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Abstract

Background: Virtua reality (VR) has shown promising levels of effectiveness in nursing education, pain management, and
rehabilitation. However, meta-analyses have discussed the effects of VR usage in nursing unilaterally and inconsistently, and the
evidence baseis diffuse and varied.

Objective: We aimed to synthesize the combined evidence from meta-analyses that assessed the effects of nurses using VR
technology on nursing education or patient health outcomes.

Methods: We conducted an umbrellareview by searching for meta-analyses about VR intervention in clinical nursing practice
on Web of Science, Embase, Cochrane, and PubMed, and in reference lists. Eligible studies were published in English between
December 1, 2012, and September 20, 2023. Meta-analyses of <2 intervention studies and meta-analyses without 95% CI or
heterogeneity data were excluded. Characteristic indicators, population information, VR intervention information, and 95% Cls
were extracted. A descriptive analysis of research results was conducted to discern relationships between VR interventions and

outcomes. 12 and P valueswere used to eval uate publication bias. AMSTAR (A Measurement Tool to Assess Systematic Reviews)
2 and the GRADE (Grading of Recommendations Assessment, Development, and Evaluation) checklist were used to appraise
literature quality.

Results: Intotal, 768 records wereidentified; 74 meta-analyseswereincluded for review. The most reported V R study conditions
were neuronursing (25/74, 34%), pediatric nursing (13/74, 18%), surgical and wound care (11/74, 15%), oncological nursing
(1174, 15%), and older adult nursing (10/74, 14%). Further, 30% (22/74) of meta-analyses reported publication bias, and 15%
(11/74) and 8% (6/74) were rated as “high” based on AMSTAR 2 and the GRADE checklist, respectively. The main outcome
indicators among all included meta-analyses were pain (37/214, 17.3%), anxiety (36/214, 16.8%), cognitive function (17/214,
7.9%), balance (16/214, 7.5%), depression (16/214, 7.5%), motor function (12/214, 5.6%), and participation in life (12/214,
5.6%). VR treatment for cognition, pain, anxiety, and depression was effective (all P values were <.05), while the utility of VR
for improving motor function, balance, memory, and attention was controversial. Adverse effects included nausea, vomiting, and
dizziness (incidence: range 4.76%-50%). The most common VR platforms were Pico VR glasses, head-mounted displays, the
Nintendo Wii, and the Xbox Kinect. VR intervention duration ranged from 2 weeks to 12 months (typically >4 wk). VR session
length and frequency ranged from 5 to 100 minutes and from 1 to 10 times per week, respectively.

Conclusions: VR in nursing has positive effects—relieving patients’ pain, anxiety, and depression and improving cognitive
function—despite the included studies' limited quality. However, applying VR in nursing to improve patients’ motor function,
balance, memory, and attention remains controversial. Nursing researchers need to further explore the effects and standard
operation protocols of VR in clinical practice, and more high-quality research on VR in nursing is needed.

Trial  Registration: PROSPERO CRD42022381382;  https://www.crd.york.ac.uk/PROSPERO/display_record.
php?Recordl D=381382

(JMIR Serious Games 2023;11:€52022) doi:10.2196/52022

KEYWORDS
virtual reality; clinical nursing; artificial intelligence; Al-assisted medical rehabilitation; health promotion; umbrellareview
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Introduction

Virtual reality (VR) refers to an immersive digital technology
that was first conceptualized in the 20th century [1,2] and
involves using computer devices and hardware to interact with
a specific artificial sensory environment. VR technology can
create a standardized, safe, flexible, and virtual environment
and provide real-time, strategic, and goal -directed feedback [3].
Because of these advantages, VR technology entered the medical
field in 1993 [4]. More and more countries have introduced
policies to promote the application of VR technology in the
field of health care [5]. Evidence suggests that VR could be
beneficial in enhancing the surgical abilities of physicians and
minimizing errorsduring surgical procedures[6]. Additionally,
some research indicates that VR may elicit neurophysiological
changes, beyond basic distraction, that contributeto its efficacy
for pain management [7,8]. The potential of VR indicates that
there will be few areas of medicine that do not take advantage
of thisimproved computer interface.

Aspopular equipment for health care assistance, VR technology
plays an important role in the field of clinical nursing, and VR
environments are ideally suited to the measurement of many
variables of interest in clinical nursing practice. VR was first
used by nursesin thefield of clinical rehabilitation nursing and
gradually became extensively used in thefields of neurological
disease, cancer, and wound care[9-11]. Several studiesindicate
that VR rehabilitation training is more effective among patients
with Parkinson disease, especially inimproving gait and balance
ability [12,13]. VR can aso be used as a distraction from pain
and anxiety among pediatric patients and patients with cancer.
Mohammad and Ahmad [14] found that immersive VR is an
effective distraction intervention for managing pain and anxiety
among patients with breast cancer. It isalso reported that using
immersive VR as an auxiliary intervention is more effective
than using morphine alone in relieving pain and anxiety [15].
Moreover, the use of VR technology may be an effective,
auxiliary, nondrug method for managing kinesiophobia[16].

