all connected wearables track
walking (steps), however only a few had the capability of

calculating movement associated with running or cycling.
Therefore, differences between walking, running and cycling
should be interpreted with caution.

Conclusions
Challenges and incentives may be effective for connected and
active members, and may play a role in achieving daily
recommended activity guidelines. Data from rewards-based
activity programs can give insights into theoretical constructs
related to behavioral incentives, gamification, and strategies
associated with cooperative games. Further research examining
demographic and psychographic characteristics of
rewards-program members, program efficacy rates, and the
stratification of member-types is required.
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Abstract

Background: Applied gaming holds potential as a convenient and engaging means for the delivery of behavioral interventions.
For developing and evaluating feasible computer-based interventions, policy makers and designers rely on limited knowledge
about what causes variation in usage.

Objective: In this study, we looked closely at why and by whom an applied game (LAKA) is demanded and whether it is feasible
(with respect to acceptability, demand, practicality, implementation, and efficacy) and devised a complementary intervention
during an interdisciplinary rehabilitation program (IRP) for patients with complex chronic pain and fatigue complaints.

Methods: A mixed-methods design was used. Quantitative process analyses and assessments of feasibility were carried out
with patients of a Dutch rehabilitation center who received access to LAKA without professional support during a 16-week
interdisciplinary outpatient program. The quantitative data included records of routinely collected baseline variables (t0), additional
surveys to measure technology acceptance before (t1) and after 8 weeks of access to LAKA (t2), and automatic log files of usage
behavior (frequency, length, and progress). Subsequently, semistructured interviews were held with purposively selected patients.
Interview codes triangulated and illustrated explanations of usage and supplemented quantitative findings on other feasibility
domains.

Results: Of the 410 eligible patients who started an IRP during the study period, 116 patients participated in additional data
collections (108 with problematic fatigue and 47 with moderate or severe pain). Qualitative data verified that hedonic motivation
was the most important factor for behavioral intentions to use LAKA (P<.001). Moreover, quotes illustrated a positive association
between usage intentions (t1) and baseline level (t0) coping by active engagement (Spearman ρ=0.25; P=.008) and why patients
who often respond by seeking social support were represented in a group of 71 patients who accessed the game (P=.034). The
median behavioral intention to use LAKA was moderately positive and declined over time. Twenty patients played the game
from start to finish. Behavioral change content was recognized and seen as potentially helpful by interview respondents who
exposed themselves to the content of LAKA.

Conclusions: Variation in the demand for applied gaming is generally explained by perceived enjoyment and effort and by
individual differences in coping resources. An applied game can be offered as a feasible complementary intervention for more
patients with complex chronic pain or fatigue complaints by embedding and delivering in alignment with patient experiences.
Feasibility, effectiveness, and cost-effectiveness can be evaluated in a full-scale evaluation. New observations elicit areas of
further research on the usage of computer-based interventions.
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Introduction

Background
Computer-based interventions (CBIs) can be effective
alternatives or complements to face-to-face delivery in
psychological treatment and chronic illness management [1-4].
However, systematic reviews on effectiveness of CBIs have
concluded that sizable and heterogeneous proportions of patients
stop using CBIs before completion [5-7]. Nonusage attrition in
CBI studies depends on factors such as therapist involvement,
demographics, computer self-efficacy, and health status [6-11].
As a strategy to improve patient engagement, some CBI designs
have incorporated interactive features [12,13]. Interactive and
visual-enriched designs may support patient demand through
perceived personal relevance, social support, and enjoyment
[14,15]. Accordingly, computer game technology has been
applied to engage people and to promote health behaviors and
clinical outcomes [16,17].

Chronic pain and fatigue complaints constitute a major burden
for individuals and societies worldwide [18-20]. Functional
somatic syndromes (FSS) are diagnosed by medical specialists
when bodily functioning is disturbed, somatic symptoms persist
longer than a normal healing process, and conditions cannot be
fully attributed to a known conventional disease [21]. A high
degree of commonality exists between FSS, wherein central
sensitization may be a biological substantiation [22]. FSS can
be precipitated by profound life events and cultural factors and
maintained by psychosocial factors [20]. Evidence supports the
effectiveness of various cognitive and behavioral interventions
in primary care settings, or within interdisciplinary rehabilitation
programs (IRPs), when “unimodal” psychiatric or
physiotherapeutic services do not suffice [20]. Nonetheless,
patients were often seen by their general practitioners, but
seldom accessed specialized behavioral or multi-modal
treatment, and often believed that their complaints are
inadequately managed (28%-62%) [17].

Literature Review
Efficient use of scarce resources and removal of access barriers
are important motives for developing CBIs [2]. Results on the
effectiveness of computer-based behavioral interventions are
promising, but uncertainties regarding their actual usage
certainly applies to FSS patients [2,23]. Virtual reality and
gaming technologies have been applied for triggering positive
emotions, distraction, or graded exposure in rehabilitation and
pain management for improvements in physical functioning,
pain symptoms, and daily life activities [24,25]. However, there
has been no evaluation of the effectiveness of applied gaming
as an independently accessible means for delivering behavioral
change messages to patients with FSS [16,17,26]. The actual

extent and reasons of patient engagement in applied games will
largely determine their effect [16]. A better understanding is
needed of why CBIs have not been optimally used by which
patients with chronic pain and fatigue symptoms to overcome
the treatment barriers they face and why integration of applied
gaming can offer a partial solution [2,17-19].

Research Goals
This study aims to explain the usage of applied gaming and
provide a comprehensive feasibility description from the
perspective of adult patients with chronic pain and fatigue
complaints. The opportunity to conduct this study was provided
by the planned incorporation of the applied game “LAKA”
within a standardized IRP for adult patients with chronic and
complex fatigue or pain symptoms in the Netherlands. The
primary objective is to explain variation in the demand for
applied gaming when offered for voluntary usage during an
IRP. Relationships are studied between usage (intentions),
behavioral factors, and patient baseline characteristics, including
case mix, functional and clinical status, and medical history. In
doing so, this study contributes to a better understanding of why
applied games are demanded by patients in real health care
settings. Second, feasibility was thoroughly described to prepare
for a full-scale evaluation in exploring the domains of
acceptability, implementation, practicality, and promise for
efficacy. Both research goals are reflected in a conceptual
framework (see Multimedia Appendix 1) integrating technology
acceptance modeling in a feasibility study design [23-27].
Overall, this contribution enables feasible proposals for
incorporating and evaluating an applied game for behavioral
change within the rehabilitation of patients with complex chronic
pain and fatigue complaints.

Methods

Research Design
A mixed-methods design was implemented with sequential
quantitative (QN) and qualitative (QL) phases [28] (Figure 1).
Owing to the availability of adequate quantitative research
instruments, an explanatory sequential mixed-methods design
worked well for triangulation, illustration, and complementing
QN findings with in-depth QL insights and with practically
useful information about feasibility [29,30]. The QN phase was
prioritized and set up as a longitudinal single-group study of
target patient responses to LAKA when offered for voluntary
usage during the first 8 weeks of their IRP. The QL phase
provided a complementary inductive approach to both research
questions. QN and QL phases were mixed in using QN results
for the preparation of QL data collection and again when
integrating and documenting QN and QL results.
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Figure 1. Mixed-methods design overview.

Recruitment and Data Collection
Ethical approval for the protocol was obtained for this study (at
the Psychological Ethical Testing Committee of Tilburg School
of Behavioral Sciences, Tilburg University). In total, 410
patients were eligible to start an IRP in 1 of 4 facilities of Ciran,
a Dutch rehabilitation center, between 6 January, 2014, and 6
April, 2014 (criteria are listed in Textbox 1) and had given
permission to process their diagnostic records for scientific

research. Patients in this group were prompted on the day of
their first appointment with an email invitation containing
information about the nature and consequences of participation
in the study, and a link to the “serious gaming page” (see
Multimedia Appendix 2). This page guided patients through
procedures for software access and additional data collection.
Local team leaders were requested to organize face-to-face
reminders for patients about the study and the accessibility of
LAKA regardless of giving informed consent.
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Textbox 1. Inclusion and exclusion criteria for study participants.

Inclusion criteria:

• Is aged between 18 and 67 years

• Lives in the Netherlands and is proficient in the Dutch language

• Reports the presence of pain for more than 6 months, or fatigue complaints, or a musculoskeletal disease for more than 3 months

• Had received previous primary or secondary health care services without a satisfactory result.

• Reported additional problems on at least 2 of the following problem areas: disturbance of participation, individual or environmental factors,
psychological distress, and lack of spiritual well-being

Potential exclusion criteria:

• Presence of medical or psychiatric risk factors (nontreated medical condition, drugs- or alcohol addiction, and suicide risk)

• Presence of third party liabilities

Additional QN data were collected from study participants with
two surveys and log-file recordings. The first survey was to be
completed within 4 weeks after the invitation and before usage
(t1). The second survey (t2) was added to a standard midterm
evaluation after 8 IRP weeks, and was to be submitted by the
12th week. Participants’ actual usage behavior had been logged
automatically between the pre and post surveys. In the
intermediate phase, the focus was on "demand" as the primary
subject of the study. Two extreme cases were selected so that
a relationship between the most predictive baseline characteristic
for the use of LAKA could be clearly illustrated. Two more
cases were selected with demand levels that were poorly
explained by this “key” predictor and more likely to provide

information about omitted factors or counterfactuals. QN results
were also used to set up an interview schedule. Purposefully
selected participants were invited with a prescripted telephone
call after their IRP was finished. Interviews were held during
1- to 1.5-hour home visits and were tape-recorded and
transcribed. Field notes were taken, and full transcripts were
sent to respondents by email within a week after the interview.

Intervention
A standardized 16-week IRP was delivered by teams of
physiotherapists, psychologists, spiritual counselors, and medical
rehabilitation specialists (Textbox 2). A full description of the
IRP is provided by Garschagen et al [31].

Textbox 2. Characteristics of the interdisciplinary rehabilitation program (IRP).

Tailored: The program has a modular build-up to match individual care need.

Outpatient, intensive: On average, 100 hours delivered by professionals (both individual and group sessions), and 30 self-directed hours.

Integrated program components:

• 45% exercise therapy, graded activity, graded exposure, and education in physiology

• 15% cognitive behavioral therapy

• 15% counseling and guidance in resuming participation in important life domains, such as work, social activities, and family life

• 25% spiritual education

Target outcomes:

• Primary: improvement of well-being [32], and participation in important life-domains (activity and participation domains 4-9 of the International
Classification of Functioning) [33]

• Secondary: reduce pain, fatigue, and emotional distress symptoms

As recommended, functional requirements were specified before
the modeling and evaluation of LAKA [34]. LAKA delivers
skills training with metaphorical simulation elements
(encounters) and guided exercises for focused attention and
open awareness [35]. These elements are interspersed with
images of real-world environments, immersive mini-games,
and in-game debriefings for “transferring” new insights beyond
the virtual world (Textbox 3). Basic information on functional
specifications and playability feedback are described and
illustrated with screenshots and trailers in Multimedia Appendix

3. A Windows version of LAKA was offered for usage wherever
and whenever convenient, without support from health
professionals. No recommendation for a minimum or maximum
amount of usage was given, and no prompts or reminders were
sent. On the one hand, it was expected that many target patients
would not use LAKA because of this noncommittal mode of
delivery. On the other hand, this variation was desired to
discover explanations and practical suggestions that generally
apply for delivery in open and clinical settings.
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Textbox 3. LAKA design.

• Problem addressed: In complex cases, suffering associated with FSS has an intrusive impact on patients’ existence and their interactions with
caregivers, family, or friends [36].

• Design team: The design team involved entrepreneurs, researchers, a scriptwriter, game designers, artists, programmers, audio experts, voice-actors,
and IT specialists.

• Stakeholder involvement: Feedback sessions (on functional specifications, theoretical model, and prototypes) involved experts (in behavioral
science, medical technology, and spirituality), and critical users.

• Genre: Single-player adventure game.

• Goal (of the game): LAKA was designed to provide skills training in “spiritual” practices. Practices are focused on behavioral qualities that are
associated negatively with negative emotions and positively with psychological well-being: “generosity,” “moral discipline,” “patience/forbearance,”
“enthusiastic energy,” and “mental stability.” Accordingly, the design includes the delivery of various behavioral change techniques integrated
in an immersive simulation environment.

• Main challenges (in the game): Identify with a personal Avatar and engage in a quest. The story is about an Avatar, who learns about “the art
of living” while traveling the world after a significant deterioration of his/her condition. Tasks primarily entail the consideration and evaluation
of response options in virtual “encounters” with nonplaying characters.

• Application components: Introduction, 4 training modules (or travel “destinations”: London, Turkey, Asia, Africa) with recurrent components,
and a celebratory end.

• Duration: Completing the game from start to end takes about 2.5 hours.

• Game controls: Interaction design and controls (with computer mouse and keyboard) were designed for ease of use. Progression in the game
does not depend on gamer performance or skill.

• Graphics: Mixed 2D and 3D graphics with comical cut scenes.

• Sound: Voice-overs and music convey emotions and atmosphere.

• Platform: Personal computer or laptop (MS Windows version).

• System requirements: Windows XP or beyond, a 6 gigabytes hard drive, 1 gigabyte memory, and a stable Internet connection.

• Accessibility: Via the “serious gaming” Web page by downloading, or by following instructions for picking up a digital versatile disk at local
facilities.

Measures

Demand, Demand Factors, and Other Feasibility
Domain Outcomes
Objective indicators of demand were based on automatic data
logs of participant activities: “frequency” (number of days on
which progress was logged), “duration” (sums of time intervals
between logins and subsequent data logs), and “progress” (the
number of completed encounters). Demand was rated
subjectively, before and after usage, by the extent of agreement
(1, completely disagree, to 7, completely agree) with 3
statements about their current behavioral intention (BI) to use
LAKA during their IRP [24,25]. Seven-point Likert scales were
also used to assess behavioral factors, including performance
and effort expectancies, social influence, perceived behavioral
control, computer anxiety and self-efficacy, hedonic motivation
or enjoyment, habit, and trust [23,24,37]. Multimedia Appendix
4 contains details about all survey measures, including variable
definitions, items, validity, and reasons why behavioral factors
may be relevant [38-46]. Practicality was indicated by counting
logins of participants with positive behavioral intentions (BIs
at t1 ≥5) as evidence of success in obtaining the software,
installation, and running the application. Study and usage
attrition were interpreted as indicators of the degree of
implementation. Acceptability was operationalized as postusage
perceived appropriateness in enjoyment, ease, and knowledge
improvement in participants who completed at least the first
module of the game.

Baseline Measures
Retrieved baseline variables were categorized into case mix,
functional status, clinical status, and previous treatment variables
(see Multimedia Appendix 4). Case-mix variables included sex,
age, education level, environmental issues, and treatment
facility. Preferred coping styles were measured with the Utrecht
Coping List (UCL). Functional status variables included the
duration and course of health complaints, employment status,
absenteeism, and 1-item general subjective health. Pain intensity
was assessed with an 11-point Numerical Rating Scale (NRS)
[47]. The Checklist Individual Strength was used to assess
fatigue dimensions [48]. Clinical status variables included a
categorization of the chronic symptom patterns by a
rehabilitation specialist (primarily a fatigue or musculoskeletal
or other pain condition). Body mass index (BMI) and blood
pressure were measured during physical examination.
Psychopathology dimensions were assessed with the Dutch
90-item Symptoms Check List (SCL-90) [49]. The Pain Coping
and Cognitions List and Tampa Scale of Kinesiophobia were
used to measure pain coping and cognitions [50,51]. Finally,
patients indicated previous specialized treatments and current
medication intake.

Data Analyses

Data Exclusion
Cases were list-wise deleted before analysis if the proportion
of missing observations was <5%, or handled by predicting 5
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data imputations for each empty cell through regression of all
variables in the dataset (using the MCMC algorithm). All
full-case QN findings presented as marked results are supported
by pooled results.

Participant Statistics
Characteristics of eligible patients, study participants, and
participants who logged into the game (players) are described
by descriptive statistics and frequencies. Chi square and
Mann-Whitney U tests were used to compare baseline level
characteristics between study participants and participants who
logged into LAKA, versus eligible patients that were not
included in those groups. Similarly, differences were tested
between participants who logged in versus participants who did
not log in.

Process Analyses of Demand and Feasibility Descriptions
All feasibility outcomes of applied gaming during the first 8
weeks of the IRP are indicated with descriptive statistics and
line graphs. Association measures (Spearman ρ and Kendall τ
statistics) between baseline characteristics, behavioral factors,
and feasibility outcomes were calculated and tested for
significance. Moreover, multiple ordinary least squares
regression analyses were performed for the sequential
identification of important constituent factors of behavioral
intention at t1, to explore whether effects of behavioral factors
differed between subgroups of patients (see Multimedia
Appendix 5), and to test if marked associations between baseline
characteristics and behavioral intentions were mediated by
behavioral factors [52].

Qualitative Data Analysis
Interview transcripts were coded by one author (MV) using a
software package: MAXQDA 11 (VERBI GmbH) [53]. In the
first coding step, all text fragments about the specified interview
topics were labeled with short statements that corresponded
with contextual meanings. A second author (MJ) independently
repeated this first coding step for one interview. These “first
order” codes were compared and discussed between MJ and
MV to align and refine the coding procedure. In a second coding
step, more abstract categories were generated. Throughout this
process, first-order codes and emergent categories were
constantly compared and hierarchically structured as a means
for critical appraisal and to avoid imposing preconceived ideas
on the QL data. Finally, categories were related to one another
by designating them as context factors, conditions (barriers or
facilitators), events or interactions, or consequences.

Mixing Quantitative and Qualitative Results
In connecting QL and QN findings, codes and statistics were
provided for comparison for both research questions. QN results
were deemed notable for comparison with QL findings if P
values were below .05. Subsequently, 3 researchers (MV, MJ,
and HV) discussed and determined points of convergence,
divergence, or complementariness between QN and QL findings.
In doing so, observations were summarized to determine which,

and to what extent, remarkable and solid QN findings were
clearly illustrated and triangulated. Moreover, the point at which
qualitative data collection was stopped was determined on the
basis of saturation with respect to illustrations of behavioral
factors and the role of a key predictive baseline characteristic
for usage in early stages.

Results

Participant Statistics
Of the 410 invited eligible patients, 32.2% provided informed
consent and completed the first additional survey (Figure 2).
The 84 patients who reported why they did not wish to
participate mentioned “other obligations” (23), “facilitative
problems” (14), “no intention to use the intervention” (14), “not
enough energy or concentration” (13), “no interest to participate
in the research” (10), “bodily complaints” (8), or “other reasons”
(2). One patient withdrew because of a broken computer, and
one for experiencing excessive hindrance in attempting to use
an unsupported Web browser. The second questionnaire was
submitted by 93 participants (80.2%).

Study participants’ average age was 44.4 years (SD 10.8 years;
range 21-63 years); 71% were female (Table 1). Sixty-nine
participants were completely absent from work. The average
duration of absenteeism was 157 days (SD 223.0), with a median
slightly more than 100 days. Forty-seven participants (40.5%)
reported moderate to severe pain (5-10), and 108 experienced
problematic fatigue. Average scores for depressive (42.9, SD
11.4) and anxious (22.2, SD 8.2) symptoms were high.
Participants had been regularly surfing the Internet, but only 46
patients (39.7%) had been playing on a computer over the past
year. No statistically significant differences between participants
and nonparticipants were found for case-mix variables.
However, patients with more severe pain symptoms were
underrepresented in the sample (Table 2). The group of 71
patients who actually logged in (players) reported relatively
higher scores for coping through active engagement and social
support seeking, lower scores for pain coping, and fewer
environmental issues. The proportion of patients who had
received specialist treatment for their current complaint was

lower among players than among nonplayers (χ2
1=4.1; P=.042;

not in Table 2).

Four interview respondents were selected based on their
combination of scores for coping by active engagement and
demand (Table 3). Open questions were asked to introduce and
focus on topics (see Multimedia Appendix 6). Two topics
addressed the primary research question, namely, “initial
response” to the digital game offering (topic 1) and patient
“experiences” throughout their interactions with LAKA (topic
2). Topic 2 and “suggestions for improvement” (topic 3), served
to collect complementary information on feasibility domains.
After a first round of mixing, 4 interviews was deemed sufficient
to provide clear illustrations of the most notable QN
explanations for demand.
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Table 1. Characteristics of study participants (N=116).

N (%)Characteristica

Demographics

Sex

71 (61.2)Female

Age, years

23 (19.9)<35

30 (25.9)35-45

41 (35.3)45-55

22 (19.0)55-67

Education level ISCEDb

32 (25)Primary or less

44 (37.9)Lower to postsecondary

40 (34.5)Tertiary and posttertiary

3 (2.6)Missing

Functional status

Employment in paid work

49 (42.2)Full-time

52 (44.8)Part-time

15 (12.9)None

Absenteeism

15 (26.1)Not

17 (14.8)Partially

69 (59.1)Completely

Duration of absenteeism for present somatic symptoms

31 (26.7)<3 months

41 (35.3)0-3 month

22 (19.0)3-6 months

14 (12.1)6-12 months

6 (5.2)1-2 years

2 (1.7)>2 years

Symptom duration

3 (2.6)<3 months

11 (9.5)3-6 months

30 (25.9)6-12 months

27 (23.3)1-2 years

45 (38.8)>2 years

Pain NRSb

18 (15.5)No pain (0)

51 (44.0)Mild pain (1-4)

36 (31.0)Moderate pain (5-7)

11 (9.5)Severe pain (7-10)

Fatigue
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N (%)Characteristica

2 (1.7)No fatigue (NRSb=0)

6 (5.3)Not problematic (CISb ≤76)

108 (94.7)Problematic (CIS >76)

CIS subjective fatiguec

50 (43.1)Above average

CIS physical activityc

67 (58.8)Below average

Clinical status

Primary diagnosis

21 (18.1)Chronic musculoskeletal disorder

17 (14.7)Chronic pain

78 (67.2)Chronic fatigue

SCL-90b depressiond

24 (20.7)Below average (16-31)

7 (6.0)Above average (32-35)

63 (54.3)High (36-52)

22 (19.0)Very high (≥53)

SCL-90 anxietyd

42 (36.2)Below average (10-17)

7 (6.0)Above average (18)

39 (33.6)High (19-28)

28 (24.1)Very high (≥29)

Previous treatment

Medical specialist treatment

70 (60.3)Yes

Medication usage

80 (69.0)Yes

1 (.9)Missing

Previous use of similar technology

Habit of frequent Internet usage with a PC or laptop

84 (72.4)On 6-7 days per week

22 (19.0)On 3-5 days per week

9 (7.8)On 1-2 days per week

1 (0.9)On <1 day per week

Experience of digital game play

37 (31.0)Never played a digital game

33 (28.4)More than a year ago

14 (12.1)Less than a year ago

32 (27.6)Less than a month ago

Habit of frequent digital game play
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N (%)Characteristica

29 (25)One or more times per month (and less than a month ago)

aA selection of individual baseline characteristics is presented to facilitate comparison with previous evaluations of behavioral interventions for FSS
patients [54,55].
b CIS: Checklist Individual Strength, ISCED: International Standard Classification of Education (according to which highest education levels [Dutch
system] were rescaled [low = 0-1, middle = 2-4, high = 5-6]) [56], NRS: Numerical Rating Scale, SCL: Symptom Checklist.
cFor all participants (2 missing values were ignored; N=114). In comparison with the average in a population of patients with chronic fatigue syndrome
[57].
dCompared with a population of Dutch patients with chronic pain [49].
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Table 2. Overview of independent samples tests.

Players (N=71)

vs nonplayers or nonparticipantsa

Participants (N=116)

vs nonparticipantsaVariable

Mean (SD)/frequency (%),

P value of test statisticb

Mean (SD)/frequency (%),

P value of test statisticb

Case mix

45 (63.4), .9271 (61.2), .48Female (dit.)b

44.1 (11.3), .8844.4 (10.8), .91Ageb

3.3 (1.3), .403.3 (1.3), .12Education level

18.5 (3.9), .0217.6 (4.0), .53UCLc active engagement

14.0 (4.0), .1114.3(3.7), .29UCL passive responding

14.1 (4.0), .0313.9 (4.0), .06UCL social support seeking

12.4 (2.7), .3812.0 (2.7), .74UCL comforting thought

34 (47.9), .0261 (53.4), .07Environmental issue (dit.)

18 (25.4), .3039 (33.6), .39Location A (dit.)

19 (26.8), .8927 (23.3), .41Location B (dit.)

18 (25.4), .5929 (25.0), .53Location C (dit.)

16 (22.5), .6421 (18.1), .45Location D (dit.)

Clinical status and functioning

27.4 (5,5), .1727.1 (5.8), .32Body mass index

54 (76.1), .00278 (67.2), .045Indication for chronic fatigue (dit.)

9 (12.7), .0321 (18.1), .16Indication for musculoskeletal disorder (dit.)

8 (11.3), .1417 (14.7), .37Indication for chronic pain (dit.)

Median >2 years, .34Median >2 years, .75Symptom duration

44 (62.0), .6874 (63.8) .75Symptom recurrence (dit.)

43 (60.6), .2069 (59.5), .04Symptom deterioration (dit.)

62 (87.3), .23101 (87.1), .12Paid work (dit.)

206.3 (51.2), .94206.9 (50.7), .70SCL-90ctotal

9.0 (3.4), .239.1 (3.3), .18SCL-90 sleeping problems

11.1 (4.1), .6911.3 (4.5), .38SCL-90 hostility

33.9 (12.4), .6334.9 (12.7), .58SCL-90 interpersonal sensitivity

26.6 (6.9), .2726.0 (7.0), .73SCL-90 insufficiency

31.3 (7.7), .4030.7 (8.3), .86SCL-90 somatization

41.8 (11.7), .5542.9(11.4), .69SCL-90 depression

22.4 (8.5), .9922.2 (8.2), .86SCL-90 anxiety

11.5 (6.0), .7311.0 (5.4), .60SCL-90 agoraphobia

N=27dN=47d

6.6 (1.4), .216.5 (1.3), .046Pain NRSc

3.3 (.7), .183.2 (.7), .09PCCLc internalization

2.7 (.8), .0092.8 (.8), .06PCCL pain coping

3.6 (.8), .113.6 (.8), .04PCCL catastrophizing

36.4 (7.1), .6436.7 (6.8), .80TSKc
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Players (N=71)

vs nonplayers or nonparticipantsa

Participants (N=116)

vs nonparticipantsaVariable

N=69eN=108e

50.4 (5.6), .8550.5 (6.0), .32CISc subjective fatigue

26.0 (8.4), .5726.3 (8.1), .59CIS concentration

21.4 (6.1), .6321.3 (6.1), .59CIS motivation

16.9 (4.1), .3017.2 (4.0), .83CIS physical (in)activity

109.4 (14.1), .64110.1 (14.8), .99CIS total score

N=62fN=101f

33 (46.5), .5752 (53.1), .72Part-time work (dit.)

29.8 (15.4), .1231.6 (11.9), .21Weekly work hours

54 (87.1), .6086 (74.1), .94Absent (dit.)

16 (22.5), .4826 (22.4), .33UBOS-ac burnout (dit.)

4.0 (1.5), .473.9 (1.5), .72UBOS mental exhaustion

2.4 (1.6), .992.3 (1.5), .81UBOS distancing

4.1 (1.1), .084.0 (1.2), .20UBOS work competence

N=54gN=86g

13 (24.1), .9417 (14.7), .31Partially absent (dit.)

150.4 (15.4), .36159.8 (223.4), .91Sick leave duration

Previous treatment

39 (58.2), .0670 (60.3), .48Medication intake (dit.)

47 (66.2), .8381 (69.8), .50Previous specialist treatment (dit.)

aThese comparisons were chosen to inform about study sample profiles and how successful the implementation was in recruiting representative subsamples
for exploring “within-group” variation in demand. The players versus nonplayers comparison did not yield more remarkable differences.
bN (%) and P value of chi-square if variable is dichotomous (dit.); median (N) or mean (SD) and P value of Mann-Whitney U test if variable is an
ordinal or a ratio scale value.
cCIS: Checklist Individual Strength, PCCL: Pain Coping and Cognitions, SCL: Symptom Checklist, TSK: Tampa Scale of Kinesiophobia, UBOS-a:
Utrecht Burnout Scale labor (a) version, UCL: Utrecht Coping List.
dSubsample of participants with moderate or severe pain, ewith problematic fatigue, and fwith paid work and of those gabsent from work.
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Table 3. Characteristics of interview respondents.

Respondent #4Respondent #3Respondent #2Respondent #1aCharacteristic

2, 41, 10, 03, 20Usage (session days, encounters)

7416Behavioral intention

AverageVery highVery lowVery highUCL active engagementa

FemaleFemaleMaleMaleSex

54625735Age, years

Present at workFully absent for 287 daysFully absent for 97 daysNo paid workWork status

ProblematicAbove-average CFSAbove-average CFSbProblematicCIS fatigue severityc

0313Pain NRS

HighHigh<AverageAverageSCLd anxiety

aCases were identified by inspection of a bivariate scatterplot displaying the most predictive individual baseline characteristic on the x-axis; frequency
of usage on the y-axis; and marking dots representing negative (<3), neutral (3-5), and positive (>5) behavioral intentions at t1.
bLevels of active engagement within the sample are similar to healthy worker population levels. Norm scores are slightly different for males and females.
cAs compared to average fatigue severity in a sample of patients diagnosed with chronic fatigue syndrome.
dCIS: Checklist Individual Strength, NRS: Numerical Rating Scale, SCL: Symptom Checklist, UCL: Utrecht Coping List.

Figure 2. Flow diagram of study participants.
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Process of Demand

Direct effects
Actual usage indicators measured at preadoption were associated
with behavioral intention at a moderate level at t1 (ρ=.527-.546),
and weakly at t2 (ρ=.260-.273). Behavioral intention was
associated with various behavioral factors measured at t1 (Table
4). Effects of perceptions on performance, social norms, and
knowledge improvement became stronger over time and with
exposure to LAKA. Expectancies of effort and performance
independently shared a significant amount of variance with
behavioral intention at t1 (Table 5). Second step models were
superior to the core model if supplemented with hedonic
motivation or habit, but not if other factors were added.
Inclusion of hedonic motivation weakened the effects of core
factors such that performance expectancy was no longer a
significant factor for behavioral intention.

If asked openly for an explanation of their own initial response
to the offer to play LAKA during their IRP, respondents first
explained their affect or attitude at that time, such as their
openness to try the intervention. These feelings were
substantiated by memories of previous experiences with
computer game play. Those who felt positive about using the
game did not experience barriers in concerns about privacy,
usefulness, opinions of others, or a lack of resources.
Nonetheless, respondents desired an explanation about how the
intervention could bring about personal benefit.