Although it has been shown in various publicationsthat VR has
the potential to help in clinical nursing practice, there remain
controversies on the functions, effects, and intervention
protocols of VR applicationin clinical nursing. In addition, the
results of multiple meta-analysesthat discussed VR intervention
effects in different patients are inconsistent [17-19]. Further,
the methodological limitations of current evidence impede
definitive conclusions regarding the superiority of VR
interventions over conventional approaches. A meta-analysis
that examined the effect of VR training on patients’ participation
noted uncertainty regarding evident publication bias [2],
indicating that conclusions regarding the superiority of VR
should be made cautiously. Researchers believe that further
rigorous research is required to engender robust evidence
substantiating the prospective benefits of VR technology [20].

Umbrellareviews can eval uate the strength of the evidence from
existing meta-analyses. An umbrellareview integrates dataand
evaluates information on al clinical outcomes, and it can be
used to provide athorough, high-level summary of the evidence
landscape for VR application in clinical nursing practice [21].

https://games.jmir.org/2023/1/e52022

Huetd

Given the background presented herein, we performed an
umbrella review in which we synthesized and appraised
evidence from selected meta-analyses to generate robust
conclusions regarding the state of the literature.

Methods

Study Design

Anumbrellareview of meta-analyseswas carried out according
to the PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) reporting guidelines, as described
in Checklists 1 and 2. The research questions used to guide this
umbrellareview were as follows:

1. What is the current scope and extent of VR technology
integration in clinical nursing practice?

2. For which clinical nursing issues has VR been principally
used asan intervention, and what evidence existsregarding
the efficacy and safety of VR in these contexts?

3. What are the primary barriers impeding the broader
adoption of VR in clinical nursing settings, and what are
the future research directions that may facilitate expanded
VR application in nursing practice?

Inclusion and Exclusion Criteria

The €ligibility criteria were as follows: studies that used a
meta-analytic method, meta-analyses about VR interventionin
clinica nursing practice, and meta-analyses published in
English. The exclusion criteria were as follows: meta-analyses
that collected <2 intervention studies and meta-analyses that
had no 95% CI and heterogeneity data.

Search Strategy

We conducted the umbrella review by searching Web of
Science, Embase (Ovid), Cochrane Library, PubMed, and
relevant referencelists. Eligible studies were published between
December 1, 2012, and September 1, 2023. The searches were
rerun on September 20, 2023, to identify any recent publications.
We reran the searches before the submission of this paper, and
no extraliterature was found. We searched for publications that
included the following terms (including variations of these
terms) in the title, abstract, and keywords list: virtual reality,
VR, virtual environment, immersive, nursing, care,
meta-analysis, and review. We also searched the reference lists
of the most recent systematic reviews and meta-analyses. The
literature retrieval strategy is shown in Multimedia Appendix
1.

Data Extraction and Collection

One researcher conducted the electronic database searches,
eliminated duplicates and titles that were clearly outside the
scope of the umbrellareview, and then uploaded the remaining
citations to NoteExpress version 3.7.09258 (Aegean Software
Corp). Two reviewers independently examined the remaining
full-text articles to identify those that met the inclusion and
exclusion criteria. If there were multiple meta-analyseswith the
same research objectives and outcome indicators, the one with
the highest quality scorewas selected. Any disagreementswere
resolved through discussion with athird reviewer.

JMIR Serious Games 2023 | vol. 11 | €52022 | p.8
(page number not for citation purposes)


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

JMIR SERIOUS GAMES

Datawere extracted and managed independently by 2 reviewers
using apredefined extraction form. Any concernswere discussed
with athird reviewer.

Thefollowing datawere extracted: (1) characteristic indicators
of meta-analyses (first author, year of publication, study design,
study period, and number of component primary studies); (2)
characteristics of primary studies (trial design, number of
participants, and sectionalization); (3) population information
(diagnosis and sample size); (4) VR intervention information
(VR platform, population, and intervention course); and (5)
statistical summaries (outcomes and effect measures with 95%
Cls and heterogeneity).

Data Analysis

We did not reanalyze the other data or primary studiesincluded
in the meta-analyses because of the clinical and statistical
heterogeneity between the study objectives and outcome
indicators of the meta-analyses, and many of the articles did
not provide the original data of the original clinical studies. As
a result, a descriptive analysis was conducted to encapsulate
the impact of VR on clinical nursing practice over the past
decade. The process of executing this descriptive analysis
involved presenting research results, such as participant details,
outcomes, sample sizes, and study designs. These data were
meticuloudly extracted into a predefined Excel (Microsoft Corp)
formby YH and XY. Following this, the two authors conducted
athorough review and verification of the collected datato ensure
their accuracy and reliability. In instances of disagreement, a
consensus was achieved through discussion. In particular, the
theme—discerning the rel ationships between VR interventions
and patient outcomes—was summarized.