I do like games. I have them myself… I'm just going
to see what it is. Not immediately: no, I do not join
in… I was just open minded… With two or three
people I have talked about it (eds.: study, LAKA), and
they said: the only thing for which I look at the
computer, is to see what time I should be here. For
other things; let me know… [Respondent #4]

I did not recognize a goal… If there was a little more
explanation, then I would have probably played ...
and especially if it helps. [Respondent #2]

Various associations between case-mix variables and demand
indicators were marked (Table 6). Frequency of coping by active
engagement and comforting thought were positively related to
demand before exposure. Associations between demand
indicators and social support seeking increased by exposure.
BI was significantly lower for participants treated in location
A, whereas participants treated in location D progressed more
within the game. BI measured after 8 weeks was associated
negatively with education level and positively with age. Notable
differences in demand by functional and clinical status variables
were also observed. LAKA was played more frequently by
participants who reported partial absenteeism from work and
lower pain coping scores. Higher usage was registered for
players with higher levels of perceived competence in their job,
symptom deterioration, higher pain intensity, lower
internalization, and fewer symptoms of anxiety at baseline.

Table 4. Associations between demand indicators and behavioral factors.

BF t2 with BI t2

N=32

(ρ, P)

BF t1 with BI t2

N=92

(ρ or τ, P)

BF t1 with BI t1a

N=115b

(ρ or τ, Pc)Behavioral factor

.59, <.001.19, .08.33, <.001Performance expectancy

.35, .045.10, .37.42, <.001Expected ease

.42, .01.17, .110.14, .13Social influence

.22, .22.04, .71.33, <.001Perceived behavioral control

.53, .001.21, .049.31, .001Trust

.61, <.001.43, <.001.54, <.001Hedonic motivation

.10, .35−.27, .003Computer anxiety

.32, .002.22, .02Computer self-efficacy

.06c, .53.22c, .007Habit (dichotomous)

.77, <.001Perceived knowledge improvement

aBI: behavioral intention, BF: behavioral factor, t: time-point.
bPairwise deletion: one respondent submitted an unfinished web-survey at t1.
cKendall τ (for dichotomous variable) or Spearman ρ (for other variables), P value.
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Table 5. Parameters and models fit of multiple regression for constituent factors of behavioral intention at preadoption.

Model 4:

Core+HBb

beta (P value)

Model 3:

Core+HMb

beta (P value)

Model 2:

UTAUTb

beta (P value)

Model 1:

Core TAMb

beta (P value)

Parameters

(N=115a)

.69 (.23).89 (.10).34 (.63).84 (.15)Constant

.46 (<.001).04 (.79).35 (.009).40 (.002)PEc

.47 (.001).27 (.02).51 (<.001).52 (<.001)EEc

.15 (.09)SIc

.06 (.63)PBCc

.59 (<.001)HMc

.63 (.02)HBc

R2 (P of ΔR2)dR2 (P of ΔR2)dR2 (P of ΔR2)dR2 (P of ΔR2)c

.38 (.02).43 (<.001).36 (.22).34 (<.001)Model

aObservations of 1 incomplete case were listwise deleted.
bEE: effort expectancy, HB: habit, HM: hedonic motivation, TAM: technology acceptance model, UTAUT: unified theory of acceptance and use of
technology, PBC: perceived behavioral control, PE: performance expectancy, SI: social influence.
c,dP of ΔR2 is the P value of variance explained by the model over ca constant-only model, or dover model 1.
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Table 6. Associations between baseline characteristics and demand indicators.

BI t2

ρ or τ, P

Progress

ρ or τ, P

Time spent

ρ or τ, P

Session days

ρ or τ, P

Session days

ρ or τ, P

BI t1

ρ or τ, PaBaseline variable

Case-mix

N=93N=71N=71N=71N=116N=116

−.08, .38−.13, .22−.10, .29−.10, .34−.03, .77−.04, .59Female (dit)a

.25, .02−.00, .97.03, .78−.05, .69−.02, .84−.10, .28Age

 .28, .006−.24, .048−.24, .048−.21, .08−.12, .18−.05, .60Education level (ISCED)b

.11, .31.13, .28.13, .29.23, .06.30, .001.25, .008UCLb active engagement

.02, .82−.02, .89.02, .86−.19, .12−.16, .08−.09, .32UCL passive responding

.08, .43.24, .04.20, .08.23, .052.19, .045.09, .37UCL social support seeking

.05, .62.09, .48.09, .44.11, .36.19, .04.20, .03UCL comforting thought

.06, .50.10, .34.07, .48.13, .22−.03, .13−.15, .06Environmental issue (dit.)

−.02, .86−.19, .07−.18, .06−.13, .22−.22, .01−.17, .03Location A (dit.)

−.091, .31−.18, .08−.14, .17−.15, .15.01, .93.07, .42Location B (dit.)

.030, .74.14, .18.12, .23.15, .18.06, .47.07, .37Location C (dit.)

.084, .35.24, .02.21, .03.15, .17.19, .03.06, .46Location D (dit.)

 

Clinical and functional status

N=93N=71N=71N=71N=116N=116

.10, .34.11, .39.06, .65.06, .60.13, .17.05, .64Body mass index

.15, .10−.16, .12−.18, .06−.18, .09.07, .43.06, .48Indication chronic fatigue (dit.)

−.16, .07.10, .31.10, .30.16, .15−.05, .56−.02, .78Indication musculoskeletal (dit.)

−.02, .83.10, .31.14, .16.08, .44−.04, .69−.05, .53Indication chronic pain (dit.)

.05, .63.29, .02.28, .02.29, .02.15, .12−.03, .79Pain intensity NRSb

−.04, .70.03, .79.01, .94−.01, .92−.08, .40−.05, .58Symptom duration

.03, .78−.09, .37−.12, .23−.08, .49−.05, .53−.02, .74Symptom recurrence (dit.)

.13, .17.20, .048.25, .01.21, .054.14, .09.05, .51Symptom deterioration (dit.)

−.10, .30−.00, .98.03, .75.07, .54.03, .77.04, .64Paid work (dit.)

.08, .37.03, .78.04, .67.09, .43.05, .54.07, .38Part-time (dit.)

−.16, .13.03, .84.04, .75.02, .87.05, .60.09, .35Weekly work hours

.05, .64−.01, .97.02, .88−.07, .52.02, 87−.01, .89Work absence (dit.)

−.05, .63−.12, .30−.06, .63−.20, .09−.11, .23−.08, .41SCLb total

−.01, .96−.10, .40−.05, .71−.09, .48−.10, .29−.12, .19SCL sleeping problems

.07, .47−.03, .80.01, .97−.03, .83−.01, .94−.09, .32SCL hostility

−.01, .96−.06, .61−.04, .73−.16, .19−.13, .17−.14, .14SCL interpersonal sensitivity

−.01, .90−.09, .44−.02, .86−.13, .29.03, .78.03, .74SCL insufficiency

.02, .88.01, .92.07, .56.02, .89.09, .36.01, .94SCL somatization

−.11, .28−.09, .44−.03, .78−.18, .13−.17, .07−.11, .25SCL depression

.04, .74−.21, .08−.15, .23−.28, .02−.13, .18.00, .98SCL anxiety

−.07, .53−.19, .11−.14, .25−.29, .02−.06, .50.02, .83SCL agoraphobia

N=38N=27N=27N=27N=47N=47
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BI t2

ρ or τ, P

Progress

ρ or τ, P

Time spent

ρ or τ, P

Session days

ρ or τ, P

Session days

ρ or τ, P

BI t1

ρ or τ, PaBaseline variable

−.06, .73−.48, .01−.42, .03−.36, .07−.11, .46.14, .37PCCL internalization

−.01, .95−.26, .19−.25, .21−.28, .16−.35, .02−.03, .87PCCL pain coping

.03, .84.25, .21.30, .14.16, .42.02, .92.03, .83PCCL catastrophizing

−.08, .64.23, .25.26, .20 .09, .67−.08, .58−.08, .61TSK kinesiophobia

N=86N=69N=69N=69N=108N=108

.03, .80−.10, .42−.02, .90−.07, .55−.09, .38−.04, .66CISb subjective fatigue

.15, .16−.09, .47−.05, .67−.15, .22−.10, .30.07, .49CIS concentration

.19, .08−.10, .41−.04, .72−.13, .29−.05, .59−.08, .44CIS motivation

−.04, .75.09, .48.13, .27.02, .90−.05, .60.02, .81CIS physical or inactivity

.16, .15−.13, .29−.06, .64−.18, .14−.12, .22−.02, .82CIS total score

N=93N=62N=62N=62N=101N=101

.04, 67−.20, .06−.17, .10−.23, .050−.10, .30−.01, .95UBOS-a burnout (dit.)

.11, .35−.11, .38−.11, .42−.08, .55.01, .90.03, .77UBOS-a mental exhaustion

.10, .36−.20, .12−.16, .22−.19, .15−.08, .40.10, .93UBOS-a distancing

−.14, .22.32, .01.27, .03.29, .02.19, .052.15, .14UBOS-a work competence

 

N=69N=54N=54N=54N=86N=86

.09, .40.20, .09.18, .11.27, .03.26, .01.06, .55Partially vs. fully absent (dit.)

−.10, .41.00, .98 .01, .96.02, .91.13, .24.21, .054Sick leave duration

 

Previous treatment

N=93N=71N=71N=71N=116N=116

.02, .79−.11, .27−.10, .31−.13, .22−.15, .09−.09, .44Medication intake (dit.)

.09, .35.15, .15.08, .41.16, .16−.06, .53−.03, .72Specialist treatment (dit.)

aρ: Spearman ρ statistic was calculated when both variables had interval or ratio measurement levels, τ: Kendall τ statistic was calculated for dichotomous
level independent variables (dit.) P: P value of test statistic.
bCIS: Checklist Individual Strength, ISCED: International Standard Classification of Education Level, NRS: Numerical Rating Scale, PCCL: Pain
Coping and Cognitions, SCL: Symptom Checklist, TSK: Tampa Scale of Kinesiophobia, UBOS-a: Utrecht Burnout Scale labor (a) version, UCL:
Utrecht Coping List.

Three interview respondents who exposed themselves to LAKA
explained their level of engagement by witnessing that game
tasks were welcome challenges in early stages of a rehabilitation
process. However, patient users’ attention shifted away from
gaming tasks toward the pace (slow) and structure of the game
when their confidence and engagement in “real-life” roles
increased (eg, noticing that selecting preprogrammed alternatives
is not as complex as responding in real life, and purposively
selecting “bad” responses to explore the “rules” that guide
scenarios). Disengagement was also explained by the belief of
being incapable to perform a certain task.

At the time of the program… I was on sick leave. What
could I do? I really had time for the computer, and
no energy for anything else... When I stopped, it was
enough for me. The game is too slow for me… For
my energy that I've built up again... I started working

again. I'm going to a sports club. Yes, my life, my
rhythm, is different... I have no time. [Respondent #3]

In work, I am constantly adjusting to people. So for
me it did not really matter… I have an ADHD
problem. So, attention exercises are a disaster for
me. I have no patience for that… The first time I went
on to see where I got stuck when I was just giving
‘wrong’ answers… Occasionally, when you had to
wait, I was like: come on, hurry. [Respondent #1]

Moderation and Mediation Effects
Performance expectancy was a significantly stronger predictor
of behavioral intention at t1 in patients primarily diagnosed
with chronic fatigue rather than a chronic pain condition
(beta=.98; P<.001), and high levels of depressive symptoms
(beta=.91; P=.006). The relationship between social influence
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and behavioral intention was affected negatively by the more
than 6-month absenteeism (beta= .61; P=.01). Daily Internet
usage over the past year strengthened the positive effect of
hedonic motivation on behavioral intention at preadoption
(beta=.63; P=.001). The negative association between computer
anxiety and behavioral intention was significantly weaker in
participants younger than 45 years (beta=.42; P=.009).
Mediation analyses showed that perceived behavioral control
mediated the effect of active engagement on behavioral intention
at preadoption, but did not mediate the effect of active
engagement on the presence of a log-in.

Focusing on individual differences in coping with the delivery
of LAKA during interviews yielded self-descriptions by patients,
which varied between being “curious, a gamer, and capable” to
play versus being neither a “games person” nor an “early
adopter” and believing that computer games are difficult to play.

Anyway, I am someone who games a lot ... Did not
doubt about being able to play it. I am someone who
wants to follow and keep up with things ... There are
buttons, and all the buttons I want to have tried them
at least once. [Respondent #1]

Most games that happen to PCs, such as Tetris and
things like that… That is under time pressure … No,
that does not attract me and I cannot do that ... I'm
not the pioneer to go on my own. [Respondent #2]

Feasibility Description

Demand
At the preadoption stage, most participants had a moderately
positive intention to use LAKA over the next 4 months in
addition to their scheduled IRP activities (Table 7). Nine
participants (7.8%) with low initial behavioral intention (2 or
lower) were statistical outliers, but were not excluded from
further analyses. BI decreased over the course of 8 weeks. On
average, players completed 8 encounters, which equals 2 of 4
modules in total. The first module of the game was completed
by 40 patients (56.3%). Twenty players (28.2%) completed the
game from start to end. A line graph (Figure 3) shows that
players were more likely to stop using the game when they
headed for a new game, module, or element.

Implementation and Practicality
Of 85 participants, 59 (69.4%) with a positive intention to use
(BI ≥5) logged in successfully. At treatment facility A, 12 of
the 24 willing participants logged in (50%), which is

significantly less (χ2
1=5.9; P=.015) than the proportions of

participants at the other 3 locations (70.6%-81.0%). Players
who possessed more computer platforms (ie, a tablet, a console,
a mobile phone) progressed less within the game (ρ= .39;
P=.001). Most activity was recorded during the first 4 weeks
of participants’ IRPs (Figure 4). When playing at home,
participants logged in at different times during the day, but
mostly after 6 pm (Figure 5).

Table 7. Descriptive results of demand level assessment.

MaxMinSDaMedianMeanNDemand indicator

711.455.1116BIa at t1

712.043.593BI at t2

601.421.871Session days

4:22:270:00:001:07:420:52:251:14:4071Time spend

3207.378.171Progression

aBI: behavioral intention, SD: standard deviation.
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Figure 3. The proportions of players who stopped using LAKA at certain stages of progress.

Figure 4. Sums of logged in game activities throughout the first 12 weeks of patients' IRPs.
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Figure 5. Number of logins by participants by time of the day.

Acceptability and Potential for Efficacy
Postusage perceived ease, rated by those who played the first
module of LAKA, was moderately high (mean 5.4/7 (SD 1.54);
median 6/7) and varied positively with baseline active
engagement (ρ=.45; P=.007), motivation (ρ=.57; P=.001), and
indication of a chronic musculoskeletal disorder (P=.008).
Perceived enjoyment levels were moderately positive (mean
4.6 (SD 1.7)), and positively associated with baseline
concentration problems (ρ=.44; P=.01). Postusage perceived
knowledge improvement (mean 4.6/7 (SD 1.8)) was lower in
participants with a higher BMI (ρ= .42; P=.02).

Interview respondents who played LAKA (respondents 1, 3,
and 4) believed that it was a suitable program component. A
variety of game elements were appointed that were liked.
Furthermore, tasks were quickly understood, taken seriously,
and experienced as a fit with the approach taken in other
program components. “Encounters” were recognized as
representations of real-life situations. Respondents who played
generally believed that they could select options that
corresponded with their intentions. Experienced consequences
were acquaintance with meditation, concentration, and
reflections on ideal and “healthy” selves, rumination, and
adequate ways of responding.

I saw pretty quickly where they wanted to go with it.
In that respect, it does well with what they do at
Ciran. [Respondent #1]

I have a computer, then it is no problem… I could use
that game well… Later you find out: oh, it's not just
a game. It is something to think about your own
situation... Then you're not in the game, but you are
in reality… All kinds of possibilities were offered
(referring to response options in encounters): what
I see as negative, in between, and what I see as
'good’… It was also a bit about … as I was during
the illness... I could recognize myself in some
situations: Yes, that was the old <patient name>…

At the moment however, I react completely differently.
I could see that. Maybe that also influenced me: my
healing. [Respondent #3]

During the game you were forced to concentrate; not
wanting to go through it too fast… Actually you were
just forced to use your concentration... It occurs to
me that I ruminate long about something, and it also
confronts you with that… Those first meditation
exercises… I really needed to do it a few times ... That
got me meditating… [Respondent #4]

Suggestions for Improvement
Respondents suggested to integrate LAKA, similar to other
program elements patients normally adhere to. Additional
support was desired by means of a personalized introduction
early in the program, information about how to get something
out of the game and about what is achieved afterward,
professional feedback on situations in the game, and facilities
for gaming at Ciran locations. Suggestions for playability were
to match the pace of in-game interaction with skill or health
status and to extend software support to multiple platforms.

I would certainly continue to offer it. Maybe someone
should be designated to introduce it at an early
stage... To show it, and to show what you can get out
of it for yourself. In a playful way ... If an entire
manual should be read, then you put it away quickly…
Actually, I do most with the IPad. If that is possible...
I rarely use a pc. [Respondent #4]

I would let everyone play. I think if it is offered in
<location name>... “If there is a psychologist… that
is better. Immediately talk about those reactions
taking place at that time… find out faster what kind
of situations played a role in becoming so ill, and get
better... Maybe you could combine it … a bit slower
in the beginning and a little faster at the end.
[Respondent #3]
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Discussion

Principal Findings
This study primarily questioned why and by which patients with
chronic pain and fatigue complaints is applied gaming for
behavior change demanded during an IRP. Voluntary applied
gaming (LAKA) was generally explained over time by perceived
enjoyment and ease. Coping resources are important to solve
delivery issues, get in control, and start using an applied game.
Patient environment, health status, and performance
expectancies were relevant factors for the usage of an applied
game in conjunction with time and exposure.

Second, feasibility was described in preparation for a full-scale
evaluation. A substantial number of patients played the game
under noncommittal conditions. According to them, LAKA will
be acceptable and useful. Active ingredients were recognized
and deemed to be relevant in early stages of a rehabilitation
process. Patients suggested delivering the game with social
support through early and expeditious communication about
how and when the game is relevant for their rehabilitation and
with extended technical facilities.

Strengths and Limitations
This study provides the first empirical results on a novel applied
game for behavioral change in patients with chronic pain and
fatigue complaints. Comprehensive information is presented
on processes of self-selection, acceptance, and attrition, which
provides rare insights into risk factors for bias in CBI
evaluations [58]. Mixed methodology strategy worked well to
triangulate QN findings with newly collected QL data. Important
demand explanations are based on notable and robust statistical
results supported by a decent sample size and clear illustrations
with QL data. QN results that were not clearly illustrated with
QL data, or were based on more selective patient samples,
provided practical information and clues for future research.
More than a final feasibility assessment, this study contributed
with general and utilizable knowledge for the future deployment
of applied gaming for FSS patients in practice.

Limitations should be considered when drawing general
conclusions about the feasibility of applied gaming for FSS
patients. Feasibility was not assessed against a control group
level or a reasonable benchmark. Technology acceptance
measures are commonly used, but they are often contextually
adapted and serve in theory building rather than feasibility
assessment. Furthermore, this study builds on pragmatic
eligibility criteria and convenience sampling of Dutch patients.
It cannot be ruled out that early judgments about the nature of
the delivery mode affected results via self-selection. Performing
a large number of explorative statistical tests threatens statistical
power and internal validity. Caution should be exercised when
interpreting causality in relationships between behavioral factors
and behavioral intentions because independent and dependent
variables were measured at the same point in time, and hedonic
motivation was not clearly distinct from performance
expectancies and behavioral intentions. Whether the use of
technology acceptance questionnaires alone would be an
appropriate method for assessing the usage of gaming
technology, especially at a time when patients may have

difficulty processing information, can be doubted and is not
recommended. Finally, advanced statistical techniques such as
partial least squares regression [59] or newer process analyses
techniques [60] would have been appropriate, but were not used.
QN method limitations were addressed by triangulation of key
QN findings with QL data, comprehensive sample description,
validity checks, residual analysis, and sensitivity analyses (for
outlier removal, measures of association, and regression method;
see Multimedia Appendix 7).

Comparison With Prior Work
Researchers have stressed that a better understanding of the
demand for CBIs is a major concern in overcoming barriers to
treatment of patients with chronic pain and fatigue symptoms
[2,3]. To our knowledge, this is the first empirical study on
applied gaming for the delivery of behavioral intervention for
patients with chronic somatic symptoms and functional
problems. Findings suggest that voluntary engagement in applied
gaming is strongly driven by positive affect. The importance
of hedonic motivation for demand is remarkable because this
is an often-omitted factor in previous research on the use of
information technology in health care [27]. Concerns about
utility, demonstrability of results, privacy, or consultation
seemed to have a limited effect on demand in this case, when
patients had no previous experiences. Ubiquitous interview
quotes about “openness” hinted that inclinations to search for
meaning or personal growth could partially explain demand for
applied gaming [61,62]. Concluding that FSS patients will use
an applied game “for the sake of the activity itself” is tentative.
Applied gaming interventions are relatively new and barely
institutionalized, and limited information was available to
patients about the efficacy of LAKA or a similar game. It could
also be that patients thought about usefulness and
trustworthiness of care before deciding on following an IRP.
Moreover, findings on influences of individual differences in
coping styles and perceptions of control and ease on the usage
of LAKA correspond with those of earlier studies that found a
positive effect of internal locus of control on the adherence to
a web-based positive psychology intervention [9]. Such results
might also reflect differences in executive functioning or
capacities for self-control [63].

Other remarkable QN results, which were not clearly illustrated
with QL data, are discussed in connection with past research or
as areas of future research. Findings on the effect of depressed
mood on CBI usage have been heterogeneous [30]. This study
pointed in the direction of a negative relationship, but found no
statistically significant direct effect. This might be because of
the comparatively high levels of psychopathologic symptoms
of these FSS patients [64]. A moderation effect is indicated by
extremely low BIs that were found exclusively in patients with
low to neutral performance expectancies and high levels of
depressive symptoms. Furthermore, computer anxiety and
experience might explain differences in relationships between
age and technology usage found in earlier studies [27].
Moreover, patients with lower scores for pain intensity and
those who indicated fatigue as their primary complaint were
more likely to self-select as a player, whereas patients with
higher pain intensity played more once exposed. Further research
on the usage of CBIs could focus on understanding “matches”
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between symptom characteristics, “readiness,” and demanded
delivery mode of behavioral treatment for FSS populations [65].
Another research focus can be patient-environment interactions
(ie, coping with issues at home, absenteeism, and return to work)
as barriers and facilitators for demand within this target group.
For informing design and implementation of computer- and
game-based modalities, it is useful to proceed with qualitative
research and by formulating and testing theoretically informed
hypotheses on how usage varies by patient, program design,
behavioral, and context factors [26,61,66-68].

The degree of implementation of LAKA for eligible patients is
not satisfactory, as could be expected when a CBI is offered
under ad libitum conditions [69]. Besides blending with
face-to-face delivery and multiplatform distribution, solutions
for additional support can be provided through Web-based
features such as tailored messages, prompts, and support via
email, chat, or message boards [4]. Acceptability and limited
efficacy outcomes should be treated with caution but suggest
that LAKA is potentially efficacious and sufficiently engaging
to complete once or twice (2-4 hours). Moderately positive
enjoyment by users may reflect that the design principle of
LAKA was not entirely hedonic, maybe at the expense of
“playability” aspects [70]. Eliciting reflective and meditative
states, LAKA was pleasant for a patient with concentration
problems; however, self-reflections seem to be at the expense
of a more satisfactory speed of interaction. Moreover, the game

appears to provide opportunity to realize ideal selves, which
supports intrinsic motivation [57]. However, LAKA also
triggered serious reflections about discrepancy with “actual”
selves, which is associated with somatic symptoms and negative
emotions [71]. “Slowness” was mentioned as a reason for
disengagement, but self-awareness was not. One may also reflect
about how self-awareness in virtual reality relates to bodily and
behavioral representations of Avatars [72] because extremely
low perceived knowledge improvement levels were exclusively
reported by patients with high BMI levels at baseline.
High-quality and adequately powered studies on the effects of
LAKA and similar systems on functional domains are needed
to clarify the roles of self-conscious and affective states,
learning, and degree of engagement [16,17,73].

Conclusion
Although these first empirical findings support that an applied
game is used by FSS patients for enjoyment and convenience,
it became very clear that many patients would not be reached
with a behavioral intervention of this modality under voluntary
conditions. Social factors remain highly important for reaching
many patients. LAKA will be feasible as a short and early
intervention for patients, with adjustments of social and technical
support. A next step in deployment and evaluation of the
efficacy and cost-effectiveness of LAKA in a controlled study
is recommendable.
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Abstract

Background: Video games and virtual environments continue to be the subject of research in health sciences for their capacity
to augment practice through user engagement. Creating game mechanics that increase user engagement may have indirect benefits
on learning (ie, engaged learners are likely to practice more) and may also have direct benefits on learning (ie, for a fixed amount
of practice, engaged learners show superior retention of information or skills).

Objective: To manipulate engagement through the aesthetic features of a motion-controlled video game and measure engagement’s
influence on learning.

Methods: A group of 40 right-handed participants played the game under two different conditions (game condition or sterile
condition). The mechanics of the game and the amount of practice were constant. During practice, event-related potentials (ERPs)
to task-irrelevant probe tones were recorded during practice as an index of participants’ attentional reserve. Participants returned
for retention and transfer testing one week later.

Results: Although both groups improved in the task, there was no difference in the amount of learning between the game and
sterile groups, countering previous research. A new finding was a statistically significant relationship between self-reported
engagement and the amplitude of the early-P3a (eP3a) component of the ERP waveform, such that participants who reported
higher levels of engagement showed a smaller eP3a (beta=−.08, P=.02).

Conclusions: This finding provides physiological data showing that engagement elicits increased information processing
(reducing attentional reserve), which yields new insight into engagement and its underlying neurophysiological properties. Future
studies may objectively index engagement by quantifying ERPs (specifically the eP3a) to task-irrelevant probes.

(JMIR Serious Games 2016;4(1):e4)   doi:10.2196/games.5460
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Introduction

Motion-controlled video game systems such as Microsoft
Kinect, Playstation Move, and Nintendo Wii have seen a surfeit
of research in recent years because these kinds of virtual
environments provide the opportunity for motivating interactions
and full-bodied movements and providing additional feedback
beyond the body’s intrinsic sensory systems [1-3]. One of the
major areas of interest in this research is the potential for certain
game mechanics to reliably increase participant engagement
[4,5]. Engagement has been defined as an affective quality or
experience of a participant in a task that emerges from focused
attention, aesthetic pleasures, perceptions of novelty, perceptions
of usability, and the extent to which the participant feels
involved in the task (ie, choices in the game have meaningful
consequences [6,7]). Viscerally pleasing stimuli, choice, clear
mechanics/feedback, novelty/exploration, and adaptive difficulty
are game mechanics thought to contribute to engagement [5,8,9].
Engagement is thus related to, but distinct from, motivation.
Participants could be motivated to play a game, but if the game
no longer offers adequate challenge, they may not be engaged
by the game, potentially reducing future motivation.

Major reasons for using games in rehabilitation are the indirect
effects that engagement might have on learning. That is,
increased engagement might be beneficial for skill learning and
rehabilitation because a participant will be inclined to practice
more (ie, have greater compliance with therapy). Beyond this
indirect benefit of engagement, recent evidence suggests that
increased engagement during practice might also have a direct
effect on learning [10]. In that study, Lohse et al manipulated
the aesthetics of a gaming environment while keeping the
amount of practice and the mechanics of the game constant.
The group of participants who trained in the game group
(complex, space-themed graphics with ambient and task-relevant
sound) showed statistically superior retention and transfer
performance compared to participants in the sterile group
(simple, geometric graphics with no sounds), although the
groups did not differ during practice (ie, gamification
specifically enhanced learning). Furthermore, the game group
self-reported statistically higher levels of engagement than the
sterile group (using a language-adapted version of a
user-engagement scale [6]). However, even though increased
engagement was observed coincident to improved learning in
the game group, individual engagement scores were not
correlated with participant posttest performance, raising
questions about the relationship between engagement and
observed learning benefits.

This potential for engagement during practice to augment the
learning of a novel motor skill was the impetus for the current
experiment. Adapting the methods of Lohse et al [10], we
conducted an electroencephalography (EEG) study in which
participants practiced in either game or sterile conditions while
task-irrelevant auditory probes were played at random intervals.

Measuring event-related potentials (ERPs) in response to
complex tones is a common research paradigm. In particular,
we chose to focus on the amplitude of the early P3a (eP3a)
component of the ERP waveform. The eP3a in response to
auditory stimuli has been shown to be a reliable index of
attentional reserve [11-13]. That is, when more attention is being
paid to the primary task (ie, more information being processed),
the magnitude of the eP3a in response to an irrelevant tone will
be lower as a consequence of fewer attentional resources being
available to process the tone. Thus, we hypothesized that
participants in the game-training group would show a reduced
eP3a compared to the sterile group, suggesting that more
attentional resources are absorbed by the task in the game
condition than in the sterile condition. Consistent with the results
of Lohse et al [10], we also hypothesized that the game group
would show superior learning (ie, better performance on
retention and transfer tests) compared to the sterile group. The
experiment was powered specifically to detect these effects, but
in order to follow up these a priori hypotheses, we also
conducted exploratory analyses of the relationships between
posttest performance, self-reported engagement, and eP3a
amplitude.

Methods

Participants
A group of 40 right-handed participants was recruited through
classes, flyers, and an online advertisement at Auburn University
(17 male, 23 female). The average age of the participants was
22.6 (SD 3.15) years. Six participants indicated that they had
used the Kinect system at some point in the past, but none of
the participants had played in the last 3 months or regularly
played before that (self-reported frequency 0 (SD 0.0)
days/week). Many participants (n=31) indicated that they played
some other form of motion-controlled game (mostly Nintendo
Wii), with an average frequency of 0.2 (SD 0.61) days/week,
and 36 participants indicated that they played games in some
other medium (most commonly a mobile phone) with an average
frequency of 1.34 (SD 1.59) days/week. Participants were
randomly assigned to either the game group or the sterile group
using blocked random assignment within sex to balance the
groups. Participants self-reported no musculoskeletal or
neurological impairments that would affect their performance,
and all had normal or corrected-to-normal vision.

Game Apparatus
Participants played a custom-built computer game written in
Visual Studio 2013 using XNA Game Studio 4.0 and the Kinect
SDK 1.8 using the Microsoft Kinect. The game was displayed
on a 152 cm Samsung HDTV that was 193 cm above the ground
(see Figure 1). The Kinect camera was placed 106 cm above
the ground and approximately 145 cm away from the participant
(who could move forward or back to improve tracking).
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Figure 1. A schematic of experimental setup. The Kinect camera and speakers are shown in black.

Auditory Probes
Speakers for presenting the auditory probes were placed on a
table 91 cm above the ground. The center of each speaker was
set to an initial radial distance of 75 cm to the center of the ear
of each participant. Probes consisted of 30 novel complex
sounds (eg, door knock, dog bark, whistle) employed in previous
studies using task-irrelevant auditory stimuli to index attentional
reserve [11,14,15]. Probes were presented in random order at
75-95 dB SPL with interstimulus intervals varying randomly
between 10 and 50 s.