Quiality Evaluation of Included Literature

AMSTAR (A Measurement Tool to Assess Systematic Reviews)
2 [22] and the GRADE (Grading of Recommendations

https://games.jmir.org/2023/1/e52022
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Assessment, Devel opment, and Evaluation) checklist [23] were
used to independently evaluate the methodological quality of
the selected meta-analyses. Two researchers separately evaluated
the evidence strength of meta-anayses. If there was
disagreement, another researcher was asked to make ajudgment.

We reviewed the full texts and supplementary materials of
included meta-analyses. Two researchers extracted the estimated
pooled effect and heterogeneity of each outcome reported in
the meta-analyses. The estimated pooled effect, along with its
95% Cl, for each included meta-analysis was extracted. We

used the 12 metric to assess heterogeneity (<25%: might show
no heterogeneity; 25%-50%: might show moderate
heterogeneity; 50%-75%: might show substantial heterogeneity;
75%-100%: considerable heterogeneity), and heterogeneity and
P values (significant at P<.05) were used to assess publication
bias.

Ethical Considerations

The protocol for thisumbrellareview was originally registered
with PROSPERO in December 2022 (registration number:
CRD42022381382). No ethical approval was needed, as we
used data from published studies.

Results

Study Selection

The electronic literature search identified 768 records from 4
databases and the reference lists of included reviews. We
screened the titles and abstracts of 634 records after removing
134 duplicate records. A total of 260 reviews remained after
the titles and abstracts were screened for inclusion against
predefined criteria. After reading the full texts, 74 articleswere
finally selected. Further details can be found in Figure 1.
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Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow diagram for the search and selection of the eligible
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studies included in the umbrella review. Studies were identified via databases and registers. VR: virtua reality.

|
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g Databases (n=728)
§ Embase (n=81) Records removed before screening:
o Cochrane (n=50) > Duplicate records removed
= PubMed (n=83) (n=134)
S Web of Science (n=514)
= Reference lists (n=40)
R d d Records excluded:
%‘:3"3;3 el | Irrelevant title (n=230)
(n=634) Irrelevant abstract (n=144)
Reports sought for retrieval
- (n=p260) ¢ —»| Reports not retrieved (n=0)
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(77}
— Reports excluded:
E}i%%%sl assessed for eligibility ———»| Genre of article did not meet the
inclusion criteria (n=64)
Intervention was not VR (n=75)
The VR intervention was not
relevant to nursing (n=47)
2 oren -
'g Studies included in review
E (n=74)

. . interrupted time series studies, quasi-controlled trials, case
Banc Features of Included Studies _ reports, controlled trials, or controlled clinical trias, and details
Theincluded meta-analyseswere meta-analyses of randomized  of all included meta-analyses are listed in Tables 1 and 2.
controlled trials (RCTs), cross-over studies, pre-post studies,
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Table. Characteristics of al included meta-analyses.

Study (author, year) Period Study design analyzed Population analyzed Sample size, n (VR? group
and control group)
Chen et al [24], 2014 1993-2013 RCTY/CRE Neurology 128 (100 and 28)
Vilimaki et al [25], 2014 1994-2012 RCT Pediatrics 156 (80 and 76)
Cheok et al [26], 2015 2010-2014 RCT Neurology 166 (84 and 84)
Chen et a [27], 2015 2008-2015 RCT Neurology 76 (38 and 38)
Christensen et a [28], 2016 1997-2013 RCT Older adults 343 (183 and 160)
Howes et al [29], 2017 2003-2015 RCT Older adults 719 (364 and 355)
Bukolaand Paula[30], 2017 2002-2013 RCT Cancer 144 (71 and 73)
Laver et al [31], 2017 2004-2017 RCT Neurology 2470 (N /Ad)
Scheffler et al [32], 2018 1981-2013 RCT Sugery/wound 178 (135 and 43)
Wang et al [33], 2019 2003-2018 RCT Osteoarthritis 126 (63 and 63)
Eijlerset al [18], 2019 1999-2018 RCT/ITSS® Pediatrics N/A
Lei etal [13], 2019 2011-2018 RCT Neurology 555 (N/A)
Kim et al [34], 2019 2003-2017 RCT/CT Neurology 271 (150 and 121)
Perrochon et al [35],2019  2013-2017 RCT Neurology 613 (306 and 305)
Zeng et al [36], 2019 2013-2018 RCT/CCTY/PPS Cancer 225 (137 and 136)
Corregidor-Sanchez et a 2011-2019 RCT Older adults 491 (336 and 155)
[37], 2020
Custodio et a [38], 2020 2012-2018 RCT Pediatrics N/A
DeMiguel-Rubioetal [19], 2010-2018 RCT/COS/CR Pediatrics 188 (131 and 57)
2020
DeMiguel-Rubio et al [39], 2012-2018 RCT Pediatrics 150 (81 and 69)
2020
DeMiguel-Rubio et al [40], 2011-2018 CT Pediatrics 103 (57 and 46)
2020
Ding et a [41], 2020 2013-2019 RCT Surgery/wound 723 (363 and 360)
Dominguez-Tellezetad [42], 2007-2018 RCT Neurology 874 (440 and 434)
2020
Georgescu et a [43],2020 2000-2018 RCT Surgery/wound 1452 (659 and 793)
Lauwens et al [44], 2020 2000-2019 RCT/CR Surgery/wound 142 (N/A)
Lopez-Valverdeet a [45], 2001-2009 RCT Pediatrics 891 (485 and 406)
2020
Low et al [46], 2021 2004-2019 RCT Pediatrics 297 (154 and 143)
Czech et al [47], 2021 2002-2018 RCT Pediatrics 617 (394 and 223)
Fandim et al [48], 2021 2003-2019 RCT Neurology 1233 (629 and 604)
Chen et a [49], 2021 2007-2020 RCT Neurology 1428 (656 and 772)
Jung et al [50], 2021 2010-2021 RCT Neurology 41 (21 and 21)
Li et a [51], 2021 2012-2020 RCT Neurology 836 (426 and 410)
Sgjeev et a [52], 2021 2005-2020 RCT Pediatrics 1085 (537 and 548)
Yen and Chiu [53], 2021 2012-2020 RCT Older adults 1022 (503 and 519)
Zhang et al [54], 2021 2011-2019 RCT Neurology 3540 (1783 and 1757)
Zhang et a [55], 2021 2011-2020 RCT Neurology 894 (414 and 480)
Zhong et a [56], 2021 2014-2021 RCT Neurology 744 (374 and 370)
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Study (author, year) Period Study design analyzed Population analyzed Sample size, n (VR? group
and control group)