Procedures
All procedures were approved by the Internal Review Board of
Auburn University (14-502 EP 1411). On day 1, participants
provided written informed consent and completed an initial
survey measuring handedness and past experience with video
games. Next, participants were prepared for EEG recording
while probe tones were played in order to habituate participants
to the tones. Participants were told that these tones would be
playing in the background during the experiment but they had
nothing to do with the game.

The Kinect system was then calibrated to track the nondominant
left hand, and all participants were given standardized
instructions on how to play the game. In the game/sterile

conditions, participants controlled the motion of a
spaceship/cursor on the screen in order to catch asteroids/circles
and throw them into yellow targets that would appear at the top,
bottom, or sides of the screen. The two graphic types are shown
in Figure 2; other than this difference, the game conditions were
mechanically identical. All participants were instructed to catch
the objects as quickly as possible and hit as many targets as
they could. This combined speed-accuracy constraint was
reinforced by participant in-game scores. Participants lost a
single point for every 10 frames (approximately 167 ms) that
they had not yet hit the target and scored 100 points for every
target hit.

Following the standardized instructions, all participants
completed a 20-trial pretest in both the same condition they
would practice in and the opposite condition (40 trials total).
The order of the pretest was counterbalanced across participants.
The pretest was given under both test conditions to detect any
potential baseline differences in the difficulty of the two
conditions. No tones were played and no EEG data were
recorded. Following the pretest, participants completed 200
practice trials in their given condition (game or sterile). EEG
data were continuously recorded during this time period and
probe tones were played. After 200 practice trials, participants
were given the opportunity to rest. When ready, they began the
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second round of 200 practice trials in the same condition (400
practice trials total) with probe tones playing. Because the length
of time required to complete the trials varied by how quickly
participants caught and threw objects, the number of probe tones
played varied as well (ie, faster players would hear fewer tones).
The number of probe tones played ranged from 49 to 60 (mean
54.9, SD 2.86).

Approximately one week later (5-9 days with a median of 7
days), participants returned for retention (same condition as
practice) and transfer (opposite condition) posttests. As with
the pretest, the order of the posttests was counterbalanced across
participants, but participants always completed the posttests in
the same order they completed the pretest. Each posttest
consisted of 20 trials (40 trials total). No tones were played,
and no EEG data were collected during the posttest.

Figure 2. Sterile condition (left) and game condition (right).

Electroencephalograph Processing and Measures
Scalp EEG was collected from 20 channels of an EEG cap
housing a 64-channel BrainVision actiCAP system (Brain
Products GmbH) labeled in accord with an extended
international 10-20 system [16]. EEG data were
online-referenced to the left earlobe, and a common ground was
employed at the FPz electrode site. Electrode impedances were
maintained below 25 kΩ throughout the study, and a high-pass
filter was set at 0.016 Hz with a sampling rate of 250 Hz. The
EEG signal was amplified and digitized with a BrainAmp DC
amplifier (Brain Products GmbH) linked to BrainVision
Recorder software (Brain Products GmbH).

EEG data processing was conducted with BrainVision Analyzer
2.1 software (BrainProducts GmbH). Data were rereferenced
to an averaged ears montage, band-pass filtered between 0.1
and 30 Hz with 24-dB rolloffs with a 60 Hz notch employing
a zero phase shift Butterworth filter. Next, eye blinks were
reduced employing the independent component analysis
(ICA)-based ocular artifact rejection function within the
BrainVision Analyzer software (electrode FP2 served as the
vertical electrooculogram channel; BrainProducts, 2013). This
function searches for an ocular artifact template in channel FP2
and then finds ICA-derived components that account for a
user-specified (70%) amount of variance in the
template-matched portion of the signal from FP2. These
components were removed from the EEG signal, which was
then reconstructed for further processing. ERPs were obtained
by extracting the epoch of 200 ms prior to probe onset through
800 ms postprobe, then baseline-corrected with reference to the
preprobe interval. Next, ERPs containing changes of more than
100 µV within a moving 200-ms window were excluded from
subsequent analysis. This resulted in 1.3% of trials being

rejected. The remaining trials were then averaged. Visual
inspection of participants’ average waveforms revealed
substantial interindividual differences in component latencies.
Accordingly, the adaptive mean amplitude quantification
technique was employed [17] to quantify the N1, eP3a, and late
P3a (lP3a) components, although the primary component of
interest was the eP3a. For each participant, a 40-ms time window
was centered on the peaks within the 200-300 ms and 350-450
ms time ranges for the eP3a and lP3a components, respectively,
and a 20-ms time window was centered on the peak within the
100-200 ms range for the N1 component. Mean amplitude was
calculated for each component within the time window at the
electrode where the component was maximal when averaged
across all participants. This resulted in the N1 and eP3a being
calculated at Cz and the lP3a being calculated at Fz.

Survey Measures
Following the end of practice on day 1, participants completed
a posttraining survey that included a language-adapted version
of a user-engagement scale developed in the human-computer
interaction literature [6] and a language-adapted version of the
Intrinsic Motivation Inventory (IMI) [18] edited to include only
the interest/enjoyment, perceived competence, effort, and
pressure/tension subscales.

Statistical Power and Analyses
All statistical analyses were conducted using SPSS version 22.0
(IBM Corp). The experiment was designed to test two a priori
hypotheses: (a) the game group would show superior learning
relative to the sterile group as measured by in-game performance
on the retention and transfer tests and (b) the game group would
show a decreased eP3a relative to the sterile group.
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We operationally defined the learning effect as the interaction
of test (pre- vs post-) and training condition (game vs sterile)
in a mixed-factorial analysis of variance (ANOVA). Assuming
an alpha of .05, Cohen's f of .25 (a medium effect), and a
positive correlation between the pretest and posttest (r=.50), a
total sample size of N=40 was needed to achieve approximately
80% power. For the eP3a, this sample size would also give us
approximately 80% power to detect a Cohen's f of .45 (a large
effect), assuming alpha is .05, operationally defined as the main
effect of group (game vs sterile) in an independent samples t
test. Power calculations used G*Power 3.1 [19].

Points scored in-game were analyzed in blocks of five trials
(maximum 500 points per block). Learning was measured by
points per block using a mixed-factorial ANOVA with a
between-subjects factor of training condition (game vs sterile)
and within-subject factors of test (pre- vs post-) and testing
condition (game vs sterile).

N1, eP3a, and lP3a mean amplitudes were assessed by separate
1-way ANOVAs with a between-subjects factor of group.

For the engagement scale, we first conducted a reliability
analysis of the questions for each subscale. The minimum
Cronbach's alpha was .78, which allowed us to collapse across
questions. Similarly, among average subscale scores the
Cronbach's alpha was .83, allowing us to collapse across

subscales into a single engagement score. Between-group
differences in composite engagement were measured using
independent samples t tests. Reliability for the subscales of the
IMI was also quite good with a minimum Cronbach's alpha of
.83, but among the average subscale scores the Cronbach's alpha
was −.08, preventing us from collapsing across subscales into
a composite IMI score. Between-group differences in IMI
subscales were measured using independent samples t tests.

Results

No Differences in Learning Between Groups
As shown in Table 1, participants in both groups improved from
pretest to posttest, which was confirmed by the main effect of

test, F1,38=37.92, P<.001, ηp
2=0.50. However, there was no

main effect of training condition, F1,38<1, and no test by training
condition interaction, F1,38<1. The main effect of testing

condition was not significant, F1,38=3.28, P=.08, ηp
2=0.08,

although participants scored fewer points per block on average
during the game test than during the sterile test (350.55 [SD
46.54] vs 363.99 [SD 38.77], respectively). None of the other
interactions was statistically significant, with the largest being
the 3-way interaction of test, training condition, and testing

condition, F1,38=1.47, P=.23, ηp
2=0.04.

Table 1. Means (SDs) for performance variables and electrophysiological variables as a function of group (game, n=19; sterile, n=21).

lp3abeP3abN1bPosttest scoreaPretest scorea

3.47

(3.82)

7.92

(3.90)

−8.59

(5.76)

385.27

(34.07)

330.18

(58.32)

Game, mean (SD)

3.18

(2.24)

10.30

(5.30)

−9.99

(4.00)

391.50

(37.79)

322.14

(56.61)

Sterile, mean (SD)

aPretest and posttest scores are in points per block (maximum of 500) and refer to average performance across the two different test-types.
bN1, eP3a and lP3a are in µV.

No Differences in Engagement Between Groups
As shown in Table 2, there was no difference between groups
on the engagement scale overall, t38=−0.72, P=.48. Similarly,
there were no significant differences in the subscales of focused
attention, endurability, novelty, or perceived involvement. The
difference in the usability subscale was not statistically
significant (t38=−1.86, P=.07), and although the difference in

the aesthetics subscale was statistically significant (t38=−2.07,
P=.04), neither of these differences was significant after
correcting for multiple comparisons (Bonferroni correction).
On the IMI subscales, Table 3, the only statistically significant
difference was in competence (t38=−2.45, P=.02), but this
difference was not significant following a correction for multiple
comparisons (Bonferroni correction).
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Table 2. Means (SDs) for the overall engagement scale and subscales as a function of group (game, n=19; sterile, n=21). The maximum on the
engagement and IMI subscales is 7.

INfNOeENdAScUSbFAaOverallEngagement

4.04

(1.45)

3.05

(1.61)

3.96

(1.18)

3.99

(1.46)

5.13

(1.23)

4.32

(1.40)

4.08

(1.03)

Game, mean (SD)

4.48

(1.23)

3.30

(1.25)

3.67

(1.13)

3.12

(1.19)

4.49

(0.96)

4.16

(1.02)

3.87

(0.84)

Sterile, mean (SD)

aFA: focused attention.
bUS: usability.
cAS: aesthetics.
dEN: endurability.
eNO: novelty.
fIN: perceived involvement.

Table 3. Means (SDs) for the subscales of the IMI as a function of group (game, n=19; sterile, n=21). The maximum on the engagement and IMI
subscales is 7.

P/TdEFcCMbI/EaIMI subscales

5.18 (1.21)4.98 (1.58)5.30 (0.96)3.68 (1.61)Game, mean (SD)

4.74 (1.35)5.37 (1.24)4.52 (1.04)4.02 (1.19)Sterile, mean (SD)

aI/E: interest/enjoyment.
bCM: competence.
cEF: effort.
dP/T: pressure/tension (reverse-coded so higher numbers mean less pressure).

A Trend for a Difference Between Groups in the eP3a
The left panel of Figure 3 displays grand average ERPs for the
game and sterile groups at Fz, Cz, and Pz electrodes, and the
N1, eP3a, and lP3a components are indicated. The topographies
of the components collapsed across groups are displayed in the
right panel. For EEG measures, there was no statistically
significant difference in the N1 (t37=−0.88, P=.38), eP3a
(t37=1.60, P=.12), or lP3a (t37 =.29, P=.77). As shown in Table
1, however, the eP3a effect was in the predicted direction with
a moderately large effect size (Cohen's d=.51).

eP3a Is Correlated With Self-Reported Engagement,
Controlling for Group
Although the a priori group difference in the eP3a was not
supported, we were interested in exploring individual variability
in the eP3a and how those differences related to engagement
(overall engagement score) and learning (defined as posttest
performance, given equivalent baselines). For these exploratory

analyses, a step-up series of regression models was tested in
which training condition, eP3a, and their interaction were
regressed onto performance on the posttest (in points per block)
and overall engagement scale scores (on a 1- to 7-point scale).
Results of best fitting regressions for each series are shown in
Multimedia Appendix 1. The predictions of the regression
equations are shown in Figure 4. There were no reliable
relationships observed between the eP3a and posttest
performance even when controlling for training condition and
the interaction. There was, however, a statistically significant
negative relationship between the eP3a and self-reported levels
of engagement. There was no evidence that this negative
relationship changed as a function of group because the training
condition by eP3a interaction was not significant. (Note that
the relationship between eP3a and engagement was statistically
significant even without controlling for group. However, given
the difference between groups in the eP3a, the most appropriate
analysis is the multivariable regression controlling for group.)
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Figure 3. Grand average ERPs for the sterile and game groups (left). Topographies of the N1, eP3a, and lP3a components collapsed across groups
(right).
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Figure 4. Predicted points per block on the posttest as a function of training condition and eP3a (top). Predicted engagement scores as a function of
training condition and eP3a (bottom).

Discussion

Principal Findings
No significant learning or engagement effects were found
between the game and sterile groups. Playing in an aesthetically
pleasing game environment was not advantageous to learning;
both groups showed similar levels of performance on the delayed
retention and transfer tests. However, our data provide evidence
that attentional reserve decreased proportional to self-reported
engagement levels in both game environments. The significant
negative relationship of the eP3a to self-reported levels of
engagement adds to the theoretical understanding of engagement
by providing physiological data showing that engagement elicits
increased information processing. These new physiological data
suggest increasing engagement is not simply a change in
affective state but a change in cognitive processing as well.

Although the learning and engagement effects of Lohse et al
[10] were not replicated, there are potential explanations for
this lack of replication. First, the use of probe tones in the

current experiment meant sounds could not be played in the
game condition, which included both background music and
action-specific sounds in the previous experiment. Second, in
the current experiment participants were seated rather than
standing to accommodate the EEG equipment. A limited
movement space may have affected engagement during
gameplay; participants in the previous experiment had greater
freedom to move. A third possibility is that practicing 400 trials
in one sitting, as opposed to 200 trials per day for two days in
the previous experiment, may have led to boredom, especially
if the participant wasn’t particularly challenged by the task.

Ultimately, this negative result complicates our previous
conclusions about beneficial effects of engagement on learning.
However, we cannot consider this study a failure to replicate
the work of Lohse et al [10] because of the various experimental
differences. The fact that neither the learning effect nor the
engagement effect were found in this study may be reassuring,
as there may still be a relationship between the two. Specifically,
in the previous study gamification enhanced engagement and
learning, whereas in the present study gamification failed to
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enhance engagement, possibly explaining why learning was not
improved. However, the current null results do cast some doubt
on the robustness of the previous effect, if not its validity. In
order to validate the initial results, we are currently conducting
a direct replication to see if the original learning and engagement
effects can be obtained in a new sample of participants.

The negative relationship between engagement and the eP3a
suggests that engagement causes a fundamental change in
information processing and is not just an affective experience.
The decreased amplitude of the eP3a in relation to higher
self-reported levels of engagement indicates that more
attentional resources are being used when players are more
engaged in the game. In addition, this relationship was similar
in both the game and sterile conditions. These physiological
data give us a new insight to engagement. Although engagement
is generally discussed with respect to affective consequences
[4,9], we have empirically demonstrated a neural correlate of
cognitive resources being consumed with increased engagement.
The eP3a in response to task-irrelevant tones is an objective,
physiological correlate of engagement that could be used to
measure engagement in many different populations across many
different tasks. Future research may further examine the direct
effect of engagement on learning through the eP3a.

Within the context of rehabilitation or other applications of
serious games, the eP3a may provide a useful and relatively
objective index of engagement. For instance, the eP3a could be
a useful source of biofeedback allowing participants to “see”
how much attention they have been allocating to their
therapeutic tasks or a biomarker for adjusting difficulty, allowing
the therapist to dynamically adjust the difficulty of practice to
promote long-term learning (for a conceptually related study
see Shirzad & Van der Loos [20]). Logistically, the constraints
of collecting EEG data to measure engagement might make it
a tool better suited for game designers; designers could play-test
various game mechanics and measure corresponding changes
in eP3a magnitude. As the benefits of using EEG systems
increase (less expensive, less time-consuming, and more user
friendly), there may be a place for EEG biofeedback in a routine

clinical setting. At the moment, however, it is probably more
feasible to measure motivation and engagement using validated
survey measures. Although there are rehabilitation-specific
measures of motivation [21], to our knowledge the only
validated measures of engagement come from the
human-computer interaction literature [6,7]. Future research
should adapt existing or develop new engagement scales specific
to rehabilitation.

Limitations
A limitation of the present study is that participants were not
as engaged in either condition as they were in the previous
experiment [10]. Overall engagement scores were lower, which
may have been affected by the changes in the experimental
paradigm to accommodate additional EEG measurement (even
the simple act of wearing the EEG cap for a prolonged period
could have negatively affected engagement). Although we
cannot make strong conclusions comparing across experiments,
it is likely that structural differences between the two practice
conditions (eg, no sounds vs sounds, sitting vs standing, and
limited range of motion vs freedom of movement) might explain
why engagement scores were generally lower in the current
experiment than in our previous research.

Conclusion
Although there is some evidence that performing a complex
motor skill in a stimulating game environment increases
engagement and learning [10], the present study found no
differences in engagement or learning between the game and
sterile groups. While further research is needed to better
understand the potential effects of engagement on learning, the
current findings suggest we can predict individual differences
in engagement with the event-related potential component, eP3a.
Not only do these results hold theoretical importance because
they give more information about the nature of engagement,
the results can contribute to real-world solutions for health and
rehabilitation research. The eP3a has the potential to become
an objective measure of engagement in studies of games for
rehabilitation patients adjusting to numerous disabilities.
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Details of regression models exploring the relationship between the eP3a, posttest performance, and self-reported engagement.
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Abstract

Background: The French Military Health Service has standardized its military prehospital care policy in a ‘‘Sauvetage au
Combat’’ (SC) program (Forward Combat Casualty Care). A major part of the SC training program relies on simulations, which
are challenging and costly when dealing with more than 80,000 soldiers. In 2014, the French Military Health Service decided to
develop and deploy 3D-SC1, a serious game (SG) intended to train and assess soldiers managing the early steps of SC.

Objectives: The purpose of this paper is to describe the creation and production of 3D-SC1 and to present its deployment.

Methods: A group of 10 experts and the Paris Descartes University Medical Simulation Department spin-off, Medusims,
coproduced 3D-SC1. Medusims are virtual medical experiences using 3D real-time videogame technology (creation of an
environment and avatars in different scenarios) designed for educational purposes (training and assessment) to simulate medical
situations. These virtual situations have been created based on real cases and tested on mannequins by experts. Trainees are asked
to manage specific situations according to best practices recommended by SC, and receive a score and a personalized feedback
regarding their performance.

Results: The scenario simulated in the SG is an attack on a patrol of 3 soldiers with an improvised explosive device explosion
as a result of which one soldier dies, one soldier is slightly stunned, and the third soldier experiences a leg amputation and other
injuries. This scenario was first tested with mannequins in military simulation centers, before being transformed into a virtual
3D real-time scenario using a multi-support, multi–operating system platform, Unity. Processes of gamification and scoring were
applied, with 2 levels of difficulty. A personalized debriefing was integrated at the end of the simulations. The design and
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production of the SG took 9 months. The deployment, performed in 3 months, has reached 84 of 96 (88%) French Army units,
with a total of 818 hours of connection in the first 3 months.

Conclusions: The development of 3D-SC1 involved a collaborative platform with interdisciplinary actors from the French
Health Service, a university, and videogame industry. Training each French soldier with simulation exercises and mannequins is
challenging and costly. Implementation of SGs into the training program could offer a unique opportunity at a lower cost to
improve training and subsequently the real-time performance of soldiers when managing combat casualties; ideally, these should
be combined with physical simulations.

(JMIR Serious Games 2016;4(1):e5)   doi:10.2196/games.5340

KEYWORDS

serious games; forward combat casualty care; care under fire; interdisciplinary collaboration; simulation; medical simulation;
virtual simulation; training; education; assessment

Introduction

The survivability of battlefield casualties has recently risen to
an unequalled historical level of 90%, compared to 84% in
Vietnam and 80% in World War II [1]. Factors most likely
related to this improved survivability include technical
improvements in body armor and deployment of a
comprehensive trauma management system (involving first aid
and basic life support on the field and subsequent prompt
surgery and critical care). Tactical Combat Casualty Care
(TCCC) is now considered as a reference for management of
combat casualties at the point of injury. It combines a set of
trauma management guidelines designed for use on the
battlefield [2,3]. Improved training of soldiers and military
caregivers based on the concepts of TCCC plays an important
role in the improved survival of combat casualties [4].

In 2007, the French Military Health Service standardized this
TCCC concept in its military prehospital care training policy
through a specific program entitled ‘‘Sauvetage au Combat’’
(SC, ‘‘forward combat casualty care’’). After delivery of first
aid to soldiers in the under fire stage, forward medicalization
on the battlefield is one characteristic of the SC. The medical
team is sent as close as possible to the casualty at the time of
injury. In the SC training program, emphasis is placed on
simulations, which are considered a gold standard in team
training for improvement of both technical and nontechnical
skills, in both civilian and military trauma settings [5-8].
However, the logistics involved in training and testing each
French soldier with simulation exercises and mannequins make
them challenging and costly. Moreover, there might be important
delays between the training period and the actual operations.
However, regardless of these delays, knowledge of both
adequate procedures and skills has to be maintained.

Computer-based technologies, such as e-learning, massive online
open courses, or serious games (SGs), have become increasingly
prevalent in education, training, and simulation. SGs are digital
simulations similar to video games that are engaging, rewarding,
and fun as they simultaneously educate and train [9-10]. SGs
use the gamification concept for training applications.
Gamification is the application of game-based elements to
nongame mechanisms, including education. SGs have drawn
much attention over the last decade because they have become
more realistic and engaging, owing to technological
improvements such as better graphics and new gaming interfaces

and gameplays. SGs are also more affordable, owing to their
reduced costs of production. Thus, SGs could address a larger
population of trainees to increase the frequency of cognitive
training, allowing training to occur anytime and anywhere, and
can be used to assess retention of procedural skills in a more
practical manner and at a lesser cost [11].

Therefore, the French Military Health Service considered in
2014 the development of 3D-SC1, an innovative SG devoted
to the training of soldiers for casualty care under fire; 3D-SC1
constitutes the first part of a virtual simulation platform.
Combined with the next 3D-SC versions, it will allow training
of combat lifesavers (SC2) and nurses and physicians (SC3) for
forward combat casualty care applications on the battlefield.

The purpose of this paper is to describe the design and
production processes of 3D-SC1 and to discuss its deployment.

Methods

Medusims

Medusims are virtual digital medical simulations using
videogame technology to simulate realistic medical situations
for training and assessment purposes. They were produced by
a French startup, Medusims, created in 2011 [12]. Medusims
has already produced 6 SGs in the cardiology area (Staying
Alive after cardiac arrest for the general public
[www.stayingalive.fr], acute coronary syndrome, atrial
fibrillation, and pulmonary embolism), and 2 SGs in the
perinatology area (Born to be Alive for the general public
[www.borntobealive.fr] and postpartum hemorrhage [12]).

Medusims were used to assess how effective practices are,
emphasizing on the importance of having reference material
and procedures reflecting real-life scenarios. The trainees used
Medusims as an active learning method to familiarize
themselves with procedures, without any risk to the patients or
casualties. Medusims produced virtual simulations in a 3D
studio, using the Unity engine, a multi–operating system and a
multiplatform tool allowing trainees to access the digital
experiences on personal computers or tablets. Medusims has
developed an internal process of in-house production, integrating
medicine and technology, to deliver high-quality products, with
a production studio panel of game design, human engineering,
pedagogic engineering, graphics computing, and 3D animation,
working closely with medical and military experts on the topic.
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Preparation of 3D-SC1 project

The French Military Health Service designed an advisory board
of SC experts, most of them being existing members of the
Comité Opérationel d’Enseignement du Sauvetage au Combat
(COESC, the Operational Committee for SC teaching). Several
steps before the beginning of 3D-SC production were also
validated, which were as follows.

• Definition of the trainees involved as first player shooter
in the experience (soldiers for SC1, health-qualified soldiers,
or combat lifesavers for SC2, physicians and nurses for
SC3, to come later). In the first version of the experience,
there was only 1 person playing (mono user).

• Definition of training objectives for SC1 (survival
positioning, compression bandage, tactical tourniquet, and
morphine auto-injector use), SC2 (bleeding shock
management including intraosseous access, tactical
tourniquet assessment, airway, and respiratory management
including pneumothorax decompression and
cricothyroidotomy), and SC3 (medical trauma management
in a hostile remote environment, with tracheal intubation,
sedation, early use of tranexamic acid, and vasopressor
agents in case of hemorrhagic shock, digital thoracotomy
with chest tube insertion, handheld focused assessment with
sonography for trauma, and strategies for crisis resource
management) [13-15].

• Design of a scenario involving an improvised explosive
device (IED) attack on a patrol of 3 soldiers, followed by
a second patrol among which was the trainee, allowing the
trainee to test the correct procedural skills execution, in the
right order and as quickly as possible.

• Test of the realistic features of this scenario in real
simulation with mannequins, in order to observe right and
wrong actions delivered.

• Design of 2 levels of difficulty—beginner and advanced.
• Design of a correcting grid for scoring and personalized

debriefing.
• Design of a rewarding process (bronze, silver, and gold

medal graduation) according to the scoring system,
integrating time, and actions delivered.

• Design of a gameplay, interface, and the look and feel of
the SG.

• Finally, definition of the different animations to be
produced, including using 3D motion capture.

Different iterations were developed between the experts and
the studio, which allowed production of a beta version in 8
months. After debugging, a final gold version was delivered
after 9 months, and it was successfully submitted to the French
Army in January 2015.

Results

Creation of 3D-SC1
A 10-member expert advisory group was formed to identify
training priorities for which 3D-SC1 could be appropriately
used. All these experts held local or national roles in
organization and training of SC programs. Experienced
physicians and soldiers in operational units, with significant
experience of deployment in combat zones, also participated.
A scenario was created to illustrate a real-life–based experience,
the explosion of an IED during a reconnaissance mission. The
same panel of experts promoted the scientific validation of the
scenario according to the SC French guidelines.

In the 3D-SC1 scenario, the explosion of an IED creates 3
casualties: one is dying, one is slightly stunned; and the last one
presents with a traumatic amputation of the limb, difficult
breathing, and another hemorrhagic injury under the arm. At
the beginning of the experience, the care under fire stage is
illustrated by hostile fire after the IED explosion, in a stressful,
hostile, and noisy ambience (explosion, firearms shooting,
shouts of pain), and an austere setting (desert; Figure 1). The
trainee has to choose between several tactical options: return
fire, determine which casualty is dead or alive, determine which
casualty can return fire, or pick up the casualties and run to
cover (Figure 2). When no longer under direct enemy fire, the
trainee has to deal with different forward combat life-saving
procedures from SC programs (Figure 3): tourniquet application,
casualty survival positioning, hemostatic dressing, and morphine
auto-injector use. In addition, the trainee has to deal with
weapons security, management of personal protective
equipment, call for a 9-line medical evacuation (MEDEVAC)
and a MIST request (which includes mechanism of injury, type
of injury, signs, and treatment given).
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Figure 1. Tactical options in 3D-SC1.

Figure 2. Pick and run in 3D-SC1.
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Figure 3. Combat casualty management with tactical tourniquet application and survival positioning in 3D-SC1.

Development and Production of 3D-SC1
The development of 3D-SC1 was performed in a 3D studio
(Figure 4). Particular attention was paid to essential movements
and postures, such as tactical tourniquet application, recorded
in a motion capture mode to provide to the trainee a high-quality
reproduction of the movement in the 3D-SC1 experience.
Development included a gamification process where players
are challenged to keep on playing to reach the game’s objective.
Two levels were defined: beginner and advanced modes.

In case of failure in applying the right procedure at the right
time and in the right order, an automatic virtual instructor takes
control of the experience and simulates the right procedure. In
the advanced difficulty level, the trainee has to face a more
restrictive time limit, combined with more challenging

procedures: an inefficient first tactical tourniquet and delayed
MEDEVAC arrival or frequent changes in tactical context.

Most importantly, at the end of the 3D-SC1 simulation, a
personalized debriefing is proposed (Figure 5), highlighting
good performance achieved in the experience, the procedures
for which the trainee has to improve, and the missed procedures
for which the automatic virtual instructor had to take the control
of the experience to perform the procedure [16-17].

Finally, on the basis of a scoring process, the trainee graduates
with either a gold, silver, or bronze medal. In case of fatal
outcome in the virtual experience due to an inappropriate
response of the trainee, an automatic virtual instructor saves the
combat casualties, and the trainee obtains nothing but a training
certificate. They are invited to participate in the 3D-SC1
experience once again to improve their knowledge in the
application of SC procedures.
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Figure 4. Three-dimensional studio-development of 3D-SC1.

Figure 5. Personalized debriefing at the end of 3D-SC1.

Deployment of 3D-SC1
Because SC programs are now completely incorporated into
the predeployment training course of all combatants, the
diffusion of 3D-SC1 is planned to reach at least all combatants
before their deployment in a theater of operations. Successful
deployment of 3D-SC1 was conducted in only 3 months and
has already reached 84 of 96 (88%) French Army regiments.
Solutions for massive implementation of 3D-SC1 include, for
now, personal computers and laptops in a basic classroom, with
a total of 818 hours of connection in the first 3 months (in hours,

for each training center, mean 19.9, [standard deviation 35.2]).
However, 3D-SC1 is also scheduled to be deployed on tablets
or smartphones. Such an individual deployment of the SG could
let the trainees have their own 3D-SC1 experiences anywhere
and anytime. The personalized debriefings are planned to be
collected in an extensive databank, allowing global statistical
analysis, in order to improve the SC training programs according
to the results obtained in different groups of trainees.
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Discussion

The development of 3D-SC1, a SG for SC, the French Forward
Combat Casualty Care program, has been completed.

Here, we have described an innovative tool for learning and
assessing care under fire and its collaborative preparation for
design and production by interdisciplinary experts and actors.
This led to a fast deployment of the SG, and the integration of
a comprehensive collection of data for further assessment of
the French SC program.

Limitations
A major limitation of this study is that no objective data
regarding the pedagogic value of the SG were assessed. In fact,
we have not measured most benefits of simulation, such as that
with 3D-SC1, described in this section. However, a randomized
observational comparative study is ongoing. How these SGs
could be assessed, as new tools for learning and training, is not
clear. When applying the concept of 4 levels in evaluating
training programs, as described by Kirkpatrick, we believe that
studying preventable deaths as an outcome (the fourth level in
the Kirkpatrick model, ie, did the change in behavior positively
affect the patient) could be really challenging, especially in a
combat setting [18]. We could probably only reach level 3 in
the Kirkpatrick model by placing the soldier in a physical
simulated environment to assess whether learning is transferred
from cognition to skills and attitudes. Other points of discussion
include that 3D-SC1 concerns a single-center production.
However, as highlighted in the description of the process of
creation and production, the development of 3D-SC1 involved
a collaborative platform with interdisciplinary actors.

Actually, realization of an SG for SC training is based on the
concept that an SG has the potential to increase observance and
engagement with training programs in military institutions.
There is an increasing interest for medical virtual simulation in
numerous settings, including trauma, surgery, anesthesia,
emergency medicine, women’s health care, and even patients’
education [19-27].

The benefits of complete virtual training include the ability to
create unlimited training scenarios and to repeatedly try and fail
in a consequence-free environment. In addition, when training
is conducted in a virtual environment, each performed step is
considered as essential data. The computer reproduces each
movement a trainee makes, and thus, can track and record each
and every one of these. Using these data, performance can be
automatically quantified to a level that was not achievable ever
before [28]. Furthermore, through the processes of scoring and
gamification applied in 3D-SC1, the trainee is motivated to
improve his personal experience. He also shares his scores with
his peers in a competitive and engaging challenge [29-31].

Different virtual simulations have been developed in TCCC
programs and several military medical settings, with a very
strict adherence to TCCC guidelines depending on the nations’
specific policies [8,28,32-38]. Indeed, 3D-SC1 is following the
SC guidelines created by the French Military Health Service
Academy (École du Val-de-Grâce) in an official 2007

publication, which has been updated every year by the COESC
(the Operational Committee for SC teaching) [13].

Besides SGs, live simulation exercises are the accepted “gold
standard” for military preparedness before deployment in a
combat zone. However, they are costly and time consuming to
organize and may be disrupt local services [39,40]. In contrast,
3D-SC1 , used on a standalone computer with a suitable
connection for data collection, enables multiple trainees to learn
in a real-time, immersive environment, regardless of physical
location. Finally, SGs are gradually taking an important place
beside physical simulation (high-fidelity manikin simulation
combined with casualty simulation moulaged actors), although
the incomplete application of strong artificial intelligence, which
would allow full mixed-initiative dialogue, can limit their
applicability. However, growth in the use of SGs is likely to
continue because of their ability to scale inexpensively to large
numbers of physically dispersed learners, adapt quickly to prior
knowledge and other individual characteristics of learners, and
be available anytime and anywhere via a global information
infrastructure [41].

A common criticism about SGs is that the dynamic colorful
world of a computer game will distract the trainee’s attention
from the learning process. However, current soldiers grew up
with digital media and have developed a much better aptitude
to relate a virtual world to reality. However, this criticism must
be addressed for 3D-SC1 to become well accepted. It is also
necessary to demonstrate its educational value and its clinical
effectiveness in real combat casualty situations.

Virtual environments are not a substitute for hands-on training;
they can neither simulate the physical elements of tactical
response nor provide training in the dexterity of performing
procedures on a casualty. To potentiate existing training,
3D-SC1 can be used as an. For example, it can improve
knowledge of adequate procedures before participating in
complete military exercises or local SC stages, conducted in
lifelike conditions, such as MedicHos Médicalisation en milieu
Hostile (Medicalization in a Hostile environment) or ExOSAN
Exercice Opération Sanitaire (Exercise for Operation Sanitary)
exercises [13,23].

Multiplication of 3D-SC1 scenarios and the next production of
SC2 and SC3 could lead to the building of a virtual simulation
platform for SC training, incorporated as part of a large military
medical simulation-training program combining both SGs and
physical simulation. Multiplayer large-scale virtual exercises
could be included in predeployment training [42,43]. Finally,
upcoming technologies such as augmented reality or haptic
simulation could add to the definite 3D-SC program
development [34,43,44].

Conclusions
3D-SC1 is a new SG module, dedicated to the cognitive training
of soldiers for forward combat casualty care, during the care
under fire stage. The development of 3D-SC1 involved a
collaborative platform with interdisciplinary actors, including
forward combat casualty care experts (the French SC),
programmers, and game designers. The creation and production
of 3D-SC1 outlines the applicability and acceptability of using
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virtual environments for training in SC procedures in dedicated
scenarios. This type of simulation could easily be adapted to
address different training needs of SC1 (such as urban combat
or convoy attacks), SC2, and SC3 (such as combat casualty
management during the tactical field care phase and preparation
for casualty evacuation). 3D-SC1, actually designed for the
French Army, could also find many applications to train people

involved in the management of trauma casualties in other
settings such as tactical emergency care, disaster and crisis
management, or mass casualty events. Further possibilities
related to the application of 3D-SC1 are unlimited. The
observational comparative trial addressing its educational value
is ongoing, and its integration in a mandatory official military
degree validation is the next step [23,45-51].
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Abstract

Background: Smoking is still the number one preventable cause of death. Cravings—an intense desire or longing for a
cigarette—are a major contributor to quit attempt failure. New tools to help smokers’ manage their cravings are needed.

Objective: To present a case study of the development process and testing of a distraction/motivation game (Crave-Out) to help
manage cravings.

Methods: We used a phased approach: in Phase 1 (alpha testing), we tested and refined the game concept, using a Web-based
prototype. In Phase 2 (beta testing), we evaluated the distraction/motivation potential of the mobile game prototype, using a
prepost design. After varying duration of abstinence, smokers completed the Questionnaire of Smoking Urge-Brief (QSU-Brief)
measurement before and after playing Crave-Out. Paired t tests were used to compare pregame and postgame QSU-Brief levels.
To test dissemination potential, we released the game on the Apple iTunes App Store and tracked downloads between December
22, 2011, and May 5, 2014.

Results: Our concept refinement resulted in a multilevel, pattern memory challenge game, with each level increasing in difficulty.
Smokers could play the game as long as they wanted. At the end of each level, smokers were provided clear goals for the next
level and rewards (positive reinforcement using motivational tokens that represented a benefit of quitting smoking). Negative
reinforcement was removed in alpha testing as smokers felt it reminded them of smoking. Measurement of QSU-Brief (N=30)
resulted in a pregame mean of 3.24 (SD 1.65) and postgame mean of 2.99 (SD 1.40) with an overall decrease of 0.25 in cravings
(not statistically significant). In a subset analysis, the QSU-Brief decrease was significant for smokers abstinent for more than
48 hours (N=5) with a pregame mean of 2.84 (SD 1.16) and a postgame mean of 2.0 (SD 0.94; change=0.84; P =.03). Between
December 22, 2011, and May 29, 2014, the game was downloaded 3372 times from the App-Store, with 1526 smokers visiting
the online resource www.decide2quit.org linked to the game.

Conclusions: Overall, playing the game resulted in small, but nonsignificant decreases in cravings, with changes greater for
those had already quit for more than 48 hours. Lessons learned can inform further development. Future research could incorporate
mHealth games in multicomponent cessation interventions.

Trial Registration: Clinicaltrials.gov NCT00797628; https://clinicaltrials.gov/ct2/show/NCT00797628 (Archived by WebCite
at http://www.webcitation.org/6hbJr6LWG)
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Introduction

Smoking is the number one preventable cause of death [1]. In
the United States alone, each year over 480,000 deaths are due
to smoking, including from second hand smoke [2]. While the
majority of smokers want and have tried to quit, quitting for
good is challenging. After quit attempts, relapse rates are as
high as 90% [3,4]. While combination FDA-approved
pharmacotherapy and behavioral interventions can assist during
quit attempts, cravings, an intense desire or longing for a
cigarette [5], are a major contributor to quit attempt failure [6].
Most smokers report experiencing cravings or urges to smoke
while quitting [7]. Because cravings play a major role in quit
attempt failure [8], additional tools to help smokers manage
cravings are needed.

Behavioral techniques such as substitution, relaxation, and
distraction have been used to help smokers manage cravings
[9]. Cravings can occur at any time and are often triggered by
a cue, which could be anything from persons, places, things, or
mood states. Thus, craving management tools should be readily
available at the point of need [10]. The proliferation of mobile
phones, and the increasing number of users who play games on
their mobile phones presents a new opportunity to design
point-of-need relapse prevention tools [11]. Games on a mobile
phone can be engaging and distracting, and smokers could play
them until their cravings subside. While any mobile game may
help distract smokers, a game specifically designed for cravings
could also remind smokers of reasons for quitting and for
remaining quit. Developing games for health is challenging as
they should be educational, incorporate evidenced-based
behavioral strategies, and be engaging and fun [12]. Can a fun,
challenging distraction/motivation game be developed to help
smokers manage cravings?

We developed and pilot tested a mobile phone
game—Crave-Out—for distracting smokers during a craving

and motivating them by reinforcing the benefits of quitting.
Consistent with the goals of a pilot study [13-17], this
small-scale study was designed to assess the feasibility of the
game development process, evaluate users’ experience in game
play, and measure changes in urges to smoke, an important
targeted behavioral process. As recommended by game
developers [18-21], we developed Crave-Out by using a
mixed-methods approach. This study collected qualitative and
quantitative data and included two phases (alpha and beta
testing; Figure 1):

• Phase 1: Alpha testing (usability testing and concept
refinement) encompassed the predevelopment phase in
which the game concept was refined using a prototype.
Game concepts are crucial to the success of the game; they
determines what type of a game it is, how much fun it is,
and how much it supports the goals of the game [22].
Prototypes are a recommended approach for concept testing
because they collect the thoughts of the users by providing
a window into how they interact with the game [22].

• Phase 2: During beta testing (evaluation and dissemination),
we developed a mobile version of the game based on the
refined concept and evaluated it using a prepost change in
cravings assessment. We also tested whether smokers were
satisfied with the game and thought it was fun. We also
tested the potential of disseminating the game on the Apple
iTunes App Store [23], Apple’s official repository for
downloading apps for the iPhone and iPad.

Since the methods of Phase 2 depended on the results of Phase
1, to improve readability, we first describe the methods and
results of Phase 1, followed by the methods and results of Phase
2. Finally, we summarized the main findings of these two studies
in the discussion. Our paper demonstrates how an iterative,
user-driven pilot testing approach can be used to develop a
game. Our protocol was approved by the University of
Massachusetts Medical School Institutional Review Board.

Figure 1. Game development phases.

Phase 1: Alpha Testing (Usability Testing
and Concept Refinement)

To refine the distraction/motivation concept, we tested the alpha
version of our game. The results of concept refinement informed
the development of our beta version. We describe the methods
and results of our alpha testing below.

Phase 1: Methods
To develop our prototype for concept refinement, we adapted
an existing Web-based game that required clicking on pictures
to win points. Our intent was to create a distraction tool. On the
basis of classical conditioning, including the counterpurpose
and relapse prevention model, we redesigned the existing
Web-based game to reinforce the benefits of quitting by having
smokers click on good things associated with quitting or
negative things associated with smoking. We enlisted the aid
of students to create artwork, and over about 4 1-hour meetings
created images to use for the game. We then enlisted an
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additional high school programmer to develop the game on the
Web-based platform. The development of the game took
approximately 30 hours to complete. During game play,
participants started the game by selecting whether during play
they wanted to click on “bad” things associated with smoking
(eg, cigarettes and yellow teeth), or “good” things associated
with quitting (eg, money, health, and time with family; see
Multimedia Appendix A). In each version, there was
reinforcement for clicking: If a good thing was clicked, the
smoker received positive feedback (a green tick mark and a
pleasant sound). Similarly, if a bad thing was clicked, the smoker
received negative feedback (display of a red cross mark and a
harsh sound).

We tested our concept with current or prior smokers aged 19
years or older recruited using flyers, from the University of
Massachusetts Medical School campus and UMass Medical
Memorial Center. Flyers were distributed across the campus
and a coordinated effort with Department of Preventive
Medicine was made to have the flyers available in waiting areas
and specifically on posted boards at a connected treatment center
where counseling for tobacco and other drugs of use was held.
In addition, word of mouth was utilized by contact with tobacco
treatment specialists on the staff at the University of
Massachusetts Medical School. Participants were asked to report
to the usability laboratory to complete participation. We used
a think aloud protocol [24-26]: while the participants were
playing the game, we asked them to vocalize their thoughts,
feelings, and opinions about the game. The think aloud protocol
provides information about how a user approaches the interface
and what they have in their minds when utilizing the interface.
We conducted usability testing with 5 users to test our game
per existing recommendations regarding think aloud protocol
testing [27], which indicate that the majority of issues can be
identified with 4±1 users, each with progressively diminishing
returns. After playing the game, participants answered a survey
and provided open-ended comments. There are several
approaches for evaluating qualitative data, including thematic
analysis, narrative summary, and grounded theory [28]. Because
one of primary goals is to describe the processes of playing the
game, we used a combination of thematic summary and narrative
summary. This involved an open coding process (without a
predefined set of codes) to develop themes.

Phase 1: Results

Prototype Testing
Out of the 5 Phase 1 participants, 3 were between the ages of
19 and 24, with a median number of cigarettes per day of 5. All
5 participants had tried to quit and relapsed. Smokers made
comments on the following themes:

• Engagement: Participants indicated that the game was fun
and distracting. One participant commented that he “got
into” the game, while another participant commented that
he was “curious” about the game. Participants also felt that
the game should be expanded with additional scenarios to
make it more interesting.

• Positive reinforcements: All the participants indicated that
the positive reinforcement was beneficial. Example
comments included “the game gave reasons but did not

necessarily push me” and the game “gave me motivation
to quit.” A third participant said that he was considering
quitting after playing the game.

• Negative reinforcement: Participant disliked the images of
cigarettes and other negative stimuli with the accompanying
warning sounds. The participants observed that looking at
the bad things associated with smoking, while informational,
made them think about smoking.”

In the follow-up survey, all the participants strongly agreed or
agreed that the game would help them think about reasons to
quit smoking, 4 out of 5 participants agreed that they would
recommend the game, and 3 out of 5 strongly agreed or agreed
that they would play the game again. Participants disagreed on
whether the game would distract them from cravings, but all 5
agreed that it would help them think about reasons to quit
smoking.

Concept Refinement
We first removed negative reinforcements and designed the
game to present smokers a motivational token highlighting a
benefit of staying abstinent after each level. We then
conceptualized the following functions:

1. Multilevel game with a Crave-Out function: The game was
designed with multiple levels of game play. The initial
levels were simpler, followed by levels of increasing
difficulty. Instead of the traditional end game function, we
designed the “Crave-Out” function that allows smokers to
choose to end the game after their craving has reduced. The
game will not complete until the Crave-Out button is
pressed.

2. Pattern memory challenge game: We redesigned the game
as a pattern memory challenge game fashioned like the old
“Simon” game, in which players must rely on memory of
the order of objects, which in this instance was specific
fruit to choose or “catch” with a virtual bucket at the bottom
of the screen. We chose fruit and the virtual bucket for their
simplicity and because they were not related in any way to
common triggers to smoking. We chose an unrelated
concept for our primary game construct, based on findings
from Phase 1. To prevent triggering thoughts of smoking,
the fruits-in-the-bucket was chosen as a neutral construct
for the pattern recognition game.

3. Only positive motivational reinforcements: In the new
version, the participant during game play uses a virtual
bucket to move back and forth and catch the “good” objects
(fruit) as they fell downward from the top of the screen.
(See Multimedia Appendix B) The game started simple and
then progressively became more difficult. In the first level,
the requirement was to catch one “good” object (one of the
five fruits) that is named before the level starts. If the
participant avoided the other falling fruit and caught the
correct fruit, the level was completed. As the level
increased, the number of good objects to catch in sequence
also increased, and the speed at which the good object fell
also increased. After each level, a motivational token that
represents a benefit of quitting was awarded to the
participant and was continuously displayed in the form of
a colorful sticker or stamp on the upper section of the screen
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until the participant clicked on the link to go to the next
level. Each sticker or stamp included a visual representation
of the benefits of quitting and reinforced the many reasons
to not smoke. This token appeared in the top center of the
screen (eg, a colorful $ sign representing the money saved
by not smoking) once the fruit for each level was “caught.”
Additional tokens included more time with family and
friends, whiter teeth, better health, more leisure time, and
a cleaner home (Appendix A). Following each completed
level, a feedback screen was displayed to the smokers. This
included a summary of the level completed and their total
score, as well as all the motivational tokens that they
received during game play. On each feedback screen, there
were two buttons at the bottom: “Crave-Out” (used to
indicate that one has finished playing) and “Decide2quit”
(links to an evidence-based Web-assisted tobacco
intervention: www.Decide2quit.org). The Crave-Out button
took the player to a summary screen that contained total
time played and both current and running total, which
enabled them to see the “reduced” amount of time for which
they had been distracted from cigarettes (Appendix B).

4. Referral to other cessation tools: We also provided a link
to the Decide2Quit.org Web-assisted tobacco intervention
from the summary page [29,30]. The Decide2Quit link
allowed them to register with the Decide2Quit.org Web
site. Decide2Quit.org is an evidence-based Web-assisted
tobacco intervention that includes information about quitting
smoking; secure asynchronous messaging with a certified
tobacco treatment specialist; an online support group; and
a motivational, pushed-email, tailored messaging system.
Decide2Quit.org is designed for both current and former
smokers.

Phase 2: Beta Testing Pil ot Study
(Evaluation of Cravings Reduction and
Dissemination)

As noted, on the basis of the results of Phase 1, we developed
a mobile version of the game by using the Unity3D game
development framework [18]. To develop the game, we first
developed the 3D artifacts of the various objects (ie, fruits,
bucket, and background scenery items). Once these were
developed, we had to program the artifacts to respond to various
events or interactions of the game player (eg, the randomness
of the different fruits, their speeds and frequencies of recurrences
and their tumbling effects, the movement of the bucket from
side to side and catching of the fruits in response to the game
players’ actions, and the appearance of the reward stickers).
Another programming action was to end the level if all the fruits
were caught in the right sequence. The developed game was
then exported to multiple platforms, including the iPhone and
iPad mobile platform, for evaluation using a prepost design.
We describe the methods and results of our beta testing below.

Phase 2: Methods

Study Design
Our Phase 2 pilot study employed a mixed-methods (qualitative
and quantitative) convergent prepost design including

measurement of cravings before and after playing the game
[31]. Consistent with the goals of a pilot study, our study was
designed to provide (1) data on intervention development
feasibility and (2) estimates of effect sizes for key measures
(cravings) related to smoking cessation. Importantly, our study
was designed to provide estimates of effect on cravings to guide
future studies, and was not designed to have definitive results
on this measure [13-17]. Although we do conduct statistical
tests, our results are designed to inform more definitive research
and should be carefully considered within the context of a pilot.

After providing consent, participants completed a pregame
questionnaire to assess their cravings and then were provided
the game to play. As in Phase 1, we again used think aloud
protocol testing, and recorded each session of game play. Once
they finished playing the game for 10 minutes, participants then
completed the same questionnaire to assess their cravings.
Participants also completed a brief survey about the game after
they played it. This survey consisted of questions related to how
they liked the game and how challenging they felt it was; it
included several open-ended questions. Again, as in Phase 1,
we compiled the message content and created themes on the
basis of the narrative analysis technique.

Further, to test dissemination, once the Crave-Out version was
ready for Phase 3 pilot testing, we released the game on the
Apple iTunes App Store [21] and tracked downloads. We also
tracked visits and registrations to the Decide2Quit.org Web site
from the game.

Setting and Sample
Current and former smokers from the University of
Massachusetts Medical School campus and UMass Medical
Memorial Center were recruited using flyers. Smokers admitted
to the hospital were referred by a tobacco treatment specialist
through the University of Massachusetts Medical School’s
psychiatry department.

As with Phase 1, flyers were distributed across the campus and
a coordinated effort with Department of Preventive Medicine
was made to have the flyers available in waiting areas and
specifically on posted boards at a connected treatment center
where counseling for tobacco and use of other drugs was held.
In addition, word of mouth was utilized by contact with tobacco
treatment specialists on the staff at the University of
Massachusetts Medical School. Participants were asked to report
to the usability laboratory to complete participation. Some
participants were recruited while they were inpatients; for those
recruited inpatients, the tobacco treatment specialist who was
assigned to meet with the patient would ask if he or she was
interested in participating. The tobacco treatment specialist
would then contact the project coordinators with information
regarding patients interested and provided room number and
appropriate time for visiting the patient. The project coordinator
would take a hard copy of the survey along with a laptop to play
the game to the patient’s room and obtain his or her consent
before participation.

We chose to recruit a sample of 30 individuals to test the
feasibility of our methods, test game usability, and to generate
effects on the outcome of cravings.
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Measures
We used the Questionnaire of Smoking Urge-Brief (QSU-Brief),
a 10-item questionnaire on smoking urges utilizing a 7-point
Likert scale for responses to assess cravings [32]. The
QSU-Brief is a valid and reliable assessment that has become
widely used in the measurement of cravings [32-35]. Factor
analyses conducted by Cox et al indicated that this brief
assessment showed very good reliability as per Cronbach alpha
[37}. After providing consent, participants completed the
pregame QSU-Brief questionnaire and then were given
instructions and access to play the game. In addition to the
QSU-Brief, we used a brief demographic questionnaire,
including questions on smoking status, and a brief survey about
game playing experience for data collection. Smoking status
was assessed before game play. Recommendations from the
Society for Research on Nicotine and Tobacco on the need for
biochemical verification state that the degree of misclassification
is moderated by characteristics of the smoking cessation
intervention. The more intensive the intervention is, the higher
the potential for misclassification due to social desirability. In
line with these recommendations, as our intervention (a cravings
game) was of low intensity and also because the goal of the
intervention was not to induce cessation but to pilot test, we did
not use biochemical verification of smoking status [36,37].

Twenty-four qualitative questions on experience playing the
game were developed by our team; 6 of these were open-ended
questions (see Appendix C). In addition, we collected verbal
feedback provided while participants played the game. Using
the Apple iTunes App Store dashboard, we recorded download
data for each week of the study.

Data Analysis
Following a descriptive analysis, we used paired t tests to
determine differences between pre- and postgame craving levels.

We calculated the change in the craving level by subtracting
the pregame craving score of each individual from their
postgame craving score, to calculate a mean prepost difference.
We also conducted stratified analysis by demographic
characteristics, smoking status, and game experiences. Note
that for our primary analysis and sensitivity analyses, we have
presented P values “as-is,” recognizing that the stratified
sensitivity analyses represent an instance of multiple comparison
testing. The statistical literature review of methods for
accounting for multiple comparisons has noted that adjustment
is controversial and may be over-conservative in some instances
[38-40]. Adjusting for multiple comparisons is highly
appropriate in exploratory analyses that are not following a
specific research question. For studies where the measures
follow a specified research goal, recommendations vary.
Although we believe that presenting the P values "as-is"
provides the reader useful information, we recognize the
challenge of interpretation in the setting of multiple comparisons
and encourage readers to consider these results in the context
of this pilot experiment, not as definitive results. Data analysis
was performed using STATA 12, Copyright 1996–2016
StataCorp LP.

Phase 2: Results

Demographics
Participants were 30 smokers. The majority were male (20/30,
67%), between ages 25 and 44 (20/30, 67%), college-educated
(21/30, 70%), and abstinent for more than 48 hours (5/30 17%).
The mean number of cigarettes smoked per day was 13.8 (SD
10.0, range 0-40). Most had attempted to stop smoking at least
once in the past 12 months (17/30, 59%) and were willing to
stop smoking (20/30, 67%). See Table 1 below regarding these
demographics.

JMIR Serious Games 2016 | vol. 4 | iss. 1 | e3 | p.62http://games.jmir.org/2016/1/e3/
(page number not for citation purposes)

DeLaughter et alJMIR SERIOUS GAMES

XSL•FO
RenderX

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


Table 1.

%N=30Variable

Age

7%219-24

27%825-34

33%1035-44

20%645-54

7%255-64

7%265+

Gender

67%20Male

33%10Female

Race and ethnicity

100%30White/Non-Hispanic or Latino

Education

3%1Grades 9-11 (some high school)

27%8Grade 12 or GEDa

40%12College 1-3 years

30%9College 4 years or more

Recruitment source

73%22Outpatient

27%8Inpatient

Ever visited a smoking cessation Web site

23%7Yes

77%23No

Successful quitter (smokers who had 0 cigarettes per day & had stopped smoking in the past 12 months)

23.5%4Yes

76.5%13No

Number of cigarettes smoked per day

17%5None

13%41-6

30%910-18

33%1020-25

7%230-40

13.8Mean number of cigarettes per day

10.0StdSD

Stopped smoking in the past 12 months

59%17Yes

41%13No

Desire to stop smoking

17%5bI do not smoke now

67%20Yes

aGED: General Educational Development
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bParticipants qualified as “do not smoke now” if they had been abstinent for 48 hours or more at the time of the visit.

Game Rating
Smokers reported that Crave-Out was fun (22/30, 73%),
challenging (20/30, 67%), and would help distract them from
cravings (17/30, 57%; Figure 2). Most also said that they would
play the game outside of the study environment (22/30, 73%).
The majority of smokers also responded that they found the
game would motivate them to quit smoking (16/30, 53%). While
playing the game, smokers commented that the game was fun
and distracting. Some commented on how they enjoyed playing,
for example, “This is amazing,” “I'm just having fun,” and “It
takes your mind off smoking.” Most of the smokers played
longer than 10 minutes. The following quote indicated one
smoker’s desire to continue playing the game, “No, don’t want
to quit the game, I just won.” Smokers also noted that the game
was challenging. Example comments included “It’s
complicated,” “I have to pay attention,” “It’s fast,” “It’s hard,”
and “It’s difficult actually.” In addition, one user-interface issue

with the beta version was discovered; the 3D effect made it
difficult for participants to move the cursor left-right completely
accurately in catching the fruit. This was commented on during
think aloud, and noted for future consideration.

Pregame and Postgame Cravings
Among these 30 smokers, measurement of QSU-Brief
established a pregame mean of 3.24, (SD 1.65 on a 7-point
Likert scale) and postgame mean of 2.99 (SD 1.40), a decrease
of 0.25 points in cravings, which is a measurable but not
significant difference (P =.11; Table 2). Across the ten
individual items, two items had a significant improvement,
“Smoking would make me less depressed” and “A cigarette
would taste good now” (P =.03 and .002, respectively). As
noted, estimating P values for each item represents an instance
of multiple comparisons testing for a single research question.
P values are presented “as-is” but should be considered measures
of the relative strength of items, not definitive results.

Table 2. Pregame and postgame cravings of Phase 2 smokers.

P valueChange (Δ)PostgamePregameCraving scale

SDMeanSDMean

.03-0.661.512.71.933.36Smoking would make me less depressed

.002-0.621.843.242.033.86A cigarette would taste good now

.28-0.301.562.561.812.86All I want now is a cigarette

.24-0.271.332.131.652.4I would do almost anything for a cigarette now

.32-0.261.552.71.92.96I could control things better right now if I could smoke

.57-0.171.913.312.153.48I have an urge for a cigarette

.77-0.071.853.731.983.8If it were possible, I would probably smoke now

.750.101.853.52.163.4I have a desire for a cigarette now

.660.141.4431.972.86Nothing will be better than smoking a cigarette now

.320.161.923.062.023.23I am going to smoke as soon as possible

.11-0.251.402.991.653.24Overall

In statistical analysis, the QSU-Brief decrease in prepost
measurement was significant for those who quit for more than
48 hours (pregame mean 2.84, SD 1.16; postgame mean 2.0,
SD 0.94; change 0.84; P = . 03). Cravings reduction was not
significant for those smoking in last two days (pregame mean

3.14, SD 1.55; postgame mean 2.91, SD 1.06; change 0.23, P
= . 24). Comparing those who reported that the game was
challenging with those who did not, we observed a greater
decrease in craving levels (pregame mean 3.26, SD 2.17;
postgame mean 2.69, SD 1.66; change 0.57, P =.09; Table 3)
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Table 3. Stratified analysis of prepost cravings of Phase 2 smokers.

P valueChange (Δ) Postgame craving level

Mean (SD)

 Pregame craving
level

Mean (SD)

NQSU-Brief Question/Response

I thought this game was fun

.10- 0.322.96 (1.31)3.3 (1.70)22Agree

.10- 0.043.07 (1.71)3.11 (1.61)8Disagree

I thought the game was challenging 

.09- 0.572.69 (1.66)3.26 (2.17)10Strongly agree

.52- 0.112.97 (1.03)3.08 (1.24)19Others

 It was a pleasant experience playing the game 

.11- 0.312.95 (1.30)3.26 (1.70)22Agree

.57- 0.133.35 (1.71)3.48 (1.46)7Disagree

This game would help me distract from cravings

.27-0.273.28 (1.63)3.55 (1.98)17Agree

.02-0.222.61 (0.96)2.83 (1.01)13Disagree

Do you want to stop smoking?

.03-0.842.0 (0.94)2.84 (1.16)5Abstinent >48 hours

.24-0.232.91 (1.06)3.14 (1.55)20Yes

.29+0.284.32 (2.12)4.04 (2.46)5No

Figure 2. Game experience of Phase 2 smokers.

Phase 2 Dissemination Results
Between December 22, 2011, and May 29, 2014, the game was
downloaded 3372 times from the Apple iTunes App Store. As
shown in Figure 3 , there was an initial spike in the number of

downloads (690) and then again in quarter 4 (542). After quarter
4, the number of downloads tailed off. From January 25, 2012,
to May 29, 2014, there were 1526 visits to the Decide2Quite.org
Web site from the game, out of which 22 smokers registered
on D2Q.

JMIR Serious Games 2016 | vol. 4 | iss. 1 | e3 | p.65http://games.jmir.org/2016/1/e3/
(page number not for citation purposes)

DeLaughter et alJMIR SERIOUS GAMES

XSL•FO
RenderX

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


Figure 3. Number of downloads every quarter study period (December 2011 to June 2014).

Discussion

Our pilot study provides preliminary data on the potential of
using a mobile game for cravings management, and
demonstrates the challenges of developing games for health.
Our two-phased approach was successful in pilot testing a game
that was challenging and fun and reduced cravings. Smokers
found the game enjoyable and that it would motivate them to
quit smoking. Cravings reduction was significant in participants
abstinent for more than 48 hours. Cravings reduction was also
accentuated among those smokers who found the game
challenging.

Research on games for smoking cessation is new [41]. Placing
our evaluation in context of other studies, games are being
developed to change smokers’attitudes toward tobacco addiction
to help smokers, and enhance their coping skills [42,43]. A
qualitative study assessed the use of existing games (eg, Tetris)
as part of a suite of tools to distract smokers from cravings [10].
To our knowledge, Crave-Out is the first mobile game developed
and pilot tested specifically as a distraction/motivating game
for managing smoking cravings.

Developing a health game is challenging, as game developers
have to intermix evidence-based strategies with fun and game
play elements [23,41,44]. While behavioral scientists are trained
in incorporating evidence-based strategies in interventions,
finding ways to intermix these strategies with something fun
and game play requires new approaches. Adapting from game
development practices, our prototype-based concept refinement
approach allowed us to identify important issues early, before
time and effort was spent in fully developing the game. For
example, while we initially presented bad things associated with
smoking, this had the unintended consequence of triggering the
participants’ thoughts toward smoking. We were also able to
make the game fun and challenging for our players by
developing it as a multilevel game, with each level increasing
in difficulty. Using multiple levels with increasing difficulty is
a standard practice in computer games. The experience of facing
and overcoming increasing difficulty has been shown to increase
engagement and enjoyment of playing the game [23,41,44].

The reduction in cravings was accentuated in those participants
abstinent for more than 48 hours. The reduction in cravings was
also pronounced among smokers who found the game to be
challenging. As noted, creating a game that is challenging may
be key for distraction of cravings. Careful consideration should
be used when attempting to balance “challenge” with
“frustration” [23,41,44]. If the game is too challenging, it can
lead to frustration, and trigger the smoker to smoke. If the game
is not sufficiently challenging, it can lead to boredom. As noted
above, we were able to identify strategies to increase the
challenge element of the game, including designing the game
as a pattern memory challenge game and the use of levels of
increasing difficulty.

The majority of participants (53%) also responded that the game
would motivate them to quit smoking. While any game might
be distracting, having the ability to add motivational messages
might represent the biggest advantage of creating a game
specifically for smoking cessation. Adding tailored messages
might have increased the motivational potential of our game.
Tailored health messages can be highly effective in assisting
individuals in understanding and responding to health concerns
[45]. Future research is needed to further understand how to
add these messages to a game without reducing the fun aspect
of the game.