Blasco-Perisetal [57],2022 2006-2021 RCT Older adults 152 (81 and 71)

Buet al [58], 2022 2013-2021 RCT/QCTI/PPS Cancer 478 (330 and 148)

Chan et al [59], 2022 2012-2021 RCT Neurology 48 (16 and 32)

Chen et al [60], 2022 2007-2021 RCT Neurology 789 (380 and 409)

Chen et al [61], 2022 2016-2021 RCT Neurology 1149 (571 and 578)

Chen et al [62], 2023 2017-2019 RCT Surgery/wound 529 (263 and 266)

Czech et al [2], 2022 2005-2021 RCT/COS Surgery/wound 587 (481 and 106)

Huber et al [63], 2022 2008-2020 RCT Neurology 214 (108 and 106)

Kim et al [64], 2022 2012-2021 RCT Neurology 793 (357 and 436)

Mo et al [65], 2022 2012-2021 RCT/PPS Cancer N/A

Obrero-Gaitan et al [66], 2015-2022 RCT/PPS Cancer 1547 (783 and 764)

2022

Salibaet al [67], 2022 2006-2020 RCT Pediatrics 930 (468 and 462)

Simonetti et al [68],2022  2017-2019 RCT Surgery/wound 602 (297 and 305)

Suleiman-Martos et a [69], 2012-2021 RCT Surgery/wound 603 (300 and 303)

2022

Taset a [20], 2022 1999-2020 RCT/ITSS Pediatrics 1695 (N/A)

Thi et a [70], 2022 1998-2017 RCT Cancer 201 (92 and 109)

Wang et al [16], 2023 2015-2021 RCT Kinesiophobia 488 (208 and 280)

Wang et a [71], 2022 2019-2021 RCT Surgery/wound 1146 (571 and 575)

Heet al [72], 2022 2007-2021 RCT Surgery/wound 1258 (588 and 670)

Zhang et a [73], 2022 2016-2020 RCT/QCT Cancer 443 (236 and 207)

Zhang et al [74], 2022 2016-2019 RCT Neurology 609 (303 and 306)

Wong et a [75], 2023 2002-2022 RCT Anxiety 720 (N/A)

Liu et al [76], 2023 2017-2019 RCT Neurology 752 (N/A)

Hao et a [77], 2023 2017-2022 RCT/CCT Cancer 799 (N/A)

Kodvavi et al [78],2023  2018-2022 RCT Surgery/wound 375 (188 and 187)

Parraet al [79], 2023 2011-2022 RCT Neurology 898 (N/A)

Chen et al [80], 2023 2008-2022 RCT Older adults 482 (N/A)

Kavradimet a [81], 2023  2013-2022 RCT Older adults 739 (369 and 370)

Shen et al [82], 2023 2012-2021 RCT Neurology 423 (N/A)

Bok et a [83], 2023 2009-2017 RCT Neurology 761 (383 and 378)

Tian et a [84], 2023 2004-2021 RCT/QCT Cancer 797 (N/A)

Yan et al [85], 2023 2012-2022 RCT Pediatrics 818 (404 and 414)

Gao et al [86], 2023 2017-2022 RCT Surgery/wound 892 (N/A)

Wu et al [87], 2023 2018-2022 RCT Cancer 425 (202 and 223)

Ren et & [88], 2023 2011-2021 RCT Older adults 2404 (1181 and 1223)

Leeet al [89], 2023 Not reported RCT Older adults 1095 (N/A)

Burrai et a [90], 2023 2003-2022 RCT/COS Cancer 459 (222 and 237)
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Study (author, year) Period Study design analyzed Population analyzed Sample size, n (VR® group
and control group)
Percy et a [91], 2023 2015-2021 RCT Older adults 265 (162 and 103)

3/R: virtual redlity.