Engaging new smokers is an identified national priority in the
State-of-the-Science Conference Statement on Tobacco Use
[46], and our pilot study suggests that games might be a useful
tool for this purpose. Without any advertisements, smokers
found and downloaded our game from the Apple iTunes App
Store. The game also engaged smokers to visit the
Decide2Quit.org Web-assisted tobacco intervention. About half
of the smokers who downloaded the game to the intervention
also visited the Web site. Future studies are needed to test this
engagement potential.

Limitations
Limitations of this pilot study include a small sample size and
a lack of physiological or biological assessments of participants’
pregame and postgame cravings levels. Selection bias is another
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potential limitation as participants were recruited through
tobacco treatment specialists in a hospital setting and potential
participants needed to be able to visit the usability laboratory
to participate. The game may need to be made more accessible
for smokers with different characteristics.Further research is
needed to develop games that are easily accessed as
distraction/motivation tools.

Conclusions
Developing a distraction/motivation game to help smokers
manage cravings is an iterative process. Using a 2-phased,
user-testing approach helped us identify some important issues
in game development. In a laboratory setting, our game resulted
in reduced cravings, accentuated among those abstinent for
more than 48 hours. Our next steps include a large study to
assess craving management in a real-world setting.
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Abstract

Background: We propose the use of serious games to screen for abnormal cognitive status in situations where it may be too
costly or impractical to use standard cognitive assessments (eg, emergency departments). If validated, serious games in health
care could enable broader availability of efficient and engaging cognitive screening.

Objective: The objective of this work is to demonstrate the feasibility of a game-based cognitive assessment delivered on tablet
technology to a clinical sample and to conduct preliminary validation against standard mental status tools commonly used in
elderly populations.

Methods: We carried out a feasibility study in a hospital emergency department to evaluate the use of a serious game by elderly
adults (N=146; age: mean 80.59, SD 6.00, range 70-94 years). We correlated game performance against a number of standard
assessments, including the Mini-Mental State Examination (MMSE), Montreal Cognitive Assessment (MoCA), and the Confusion
Assessment Method (CAM).

Results: After a series of modifications, the game could be used by a wide range of elderly patients in the emergency department
demonstrating its feasibility for use with these users. Of 146 patients, 141 (96.6%) consented to participate and played our serious
game. Refusals to play the game were typically due to concerns of family members rather than unwillingness of the patient to
play the game. Performance on the serious game correlated significantly with the MoCA (r=–.339, P <.001) and MMSE (r=–.558,
P <.001), and correlated (point-biserial correlation) with the CAM (r=.565, P <.001) and with other cognitive assessments.

Conclusions: This research demonstrates the feasibility of using serious games in a clinical setting. Further research is required
to demonstrate the validity and reliability of game-based assessments for clinical decision making.

(JMIR Serious Games 2016;4(1):e7)   doi:10.2196/games.5006
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Introduction

The rapidly aging population and high prevalence of age-related
conditions, such as delirium and dementia, are placing increasing
burdens on health care systems (eg, [1]). More frequent and
accessible methods for cognitive screening are needed to detect
early signs of impairment and to prevent or better manage
further decline. We envision future development of independent
patient-administered methods of cognitive screening that can
be completed within a hospital or home. Demonstrating that
serious games are highly correlated with other methods of
cognitive assessment is necessary but not sufficient to justify
their use. In order to ensure adequate motivation and realistic
assessment of ability, game-based cognitive assessments should
be interactive and engaging. They should also be enjoyable so
that patients are willing to complete the assessment task at
regular intervals.

Background
In geriatric health care, there are standard mental status tools
that screen for cognitive impairment, such as the Mini-Mental
State Examination (MMSE) [2], Montreal Cognitive Assessment
(MoCA) [3], and Confusion Assessment Method (CAM) [4].

Current cognitive screening methods are only minimally
interactive, creating little in the way of engagement or
entertainment. They are typically initiated by a health care
professional rather than sought out by individuals and they are
generally not designed for self-administration or for use by
nonclinicians. Some tools such as the CAM require subjective
assessments, which may result in administrator bias [4].
Additionally, it may not be feasible for the test administrator
to repeatedly assess individuals for changes in their cognitive
status over time. The resulting lack of frequent assessment may
result in underdiagnosis of a condition such as delirium, where
cognitive status can fluctuate widely over the course of a day,
making it difficult to detect early stages of delirium and initiate
preventive interventions [4].

Software suites, such as CogTest [5] and the Cambridge
Neuropsychological Test Automated Battery [6], offer
computerized versions of traditional cognitive tests. In addition
to validation issues when moving a test to the computer medium,
there is also the problem of potential lack of motivation when

performing somewhat uninteresting tasks on a computer. To
deal with the lack of motivation and engagement, games have
been promoted as a way to stimulate cognitive activity in elderly
users [7] and to improve brain fitness or to preserve cognitive
status. For example, the Games to Train and Assess Impaired
Persons game suite is composed of eight different games to
evaluate motor and cognitive abilities in individuals with
impairments [8]. However, such games do not yet provide
validated cognitive assessment, have not been used in the health
care setting, and evidence about whether they improve broader
measures of intelligence is mixed (eg, [9]).

Manera et al [10] performed a pilot study with a serious game
involving patients with mild cognitive impairment (MCI) and
Alzheimer disease. They were able to demonstrate that their
game correlates with the MMSE and other assessments such as
the Trail Making Test Part 2 and Victoria Stroop Test. Because
this research [10] was carried out on patients with MCI and
dementia, and involved a relatively small pilot sample of 21
people using a kitchen and cooking game, there remains a need
for a validated game-like screening tool that can be completed
rapidly and independently (or with minimal assistance) by a
broad range of older adults with varying cognitive ability.

Serious games are games designed with a primary purpose other
than entertainment, such as education and training [11].
Specially adapted games can be leveraged to create an
interactive and engaging tool that promotes patient-centered
cognitive assessment. Mobile phones and tablets are commonly
used devices and can be used as platforms for serious gaming.
Previous work has demonstrated that elderly users can use
mobile phones [12, 13] and touch-based tablets [14]. Many of
these technologies also provide the ability to modify
contrast/brightness and text size/font to increase readability.
Gaming on mobile platforms is already a growing trend that is
enjoyed across a wide range of age groups. Thus, the design of
a game-based assessment on a mobile platform would likely
increase the accessibility of cognitive assessment.

Although there are many potential benefits of designing games
for the elderly, there are possible shortcomings to consider. For
instance, some elderly users may not be interested in playing
games or may be uncomfortable using technology [8]. A brief
comparison between paper-and-pencil–based methods and
serious games for cognitive assessment is provided in Table 1.

Table 1. Comparison between traditional paper-and-pencil cognitive assessments and the use of serious games for cognitive screening.

Serious gamesPaper-based assessmentsFeature

SelfTrained administratorAdministration method

NoYesAdministration bias potential

TabletPaper, pencilEquipment

YesLimited repeatability—not necessarily if alter-
nate forms are available

Repeatability

Yes, can be randomizedFew or noneMultiple variations

High, if target users enjoy playing the gameLowMotivation/Entertainment

Yet to be completedAvailableValidation
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Serious games have been used in health care for the purpose of
brain training in projects such as the ElderGames [7], Smart
Aging [15], and the work reported by Anguera et al [16]. The
ElderGames project uses a large touchscreen tabletop surface
as a gaming platform. The goal of this work is to promote social
interactions through gameplay with other elderly adults. A
limitation associated with this work is that it requires a large
apparatus and is not mobile. Moreover, the Smart Aging
platform uses a computer and touchscreen monitor to simulate
a virtual loft apartment. It is designed to identify MCI through
the completion of a series of tasks that simulate daily activities
[15]. This project was reported to be in the pilot phase and was
evaluated with a relatively small sample of healthy individuals
(N=50). A computer-based serious game has been created [16]
that simulates driving a vehicle. However, that research
compared serious game performance in elderly users with their
performance on psychological tasks rather than with standard
cognitive assessments. In contrast, we are explicitly developing
a game for cognitive assessment.

Development of a Serious Game
We developed a serious game to assess cognitive status in
elderly adults with a focus on detecting small changes in
cognition for conditions such as delirium. Our serious game
mimics features of the classic psychological Go/No-Go

Discrimination Task [17], a measure of inhibition ability. As
implemented, our game is similar to the carnival game
whack-a-mole (see Figure 1). In a previous study with healthy
younger adults, we found that our serious game had a significant
relationship (r =.60, P <.001) with the Stroop task [14]. The
Stroop task is a test of the inhibitory executive function, which
declines with age, and the task has been shown to correlate with
white matter loss in the brain [18, 19].

After demonstrating that the game-based screening tool was
usable by young and older healthy adult samples, and was
predictive of inhibition ability, our next step was to evaluate its
usability in a clinical sample. In this paper, we present our
findings concerning the process of integrating a game-based
cognitive assessment into a clinical environment. We
demonstrate that our serious game is usable by an elderly
population from an emergency department (ED) and is
predictive of scores on standard cognitive assessments. The ED
is a promising target for serious game-based cognitive
assessment because there is a high prevalence of cognitive
impairment in that setting compounded by a high rate of
underdetection of delirium [20]. Based on the findings from
this research, a set of design guidelines is provided in a later
section of this paper to assist future researchers in implementing
other serious games for assessing cognitive ability.

Figure 1. Screenshot of the whack-a-mole game.

Methods

We conducted a prospective observational clinical study with
participants recruited from the Sunnybrook Health Sciences
Centre ED (see Figure 2) located in Toronto, Ontario, Canada
under a research protocol approved by both the Research Ethics

Boards of the Sunnybrook Health Sciences Centre and the
University of Toronto. Participants who were 70 years or older
and who were present in the ED for a minimum of 4 hours were
recruited for the study. Exclusion criteria included patients who
were (1) critically ill (defined by the Canadian Triage Acuity
Scale score of 1), (2) in acute pain (measured using the Numeric
Rating Scale with a score greater than or equal to two out of
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10), (3) receiving psychoactive medications, (4) judged to have
a psychiatric primary presenting complaint, (5) previously
enrolled, (6) blind, or (7) unable to speak English, follow
commands, or communicate verbally.

Clinical research assistants (RAs) administered standard
cognitive assessments including the MMSE, CAM, Delirium
Index (DI) [21], Richmond Agitation-Sedation Scale (RASS)
[22], Digit Vigilance Test (DVT) [23], and a choice reaction
time (CRT) task. Each participant was then asked to play the
serious game and provide feedback. The serious game was
played on a 10-inch Samsung Galaxy Tab 4 10.1 tablet.
Participants received instructions on how to play the game and
interact with the tablet. There was no limit on the number of
attempts to play the game. Participants were invited to provide
open feedback at the end of the study. At the end of each session,
the RA informally interviewed the participant on his/her
experience with the game. In addition, RAs provided their own
feedback and comments on their experience with the game and
their observations of the interaction between each participant
and the game.

The RAs recorded the date of the ED visit, whether the cognitive
assessments were refused, and the cognitive assessment scores.
Usage notes were also recorded and later used to infer usability
problems as well as evidence for enjoyment and engagement.

Statistical Analysis
The cognitive data and serious game results were nonnormally
distributed based on visual inspection of the data. Tests for
normality, including the Kolmogorov-Smirnov and
Shapiro-Wilk tests [24], were not used due to the large sample
size in this study because they are known to result in
oversensitivity to relatively small departures from normality
[24]. Transformations of the data were not performed because
some of the measures, such as the CAM and DI, are
binary/categorical and cannot follow a normal distribution. Our
interest was in correlations as a measure of the effect size of
the underlying relationship between game performance and the
cognitive assessments, but we used nonparametric correlation
measures for some of the comparisons [25] that involved
categorical or narrow ordinal scales. Correlations between the
dichotomous CAM and the other measures were assessed using
point-biserial correlations [24]. Correlations involving the DI
and RASS (and not involving the CAM) were assessed using
Spearman rho because the DI and RASS use a small number of
ordered categories. The remaining comparisons were done using
Pearson correlations. In order for readers to judge strengths of
relationships involving game performance, scatterplots of the
relationship between game performance and the MMSE, MoCA,
and CAM, respectively, are also presented.

Figure 2. Diagram of studies in this research. The thick line highlights the path taken in this study.

Results

Description of Sample
We recruited 147 participants (80 males and 67 females)
between the ages of 70 and 94 years (mean 80.61, SD 6.08).
One participant was excluded for not completing any of the
cognitive assessments and five people did not play the serious
game (of whom two were CAM-positive), leaving 141

participants who completed the study (age range 70-94, mean
age 80.64, SD 6.09; 79 males and 67 females).

Some participants declined to complete some of the cognitive
assessments entirely or declined to answer certain questions.
The completion rate of each test is shown in Table 2. All
participants completed the CAM, DI, and RASS. The serious
game had a combined completion rate of 96.6% (141/146),
whereas the completion rates for the other assessments were
lower with DVT being the worst at 36.3% (37/102) overall.
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Because the DVT and CRT assessments were initiated partway
through the study, the denominators in calculating completion
rates for those measures (102 and 99, respectively) were lower

than for the other tests (which were initiated at the start of the
study).

Table 2. Summary of completion rates for standard cognitive assessment scores.

Completion rate, n (%)Cognitive assessment

145/146 (99.3)Mini-Mental State Examination (MMSE)

108/146 (73.9)Montreal Cognitive Assessment (MoCA)

146/146 (100.0)Confusion Assessment Method (CAM)

146/146 (100.0)Delirium Index (DI)

146/146 (100.0)Richmond Agitation-Sedation Scale (RASS)

37/102 (36.3)Digit Vigilance Test (DVT)a

82/99 (83)Choice Reaction Task (CRT)a

141/146 (96.6)Serious game

aThis assessment was introduced later in the study.

There were a number of people in the sample with low MMSE
and MoCA scores (down to 9 and 8, respectively). There were
129 participants who were negative for the CAM and 12
participants who were positive (a positive result on the CAM
suggests that the participant has delirium). Moreover, the DI
scores ranged from 0 to 10 (the score indicates the severity of
delirium), RASS scores ranged from –2 to 1 (a score >0 suggests
that the patient is agitated and a score <0 suggests that the

patient is sedated), DVT scores ranged from 81 to 103, and CRT
choice accuracy ranged from 34% to 95%. The combined
median response time (RT) on the CRT was 1.2 sec (IQR 0.4).
The overall median RT on the serious game was 0.9 sec (IQR
0.2), and the mean accuracy was a deviation of 328.5 pixels
(SD 59.7) from the center of the target. A summary of the scores
on the cognitive assessments can be found in Table 3.

Table 3. Summary of study sample demographics and cognitive assessment scores.

Total (N=146)Females (n=66)Males (n=80)Variable

Range

Mean (SD) / median

(IQR)aRange

Mean (SD) / median

(IQR)aRange

Mean (SD) / median

(IQR)a

70-9480.6 (6.0)70-9480.6 (5.7)70-9480.6 (6.3)Age (years)

9-3026.7 (3.9)9-3027.7 (2.2)25-3028.2 (1.5)MMSE

8-3023.2 (4.6)15-3023.2 (3.8)8-3024.5 (2.6)MoCA

0-10.1 (0.3)0-10.1 (0.3)0-10.1 (0.3)CAM

0-101.3 (2.3)0-80.5 (0.8)0-100.5 (0.7)DI

–2 to 1–0.1 (0.3)–2 to 1–0.1 (0.4)–2 to 1–0.1 (0.4)RASS

81-10397.8 (5.3)92-10398.7 (4.0)81-10397.5 (5.7)DVT

0.78-3.401.2 (0.4)0.78-3.231.2 (0.5)0.87-1.981.2 (0.3)CRT RT (sec)

34-9587 (1)34-9587 (13)50-9587 (1)CRT accuracy (%)

0.65-2.650.9 (0.2)0.65-2.650.9 (0.3)0.65-2.460.8 (0.1)Game RT (sec)

81-449328.5 (59.7)81-424327.8 (69.9)140-449331.9 (49.0)Game accuracy (pixels)

aFor CRT RT and game RT, the median (IQR) is reported. All others are mean (SD).

Comparison Between Serious Game Performance and
Standard Cognitive Assessments
Game performance was measured based on a participant’s RT
and accuracy. In our serious game, RT was measured from the
time the target appeared to the time of the user’s response and
accuracy was measured as the pixel distance between the center
of the target and the center of the user’s touch.

Correlation analysis revealed significant relationships between
game median RT and scores on the six cognitive assessments:
MMSE, MoCA, CAM, DI, RASS, DVT, and CRT RT (see
Table 4). In contrast to the RT results, the corresponding
relationships between game accuracy and the standard cognitive
assessments were not statistically significant, except for the
relationship with DVT. Note that information about which types
of correlation were used for each comparison are shown in the
footnotes to Table 4.
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Table 4. Correlations comparing game performance to the standard cognitive assessments..

Correlationa(P-value)Measure

CRT accu-
racy

CRT RTDVTRASSDICAMMoCAMMSEGame accu-
racy

Game
RT

–.325
(.003)

.625
(<.001)

–.122 (.48)–.296
(<.001)

.280
(<.001)

.565
(<.001)

–.339
(<.001)

–.558
(<.001)

.132 (.12)1Game RT

.004 (.97)–.053
(.64)

.432 (.008)–.108 (.12).048 (.46).071 (.40)–.042
(.67)

–.104
(.22)

1Game accuracy

.307 (.005)–.503
(<.001)

.200 (.24).339 (<.001)–.689
(<.001)

–.693
(<.001)

.630
(<.001)

1MMSE

.148 (.22)–.296
(.01)

.192 (.28).193 (.01)–.339
(<.001)

–.505
(<.001)

1MoCA

–.237 (.03)
.434
(<.001)—b

–.644
(<.001)

.515
(<.001)1CAM

–.160 (.06).272
(.002)

–.037 (.79)–.418
(<.001)

1DI

.129 (.16)
–.124
(.17)—b1RASS

–.237 (.18).045 (.80)1DVT

–.503
(<.001)

1CRT RT

1CRT accuracy

aCorrelations involving the CAM were calculated using point-biserial correlations. Correlations involving the DI and RASS (and not involving the
CAM) were assessed using Spearman rho. All other correlations were calculated using Pearson r.
bCannot be computed because at least one of the variables is constant.

As a follow-up to our correlation analyses in Table 4, we carried
out the same analysis using Spearman rho correlations instead
of Pearson correlations. All significant correlations between the
cognitive assessments and game RT and game accuracy,
respectively, were also observed to be significant using
Spearman rho.

In order to examine the separate contributions of speed of
processing and executive functioning on cognitive assessment
scores, we looked at the partial correlations of serious game and
CRT performance (controlling for each other) with the clinical

assessments (see Table 5). The partial correlations with game
RT (controlling for CRT) remained significant for the MMSE,
CAM, and DI, but not for the MoCA and DVT. There was one
significant relationship for the partial correlation of game
accuracy (controlling for CRT) with DVT. On the other hand,
the partial correlations involving CRT, but controlling for
serious game performance RT, were not significant except for
the MMSE (see Table 5). In addition, the partial correlations
involving CRT but controlling for game accuracy were
significant for the DI only (Table 5).

Table 5. Partial correlations that control for CRT RT on game performance and standard cognitive assessments and control for game RT on standard
cognitive assessments.

Control for game RTControl for CRT RTAssessment

CRT AccuracyCRT RTSerious game median accuracySerious game median RT

PρPρPρPρ

.52.221.03–.241.84–.024.005–.313MMSE

.61.063.11–.197.19.160.58–.068MoCA

.01.014.73–.040.33–.112<.001.516CAM

.02–.255.06.215.56.066<.001.412DI

.24.135.11–.179.44–.088.13.173RASS

–.159.21–.227.57.105.01.440.39DVT
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Detection of Abnormal State Using Serious Game
Performance
A Mann-Whitney U test (see Table 6) was performed to
investigate the difference between cognitive ability and serious
game performance when the MMSE score was 24 and above
(normal cognitive function or possible MCI) versus when that
score was below 24 (signs of dementia) [2, 26]. The MMSE
was chosen as the grouping criterion because it was a standard
in screening for dementia at the time this research was carried

out. The test results suggest that there was a significant
difference on the CRT in terms of RT between participants with
dementia (MMSE <24) and no dementia (MMSE ≥24) [26]. In
addition, there was a significant difference between MMSE
groups in terms of game RT (U =348.5, z =–4.7; P <.001), but
not for game accuracy. For Table 6, the corresponding
scatterplot (Figure 3) is also shown. Figure 3 shows the
distribution of game RT versus MMSE (“dementia” scores are
indicated by triangles) where a tendency for lower MMSE scores
to be associated with longer RTs can be seen.

Table 6. Mann-Whitney U test results comparing cognitive assessment performance based on the absence (≥24) or presence (≤24) of dementia as

assessed by the MMSE.a

IQRrzPUMMSE ≥24MMSE <24Assessmentb

Mean (SE)nMean (SE)n

0.9-1.1.4–4.7<.001348.5317.2 (5.2)122327.6 (17.6)18Game RT

1.0-1.4.3–2.9.003104.01.3 (0.0)732.2 (0.3)8CRT RT

0.8-0.9.1–1.7.08181.00.8 (0.0)730.7 (0.0)8CRT accuracy

299.0-328.5.0–0.7.46980.50.8 (0.0)1220.7 (0.0)18Game accuracy

aTable has been reordered based on the U statistic value according to estimated P value.
bRT measures are reported in seconds, CRT accuracy reflects proportion of responses that were correct, and game accuracy reflects deviation in pixels
from the center of the target.

Similar to the analysis reported in Table 6, a Mann-Whitney U
test (see Table 7) was performed to investigate the difference
between cognitive ability and serious game performance when
the MoCA score was 23 and above (normal cognitive function)
versus below 23 (MCI) [27]. The MoCA was chosen as the
criterion in this comparison because it is a de facto standard in
screening for MCI versus normality. There was a significant
difference (U =947.5, z =–2.7; P =.001) on the CRT RT between

participants with cognitive impairment (MoCA <23) and no
impairment (MoCA ≥23). There was also a significant difference
between MoCA groups for game RT (U =370.0, z =–3.2; P
=.03). For Table 7, the bivariate relationship is illustrated in the
scatterplot in Figure 4. This figure illustrates a tendency for
lower MoCA scores to be associated with longer RTs, although
that relationship appeared to be weaker for the MoCA than it
was for the MMSE.

Table 7. Mann-Whitney U test results comparing game performance based on the absence (≥23) or presence (≤23) of cognitive impairment as assessed

by the MoCA.a

IQRrzPUMoCA ≥23MoCA, <23Assessmentb

Mean (SE)nMean (SE)n

0.7-117.31–3.2.03307.00.9 (0.02)671.0 (0.07)38Game RT

1.0-1.1.32–2.7.001947.51.2 (0.08)441.6 (0.1)26CRT RT

0.8-0.9.19–1.6.11439.50.9 (0.02)440.8 (0.02)26CRT accuracy

299.0-352.5.02–0.2.831240.03222.4 (5.6)67317.5 (9.2)38Game accuracy

aTable has been reordered based on the U statistic value according to significance.
bRT measures are reported in seconds, CRT accuracy reflects proportion of responses that were correct, and game accuracy reflects deviation in pixels
from the center of the target.

Another Mann-Whitney U test (see Table 8) was performed to
investigate the difference between cognitive ability and serious
game performance when delirium was present (CAM positive)
versus absent (CAM negative). The CAM was chosen as the
grouping factor as it is the gold standard in screening for
delirium. The test indicated a significant difference on the
MMSE, MoCA, RASS, and DI between participants with
delirium (CAM positive) and no delirium (CAM negative). In

addition, there was a significant difference between CAM groups
in terms of RT on the serious game (U =–4.5, P <.001). For
Table 8, this relationship is shown in Figure 5. These
between-group differences in game RT and MMSE are
consistent with findings by Lowery [28], where CAM-negative
participants demonstrated faster RT and higher MMSE scores
compared to CAM-positive participants.
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Table 8. Mann-Whitney U test results comparing cognitive assessment performance based on the absence (CAM negative) or presence (CAM positive)

of delirium as assessed by the CAM.a

IQRrzPUCAM PositiveCAM NegativeAssessmentb

Mean (SE)nMean (SE)n

0.0-0.0.62–7.8<.001288.0–0.8 (0.2)142–0.03 (0.02)14RASS

0.7-1.1.38–4.5<.001158.01.7 (0.2)1290.9 (0.02)12Game RT

21.0-26.0.36–3.7<.00160.514.3 (2.0)10123.8 (0.4)7MoCA

26.0-29.0.49–5.9<.00138.018.4 (1.3)13127.6 (0.2)14MMSE

0.0-1.0.55–6.6<.00124.56.9 (0.5)1310.6 (0.1)14DI

1.0-1.4.26–2.4.0245.02.6 (0.5)781.3 (0.06)4CRT RT

0.8-0.9.15–1.4.1791.5c0.7 (0.1)780.8 (0.01)4CRT accuracy

299.0-352.5.04–0.5.63708.0332.4 (15.2)129317.3 (5.3)12Game accuracy

aTable has been reordered based on the U statistic value according to significance. No Mann-Whitney U test analysis was carried out for the DVT
because there were no CAM-positive participants who completed the DVT. Additional assessments are included in this table for the purpose of comparison.
bRT measures are reported in seconds, CRT accuracy reflects proportion of responses that were correct, and game accuracy reflects deviation in pixels
from the center of the target. Other measures shown reflect the scores on the instruments (MoCA, MMSE, DI, RASS).
cThe independent samples t test was nonsignificant for this comparison (t80=1.5, P =.21).

As a check, we replicated all the Mann-Whitney U tests in
Tables 6-8 with their parametric equivalent, in this case the
independent samples t-test. The pattern of significant and
nonsignificant effects was identical for both tests, with the

exception of the comparison of CRT RT between CAM-positive
and CAM-negative participants (Table 8). For that comparison,
the independent samples t-tests did not show a significant effect,
whereas the Mann-Whitney U test did.

Figure 3. Scatterplot illustrating the differences on game RT performance based on MMSE score (≥24=normal cognitive function or possible MCI;
<24=signs of dementia).
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Figure 4. Scatterplot illustrating the differences on game RT based on MoCA score (≥23=normal cognitive function; <23=cognitive impairment).

Figure 5. Scatterplot illustrating the differences on game RT based on CAM groups (CAM negative=delirium absent; CAM positive=delirium present).

Predicting Delirium Status Using Serious Game
Performance
In the preceding section, we examined the relationship between
game performance and current standards for clinical assessment
with respect to MCI, delirium, and dementia. In this section,
we examine the question of how well the serious game
performance predicted CAM status (delirium).

Discriminant analysis was carried out to see how well game
performance could predict CAM status. The two predictors were
game RT and accuracy. Game accuracy provided no benefit in
prediction and received a zero weight in the discriminant
function. Thus, we focused on game RT as a potential screener
for further evaluation using the CAM. We examined different

possible cutoff values for distinguishing between people who
should be screened for possible delirium (using the CAM) and
those who should not.

Setting a relatively long median RT for the decision threshold
(≥1.88 seconds) resulted in good specificity (127/129, 98.4%
CAM-negative patients were correctly identified), but relatively
poor sensitivity (only 5/12, 41% CAM-positive patients were
correctly identified).

On the other hand, using a more stringent median RT cutoff of
1.13 seconds, there was both good sensitivity (10/12, 83%
CAM-positive patients were correctly identified) and good
specificity (114/129, 88.3% CAM-negative patients were
correctly identified).
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We also found that CAM-positive patients hit fewer distractors
by mistake (as shown in Figure 6). Since CAM-positive
participants had fewer hits in general (to both moles and

butterflies), it seems likely that their apparently lower error rate
was due to a lower response rate rather than to the presence of
a speed-accuracy tradeoff.

Figure 6. Mean of median RTs and mean number of butterflies hit for CAM-negative and CAM-positive patients. Error bars indicate 95% CI.

Usability Issues and Evidence of Enjoyment and
Engagement
The following brief notes recorded by the RAs during patient
use of the serious game are indicative examples of enjoyment
and engagement that were observed: “Loved the game, she was
playing games on her iPhone before I approached her” “Enjoyed
the game, he would play on his own,” “Too easy but don’t make
it too challenging, like the game,” and “Really loved the tablet,
wanted to keep playing even after testing was over.” However,
usability problems were also observed. Some participants placed
their palm on the tablet while trying to interact with the serious
game. This confused the software because it was unclear which
hit points were intentional versus accidental. Some participants
claimed that the game was too easy and suggested that we
include more difficult levels to make it more interesting. Elderly
users also expressed an interest in playing games such as
crossword puzzles. Anecdotally, the RAs who supervised the
data collection at the hospital reported that this game was easier
to administer and more fun to complete compared to standard
cognitive assessments such as the MoCA and DVT.

Ergonomic Issues
While interacting with the tablets, the elderly participants
assumed numerous positions, such as being seated, lying down,
standing, or walking around. Each of these positions had
different ergonomic requirements and some brief
recommendations based on our experience in this study are
provided in the Discussion. Some participants were also frail
and required the assistance of the RA to hold the tablet for them.

Discussion

Performance on the serious game in terms of median RT was
significantly correlated with MMSE, MoCA, CAM, DI, RASS,
DVT, and CRT scores for elderly ED patients and differences
were in the expected direction (slower game RT for people with
possible MCI and dementia). The correlations suggest a
relationship between longer RT on the game and lower cognitive
assessment scores. These correlations demonstrate the potential
value of serious games in clinical assessment of cognitive status.
The correlations between the standard cognitive tests observed
in this study are similar to results seen in other research. For
example, correlations of r =.43 and r =.60 between MMSE and
MoCA scores for healthy controls and patients with MCI,
respectively, have been found [29]. In our study, we observed
a correlation of r =.63 (P <.001) between the MMSE and MoCA
scores. Overall, the correlation of our serious game with existing
methods of clinical cognitive assessment appears to be almost
as strong as the correlations of the clinical assessment methods
with themselves.

In our partial correlation analysis, we observed that our serious
game correlates with the MMSE and DI, but that part of that
correlation is attributable to speed of processing (CRT speed).
Thus, serious game performance in this case involved both
speed of processing and executive functioning components.
Both components are involved in the correlation of the serious
game with the MMSE. However, only the speed of processing
component appears to be involved in the correlation with the
MoCA. Crucially, the partial correlations of serious game
performance (controlling for CRT RT) were higher than the
corresponding partial correlations for CRT (controlling for
serious game performance) indicating that the serious game is
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an overall better predictor of cognitive status than simple
processing speed as measured by the CRT task.

We found that there was a lack of association between serious
game accuracy and scores on cognitive assessments. This may
be due to variations in interaction methods where some users
used their fingers instead of a stylus to interact with the tablet
device. Another reason may be that some users preferred
responding more quickly over being accurate in their responses.

One of the goals of this research was to develop a method for
predicting the presence of delirium using this serious game. In
this study, we found that a median RT cutoff of 1.13 seconds
implied relatively good sensitivity and specificity in the clinical
decision. However, 25 of the 129 (19.4%) participants were
above the median cutoff and only 10 of these were
CAM-positive. Thus, in a clinical setting the question remains
of how to deal with people who are identified as CAM-positive
using this RT cutoff value. One approach would be to give those
people full CAM assessment and then treat the CAM-positive
patients accordingly. The value of the serious game in this case
is that it would allow (based on screening with the serious game)
a high rate of delirium detection using CAM assessment in only
around 20% of patients (assuming that the current results
generalize to other contexts). Ideally, a suitably adapted serious
game would also detect risk of delirium onset so that prevention
strategies could be used on targeted patients before they
developed delirium, but that prospect was beyond the scope of
the research reported in this paper.

During our studies, we observed many ergonomic issues that
could arise during the administration of the serious game. For
instance, there were a variety of positions and methods used to
interact with the tablet-based serious game. For participants
who are sitting down, we recommend a tablet case that has a
hand holder or kickstand to allow them to interact with the tablet
in multiple ways. In contrast, for participants lying down on a
bed, it may be difficult for them to hold the tablet to play the
serious game; thus, a stand affixed to a table or intravenous pole
that holds up the tablet would be appropriate. Furthermore, the
ergonomic solutions that are adopted should meet hospital
standards on hygiene and sanitization for technology. For
patients with hand injuries or visual disabilities, the serious
game may not be a usable option.

User-centered design and ergonomic interventions were both
key in ensuring that the serious game was usable with a
challenging user group (elderly patients) and in the fairly unique
and demanding context of a hospital ED. The touch interface
was modified so that it was more forgiving of the kinds of
gestures made by elderly users when interacting with the game
and the gameplay was modified so that users with a wide range
of ability could play the game. Ergonomic issues that were dealt
with in our research included the form factor of the device and
the selection and use of accessories to facilitate interactions
with the device in different postures and contexts.

Based on our research experience, we present the following
recommendations for enhancing tablet-based user interaction
between elderly adults and touch-based technologies:

1. Accept multiple gestures, including taps and swipes, as input
to maximize interaction.

2. Provide a stylus for users who have difficulties interacting
with the tablet with their fingers.

3. For time-sensitive tasks, the time limit should be increased
to allow older or more frail users a chance to interact with the
software.

4. Tablet screen protectors should be installed to provide more
friction between a user’s hand and the screen.

5. A variety of ergonomic stands and mounts should be available
to accommodate various interaction positions.

6. Serious games for cognitive assessment should incorporate
validated psychological task components (eg, executive
functions) and should be easily playable for independent use.

7. Assess the validity of the game across different subgroups
of patients. Consider the possibility of using multiple versions
of a game, or multiple games, to accommodate the different
characteristics and needs of different types of patient.

Limitations
The usability and validation results obtained apply to elderly
adults in an emergency setting. Further research would be
needed to generalize these results to different types of patient
and different clinical settings. The design of this study was
cross-sectional, so each participant/patient was only studied
during one ED visit and played the game only once. Future
research may assess the reliability of the game when played
repeatedly by the same patient in the ED. One other limitation
is that only one game was examined in this research (the
whack-a-mole game that we developed). Other serious games
should also be explored to determine which games work best
with different types of patients.

This work is an initial validation study of our serious game for
cognitive screening, where the game was only administered
once. One of the goals of this research is frequent cognitive
screening, which can potentially lead to learning effects on the
game. Future research that assesses the reliability of the
game-based screening tool will need to address how to overcome
and differentiate between learning effects on a patient’s game
performance on our serious game versus their actual cognitive
status. Because we are interested in changes in cognitive status,
we are not as concerned with a patient’s improved performance
due to learning effects from repeated gameplay, but would aim
to track deviations in their performance over time due to
cognitive decline.

Conclusions
We believe that serious games are a promising methodology
for cognitive screening in clinical settings, including the
high-acuity time-pressured ED environment. This work
demonstrates the feasibility of implementing a serious game
for cognitive screening in a health care environment. To the
best of our knowledge, this is the first time that a serious game
for cognitive assessment has been tested in an ED and with a
full battery of standard cognitive assessment methods for
comparison. Based on these results, ergonomically appropriate
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serious games can potentially revolutionize cognitive assessment
of the elderly in clinical settings, allowing assessments to be
more frequent, more affordable, and more enjoyable.

This research provides a case study in the development of an
interactive serious game for cognitive screening that may be
used independently and repeatedly, thus promoting
patient-centered health and safety. We have demonstrated in
this study that elderly adults older than age 70 years can
successfully play our serious game in an ED and that RT
performance on the game can be used as an initial screen for
cognitive status.

These findings do not yet demonstrate that the serious game
evaluated here is ready to be used to screen for delirium in the
ED. Only 12 CAM-positive patients were observed in the study
and of the game performance measures (RT, accuracy, number
of targets hit, number of distractors hit), only game RT was
predictive of CAM status. However, due to the known

underreporting of delirium in the ED, an efficient and usable
method of screening for delirium is clearly needed. In this study,
a game median RT cutoff of 1.13 seconds produced a sensitivity
of 83% and a specificity of 88% when used retrospectively as
a screen for CAM-positive status. Although further research is
needed, it seems possible that a suitably revised and validated
game might be able to identify approximately 80% to 90% of
CAM-positive cases while requiring the screening of no more
than approximately 20% of cases.

Outside the ED, the use of the serious game for ongoing
patient-administered assessment would ideally involve patients
who remain actively engaged with their support network (eg,
family and care providers) and with health care professionals.
For instance, if patients perform poorly on the serious game or
notice a decline in their performance, they could discuss these
results with their care providers, which might lead to
interventions such as changes to medication or lifestyle that
could slow observed declines.
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RASS: Richmond Agitation-Sedation Scale
RT: response time
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Abstract

Background: Obesity and weight gain is a critical public health concern. Serious digital games are gaining popularity in the
context of health interventions. They use persuasive and fun design features to engage users in health-related behaviors in a
non-game context. As a young field, research about effectiveness and acceptability of such games for weight loss is sparse.

Objective: The goal of this study was to evaluate real-world play patterns of SpaPlay and its impact on body mass index (BMI)
and nutritional knowledge. SpaPlay is a computer game designed to help women adopt healthier dietary and exercise behaviors,
developed based on Self-Determination theory and the Player Experience of Need Satisfaction (PENS) model. Progress in the
game is tied to real-life activities (e.g., eating a healthy snack, taking a flight of stairs).

Methods: We recruited 47 women to partake in a within-subject 90-day longitudinal study, with assessments taken at baseline,
1-, 2-, and 3- months. Women were on average, 29.8 years old (±7.3), highly educated (80.9% had BA or higher), 39% non-White,
baseline BMI 26.98 (±5.6), who reported at least contemplating making changes in their diet and exercise routine based on the
Stages of Change Model. We computed 9 indices from game utilization data to evaluate game play. We used general linear models
to examine inter-individual differences between levels of play, and multilevel models to assess temporal changes in BMI and
nutritional knowledge.

Results: Patterns of game play were mixed. Participants who reported being in the preparation or action stages of behavior
change exhibited more days of play and more play regularity compared to those who were in the contemplation stage. Additionally,
women who reported playing video games 1-2 hours per session demonstrated more sparse game play. Brief activities, such as
one-time actions related to physical activity or healthy food, were preferred over activities that require a longer commitment (e.g.,
taking stairs every day for a week). BMI decreased significantly (P<.001) from baseline to 3-month follow-up, yielding a large
effect size of 1.28. Nutritional knowledge increased significantly (P<.001) from first to third month follow-ups, with an effect
size of .86. The degree of change in both outcomes was related to game play, baseline readiness to change, and the extent of video
game play in general.

Conclusions: This work demonstrates initial evidence of success for using a serious game as an intervention for health behavior
change in real world settings. Our findings also highlight the need to understand not only game effectiveness but also inter-individual
differences. Individualizing content and the intervention medium appears to be necessary for a more personalized and long-lasting
impact.
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Introduction

Obesity and weight gain are critical public health concerns in
the United States. More than one third of all US adults are
overweight, a total of 78.6 million [1]. Obesity has been strongly
linked to several preventable health conditions, including heart
disease, stroke, type 2 diabetes, certain types of cancers, sleep
apnea, and hypertension, among others [2]. An estimated
300,000 deaths a year are linked to obesity [3]; and almost 21%
of the total healthcare budget (around $190.2 billion) is spent
annually towards obesity-related illnesses [4].

Given the scope of the problem, the Internet and ubiquitous
technology present a unique opportunity for behavior change
intervention and reach. Serious games targeting health behavior
change represent a new field of research. Video games are a
growing medium in the United States and are becoming more
popular than the motion picture industry. Zynga, a large game
developer, claims 148 million unique users [5]. Video games
are now appearing on computers, phones, toys, and even medical
devices and kitchen appliances [6]. As an intervention tool,
video games are appealing due to the adaptability and
customizability of the user’s experience, and tend to be relatively
low-cost [6]. Serious games are a genre of video games that
employ playful design strategies to encourage users’engagement
in a non-game context. They are considered to be uniquely
suited for increasing individuals’ motivation and, thus, have a
potential to reach individuals to whom traditional modalities of
behavior change may not be appealing or available [7].They
can also be scaled up to reach a large audience. Based on a
recent meta-analysis, online behavior change technologies
(which include video games) are more successful than public
health campaigns at initiating behavior change, reaching 10%
of users, compared to public health’s 5% [8].

While promising, there is scarce empirical evidence of the
efficacy of serious games for weight loss in adults, as only a
few studies have evaluated games in the adult population. Moller
et al. [9] assessed the acceptability and initial effectiveness of
an online fantasy sports game on physical activity in two small
pilot studies, spanning 13 (N=9) and 17 (N=10) weeks
respectively. An overall positive effect was found on
maintenance and increase in walking behavior in a convenience
sample of adults. Another study [10] evaluated the effect of a
3-week role-play educational game with a sample of 40
undergraduates (80% women) and found an improvement in
knowledge of healthy foods, an enhanced understanding of the
perceived benefits of and barriers to healthy eating, and
increased self-efficacy and intention to engage in healthy eating
behaviors. Finally, in the context of diabetes management, adults
(N=41) participating in a virtual island game aimed to promote
knowledge of health-related self-management behaviors
demonstrated a modest significant weight loss over the period
of 6 months [11]. The field is gradually developing, and a

description of several other games is available (eg, Dance Dance
Revolution [12], an exercise bicycle linked to a computer game
[13], and a pedometer linked to a fish avatar [14]). However,
there is no empirical data to evaluate effectiveness of these
games, although a few initial studies provide some evidence
for the effectiveness of serious games as ways to increase weight
loss-related health behaviors in adults.

Despite the initial promise of serious games, there is a need to
understand their role, applications, limitations, and types of
individuals for whom they are most suitable. Technology on its
own is unlikely to make games effective unless strongly
grounded in the principles and theories of health behavior
change. Some games are developed in collaboration between
industry and academia, with theories of health behavior change
serving as a foundation for game design [15]; however, this
trend is still in its infancy. Based on empirical evidence and
theory [16-20], the following elements are considered important
for building a persuasive product: goal setting, capacity to
overcome challenges, providing feedback on performance,
reinforcement, progress comparison, social connectivity, and
fun and playfulness [21]. In games, the elements translate
through gamification principles, defined as the use of game
design elements in a non-game context [22]. Some examples
of gamification include an engaging story line [23]; provision
of clear goals and challenges through game principles of leveling
up, earning points, badges, and rewards; a regular performance
feedback through visualization; and community support through
an in-game social network [21].

Weight loss and maintenance require regular engagement in
healthy eating and physical activity over a long period. While
some intervention programs have been shown to be effective
in the short term [24], a relapse to old habits is common. For
example, an estimated 94% relapse has been observed among
people engaged in dieting [25]. Motivation to engage in
health-related behaviors is essential and has been shown to be
more effective long-term (ie, lasting 6-18 months) than a
skills-based approach [26]. Self-determination theory is a global
theory of human motivation that has been actively applied to
video games [10,27-29]. The theory postulates that continuous
motivation can be sustained through meeting 3 primary human
needs: competence, autonomy, and relatedness. Competence is
defined as the innate desire to learn new skills and gain mastery
over them. It can be cultivated through presenting new
challenges that progressively build learned skills, creating
opportunities for participants to meet those challenges and
progress through game leveling. Autonomy is defined as an
innate desire to be in control over goals and behaviors. In a
game, this can be achieved by allowing users to choose personal
goals and individual behaviors that can meet the desired goals.
Finally, relatedness taps into the human propensity for a social
connection and belonging. Relatedness can be targeted through
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real or virtual social networks, players’ community support
through feedback, encouragement, and competition.

Overall, self-determination theory is one of the frameworks that
has been studied in the field of video games [30-31] and
explicitly adopted as the Player Experience of Need Satisfaction
(PENS) model, which outlines game elements that tap into needs
for competence, autonomy, and relatedness. Based on research
from thousands of players, video games that include elements
that meet these needs are predictive of emotional, behavioral,
and objective outcomes, including self-reported fun and
enjoyment, game immersion, game values and sales, length of
play, and recommendations to others [31]. To our knowledge,
no existing games have explicitly incorporated elements of the
PENS model into their design to reduce the Body Mass Index
(BMI) and increase nutrition knowledge. Given that weight loss
requires a long-term commitment, motivation towards a healthy
weight is an important factor to initiate and sustain new
behaviors. It is our hypothesis that explicitly designing a game
based on the PENS principles will also translate into real-life
behavioral outcomes.

In this paper, we present SpaPlay–a serious game for
encouraging and sustaining healthy living in women [27]. The
game SpaPlay was developed based on the outlined principles
of the PENS model [31] and gamification strategies [21,31].
Our previous qualitative study demonstrated overall
acceptability of the game [32-33]. The focus of the current study
is to evaluate the extent of game play derived from objective
gamification data and examine initial evidence of play
effectiveness on BMI and nutritional knowledge. In the
following sections, we provide an overview of the game,
describe the within-subject longitudinal pilot study, and
summarize major findings and conclusions.

SpaPlay–Game Description
SpaPlay is a digital social online game developed to motivate
women to make healthy eating choices and to exercise. It was
developed through a close partnership between academia and
industry, spanning more than 5 years, and involving all stages
of game design and development. The current version of
SpaPlay is a browser-based video game accessible to players
via personal computers and laptops. It requires an Internet
connection and a user-generated username and password. The
content of the game centers on a virtual spa resort that needs to
be developed and maintained, similar to other popular games

like Farmville or We Rule. Figure 1 presents several screen
shots of game elements. SpaPlay bridges real and virtual worlds,
and game progress is contingent on activities completed in real
life around physical activity and healthy eating. For example,
eating a salad or taking a 10-minute walk would earn players
points towards developing the spa (eg, building facilities,
accumulating ratings, playing mini games). Gamification and
principles of the Self-Determination theory are used to sustain
players’ interest and engagement. Further, since weight loss
takes time to self-observe, more immediate rewards in the game
(eg, power-ups and customization options for the user’s avatar)
or real life (eg, coupons from associated vendors) are used to
keep players engaged.

Figure 2 explicitly demonstrates the relationship between game
play elements, gamification principles and the self-determination
theory. The two core game mechanics through which experience
points are earned are Quests and Sparks. Quests are sets of
physical activities or dietary tasks that the players complete
within the span of a week and target longer-term commitment
to health behaviors. An example includes taking 1-2 flights of
stairs twice within a week; substituting a sugary beverage for
water 5 times a week; or eating a fruit instead of a snack twice
in a week. Sparks are short, single-time tasks that can include
stretching for 5 minutes or adding spinach to a sandwich. Social
Sparks are dietary or exercise activities in which the user
engages with others in the real world. Both Sparks and Quests
allow users to set their own short and longer-term goals and
chose from a variety of activities that the game offers. They
promote autonomy in the way that the players design and enact
their own program. They also build social connectivity through
in-game and real-life group-based activities (eg, taking a walk
with a friend), promoting relatedness.

It is important to note a few additional game features. For
instance, healthy behaviors are introduced through the game
interface, which both teaches exercise methods, such as yoga
through the yoga mini game, and proper diet through
recommendations and diet mini games, such as the chef game,
which challenges players to create healthy dishes with healthy
recipes. Self-tracking of physical activity is enabled through a
connected Fitbit sensor, allowing users to log and measure
external activities. Finally, the game incorporates social features
that allow users to interact with friends and display measures
of their progress.
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Figure 1. Screenshots of SpaPlay.

Figure 2. Self-Determination theory-based game elements in SpaPlay.

Methods

Participants
To evaluate the game, we recruited women from an urban New
England area. Participants self-selected for the study in response
to online solicitations sent through listservs and handouts and
flyers posted at several public health and non-for-profit

organization sites. Inclusion criteria were being ≥ 21 years old,
speaking English, and reporting being at least at the
contemplation stage of change for engaging in exercise and
nutrition on the transtheoretical model of change [34], as
described below. Of the 60 women initially recruited, 13
(21.7%) dropped out within the first week of the study. Reasons
cited included lack of gaming experience and inability to provide
adequate time commitment to game play. The final sample was
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comprised of 47 women who partook in the 90-day longitudinal
study, with global assessments taken at baseline, 1-, 2-, and 3-
month follow-ups. The study was approved by the Institutional
Review Board at Northeastern University.

Procedure
After the online consent, participants completed a baseline
survey and were given instructions with game access. Following
the baseline, participants were contacted via emails at months
1, 2, and 3 with a request to fill out follow-up surveys assessing
main study outcomes (BMI and nutrition knowledge). A research
assistant emailed participants once a month to check on progress
and address any questions or concerns. All participants were
awarded a $20 gift certificate at study completion.

Measures
Telemetry game play data were automatically recorded and
time-stamped throughout the game play period. Data consisted
of time-stamped actions, such as logins, type of Quests or Sparks
selected, completion of Sparks or Quests, game activities such
as picking up trash, score changes, and social interactions.

Two major study outcomes were BMI and nutritional
knowledge. Participant self-reported weight and height was
collected at baseline, 1-, 2-, and 3- months. BMI was calculated

using the formula: weight (kg)/height (m)2 [35].

Nutritional knowledge was assessed at 1, 2, and 3 months with
the General Nutrition Knowledge questionnaire for adults. The
questionnaire is comprised of 53 items evaluating an individual’s
knowledge of nutritional and dietary needs. It has high test-retest
reliability and construct validity established through expert
review [36]. To reduce burden, due to the length of the

questionnaire, we purposefully omitted assessing participants
on their nutrition knowledge at baseline.

Readiness to change behaviors in domains of exercise, nutrition
and consumption of sweetened beverages was assessed at
baseline by the Readiness to Change Questionnaire, a 16-item
instrument with high levels of test-retest reliability and
predictive validity for behavior change [37]. For this study, we
omitted information on the beverage-related items, and readiness
to change on exercise and nutrition domains were used as
covariates.

Statistical Analyses
First, we examined play patterns based on objective telemetry
data. Frequency of play was determined from daily game logins,
which were tracked from the automatically recorded telemetry
data. Daily play was noted as present (1) or absent (0). The total
number of play days was computed for each person. In addition,
the play intensity index was computed as the length of time
between logins. With daily play, an individual mean would be
expected to equal 0. Less frequent play would naturally translate
into a higher mean value. Play regularity index was computed
as the standard deviation between logins. For a regular play
pattern (eg, every 2 days), it would be expected to be 0, and
increase with irregular play. Figure 3 presents an example of
login data from one study participant with corresponding play
intensity and play regularity indices. Further, to capture the
nature of game activities for each individual, we computed the
total number of food- and exercise- related Sparks and Quests,
and the number of game and social activities. Descriptive
statistics were computed for all 9 indicators of game play for
the entire sample.

Figure 3. Example log-in data from one study participant. Vertical bars across the 90-day timeline represent occurrences of play, with quantitative
summaries of adherence statistics.

Second, we examined whether background baseline variables
differentiated between play patterns. To account for data
non-normality, log transformations were applied to total days
of play and the total number of food and exercise Quests and
Sparks. General linear models were run with 7 predictors
including education, ethnicity, age, history of weight loss
program participation, baseline BMI, history of gaming 1-2
hours per session, and baseline stage of change on exercise and
healthy food intake questionnaires. While repeated testing
jeopardizes the overall type I error rate, given the preliminary

nature of the study, we did not adjust the p-value and kept it at
the .05 level for each model.

Third, to examine changes in BMI and nutritional knowledge
over the course of gameplay, multilevel modeling (MLM)
[38,39] was used to test for effects of time and game adherence
on the study outcomes while controlling for major demographics
(ie, age, ethnicity, and educational level), history of game play,
and baseline readiness to change stage. MLM is designed to
account for nested data structure with observations clustered
within participants, for missing data with some participants
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omitting certain observations, and for inter-individual
differences in trajectories with possible variability in intercept
and slope values. The following model, as specified in Figure
4 was fit to the data, where the residuals are normally
distributed, εit∼N(0,Ri), with variance Ri following the compound
symmetry structure, and u0i and u1i are random intercept and
slope parameters with corresponding variances, τ00 and τ10. In
this equation, BMI for a given person i measured at time t is

modeled as a function of, where time is centered at the 3rdmonth

follow-up (with values of -1, -2, and -3 corresponding to
observations at 60 days, 30 days, and baseline, respectively).
γ00 is the BMI value at 3 months, controlling for study covariates
Covi, γ10 is the effect of game play on BMI, and is a linear rate
of change in BMI in increments of 30 days (1 month). A similar
model was fitted to Nutrition Knowledge as the outcome. Both
were fitted in the nonlinear mixed effects (nlme) package in R,
which is free, open-source statistical software [40]. Final models
included predictors significant at the .05 alpha level.

Figure 4. MLM equation.

Results

Sample Description
The sample was comprised of women with an average age of
30 years (SD 7.3), 81% (38/47) reporting a Bachelors or Masters
degree, 61% (30/47) being White, 20% (10/47) Asian, 8% (4/47)
Black, and 2% (1/47) Latina. Of these participants, 6% (3/47)
were concurrently enrolled in a weight loss program, while
32.7% (16/47) had previously completed weight loss programs.
Average BMI at the beginning of the study was 26.98 (SD 5.6),
which is considered “overweight” by the CDC’s criteria [35].
A number of participants (8/47, 17%) reported daily video game
usage, 33% (26/47) reported less than daily but more than
weekly usage, 25% (12/47) reported playing weekly or less
frequently, and 6% (3/47) did not provide information about
their video game behavior. Of those who did report playing
video games, 72% (34/47) reported playing 1-2 hours per
gaming session.

For behavior change stages on nutrition, 60% (28/47) of
participants were in the contemplation stage, 34% (16/47) were
in the preparation stage and 4% (247) were in the action stage.
For physical activity, 55% (26/47) were in the contemplation
stage, 38% (18/47) were in the preparation stage and 4% (2/47)
were in the action stage.

Game Play
Table 1 summarizes descriptive statistics for game play
indicators. On average, participants played about 7 days (SD
12.5), 25% of participants did not utilize the game at all between
the beginning and the end of the study, and 75% logged in fewer
than 7 times over the course of the study. Food and exercise
Sparks were the most popular activities. Distributions of Sparks
were very skewed, with several players engaging in several
hundreds of Sparks over the course of 90 days, but the majority
engaging in a few (median of 8 for food and 4 for exercise
Sparks). The average number of days between logins was 24.65
(SD 14.23), and the play regularity index averaged at 16.48 (SD
7.66).

Table 1. Summary of game play data.

MedianMean (SD)Activity

26.9 (12.5)Total Number of Play Days

22.0424.65 (14.23)Play Intensity Index

15.1616.48 (7.66)Play Regularity Index

4108.2 (349.2)Food Sparks

04.5 (10.8)Food Quests

8100.6 (294)Exercise Sparks

09.3 (27.5)Exercise Quests

01.8 (3.2)Game Activities

11.2 (2.4)Social Activities

Analyses of game play data revealed several predictors that
differentiated between different levels of engagement with the
game (Table 2). Two major predictors emerged. First, those
who reported being in the preparation or action stages of eating
healthy at baseline had a higher total number of logins, had
shorted gaps between logins, played the game more consistently,

and completed more exercise Sparks (all P values < .05).
Second, those who reported at baseline spending 1-2 hours
playing video games per session had fewer total logins and
completed fewer exercise and food-related Sparks and Quests
(all P values < .05).
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Table 2. Results of general linear models predicting game play dataa.

Predictors: Parameter Estimate (Standard Error)Outcomes

Below BATTM Eat HealthyGaming

1-2 hr/session
Intercept

.789 (.321) P=.02-.943 (.386) P=.021.589 (.307)Log (Days Total)

-8.953 (3.703) P=.0227.752 (2.497)Play Intensity

-5.393 (1.988) P=.00118.403 (1.340)Play Regularity

-3.153 (1.535) P=.026-3.067 (1.330) P=.0463.531 (1.214)Log (Food Sparks)

2.667 (.991) P=.01-2.769 (1.192) P=.0252.573 (.947)Log (Exercise Sparks)

-4.310 (1.312) P=.002-.446 (1.119)Log (Food Quests)

-4.165 (1.404) P=.005-.234 (1.198)Log (Exercise Quests)

* P<.05
** P<.01
aResults for Log (Game Activities) and Log (Social Activities) were not significant.

Multilevel Modeling
Figure 5 presents observed BMI trajectories, with the large line
summarizing the sample average, and thinner lines summarizing
data from 10 randomly selected participants. Overall, the
trajectory decreased over the course of three months. Average
BMI at the beginning of the study was 26.98 (SD 5.6) and 26.09
(SD 5.27) at the end of the study, corresponding to Cohen’s d
effect size of 1.28 (large) based on a paired-sample t test.

Table 3 presents MLM results for BMI data. As expected from
the graphical summary, the effect of time was significant
(P<.001), with the average estimated rate of change of .27 per
month on the BMI scale. Controlling for age, individuals who
completed more exercise Quests tended to have higher final
BMI (P=.043); and individuals who played with less regularity
also tended to have higher final BMI (P=.079).

Table 3. Results of multilevel modeling for changes in BMI.

P valueSEEstimateParameters

<.0013.18917.659Intercept

<.001.036-0.271Time

.034.195.429Game Activities

.0401.5053.202Gaming 1-2 hr/session

.0291.084-2.466TTM Physical Activity

.017.089.223Age

<.0014.617SD (Intercept)

<.001.207SD (Time)

.235Residual

.001Rho

For nutrition knowledge, the average value at 30 days was 73.30
(± 13.59) compared to the mean at 90 days of 78.68 (± 12.66).
This increase corresponds to Cohen’s d effect size of |.856|
(large) based on the paired t-test. Results of the MLM are
summarized in Table 4. Overall, knowledge increased with time

(P<.001), with the estimated increase of 2.003 units per month
in the study. Individuals who completed more exercise Quests
had a marginally higher final level of nutrition knowledge
(P=.089).
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Table 4. Results of multilevel modeling for changes in nutrition knowledge.

P valueSEEstimateParameters

<.0012.36771.171Intercept

<.001.4811.980Time

.011.348.926Food Quests

.024.018-.042Exercise Sparks

<.0013.42612.656TTMaPhysical Activity

<.00110.322SD (Intercept)

<.0012.324SD (Time)

3.022Residual

.001Rho

aTranstheoretical Model of Behavior Change for Physical Activity

Figure 5. Graphical summary of BMI trajectories across the 3 study Months: Sample average (thick black line) and individual trajectories of ten
randomly selected participants.

Discussion

Despite variable and limited adherence to the video game by
the participants, our results demonstrate a relationship between
SpaPlay play and changes in BMI and nutrition knowledge.
This serves as preliminary evidence of the positive effects of
incorporating Self-Determination and PENS theories into video
game design to encourage behavior change towards healthy
weight in women.

Major Study Outcomes
A very promising result of the study is that the participants lost
weight over the course of the three months. A significant and
large change of almost one point on the BMI scale was observed,
with the sample mean of 27 (SD 5.6) at baseline and 26.1 (SD
5.26) at the 3-month follow-up. The only other study that
reported on BMI changes in the context of a game for diabetes
management in adults [11] also found a drop in BMI, although
of a smaller magnitude, .7 on the BMI scale over the course of
6 months. Sample demographics vary greatly between these 2
studies. At the same time, it is very encouraging to observe such
a large effect. Further, individuals who completed more game

activities (ie, cleaning the island, playing mini games), reported
being in contemplation stage vs. preparation or action, were
older, and who played 1-2 hours of video games per session
tended to have higher final BMI scores.

According to the Transtheoretical Model [41-42], matching the
intervention to cognitions and behaviors of individuals is of
utmost important for ensuring success. Individualization of
interventions for health behaviors, including diet and exercise,
based on the individual’s readiness to change helps to move
him or her along the behavior change trajectory. This theory
found previous empirical support in traditional forms of
interventions for dietary behaviors [43-45]. In the context of
games, Lin et al. [14] carried out a qualitative study of
participants engaged in step count linked to a virtual fish avatar.
They found that those in the pre-contemplation or maintenance
stages (both ends of the scale) were the least likely to change
their daily steps. Findings from our study further support the
relationship between behaviors and cognitions assessed through
individuals’ readiness to change and their BMI. This has
implications not only on how individuals are recruited but also
clarifies the target audience and raises possibilities for
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individualizing game content explicitly depending on individual
characteristics.

For nutrition knowledge, we also observed a large increase from
the first month of assessment to follow up. While nutritional
knowledge was intentionally not assessed at baseline, it is
encouraging to see that the increase continued even after the
first month of game play. Thus, it is likely that current findings
are an underestimate of the game effect on nutritional
knowledge. Similar findings of a large increase in knowledge
of a food pyramid have been previously observed with a
computer game to promote healthy diet in young adults (average
age = 20 years) after 1 month of game play [10]. In our study,
individuals who completed more food Quests and, interestingly,
fewer exercise Sparks demonstrated higher levels of knowledge
at post-test. In addition, women further along on the readiness
to change their physical activity scale had significantly higher
post-scores. These results support the fact that nutritional
knowledge can be changed in a course of three months, even
sporadic, game play intervention.

SpaPlay Utilization
The overall low utilization of the SpaPlay program by the
participants was a disappointing finding. On average,
participants played for a week out of the 3 months, with only
50% playing more than 2 days. Gaps between logins were long,
averaging 25 days (SD 14.23), and players largely exhibited an
irregular play pattern as indicated by sporadic logins, estimated
as an average standard deviation between logins of 16.48 (SD
7.66). Our previous usability studies [27,32] provided evidence
for more frequent and consistent game play and generally good
acceptance. Lower summaries from this study may be an artifact
of design differences. The length of the qualitative study was
1 month, with interviews conducted regularly at one-week
intervals, and interview questions informed by the play data
[33]. This setup likely enforced more play than would occur
naturally, without external reinforcement. These results may be
a function of the instructions given to participants at baseline,
where women were not explicitly told how often they should
play the game. Rather, participants were expected to utilize the
game as they would in real-life settings.

Further, we have examined game elements that were most
frequently used. The participants favored briefer “Spark”
activities over longer “Quests” that required a week-long
commitment. It appears that short game features with immediate
reinforcement were more appealing. A similar trend was found
in our qualitative study and was largely expected.