BRCT: randomized controlled trial.
CCR: casereport.

IN/A: not applicable.

€I TSS: interrupted time series study.
fCT: controlled trial.

9CCT: controlled clinical trial.
Ppps: pre-post study.

ICOS: cross-over study.

J'QCT: quasi-controlled trial.
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Table. Outcomes of included meta-analyses.

Studies (author, year) and outcomes Estimated effect (95% Cl)  Heterogeneity (19), % Publication bias, P value

Chen et al [ 24], 2014

Motion 1.00 (0.45 to 1.56) 56 N/A2
Véliméki et al [ 25], 2014

Cognition 4.67 (-1.76 t0 11.1) 8 N/A

Satisfaction 5.1(1.03t09.17) 0 N/A
Cheok et al [ 26], 2015

Balance 0.39 (-0.25t0 1.04) 85 .02
Chenetal [ 27], 2015

BIP -0.5(-2.4t00.13) 27 N/A

Balance -0.5(-0.7t0 0.37) 0 N/A
Christensen et al [ 28], 2016

HbA 1 -0.10 (-0.33t0 0.14) 0 71
Howeset al [ 291, 2017

Balance 0.56 (0.25 t0 0.87)° 66 10

Mobility -0.12 (-0.48 10 0.03) 6 54

Cognition —-0.65 (-1.03t0 -0.28) 58 .07

Fear 0.28 (-0.50 to 1.05) 0 .55

Bukolaand Paula[ 30], 2017

Pain -064(-110t0-0.17)4 613 N/A
Laver etal [ 31], 2017

Gait 0.09 (-0.04 to 0.22)¢ 10 N/A

Balance 0.39 (-0.09 to 0.86)¢ 10 N/A

Mobility —4.76 (-891to—0.61)¢ 50 N/A

Motion 0.01 (-0.60 to 0.61)° 0 N/A
Scheffler et al [ 32], 2018

Pain 0.69 (0.40 to 0.98)¢ 72 No

Anxiety 0.36 (0.20 to 0.52)¢ 0 No
Wang et al [ 33], 2019

Pain -0.25(-048t0-0.02¢ 32 N/A

Balance 20.36 (6.99t065.72)¢ 88 N/A
Eijlerset al [ 18], 2019

Pain 1.30 (0.68t0 1.91) 93 No

Anxiety 1.32(0.21t0 2.44) 96 No
Leietal [13],2019

Gait 0.15 (-0.50 t0 0.19) 32 High

Balance 0.22 (0.01 to 0.42)¢ 0 High

Mobility -1.95 (-2.81 to -1.06)¢ 60 High
Kim et al [ 34], 2019

Cognition 0.42 (0.24 t0 0.60) 5 .001
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Studies (author, year) and outcomes

Estimated effect (95% Cl)

Heterogeneity (I2), %

Publication bias, P value

Physicd fitness

Emotion

Execution

Feasibility
Perrochon et al [ 35], 2019

Motion

Satisfaction

Safety
Zenget al [ 36], 2019

Anxiety

Depression

Fatigue

Pain

Cognition
Corregidor-Sanchez et al [ 37], 2020

Motion
Custodioet al [ 38], 2020

Pain

Anxiety
DeMiguel-Rubio et al [ 191, 2020

Balance

DeMiguel-Rubio et al [ 391, 2020
Bl
DeMiguel-Rubio et al [ 401, 2020

ROM®

Balance
Ding et al [ 41], 2020

Pain
Dominguez-Tellezet al [ 42] , 2020

Motion

QoL

MBIY
Georgescu et al [ 43], 2020

Pain

Cognition
Lauwenset al [ 44], 2020

Pain
Lopez-Valverdeet al [ 45], 2020

Pain

Anxiety
Low et al [ 46], 2021

0.41 (0.16 t0 0.65)
0.14 (0.07 t0 0.36)
0.07 (0.34t0 0.49)
0.12 (0.10t0 0.34)

0.53 (~0.35 to 1.42)
0.08 (0.03 t0 0.13)

0.17 (~0.02 to 0.36)

—3.03 (-6.20t0 0.15)
~1.11 (-3.17t0 0.96)

—2.50 (~4.28 10 -0.73)¢
~1.63 (-4.15t0 0.89)
0.40 (4.64 to 5.44)

~0.56 (-0.90 t0 -0.21)