We also found that some players engaged with the game more
extensively than others, indicating a greater suitability of the
game for some participants. This was supported by high
variability scores in almost all game play elements, except for
game and social activities. Women who, at baseline, reported
being in the preparation and action stages of change on their
diet played SpaPlay more frequently and consistently than those
in the contemplation stage; they also completed more exercise
Sparks. A theoretical application of the thranstheoretical model
to game play adherence in the context of narrative-based games
for health was proposed by Yin, Bickmore, and Montfort [46];
however, no empirical data were provided. Our findings present

evidence that adherence to game play does depend on one’s
cognitions and behaviors (as in preparation and action stages
of change) and should be considered when designing and
potentially individualizing games. Further research is needed
to understand the construct of stages of changes more intimately
in the context of games for health.

Another finding is that women who report playing video games
1-2 hours at a time had lower play frequency and consistency
in the current game and completed fewer Sparks and Quests.
Thus, a preference for spending a lot of time playing video
games does not naturally translate into playing a health-related
game. Taylor [47] discussed motivational factors for women
who participate in multiplayer online gaming environments,
which include social interaction, mastery, status, team
participation, and exploration. The different style and context
of SpaPlay seems to not appeal to this subgroup of women. This
finding is important in understanding who might adopt or
disregard this type of intervention. Interviewing women who
engage in heavy bursts of game play could have shed more light
into the nuances of the mismatch between their preferences and
the current game, and could be a topic of a future investigation.

Limitations
Results of the current study should be interpreted with caution
in light of certain limitations. First, this study included a
convenience sample of participants interested in playing
computer games and who were at least contemplating losing
weight. While this is a limitation, the sample is reflective of the
population for whom we considered the game to be the most
suitable and thus might resemble individuals who would seek
a computer game to change their diet and exercise habits.

Second, the lack of a control group precludes complete certainty
around the cause of weight loss and increase in nutritional
knowledge. Given the pilot nature of the study, participants
served as their own controls, which is strong but not absolute
evidence of the game effectiveness. This could be an avenue of
future research.

Third, more study follow-up data would have been beneficial
for learning detailed lessons about players’ experiences. While
our qualitative data from the previous study provides insight
about satisfaction and acceptability [27,32], more data could
provide additional insights into what works and what does not
work when playing the game in more naturalistic settings. This
should be considered in future studies, while considering
participants’ fatigue from questionnaire responses.

Finally, all study measures were based on self-report. Since the
current study is a part of an ongoing process of SpaPlay
development, a new iteration of the game integrates objective
measures of physical activity via Fitbit that is directly linked to
game environment. Further investigations will make use of these
objective data.

Conclusion
As a concept, “games for health” is relatively new, with very
few studies systematically and comprehensively evaluating
validity and effectiveness. The current study incrementally
contributes to the field, and highlights the complexity of several
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issues related to adherence, deployment in real life, and
individualization. However, it is encouraging to see the ability

of the game to change BMI and nutritional knowledge, both
important targets of many health interventions.
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Abstract

Background: In the United States, the human immunodeficiency virus (HIV) disproportionately affects young men who have
sex with men (YMSM). For HIV-positive individuals, adherence to antiretroviral therapy (ART) is critical for achieving optimal
health outcomes and reducing secondary transmission of HIV. However, YMSM often struggle with ART adherence. Novel
mobile phone apps that incorporate game-based mechanics and social networking elements represent a promising intervention
approach for improving ART adherence among YMSM.

Objective: This study used a multiphase, iterative development process to create an ART adherence app for YMSM.

Methods: The three-phase development process included: (1) theory-based concept development jointly by public health
researchers and the technology team, (2) assessment of the target population’s ART adherence needs and app preferences and
development and testing of a clickable app prototype, and (3) development and usability testing of the final app prototype.

Results: The initial theory-based app concept developed in Phase One included medication reminders, daily ART adherence
tracking and visualization, ART educational modules, limited virtual interactions with other app users, and gamification elements.
In Phase Two, adherence needs, including those related to information, motivation, and behavioral skills, were identified.
Participants expressed preferences for an ART adherence app that was informational, interactive, social, and customizable. Based
on the findings from Phase Two, additional gaming features were added in Phase Three, including an interactive battle, superhero
app theme, and app storyline. Other features were modified to increase interactivity and customization options and integrate the
game theme. During usability testing of the final prototype, participants were able to understand and navigate the app successfully
and rated the app favorably.

Conclusions: An iterative development process was critical for the development of an ART adherence game app that was
viewed as highly acceptable, relevant, and useful by YMSM.

(JMIR Serious Games 2016;4(1):e6)   doi:10.2196/games.5687

KEYWORDS

mobile applications; video games; serious games; HIV; medication adherence; health knowledge, attitudes, practice; youth; men
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Introduction

In the United States, youth accounted for approximately 26%
of new human immunodeficiency virus (HIV) infections in 2010
[1]. Among youth, young men who have sex with men (YMSM)
accounted for 72% of new HIV infections and were the only
risk group that experienced a significant increase in HIV
incidence [1,2]. Once diagnosed with HIV, youth are less likely
to engage in HIV care, receive a prescription for antiretroviral
therapy (ART), and have sustained adherence [3]. For those on
ART, daily, lifelong adherence is necessary to maximize health
benefits and reduce the likelihood of onward HIV transmission
[4-8]. Novel, sustainable interventions that improve adherence
to ART among HIV-positive YMSM are needed to improve
individual health, decrease health care costs, and reduce HIV
transmission risk [8].

The near saturation of the smartphone market among youth and
young adults in the United States has created opportunities for
reaching a large number of young people with health behavior
interventions, including those that address ART adherence [9].
In a recent review of the literature on smartphone, Internet, and
Web 2.0 interventions for HIV prevention and care, 10 published
or ongoing studies were identified that used smartphones to
improve ART adherence, including the intervention described
in this paper, Epic Allies. Epic Allies was the only intervention
identified that was explicitly designed to meet the specific
adherence needs of YMSM [10].

Games are increasingly used to address behavioral and
psychological factors associated with adherence to medical
treatment regimens [11]. Games are goal-oriented, immersive,
challenging, and motivating and can be used to improve attitudes
and self-efficacy for health behavior change [12-15]. Social
engagement and provision of support are also powerful tools
for behavior change, particularly for HIV-positive YMSM who
often experience social isolation from HIV-related stigma and
homophobia [16-18]. Social networking is one tool that can be
used to connect individuals around a specific health issue and
allow for the provision and receipt of social support [19].
Because youth and young adults are the most avid users of
games and social media [20,21], inclusion of gaming and social
networking-based elements into mobile phone applications
represents a promising health behavior change intervention
strategy. The purpose of this study was to develop Epic Allies,
a gaming app with behavior tracking features and social
networking elements, to improve ART adherence among
HIV-positive YMSM. This paper highlights the importance of
using an iterative design process, including obtaining feedback
from YMSM at each stage of development, to achieve optimal
app design and functionality.

Methods

Introduction
The Epic Allies development team was assembled in September
2013. The team consisted of medical and public health
researchers from University of North Carolina (UNC) and Duke
University (Duke) and a technology team from Caktus
Consulting Group (Caktus) with expertise in app design,

development, and programming. During the initial meeting, the
team agreed to a three-phase approach to app development. The
first phase included the development of the initial app concept,
which was theoretically grounded in the Information,
Motivation, and Behavioral Skills (IMB) model of behavior
change (September 2013) [22]. The second phase involved the
development and refinement of an early prototype of selected
app features and collection of formative data from HIV-positive
YMSM, ages 18 to 29, to inform app development
(October-December 2013). The third phase consisted of final
app prototype development and internal and external usability
testing (January-May 2014).

Phase One
Weekly team meetings focused on app concept development
based on the IMB model. The IMB, which has frequently been
used to guide the development of ART adherence interventions,
conceptualizes health behavior change (eg, medication
adherence) as a product of mediators including information
about the behavior, motivation to change, and the skills needed
to achieve change [22]. Using this model as a guide, our
multidisciplinary team outlined and iteratively created a paper
prototype of potential features, including gaming and social
networking elements.

Phase Two
At the beginning of Phase Two, a clickable prototype of the
Epic Allies app was developed for the Android operating system.
Three focus groups were then conducted in Raleigh, Durham,
and Charlotte, North Carolina with 20 HIV-positive YMSM,
ages 20 to 28 to (1) assess ART adherence information,
motivation, and behavioral skills needs, (2) determine strategies
to address these needs via a mobile app, and (3) gather feedback
on the evolving features of Epic Allies and future feature
concepts. Before the focus groups began, each participant
completed a brief survey on sociodemographics, Internet/mobile
phone use, and ART adherence and selected a pseudonym to
protect participant confidentiality during the focus group. After
discussing adherence needs and strategies for addressing them
through an app, participants used study smartphones to explore
and provide feedback on the current Epic Allies prototype. The
duration of the focus groups was approximately 90 minutes.
Groups were audio recorded, transcribed, and then analyzed
using Dedoose qualitative data analysis software [23] to identify
a range of themes across participants. Quotes representing
common responses and variations within each theme were
identified by study team consensus. After each focus group, the
study team met to discuss preliminary findings and themes and
to identify key features to add or remove from the Epic Allies
prototype. An updated clickable prototype was created prior to
each subsequent focus group in an iterative development
process.

Phase Three
The team worked collaboratively to modify the initial conceptual
design of the app based on the focus group findings and created
a final plan for app features and functionality. The final app
prototype was developed incrementally with components added
and refined weekly. Research staff members from UNC and
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Duke conducted ongoing testing of new versions of the
prototype to identify bugs and provide feedback on the user
interface and navigation experience. After a full prototype was
completed, five new internal testers assessed all functionality
of the app to identify any remaining technical glitches or
usability concerns. Caktus used the detailed feedback from this
internal testing to develop a polished version of the final app
prototype for external usability testing.

In April and May 2014, external usability testing was conducted
with seven HIV-positive YMSM, ages 20 to 28. External
usability testing aimed to assess whether users: could
successfully navigate features and functions of the app, could
comprehend the educational content, and found the app to be
engaging and relevant. After providing informed consent and
completing a brief survey on sociodemographics, Internet/mobile
phone use, and ART adherence, participants met with a member
of the development team and a member of the research team to
“walk through” the app. Other members of the team (including
developers and researchers) watched a live audio-video stream
of the testing in a separate room. To protect participant
confidentiality during the audio-video streaming, participants
used pseudonyms and the video only captured the participant’s
hand movements and the app screen. Participants were given a
checklist of tasks to complete within the app at hypothetical
intervention days 1, 21, and 42. These days were selected to
give usability participants an opportunity to test features they
would see on day 1, representing the first time they had used
the app, and on days 21 and 42 after they had been tracking
their adherence and gaining power and points within the game.
A checklist was provided to guide users through the tasks for
each day. Participants were asked to “think aloud” and share
thoughts and questions that came up as they were completing
tasks. After completing the tasks and providing feedback,
participants completed a 9-question survey adapted from the
System Usability Scale [24-27]. Usability testing sessions were
recorded, transcribed and analyzed using the same methods
described for the focus groups. Quantitative survey and usability
results were summarized using Excel.

Results

Phase One
The initial Epic Allies app concept included features designed
to address potential IMB ART adherence needs of HIV-positive
YMSM based on clinical expertise and a review of the literature.
The initial proposed features and their relationship to the IMB
are highlighted in Table 1.

Phase Two

Descriptive Statistics
The mean age of focus group participants (n=20) was 24 years.
All participants identified as black or African American. Most
(15/19, 79%) earned less than US$20,999 per year. All
participants owned a smartphone (20/20, 100%) and (11/20,
55%) had used a health app in the past 3 months. There was
substantial variation in medication adherence patterns among
the 19 participants currently on ART: five had missed at least
one dose in the past week, five had missed at least one dose in

the past month, and four reported never missing any doses. Key
focus group findings are organized into three sections:
medication adherence information, motivation, and behavioral
skills needs; strategies for addressing medication adherence
information, motivation, and behavioral skills needs in an app;
and strategies to motivate app use.

Medication Adherence Information, Motivation, and
Behavioral Skills Needs
Information needs identified by participants included
understanding dosing times and information about side effects
and side effects management. Participants also expressed
confusion about appropriate dosing times and the number of
pills required per week to constitute medication adherence. In
one focus group, participants discussed differences in provider
instructions regarding missed doses.

Goku: And sometimes it’s like my doctor told me that if I miss
my time there’s like a 4-hour period or something like that, so
I just try to catch it in between.

Grayland: Goku, it’s strange that you say your doctor gave you
a 4-hour time window to take your meds. Mine only gave me
like an hour. I mean he [doctor] said if you happen to miss, you
have an hour window. If you don’t take it by then you might as
well skip it and take it the next day. [Goku & Grayland, Raleigh]

Side effects knowledge and management was also a consistent
theme across focus groups. Participants felt that those new to
medications or switching medications should be aware of
potential side effects and how to cope with them.

Acceptance of HIV status was identified as a key adherence
motivation need. Participants spoke of the denial and
internalized stigma they experienced around their diagnosis and
the fear they had around living with a highly stigmatized health
condition that would require lifelong medical management.

Because it’s not so much ignorance of other people,
it’s the ignorance that you have within yourself that
you’re battling with and, ya know, learning these new
things. You really have to be mentally accepting to
what the new reality is. Yeah it’s a hard, ongoing
process. It really continues [for me], extremely
continues. It is happening now actually. [Ichiban,
Durham]

Those who had not accepted their status were less motivated to
take their medication, as taking their medication was a daily
reminder that they had HIV.

Yeah, cause honestly, it was a good few months before
I ever took medication. And in that timeframe of
diagnosis to taking medication, it was very easy for
me to detach. It was very easy for me to say, this is
not real, nahhh, whatever. It didn’t become real until
I had to take a pill. When you take a pill, it’s real.
[Brett, Raleigh]

A lot of the people who you say do forget to take their
medications, those are the people who have the mind
set of they don’t want the disease, or the health
condition, to be a banner for them, they don’t want
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that to be the representation of them. [Crowned,
Charlotte]

Social support had a strong influence on motivation to adhere
to medications. Some of the participants who disclosed their
status reported receiving social support that helped them deal
with the fear and uncertainty of an HIV diagnosis. The support
often motivated individuals to receive HIV care and adhere to
medications.

Then I had a moment, I was just like, ‘Oh my god, my
mom’s gonna kill me, she’s gonna kick me out of the
house.’My mom calls me on the way home from work.
She’s like, ‘So what did the doctor say? Yeah, he said,
oh, so you got it [HIV]? Okay, alright, so we’ll call
the doctor tomorrow and see if we can get you some
pills.’ I was like, thank you mommy. [Brett, Raleigh]

However, many participants did not feel they had people that
they could talk to about their diagnosis due to both the fear of
HIV stigma or previously experienced stigma associated with
their sexuality. Individuals who had not disclosed their status
to their social circle often relied on social workers, case
managers, or therapists for adherence motivation.

Participants who experienced medication side effects also had
less motivation and lower self-efficacy in their ability to fully
adhere to their medication.

Yeah, it makes me like really don’t want to take the
medications because I really don’t want to have to
deal with this or if I have to wake up early and I’m
still under the medication and I’m still like, I just be
drowsy, and like not wanting to. And sometimes like
my friends be like you’re so much meaner when you
are on your medications cause I’ll be like, don’t want
to be bothered sometimes. [Vee, Durham]

Finally, some participants had difficulty integrating medication
routines into their daily lives. For example, some men had
trouble remembering to take their medications.

Well for me, I know how to take my pill. I do, I think
with taking a pill, it’s just like anything else. You may
forget. You know what I mean? It’s something that
you do on a daily basis. But for the most part, you
may forget to take a pill, it happens. [Jerry, Durham]

Strategies for Addressing Medication Adherence
Information, Motivation, and Behavioral Skills Needs
in an App
After discussing general adherence needs, participants were
asked about the ways an app could help them with adherence.
Medication reminders were suggested as an important tool for
those who had difficulty remembering to take their medications.
Participants emphasized the importance of discreet reminders
so that their HIV status would not be revealed if someone saw
the message on their phone. Several participants felt that it was
important to provide other types of information through the app,
including current information about HIV.

It needs something that’s going to keep the person’s
attention…maybe a motivational update section where
people could post things that are going on with HIV

advances, technologies, empowerments
[affirmations]…like a news feed or some thing that
will keep people intrigued…staying updated and
abreast with all of the new HIV information…That
would keep me interested. [Stew, Raleigh]

Participants also suggested that the app could also be used to
deliver important information about adherence at critical times,
such as starting medications for the first time or switching
medications.

[the app] could be like a whole lot of help especially
for people who don’t know some of the side effects
they might have to the medication. Like the previous
medication that I was on, I had to eat a certain
amount of calories when I took the medicine and that
would help with questions of that nature and all.
Because a whole lot of people just take it. They don’t
know its rules to really taking it. Some medicine you
got to stay hydrated, some medicine you got to eat,
so it’s all kinds of different things that I think [the
app] should be able to help with. [Orleans, Charlotte]

Several men were in favor of developing an app that could be
used to connect with others who may be dealing with similar
adherence challenges. Many emphasized the importance of
maintaining anonymity in these interactions.

I guess where you can interact with the other
users…that way you could find people maybe you can
talk to and be in confidence. You wouldn’t have to
talk to them face to face…but if you’re having a bad
day you could maybe post it and somebody might be
going through the same thing and you guys could
kinda talk cause, I mean you never know what
somebody else might be going through that’s going
through the same things that might help. [Batman,
Durham]

Strategies to Motivate App Use
Participants were asked about features that would motivate them
to use a medication adherence app. Several overarching themes
emerged including the importance of creating an app that is
interactive, engaging, social, informational, customizable, and
personalized. The men noted that these features would help
capture their attention, motivate them to use the app regularly,
and improve the likelihood of sustained use.

Participants emphasized the importance of interactivity. Games
were seen as a good way to increase app use. In addition, many
participants thought rewards for activities within the app would
be highly motivating and promote ongoing engagement.
Customization was important so users could selectively choose
the features most relevant for them.

Put it this way: you want people to use the app daily,
it needs to be as comfortable for them as possible.
They need to be able to do whatever they want to do
with it…because it’s their phone, it’s their medication,
it’s their health care. [Brett, Raleigh]

Avatars were discussed as a way for users to have a virtual
representation within the app and were highly acceptable. There
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were different perspectives on the level of customization needed
to sustain interest, but all participants preferred a personalized
avatar.

Phase Three

Development of Full Prototype for Usability Testing
Focus group findings informed the development of the full
prototype for usability testing. Changes to the features initially
conceptualized in Phase One are highlighted in Table 2. The
app storyline and screenshots of selected features are included
in Textbox 1 and Figures 1-3.

Table 1. Initial proposed features of Epic Allies.

Relationship to IMB modelPlanned functionPlanned feature

Customizable avatars

Ma: Increases app engagement and facilitates social support.Visual representation of users within the app to facilitate
development of an online identity while preserving
anonymity to peers.

Dashboard

Ib: Tracking and historical visualization of data provides information
on adherence behaviors.

Home screen where users enter daily adherence informa-
tion. Provides a visualization of historical adherence
patterns.

M: Data display visually reinforces positive behaviors and motivates
users to change if adherence is suboptimal.

Bc: Adherence achievements increase behavior change self-efficacy.

Reminders and tailored feedback messages

I: Reminders specify appropriate times to take medications.Personalized medication reminders and feedback mes-
sages based on users’ successes, setbacks and progress
toward their adherence goals.

M: Reminders provide a cue to action. Feedback messages affirm
positive adherence behaviors and identify adherence challenges.

B: Reminders help build skills for integrating medication routines in
daily life. Feedback messages increase adherence self-efficacy.

Friends

M: Increases social motivation to adhere to medications.Users select virtual “friends” to interact with by sending
preset messages to challenge, praise or encourage others.

B: Ally interactions create opportunities for peer modeling and rein-
forcement of adherence.

Information modules

I: Modules provide relevant ART adherence information.Education modules on ART adherence and HIV.

Gamification

M: Opportunities to earn points increases motivation for app engage-
ment and ART adherence.

Users earn points for completing selected tasks within
the app.

B: Achieving milestones increase adherence self-efficacy.

amotivation.
binformation.
cbehavioral skills/self-efficacy.
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Table 2. Changes to Epic Allies for Phase Three

Rationale for changePhase Three component descriptionPhase Three compo-
nents

Phase One and Two
components

The storyline and superhero theme were added in re-
sponse to focus group participants’ request for an en-
gaging and interactive user experience that would
motivate regular app use.

An app storyline was developed to explain the
superhero theme, provide a backstory for the
app and to introduce users to their role in the
game (Textbox 1). A virtual guide, Walter, was
created to present the storyline to users and
provide a tour of the app.

Superhero theme,
app storyline, virtual
guide

–

The Battle feature was introduced to increase app en-
gagement, motivate participants to complete activities
within the app, and encourage interactions with Allies.

The objective of the Battle is to collect virtual
cards used to defeat the monsters in the city of
Medopolis. Each day, players fight a new battle
to defeat a monster; success or failure depends
on the set of three cards they have in their
hand. Players can buy and upgrade their cards
using points earned by engaging in other parts
of the app. Within the Battle, a new social
component called the “Spotlight” was created.
Using the spotlight, participants can call on
their Allies to help defeat difficult monsters.

The Battle–

Focus group participants emphasized the need for so-
cial support for adherence. The profile was changed
to create a stronger sense of community among users.

The avatar concept was expanded to include
more detailed information about users such as
interests, hobbies, and current ART use.

ProfileCustomizable
avatars

This change responded to focus group participants’
request for customization within the app.

The Dashboard feature expanded to include
additional tracking options such as exercise,
smoking, drug and alcohol use, and mood.

DashboardDashboard

Focus group participants noted that reminders are an
important feature to include in an adherence app.
However, those who already have strategies for remem-
bering to take their medications may not need them.
The change allows users to customize the app to their
needs. Expansion of tailored feedback was designed
to provide additional customized feedback on factors
related to adherence.

Reminder messages were made optional. Tai-
lored feedback was expanded to include mes-
sages on new tracking options (ie, exercise,
smoking).

Reminder messages
and tailored feed-
back

Reminder messages
and tailored feed-
back

The name was changed to align with the storyline and
superhero theme. The “Spotlight” feature enhanced
the ability for users to interact with their Allies in an
interactive and fun way.

The name was changed from “Friends” to
“Allies”. The feature was expanded to include
the “Spotlight” feature described in the Battle
section above.

AlliesFriends

The Daily Dose replaced the educational modules so
that informational needs could be addressed in an en-
gaging and interactive manner (ie, proper dosing
guidelines, common medication side effects, coping
with side effects, HIV acceptance process, identifying
sources of social support). Users are encouraged to
log into the app daily to get a new article. Awarding
points increases motivation for reading articles and
app engagement.

The information modules were replaced with
the Daily Dose, an app newspaper that follows
a curriculum of daily short articles and tips to
address HIV and ART knowledge and promote
disease management. Reading an article earns
users points that can be used to buy new cards
for the Battle.

Daily DoseInformation modules

The additional gamification features were added to
increase motivation for behavior change and app use.

The gamification principles were expanded so
that users earned points for each completed
activity in the app. A “leveling up” feature was
added so that users could unlock new battles.

GamificationGamification

Textbox 1. App Storyline.

The year is 2024, a pharmaceutical plant has just exploded sending poisonous rays throughout the city of Medopolis. Walter, the scientist responsible
for the accident, has managed to escape, though not without sustaining some damage. The poison has wreaked havoc in Medopolis and unleashed
monsters who are trying to destroy the city. Only you and your superhero allies can help. Walter will be your guide as you work together to gain
knowledge and power to fight the monsters and restore Medopolis to its former glory.
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Figure 1. App tutorial.

Figure 2. The Daily Dose.
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Figure 3. The Battle.

Usability Testing Results
The mean and median age of participants was 23 years (n=7).
Six participants identified as black or African American and
one identified as white. Over half (4/7) earned less than
US$20,999 per year. All participants owned a smartphone and
more than half (4/7) had used a health app in the past 3 months.
All participants were on ART to treat their HIV infection, but
less than a third (2/7) said they never missed any of their
medication.

Usability testing assessed participants’ ability to successfully
navigate the app, comprehend the educational content, and
determine if they found the app to be engaging and relevant.
Usability scores are presented in Table 3. For all items, the mean
responses indicated a favorable evaluation (agree/strongly agree)
of Epic Allies. All participants were able to successfully
complete the checklist of tasks representing days 1, 21, and 42
of app use. The checklist included tasks such as entering
medications, setting up a medication reminder, reading the Daily
Dose newspaper, upgrading Battle cards, playing Battles, and
calling on an Ally to help them during a battle using the
“Spotlight” card (Figure 4).

Table 3. Usability testing score means (n=7).

Standard DeviationMean

1.21.9Visually appealing

0.81.6Overall impression is favorable

1.11.7Medication tracking features easy to understand

1.02.0Layout and structure easy to understand and navigate

1.11.6Functions were easy to use

0.51.3Interesting

0.81.4Could help with medication taking

1.01.6Can see the benefits of using an app like this

1.01.7Could see myself using an app like this

aScore key: 1=strongly agree to 5=strongly disagree.

Overall, usability testing participants found the app to be
engaging and relevant to their lives. As one man noted:

[I]t would be a game that I would play every day and
it would make me, you know, it would make me want
to join more programs like this to help others with
HIV. And it would keep me on my medicine, keep

exercising, and keep me motivated, whatever. I would
be good. If I ever do get in the mood, I take this game
out and play it. And, it’s fun. And it actually educates
people that don’t know anything about HIV.
[Participant 5]

Participants found the informational content delivered through
the Dashboard and the Daily Dose features informative and easy

JMIR Serious Games 2016 | vol. 4 | iss. 1 | e6 | p.103http://games.jmir.org/2016/1/e6/
(page number not for citation purposes)

LeGrand et alJMIR SERIOUS GAMES

XSL•FO
RenderX

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


to comprehend. Remarking on the information provided through
the Dashboard:

To be able to see and realize, ok well last month I had
this much bad days and this much good days to be
able to go back and think what was I doing last month
comparatively this month, maybe thinking about why
I’m having better days this month. Just being able to
monitor it I guess and seeing the difference.
[Participant 4]

The fact that it monitors your mood, your medication,
and your exercise is a really good thing. To be able
to monitor and to be able to see a pattern of how your
days usually go would make me feel a little bit better.”
[Participant 2]

Participants also commented on the Daily Dose content:

I thought [the Daily Dose articles] were all
informative pieces and they definitely all hit things
that [are important]… but looking back early in my
diagnosis I can’t say I knew all of these things.
[Participant 1]

It’s something I can relate to, why not read up on it
and understand more about something you’re living
with. This is your life. You wanna be educated on as
much as possible on what’s going on because this
day and age things change. And it gets real really
quick. [Participant 4]

Several participants commented on the importance of the Allies
social networking element. The overarching theme was that the
feature could help participants feel they are not alone in taking
medications for HIV.

The app gives you the sense that you aren’t alone.
I’m not the only one keeping up with my meds
everyday and playing the game everyday. [Participant
3]

While most feedback about the app was positive, participants
also made suggestions for app improvement. Some men felt the
Battle feature of the app would be more engaging with increased
interactivity. They expressed concerns about the turn-based
mechanics in the card game:

Well, I don’t like the fact that the enemy just
automatically ‘gets his turn’ and I just gotta stand
back for the enemy to just demolish me. I would really
like, if it’s possible, you know how like computer video
games are…I guess more of an interactive fight.
[Participant 3]

After completing the tasks assigned for hypothetical Day 1 of
app use, over half (4/7) of usability testing participants did not
fully understand how the character in the Battle was associated
with adherence. By the end of the usability session, all
participants were able to describe the relationship between the
Battle character and adherence. However, participants noted
that it is important to clearly establish this link during the first
day of app use.

Figure 4. Usability testing with checklist.

Discussion

Overview
Smartphone app interventions are increasingly used to promote
positive health behaviors among individuals living with HIV,

including ART adherence [10,28-30]. In this study, a smartphone
app was viewed as a highly acceptable tool for the delivery of
an ART adherence intervention. Other studies have also found
that adult men who have sex with men and YMSM view
smartphone apps as an acceptable delivery mechanism for
HIV-related interventions [31-34]. However, to our knowledge,
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no ART adherence apps have been designed to meet the unique
adherence needs of YMSM. This study used an iterative
development process to create a theory-based game adherence
app for YMSM. Based on input and feedback from study
participants, the initial app concept was incrementally modified
and enhanced to create the final app prototype. This highlights
the importance of seeking target population input and using an
iterative process in the development of behavior change apps.

Focus group participants identified key IMB needs and proposed
strategies for addressing these needs through a smartphone app.
The men identified a need for specific information about
adherence-related topics, such as dosing schedules and side
effects, and recommended that the app provide general
information about HIV and adherence. Medication side effects
and side effects management was a specific area of interest
because, as in other studies of HIV-positive youth side effects
were identified as a barrier to adherence [35,36]. The Daily
Dose feature, a virtual newspaper delivered through the app
daily, was developed for the final prototype. The daily nature
of the feature allowed for an increase in the amount of content
delivered and provided an opportunity to address the specific
and general informational needs identified in the focus groups.

A key theme associated with motivation for adherence was
acceptance of HIV status. Several men noted that those who
have not yet accepted their diagnosis might not be motivated
to take their medications because doing so reminds them that
they have HIV. Pill taking as a reminder of HIV infection has
been found to be a key barrier to adherence in other studies of
youth and young adults [35]. In contrast, social support was
viewed as a motivating factor for adherence and participants
recommended that the app include opportunities for users to
give and receive social support. Among youth and young adults,
social support has been identified as a facilitator for ART
adherence while lack of support is a barrier [35,37]. In one study
of racial and ethnic minority youth, greater social support
predicted greater self-efficacy, which was associated with
improved adherence [37]. In other studies, YMSM have
indicated a preference for HIV-related apps that provide a
platform for giving and receiving support [32,33]. Presenting
opportunities for interactions with other HIV-positive YMSM
through the Allies feature of Epic Allies may help those
struggling with acceptance of HIV status feel like a part of a
community and increase perceptions of support for adherence.

Consistent with other studies on ART adherence among youth
and young adults [35,38], forgetting to take medications was
identified as a challenge. Even though some men had developed
strategies for remembering to take their medications and did
not need reminders, participants agreed that reminders should
be included in an ART adherence app. In response to the desire
for customization, the medication reminder feature was made
optional in the final prototype developed in Phase Three.

Participants also provided important guidance on app
characteristics that would motivate regular and sustained app
use. Interactivity through games, points, rewards, and social
interactions were discussed as motivating factors for app use.
Among adult and young MSM, interactivity has been
emphasized as a necessary function of mobile apps [33,39]. The

superhero theme and Battle feature introduced during the last
focus group was viewed as a promising approach to further
enhance app interactivity. While customization was viewed as
important for meeting unique adherence needs, it was also
important for motivation for app use. For example, participants
noted that unnecessary reminders would be annoying and
intrusive and increase the likelihood that they would discontinue
app use. Another study of YMSM also found a preference for
customization in HIV-related app interventions with unnecessary
reminders and alerts resulting in app avoidance or deletion [33].

The feedback gathered during usability testing in Phase Three
was generally positive and constructive and offered actionable
guidance for changes to the app features prior to further testing.
In response to suggestions provided during usability testing,
the turn-based mechanics in the Battle were eliminated to
increase interactivity and engagement. In order to quickly
establish the link between real-world medication adherence and
the character’s strength and performance in the game, the virtual
guide’s initial app introduction was modified to explicitly
explain the relationship. The Dashboard was changed so that it
featured more prominently in the app and now serves as a
constant reminder of the relationship between the user’s
adherence behaviors and game play.

Limitations
Our study was limited by its small sample size and geographical
region. Though common in qualitative research, this limits the
ability to generalize the study findings to all YMSM in the
United States. Further, the majority of study participants
identified as black or African American, which reflects the high
burden of infection among black or African American
individuals in study area [40]. While this may limit
generalizability of findings to YMSM of other races or
ethnicities, it should be noted that none of the app
recommendations were unique to black MSM [39,41]. It is
highly likely that the findings are relevant for YMSM of all
races and ethnicities. However, future studies are needed to test
the app with a more racially and ethnically diverse sample.

Epic Allies represents only one type of technology-based
intervention that could be developed to address ART adherence
among YMSM. Other less costly approaches could be used,
such as interventions built on existing social media sites or
adaption of currently available medication adherence apps for
other medical conditions. However, our formative work with
YMSM in the United States found a demand for an app
intervention that integrates multiple features including behavior
tracking, social networking features, and gaming features
[32,33]. Existing commercial HIV apps often lack a theoretical
basis, are limited in the topics they address and features they
offer, have failed to capture the attention of end users and have
not undergone rigorous evaluation [28,29]. If successful, the
planned commercialization of Epic Allies would justify the
costs invested and address the dearth of theoretically grounded,
multicomponent commercial apps designed to address ART
adherence.

The IMB is a well-established model of behavior change that
has been used by researchers to guide the development of
technology-based HIV interventions [42-44]. However,
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modifications of existing behavior change models or theories,
including the IMB, are needed to more effectively account for
the dynamic nature of technology-based interventions [45,46].
Such modifications will help guide future intervention
development and evaluation of engagement and effectiveness
[45,46]. With an eye toward adapting existing theories, our team
has developed alternative measures of engagement in
technology-based interventions and will be exploring these and
other approaches in the randomized controlled trial of Epic
Allies [47]. Furthermore, we will seek to identify the specific
elements of Epic Allies that contribute to changes in
information, motivation, and behavioral skills and, ultimately,
medication adherence.

The results from usability testing indicated a positive response
to the Epic Allies app. However, these findings were limited to
a walk-through of the app in a controlled environment. This
type of testing, while appropriate for app development, may not
reveal barriers to implementation in the real world. The app was

carefully designed to quickly engage users, sustain motivation
for daily, long-term app use, and minimize the usage of phone
data; however, the success of these strategies will not be known
until the app is tested in a randomized controlled trial. In spite
of these limitations, this study provides key insights into a
process of app development that engages the target population
to develop an app appropriate for end-user needs and
preferences.

Conclusion
Focus group and usability findings confirmed the
appropriateness of a game-based app with social networking
features to address ART adherence for YMSM. As evidenced
by the changes made to the app between initial concept and
final prototype, an iterative approach is critical for developing
an app that is relevant, engaging and useful. This multistage
process of development can be used to develop different types
of health behavior apps for a wide range of populations.
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Abstract

Background: Virtual reality active video games are increasingly popular physical therapy interventions for children with cerebral
palsy. However, physical therapists require educational resources to support decision making about game selection to match
individual patient goals. Quantifying the movements elicited during virtual reality active video game play can inform individualized
game selection in pediatric rehabilitation.

Objective: The objectives of this study were to develop and evaluate the feasibility and reliability of the Movement Rating
Instrument for Virtual Reality Game Play (MRI-VRGP).

Methods: Item generation occurred through an iterative process of literature review and sample videotape viewing. The
MRI-VRGP includes 25 items quantifying upper extremity, lower extremity, and total body movements. A total of 176 videotaped
90-second game play sessions involving 7 typically developing children and 4 children with cerebral palsy were rated by 3 raters
trained in MRI-VRGP use. Children played 8 games on 2 virtual reality and active video game systems. Intraclass correlation
coefficients (ICCs) determined intra-rater and interrater reliability.

Results: Excellent intrarater reliability was evidenced by ICCs of >0.75 for 17 of the 25 items across the 3 raters. Interrater
reliability estimates were less precise. Excellent interrater reliability was achieved for far reach upper extremity movements
(ICC=0.92 [for right and ICC=0.90 for left) and for squat (ICC=0.80) and jump items (ICC=0.99), with 9 items achieving ICCs
of >0.70, 12 items achieving ICCs of between 0.40 and 0.70, and 4 items achieving poor reliability (close-reach upper
extremity-ICC=0.14 for right and ICC=0.07 for left) and single-leg stance (ICC=0.55 for right and ICC=0.27 for left).

Conclusions: Poor video quality, differing item interpretations between raters, and difficulty quantifying the high-speed
movements involved in game play affected reliability. With item definition clarification and further psychometric property
evaluation, the MRI-VRGP could inform the content of educational resources for therapists by ranking games according to
frequency and type of elicited body movements.

(JMIR Serious Games 2016;4(1):e9)   doi:10.2196/games.5528
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Introduction

There is increasing evidence for the potential of virtual reality
active video games to challenge balance, promote active
movement, and increase energy expenditure in children with
cerebral palsy [1-3]. To support the integration of virtual reality
and active video games into clinical practice, physical therapists
require educational resources that inform decision making about
matching virtual reality active video games with differing client
needs [4]. A recent survey of Canadian physical and
occupational therapists found that 76% reported the need for
knowledge translation resources providing information about
specific systems and games [5]. These resources can build on
existing information, including a classification framework that
categorizes systems based on characteristics such as the ability
to track therapeutically relevant variables [6], a Nintendo Wii
and Wii Fit game analysis table that describes general movement
requirements and feedback provided by each game [7], and a
systematic assessment of serious games in health care [8].
However, selecting from among the wide variety of games
available in off-the-shelf systems such as the Nintendo Wii and
Microsoft Kinect can be overwhelming for busy clinicians.
Resources that provide more detailed information about each
game are required.

Specifically, information about the type and frequency of
movements elicited during game play across differing games
and systems can inform decisions about which game may be
best suited for an individual client’s physical capabilities and
rehabilitation needs. For instance, whereas one game might
elicit more squats and be ideally suited to strengthening the
lower extremities, another game might elicit more upper
extremity reaches and be better suited to increasing shoulder
range of motion. Distinguishing between games that elicit
movements within the base of support (BOS; eg, trunk leans)
and those that elicit movements outside of it (eg, steps) is
important from a therapeutic perspective because this
categorization relates to different levels of functioning. For
example, a therapeutic goal may be to enhance energy
expenditure, in which case, the number of steps outside of the
BOS, squats, and jumps are relevant. A different goal may be
to increase weight shifting to one side of the body, and trunk
leans or far reaches within the BOS may be important in that
case. In addition, understanding the similarities between games
across different systems can inform therapist decisions about
progressing use of virtual reality active video games from the
clinic to the home.

A valid and reliable instrument quantifying the type and
frequency of body movements elicited during game play is
required. The objectives of this study were to: (1) develop the
Movement Rating Instrument for Virtual Reality Game Play
(MRI-VRGP); (2) examine the feasibility of using the
MRI-VRGP to rate videotaped game play sessions; and (3)
evaluate the instrument’s inter-rater and intrarater reliability.

Methods

Study Design
A measurement study design was used to develop the
MRI-VRGP and evaluate its feasibility and reliability.

Instrument Development
An iterative process of item generation and refinement involving
the study authors was undertaken by 3 researchers (2 of whom
are also physical therapists) and 4 physical therapy students.
The authors began by undertaking a literature search to identify
existing instruments to quantify body movements elicited during
virtual reality game play. Finding none, we discussed the
movement characteristics that might be relevant to physical
therapists interested in differentiating between virtual reality
active video games. We then watched sample videotapes of
typically developing children playing virtual reality active video
games to generate an initial list of items. A series of 4 meetings
was undertaken. After each meeting, students and investigators
went back to practice videos and discussed refinements to the
items. The final instrument is shown in Multimedia Appendix
1.

The MRI-VRGP items represent 12 upper extremity, lower
extremity, or full-body movements involved in game play. A
rater repeatedly views a videotaped game play session and
records the frequency with which each movement is observed.
Upper extremity movements are identified as unilateral or
bilateral (occurring simultaneously) and separated into close
reaches and far reaches. Full body weight shifts that occur inside
the BOS are identified by direction (anterior, left, or right), and
movements that occur outside the BOS such as lower extremity
steps are identified by the limb (left or right) and direction
(anterior, posterior, lateral, and crossing midline). Full-body
movements of squats and jumps are recorded. Rater training
materials with operational definitions for each item (summarized
in Table 1) were developed in conjunction with instrument
creation.
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Table 1. Summary of operational movement definitions.

DefinitionsMRI-VRGP itemsa

Flexion of elbow >90 °Close reach

Flexion of elbow <90 °Far reach

Front inclination >10° without bending kneesFront weight shift inside base of support

Side inclination >10° with or without bending kneesSide weight shift inside base of support

Single leg stance > 2 secondsSingle leg stance

Forward stepFront weight shift outside base of support

Side stepSide weight shift outside base of support

Backward stepBack weight shift outside base of support

Forward or backward step that crosses the midlineCross midline weight shift outside base of support

Knee bend with forward inclination of trunkSquat

Clearing ground with both feetJump

aMRI-VRGP: Movement Rating Instrument for Virtual Reality Game Play.

Reliability and Feasibility Evaluation
Three physical therapist student raters who had participated in
instrument creation underwent a training process in which they
and the researchers each rated 3 sample videotapes and met to
discuss their results, coming to consensus about each item on
each videotape. The students subsequently rated 176 videos.
Each rater watched each video at least 3 times, focusing on
upper extremity, lower extremity inside the BOS, and lower
extremity movements outside the BOS movements separately
on each viewing. Video pauses and playbacks were encouraged
to maximize the quality of scoring. For intrarater reliability
evaluations, each student re-rated 58 videos, a minimum of 1
week after the initial rating. The total time period of rating was
approximately 2.5 months. A fourth physical therapy student
determined the rating schedules. Raters were blinded to the
game that the child was playing and whether the child was
typically developing or had cerebral palsy. After completion of
the MRI-VRGP for each video, the rater completed a feasibility
evaluation involving questions determined by study authors. A
5-cm visual analog scale was used to quantify rating difficulty,
with the anchor at 0 cm described as “Easy” and the anchor at
5 cm described as “Difficult.” A similar scale was used to
quantify rater confidence, with anchors on “low” and “high.”
Raters recorded the time taken to watch the video and complete
the MRI-VRGP. Raters provided comments if required to
identify video-specific rating difficulties.

Videotaping Participants
The videotapes used in this study were recorded in the context
of our previous study exploring energy expenditure during
virtual reality active video game play in typically developing
children and children with cerebral palsy (Levac D, PhD, 2014
unpublished data). Children and parents provided informed
assent or consent for videotaping. Overall, 176 prerecorded
videotapes of 11 children that were each 90 seconds long,
playing the games against a standardized green backdrop were
used. The videotapes involved 4 children (3 girls, 1 boy) with
cerebral palsy classified at Gross Motor Function Classification
System Level 1 (mean age 12.75 years, standard deviation (SD)

2.87 years) and 7 typically developing children (5 girls, 2 boys;
mean age 12.86 years SD: 2.97 years). The participants reported
minimal exposure (<5 hours) to virtual reality active video
games before the study.

Study participants played 8 90-second games on 2 systems: the
Interactive Rehabilitation and Exercise System (IREX;
GestureTek Health; www.gesturetek.com) and the Microsoft
Kinect for Xbox 360. The IREX and the Kinect use similar
motion capture technology; in the IREX, the user’s image is
embedded in the virtual environment where they can interact
with virtual objects [9], whereas Kinect games involve full-body
movement represented onscreen by an avatar. The 8 games
(IREX: Snowboarding, Shark Bait, Zebra Crossing, Soccer;
Kinect: Space Pop, Reflex Ridge, River Rush, and 20,000 Leaks)
were chosen to represent the range of movement possibilities
across games on each system. Each game was played at its
easiest difficulty level.

Statistical Analysis
Analyses were conducted using Statistical Package for the Social
Sciences (SPSS; version 21.0). Intrarater and interrater reliability
were determined for the total score, category totals, and for each
item of the MRI-VRGP. Intraclass correlation coefficient (ICC;
type [1,0k] random effects model) and associated 95% CI were
calculated. Traditionally used comparators of < 0.40 as low, 0.4
to 0.74 as moderate, and 0.75 and higher as good for ICCs were
used [10]. An ICC > 0.75 with a 95% CI lower bound of 0.60
was set a priori as acceptable for each item. Descriptive statistics
summarize time, ease, and confidence ratings across raters.
Analysis of variances compare differences in time, ease, and
confidence ratings between the 3 raters.

Results

Reliability
Tables 2 and 3 summarize intrarater ICCs and 95% confidence
intervals as well as the range of observed frequencies for each
item per rater. ICCs for rater 1 ranged from 0 to 0.99, rater 2
from 0.54 to 1, and rater 3 from 0.06 to 1. For each rater,
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far-reach upper extremity movements and full-body jump
movements had the highest ICCs, whereas close-reach upper

extremity movements and lower extremity movements outside
of BOS had the lowest ICCs.

Table 2. Intrarater intraclass correlation coefficients of upper extremity movements.

Rater 3Rater 2Rater 1Movement Rating Instrument Items

RangeCIIn-
trarater
ICC

RangeCIIn-
trarater
ICC

RangeCIIn-
trarater
ICC

Upper extremity movements

0-50.732-
0.896

0.8310-610.985-
0.96

0.9760-450.945-
0.98

0.967Close-reach right
arm

0-2140.962-
0.986

0.9770-1440.978-
0.992

0.9870-2020.988 to
−996)

0.993Far-reach right arm

0-2140.962-
0.986

0.9770-1950.983-
0.994

0.990-2020.987-
0.995

0.992Total movements
right arm

0-40.635-
0.853

0.7650-560.978-
0.94

0.9640-460.981-
0.993

0.989Close-reach left
arm

0-2150.962-
0.986

0.9770-1330.977-
0.992

0.9870-1890.991-
0.997

0.995Far-reach left arm

0-2150.962-
0.986

0.9770-1820.976-
0.992

0.9860-1890.991-
0.997

0.995Total movements
left arm

0-70.192-
0.312

0.0640-230.775-
0.914

0.860-9−0.255 to
0.256

0Close-reach bilater-
al

0-640.984-
0.994

0.990-420.971-
0.99

0.9830-540.962-
0.987

0.987Far-reach bilateral

0-640.971-
0.99

0.9830-510.975-
0.991

0.9850-540.962-
0.986

0.977Total bilateral
movements
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Table 3. Intrarater intraclass correlation coefficients (ICC) of lower extremity movements.

Rater 3Rater 2Rater 1Movement Rating
Instrument Items

RangeCIIntrarater ICCRangeCIIntrarater ICCRangeCI In-
trarater
ICC

Lower extremity movements

0-100.861-
0.948

0.9150-120.548-
0.812

0.7030-100.52-0.80.684Front
lean

0-180.862-
0.949

0.9150-160.726-
0.893

0.8270-200.78-
0.917

0.863Side lean
right

0-130.862-
0.949

0.9150-160.665-
0.867

0.7860-180.878-
0.955

0.926Side lean
left

0-120.466-
0.771

0.6430-50.77-
0.912

0.8560-120.955-
0.984

0.973Single-
leg
stance
right leg

0-50.439-
0.757

0.6220-6110-80.929-
0.974

0.957Single-
leg
stance
left leg

0-320.871-
0.952

0.9210-390.901-
0.964)

0.940-340.927-
0.974

0.956Front
step right
leg

0-460.888-
0.959

0.9320-250.343-
0.704

0.5480-390.834-
0.938

0.898Side step
right leg

0-280.902-
0.964

0.940-310.895-
0.961

0.9360-270.927-
0.974

0.956Back
step right
leg

0-50.636-
0.853

0.7660-80.971-
0.99

0.9830-110.196-
0.617

0.43Cross
midline
right leg

0-320.906-
0.966

0.9430-390.937-
0.977

0.9620-350.929-
0.974

0.957Front
step left
leg

0-490.913-
0.968

0.9470-300.334-
0.698

0.5410-420.9-0.9630.939Side step
left leg

0-300.884-
0.957

0.9290-340.836-
0.938

0.8990-350.939-
0.978

0.963Back
step left
leg

0-110.787-
0.919

0.8670-130.936-
0.977

0.9620-60.923-
0.972

0.953Cross
midline
left leg

0-230.867-
0.951

0.9180-450.889-
0.959

0.9330-240.967-
0.988

0.98Squat

0-560.995-
0.998

0.9970-570.992-
0.997

0.9950-620.982-
0.994

0.99Jump

Table 4 summarizes interrater reliability findings for each item.
The ICC was high for far-reach bilateral (ICC=0.94) and low
for close reach in both upper extremities (ICC=0.07). For

full-body and lower extremity movements, the highest ICC was
for the jump item (ICC=0.99) and the lowest for single-leg
stance left leg (ICC=0.27).
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Table 4. Interrater intraclass correlation coefficients (ICCs).

Interrater valuesMovement Rating Instrument Items

Mean (SD)

Rater 3

Mean (SD)

Rater 2

Mean (SD) Rater
1

CIInterrater ICC

Upper extremity movements

0.18 (0.69)3.89 (8.83)1.60 (5.08)0.05-0.240.14Close-reach right arm

20.14 (29.74)21.30 (29.77)19.39 (32.88)0.89-0.940.92Far-reach right arm

20.31 ( 29.78)25.19 (34.25)20.99 (33.35)0.91-0.950.93Total movements right arm

0.16 (0.57)3.12 (8.15)1.00 (4.02)−0.02 to 0.160.07Close-reach left arm

19.06 (29.43)19.63 (28.63)17.22 (31.09)0.88-0.920.90Far-reach left arm

19.22 (29.42)22.74 (32.46)18.23 (31.35)0.91-0.940.93Total movements left arm

0.09 (0.57)0.74 (2.59)0.15 (0.89)0.01-0.200.10Close-reach bilateral

5.52 (9.66)5.12 (9.38)5.35 (9.79)0.93-0.960.94Far-reach bilateral

5.61 (9.67)5.80 (10.81)5.49 (9.98)0.92-0.950.93Total bilateral movements

Lower extremity movements

0.39 (1.35)0.52 (1.41)0.68 (1.50)0.54-0.690.62Front lean

1.68 (3.09)2.57 (3.80)2.39 (3.44)0.65-0.770.72Side lean right

1.43 (2.64)2.35 (3.42)2.14 (3.18)0.56-0.700.63Side lean left

0.40 (1.38)0.11 (0.56)0.28 (1.24)0.46-0.620.55Single-leg stance right leg

0.20 (0.61)0.11 (0.60)0.16 (0.88)0.18-0.370.27Single-leg stance left leg

2.69 (4.94)10.85 (7.79)3.04 (4.86)0.52-0.670.60Front step right leg

17.59 (9.70)7.66 (5.84)13.80 (9.24)0.49-0.640.57Side step right leg

2.60 (4.23)7.94 (7.02)2.61 (4.22)0.60-0.730.67Back step Right Leg

0.38 (0.94)0.55 (1.41)0.35 (1.19)0.61-0.740.68Cross midline right leg

2.85 (4.85)10.46 (7.94)3.26 (4.86)0.47-0.630.55Front step left leg

17.69 (9.80)7.74 (6.12)14.02 (9.30)0.46-0.620.54Side step left leg

2.35 (4.04)7.26 (6.30)2.68 (4.41)0.67-0.790.73Back step left leg

0.32 (1.04)0.68 (1.64)0.35 (0.89)0.64-0.760.70Cross midline left leg

5.01 (6.18)7.96 (9.70)5.00 (6.28)0.76-0.850.80Squat

7.49 (11.57)7.72 (12.14)7.48 (11.94)0.98-0.990.99Jump

Feasibility
The mean (SD) difficulty of rating score was 1.89 (0.26) of 5.
The mean (SD) confidence of rating score was 3.44 (0.24) of
5. Raters took an average of 14.37 (0.77) minutes (range 4-27)
per video. There was a significant difference between raters in
difficulty ratings (P <.001), with rater 3 finding rating to be
more easy as compared with raters 1 and 2 finding ratings. There
was a significant difference between raters in confidence ratings
(P <.001) with rater 1 being less confident than raters 2 and 3.
Finally, there was a significant difference in time to rate the
videos (P <.001), with rater 2 taking more time than rater 1 or
3. Comments on the form indicated that raters often were not
able to visualize the child’s legs or feet because of camera angle
and that videos in which movements were occurring faster and
at a higher frequency were more challenging to rate.

Discussion

Intrarater reliability estimates for each of the 3 raters indicate
that individual raters were consistently able to record frequency
of 16 of the 25 items in the MRI-VRGP on repeated viewing
of a videotaped game play session at a reliability rate of greater
than the predetermined ICC of 0.75 and lower bound CI of 0.60.
The 8 items with which 1 or more raters had difficulty were
front lean, side step right leg, side step left leg, single-leg stance
right leg, single-leg stance left leg, close-reach bilateral, and
cross midline right leg. The lower bound of CIs stayed well
above the targeted range for acceptable reliability, with the
exception of those items. However, interrater reliability
estimates were less precise, with ICCs ranging from poor to
excellent and wider 95% CIs. Despite this lack of precision, 8
items were above the preidentified ICC and CI range for
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acceptance, 12 items were between 0.40 and 0.74, and only 4
items were <0.40. These 4 most problematic items were upper
extremity close reach, total body within the BOS, and lower
extremity within and outside BOS items.

The upper extremity items that were problematic across both
intrarater and interrater reliability estimates included close
reaches (both unilateral—left or right—and bilateral). Lack of
clarity in item definitions likely contributed to rater
inconsistencies. For example, the distinction between close-
and far-reach was defined as an elbow flexion angle of greater
than 90°, but, the speed of movements made this angle difficult
to determine while watching the video, and ICCs were very low
for this item (ranging from 0.07 to 0.14). Although each rater
identified differing numbers of close- and far-reaches, total
combined arm movements (left, right, and bilateral) had good
interrater reliability, indicating that the raters reported similar
amounts of total arm movements but that problems arose in
distinguishing between “close” and “far.” We had included this
distinction between close- and far-reach based on our
discussions of the therapeutic relevance of different reach
ranges. Therapists might be interested in knowing how often
children are required to make a potentially more challenging
(ie, in a greater joint range of motion) upper extremity
movement. However, confirming with practicing therapists as
to the clinical relevance of categorizing upper extremity
movements in this way is an important next step in instrument
revisions.

With respect to trunk and lower extremity items, single-leg
stances, front leans, and side steps were most problematic. Video
quality likely impacted difficulties identifying trunk and lower
body movements. Front leans are defined as “an isolated
movement that cannot precede a step.” Distinguishing leans
from steps was problematic because some raters likely included
a lean within a step, whereas others may have counted the 2
movements separately. Indeed, in 96 of the 176 videos (54.5%),
the camera angle did not allow for the visualization of
participants’ feet. This was detrimental when rating items such
as weight shifts within the BOS, such as single-leg stance or
side steps, where seeing whether the foot lifted off the ground
was essential for item scoring. The 2 lower extremity items that
achieved good interrater reliability—jumps and squats—are
clearly distinguishable movements that can be identified
appropriately even without visualizing the feet.

Movement speed and differing game play strategies across
children are issues that impacted reliability. Two games in
particular on the Xbox Kinect system—Space Pop and Rally
Ball—required rapid upper extremity movements. Raters needed
to slow down the video speed or pause the video repeatedly. In
the Space Pop game, arm movements to simulate flying are
needed to “pop” the virtual bubbles. These high-speed
movements may have led to interrater differences in counts
because movements may have been missed or counted twice.
In addition to movement speed, differing game play strategies
that enhanced the variation across children playing the same
game were observed. Although each game was played at the
same difficulty level, individual children chose to focus on
different components of the game (eg, choosing to go for all
the “coins” in Reflex Ridge by moving their arms or choosing

to focus only on body movements that avoided the obstacles).
In addition, during the 90 seconds, some children advanced
further in the game than others; one game in particular (Rally
Ball) required quiet standing while it reset to the previous level
if a player was unsuccessful, limiting movement options during
this resetting time (approximately 3-5 seconds). Despite
controlling for difficulty level and duration of play, children’s
game play abilities and their level of success at each game
during those 90 seconds resulted in a wide variation of
movements that related both to each child’s personal “style”
(ie, did they move in a slower, more controlled manner or did
they use rapid, flailing movements) and to choice of what to
focus on for each game (ie, getting as many points as possible
or making as few errors as possible).

From a feasibility perspective, despite these issues, raters found
it fairly easy to rate and were fairly confident, although rater 3
found it the most difficult, and rater 2 was the most confident.
Interestingly, rater 2, who was the most confident, also had the
highest mean rating time. As anticipated, given the protocol
requiring a minimum of 3 viewings, rating time was long for
such a short video, indicating that raters likely slowed down
the video speed and stopped the tapes on a frequent basis while
watching and rewatching.

Skjaeret et al [11] were the first to systematically observe
movement characteristics of users during videotaped active
video game play. Using a 5-point Likert scale, the researchers
rated 5 movement characteristics considered relevant to fall
prevention exercises in seniors playing 3 virtual reality active
video games [11]. Their goal was to inform the design of new
virtual reality active video games for this population. Raters
also watched each video numerous times to focus solely on a
single movement characteristic per viewing. The movement
characteristics that they examined included amount of weight
shift, temporal variation, step length variation, variation in
movement direction, and visual independency [11]. They
achieved high interrater reliability across 3 raters (>0.840) for
all characteristics. Rating movement characteristics that can be
judged in summary after watching a video as opposed to
frequency counts of more specific movements may be a method
to increase the consistency of observations across raters. For
the population of children with cerebral palsy, other global
movement characteristics might be more relevant, including
cross midline movements and bilateral reaches.

Finally, it is important to consider the amount of error that is
acceptable for this type of instrument. The purpose of the
MRI-VRGP is to document the frequency of movements elicited
during game play. Thus, the magnitude of error that is acceptable
for this instrument is greater than would be the case if the
purpose was to use it for making decisions about an individual
child’s treatment or progress. Given that information obtained
through the use of this instrument will be used to inform
comparisons between virtual reality active video games and
systems, subsequent steps in the instrument evaluation process
will focus on determining whether items can be made more
general (eg, is the magnitude of reach for arm movements
important?) and on better defining each movement that is rated
through a validity process.
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Limitations
MRI-VRGP items were established by a small group of
researchers and physical therapy students. The research team
arrived at the items and their definitions through a literature
search of movement characteristics of children with cerebral,
energy expenditure related to different virtual reality active
video games, viewing of sample videotapes, and clinical
understanding of the movements that physical therapists would
be interested in when selecting a particular game for a therapy
intervention. However, a more formal face and content validity
process with additional experts and clinicians would have
determined whether the chosen items are representative of what
clinicians would like to capture and may have served to clarify
the item operational definitions before reliability testing. In
addition, involving raters who were not involved in instrument
development would have strengthened the findings.

The MRI-VRGP provides clinicians with a simple count of
movements but does not include an analysis of movement
quality. This may be an issue if therapists are interested in both
how often a game elicits a particular movement and the quality
of that movement. Moreover, the scale does not quantify whether
the player has used potentially unwanted or therapeutically
harmful compensations required to achieve a certain movement.
For example, the instrument does not distinguish or document
whether a child is using shoulder hiking to reach a target above
them or using hip circumduction to take a step. It may be
important to include a section where the rater can make note of
any perceived maladaptive movement patterns during game
play. This is particularly important if therapists are using the
instrument to inform development of unsupervised home
programs. In supervised situations, maladaptive movements
can be monitored by the therapist as the child plays the game.
Given that this is not possible in supervised exercise, therapists
can use these observations to recommend changes to game
parameters that might avoid them (eg, recommending that the
child play at a lower difficulty level, which may slow down the
game and reduce unwanted movements).

Motion analysis systems were once limited to laboratory use,
but, the introduction of the Kinect sensor has made markerless
motion analysis feasible on a wider scale. How can an
observer-rated measure quantifying movement frequency be a
useful adjunct to this low-cost kinematic sensor? Reports
exploring the psychometric properties of the Kinect sensor to
measure movement across a wide variety of populations and
tasks are available; accuracy and reliability are inconsistent and
dependent on the type and frequency of movement (eg, [12-14]).
As evidence continues to emerge to support use of the Kinect
sensor for kinematic analysis, the MRI-VRGP could act as an
adjunct to quantify movement frequency as the Kinect provides
information to therapists that can be used to assess movement
quality.

Finally, videotapes of typically developing children and children
with cerebral palsy were included in this study. There was a
wide range of frequency of movements observed for each of
the items, implying sufficient heterogeneity of the measured
construct to enable reliability analyses. The 8 games targeted
upper extremity and lower extremity movements to different
extents. However, the small sample size of participants reduced
the precision of the reliability estimates. This first attempt at
developing the instrument and evaluating reliability indicated
issues of strengths and weaknesses that can be built on in future
work.

Future Recommendations
Given that most items in both intrarater and interrater reliability
achieved a minimum of good reliability in this preliminary
investigation, further refinements will be undertaken.
Subsequent steps include videotaping a greater number of
children and youth to use as the basis for adding greater clarity
to item definitions. Items will then be put to a Delphi process
with pediatric physical therapists to achieve consensus on
content and definition. The revised items and definitions will
be on the basis of a systematic rater training procedure,
involving the new videotapes. Subsequently, psychometric
property testing on a larger sample size of typically developing
children will be undertaken. If shown to have adequate
reliability, therapists could use these numbers as a baseline
when making decisions about game use for their clients with
cerebral palsy or other diagnoses. The instrument could also be
used as a tool to compare movements elicited in different games
across different virtual reality active video game systems, adding
objective information to include in clinical decision-making
tools that help clinicians make decisions about which games to
use for different clinical goals. Multiple games from different
systems will be included in future work. The result will be a
game ranking from most to least elicited movements in each
category, allowing clinicians to select the game that elicits the
movements most important for an individual child’s
rehabilitation needs.

Conclusions
The MRI-VRGP demonstrated overall good intrarater reliability
and moderate interrater reliability. Poor video quality, rater
inconsistencies in terms of interpretation of operational
movement definitions, and difficulty quantifying movements
occurring at high speed contributed to these findings. With
subsequent development and psychometric property evaluation,
a valid and reliable instrument could be used to provide
objective information about movement quantity across different
games and systems, contributing to clinical decision-making
tools that will inform game selection by clinicians for a broad
range of clients.
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