~0.46 (-0.91 to —0.01)¢

-3.37 (4,57 to —2.81)¢

3.42 (2.54 10 4.29)°
-0.37 (-1.38 10 0.64)

—0.93 (-1.95 to 0.09)

-0.27 (-0.8210 0.27)

-0.64 (-1.05t0-0.22)

1.53 (0.51 to 2.54)¢
2.37 (-0.25 t0 4.98)

0.77 (0.05 to 1.49)¢

0.95 (0.32 to 1.57)¢

0.94 (0.33 to 1.56)¢
0.94 (0.92t01.27)

~0.67 (-1.58 t0 0.24)
0.20 (~0.48 t0 0.87)

0

36
66
54

95

16

94
36

55

82

71

70

68

56

69

92

95

86

51

52

<.001
.20
34
.30

.58
.001
15
.001

51
27

.001
N/A

High

No

No

N/A

N/A

N/A

N/A

N/A

No
No

No

No

No

N/A

.18
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Studies (author, year) and outcomes Estimated effect (95% Cl)  Heterogeneity (19), % Publication bias, P value
Satisfaction 0.45 (-0.07t0 0.97) 70 N/A
Dissatisfaction 0.72 (0.251t0 1.20) 44 N/A

Czech et al [ 47], 2021

Pain -285(-357t0-214¢ 0 N/A

Fear -0.19 (~0.58 t0 0.202) 94 N/A

Anxiety N/A 93 N/A

Satisfaction N/A 83 N/A
Fandim et al [ 48], 2021

Motion -0.08 (-0.45t0 0.29) 6 No

Balance 1.43 (061 to 2.24)° 53 No
Chenetal [ 49], 2021

BI 0.23 (0.13t0 0.34)¢ 0 28
Jungetal [ 50], 2021

Cognition 0.45(0.20t0 0.71) 42 .58
Lietal [51],2021

Balance 0.66 (N/A) 64 .23

QoL -0.28 (N/A) 0 <.001

MBI 0.62 (N/A) 0 <.001

Depression -0.75 (N/A) 80 75
Sajeev et al [ 521, 2021

Pain -0.43 (-0.67 t0 —0.20)¢ 8l N/A

Anxiety -061(-088t0-0.34¢ 89 N/A
Yen and Chiu [ 53], 2021

Cognition 0.53(0.32t0 0.73)d 2 .57

Memory 0.51 (0.06 to 0.96)° 58 50

Attention 0.49 (-0.10to 1.08) 88 44

Execution 0.05 (-0.37 to 0.46) 81 .79

Depression -1.00 (-1.51 to —0.45) 55 .90
Zhanget al [ 54], 2021

Motion 3.01(1.91t04.11) 70 N/A

Balance and gait 3.51(2.10t04.92) 80 N/A

Cognition 0.81 (-0.41t02.03) 66 N/A

MBI 7.02 (4.96 t0 9.08) 18 N/A
Zhang et al [ 55], 2021

Cognition 0.32 (-0.43t0 1.06) 89 .29

Attention 0.78 (0.23 t0 1.33)¢ 6 04

Depression 0.20 (-0.25 10 0.64) 16 55

QOL 3.01(1.51t04.31) 12 A7
Zhong et al [ 56 ], 2021

Cognition 0.42 (0.04t0 0.79) 3 No

Attention 0.09 (-0.26 to 0.44) 0 No
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Studies (author, year) and outcomes Estimated effect (95% Cl)  Heterogeneity (19), % Publication bias, P value

Blasco-Periset al [ 57], 2022

QoL 0.22 (-0.37 t0 0.81) 3 N/A

Depression 0.17 (-0.36 t0 0.70) 0 N/A
Buet al [ 58], 2022

Anxiety -6.47(-721t0-573)4 83 No

Depression -4.27 (-4.64t0-3.91)¢ 0 No

Pain ~1.32 (-2.56 t0 —0.09) 87 No

Fatigue 8.80 (8.24 10 9.36)¢ 0 No
Chan et al [ 59], 2022

Balance 0.12 (-0.66 to 0.89)¢ 0 N/A

Motion 0.13 (-0.65 t0 0.91)¢ 0 N/A
Chenetal [ 60], 2022

Anxiety -0.35(-0.70t0 0.01) 0 N/A

Depression -048(-084t0-0124 0 N/A
Chen et al [ 61], 2022

Cognition 3.00(2.28103.71) 7 No

BI 6.14 (4.56 10 7.72) 0 No

MBI 6.06 (1.27 t0 10.85) 86 No
Chenetal [ 62], 2023

Anxiety -091(-1.43t0-0.39)¢ 86 Low
Czechetal [ 2], 2022

Pain -047(-0.78t0-0.15¢ 41 N/A

ROM 0.44 (-0.23 to 1.11) 50 N/A
Huber et al [ 63], 2022

Cognition 0.43 (0.22 to 0.64)¢ 24 N/A
Kim et al [ 64], 2022

Depression -0.54 (-0.79 t0 —0.29) 73 No
Moet al [ 65], 2022

Pain -0.59 (-1.15t0-0.04) 78 No

Fatigue -0.53(-0.88t0-0.18) 15 No

Depression —0.60 (-1.04 to -0.15) 29 No

Satisfaction -0.68 (-1.25t0-0.11) 55 No

Obrero-Gaitéan et al [ 66 ], 2022

Pain -103(-152to-054¢ 7 09
Anxiety ~1.79 (2.7 t0-0.91)¢ 32 95
Depression 2.7 (-4.39t0-0.99)° 46 92
QoL 0.76 (0.42 to 1.11)° 0 90
Salibaet al [ 67], 2022
Pain 2.54 (0.14 to 4.93)¢ 9 N/A
Anxiety 0.89 (0.16 to 1.63)¢ 95 N/A
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Studies (author, year) and outcomes Estimated effect (95% Cl)  Heterogeneity (19), % Publication bias, P value

Simonetti et al [ 68], 2022

Anxiety -034(-062t0-0.11)¢ 39 No
Suleiman-Martoset al [ 69], 2022

Anxiety -10.62 (-13.85t0-7.39)¢ 84 No
Taset al [ 20], 2022

Pain -0.67 (-0.89 to 0.45)° 68 30

Anxiety ~0.74 (~1.00 to 0.48)° 59 56
Thietal [ 70], 2022

Pain ~0.93 (-2.6310 0.76) 86 N/A
Wanget al [ 16], 2023

Fear -053(-090t0-017)¢ 64 N/A
Wang et al [ 71], 2022

Fear -152 (-2.18 0 -0.86) 51 N/A

Anxiety -2.79 (-4.07 to —1.54) 0 N/A

Pain -2.17 (-3.37t0-0.97) 92 N/A
Heet al [ 72], 2022

Pain ~1.13 (-2.01 t0 -0.26)¢ 97 No
Zhanget al [ 73], 2022

Anxiety —2.07 (-3.81t0-0.34) 9% N/A

Fatigue —0.92 (-4.47 10 2.62) 99 N/A
Zhang et al [ 74], 2022

BI 031 (0.10t0 0.51) 31 No

Grip 0.40 (0.08t0 0.71) 0 No

Motion 0.71 (0.431t0 0.99) 0 No
Wong et al [ 75], 2023

Anxiety ~1.17 (~2.06 t0 —0.28)¢ 42 N/A
Liuetal [ 76], 2023

Depression -0.75(-1.35t0-0.15) 922 N/A
Haoet al [ 77], 2023

Pain ~1,53 (-2.55 t0-0.50) 34 N/A

Fatigue 0.86 (0.44t0 1.28) 97 N/A

Anxiety -3.02(-5.27t0-0.77) 34 N/A

Motion —0.66 (-1.02 to —0.31) 47 N/A

QoL 0.53(0.14t0 0.93) 34 N/A
Kodvavi et al [ 78], 2023

Anxiety -073(-1.08t0-0.39)¢ 22 Low

Pain -0.25(-044t0-005)" 67 Low
Parraetal [ 79], 2023

Loss 0.13 (0.02t0 0.24) N/A Low
Chenetal [ 80], 2023

Balance 0.62 (0.29 t0 0.95) 68 Low
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Studies (author, year) and outcomes

Estimated effect (95% Cl)

Heterogeneity (I2), %

Publication bias, P value

Cognition 0.90 (0.61t0 1.19) 16 Low
Kavradim et al [ 81], 2023

Anxiety -0.85 (-1.55 t0 -0.14) 91.92 High

Motion 0.54 (0.01 to 1.08)d 1.702 High

Stress -0.36 (-0.60to -0.11) 0 High

Depression -0.39 (-0.68t0 -0.11) 73.979 High
Shen et al [ 82], 2023

Balance 1.35(0.58 to 1.86) a4 N/A

MBI 5.26 (1.70 t0 8.82) 72 N/A
Bok et al [ 83], 2023

Balance —-0.113(-0.547 10 0.32) 73.3 N/A
Tian et al [ 84], 2023

Anxiety —4.93 (-8.00t0 -1.87) NA High

Depression —2.89 (-5.46 10 -0.32) 7.05 High

Pain —1.2 (—2.05 to —0.50) 66 High

Cognition 2.69 (1.95t0 3.44) 10 High

Motion -0.79 (-5.00t0 3.42) 25 High

Grip 0.38 (-0.19t0 0.96) 9 High
Yanetal [ 85], 2023

Anxiety -1.74 (-2.46 10 -1.02) 95 75

Pain -15(-2.22t0-0.91) 91 81

Heart rate —10.54 (-20.26 to —0.81) 99 .60
Gaoet al [ 86], 2023

Anxiety -0.77 (-1.2410-0.31) 85 N/A
Wu et al [ 87], 2023

Anxiety -0.83 (-1.25t0 -0.42) 82 N/A

Pain —0.86 (-1.36 to —0.35) 85 N/A

Depression -0.46 (-0.74 10 -0.18) 76 N/A

Fear —0.82 (-1.60 to —0.03) 69 N/A

Distress -1.16 (-1.96 t0 —0.37) 72 N/A

QOL 1.01 (-0.67 to 2.70) 94 N/A
Ren et al [ 88], 2023

Motion 1.30 (0.08 to 2.51) 88 19
Leeetal [ 89], 2023

Balance 0.62 (0.14 t0 1.10) 80.92 High
Burrai et al [ 90], 2023

Anxiety —6.57 (-11.59 to —1.54) 92 N/A

Fatigue -0.18 (-0.46 t0 0.09) 0 N/A

Pain —1.95 (—6.96 to 3.06) 99 N/A
Percy et al [ 911, 2023

Motion -0.91 (-1.38t0 -0.44) 95 N/A
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Studies (author, year) and outcomes

Estimated effect (95% Cl)

Heterogeneity (19), % Publication bias, P value

Balance

-0.54 (-1.80 0 0.71) 74

N/A

3N/A: not applicable.

bB|: Barthel Index.

®HbA ¢ hemoglobin A ;.
dSignificant at the P<.05 level.
€ROM: range of motion.
fQoL: quality of life.

9MBI: modified Barthel Index.

Among all included meta-analyses, the most common participant
groupsinvestigated were neuronursing (25/74, 34%), pediatric
nursing (13/74, 18%), surgical and wound care (11/74, 15%),
oncological nursing (11/74, 15%), and older adult nursing
(10/74, 14%) populations. The number of participants in each
meta-analysis ranged from 103 to 3540, and 214 outcome
indicators were found. The main outcome indicators in all
included meta-analyses were pain (37/214, 17.3%), anxiety
(36/214, 16.8%), cognitive function (17/214, 7.9%), balance
(16/214, 7.5%), depression (16/214, 7.5%), motor function
(12/214, 5.6%), and participation inlife (12/214, 5.6%), among
others. The distribution of populations and outcome indicators
of VR applicationin nursing is shown in Multimedia Appendix
2.

Quiality of Included Reviews

Publication Bias

With regard to publication bias, 30% (22/74) of meta-analyses
reported publication bias, 23% (17/74) had no publication bias,
and 47% (35/74) did not have such data available. Specific data
are shown in Tables 1 and 2.

GRADE Classification and AMSTAR 2 Score

The metaandyses were classified into 4 levels, with
approximately 15% (11/74) rated as“high,” approximately 28%
(21/74) rated as “moderate,” approximately 39% (29/74) rated
as “low,” and approximately 18% (13/74) rated as “very low”
via AMSTAR 2. The main reasons for lower ratings were that
many meta-analyses neither evaluated publication bias nor
drafted research protocols in advance, and only a few
meta-analyses reported the sources of funding for the studies
included in the analysis. Approximately 49% (36/74) of
meta-analyses were rated as “very low,” approximately 34%
(25/74) were rated as “low,” approximately 9% (7/74) were
rated as “moderate,” and approximately 8% (6/74) were rated
as “high” viathe GRADE system. The detailed results of the
AMSTAR 2 and GRADE evauations are presented in
Multimedia Appendices 3 and 4.

VR Application in Clinical Nursing Practice

VR in Neuronursing

A total of 25 articles focused on the effectiveness of VR in
neurological nursing. These studies mainly concentrated on
motor function, cognition, depression, participationin life, and
quality of life. Of these studies, 18 included RCTs. The results
showed that VR intervention for cognitive function [61] and
depression [51] was effective (P<.05). However, its efficacy

https://games.jmir.org/2023/1/e52022

for motor function, participationin life, and quality of lifewas
controversial. Chan et al [59] reported that VR training was
more effective than traditional rehabilitation training in
improving balance function (standardized mean difference
[SMD] 0.22, 95% CI 0.01-0.42; P=.04) and mobility (mean
difference-1.95, 95% CI -2.81t0—1.08; P<.01), while astudy
by Parra et al [79] showed that no statistical differences were
found in balance and gait between patients with Parkinson
disease in the VR group and those in the control group (odds
ratio 0.83, 95% Cl 0.62-1.12). The differences between
meta-analyses were probably the result of the different
heterogeneous populations or the interventions being used at
different points in the disease course. Heterogeneity was low
for depression and cognitive function (range 0.01-0.24).

VR in Pediatric Nursing

A total of 13 meta-analysesfocused on children and weremainly
about nursing for pain, anxiety, and fear. The results of these
meta-analysis studies showed that VR technology intervention
by nurses to reduce pain and anxiety was effective for most
patients. For example, VR was effective in reducing dental
anxiety (SMD -1.74, 95% Cl -2.46 to—1.02; P<.001; 1°=95%)
and pain (SMD -1.57, 95% CI —2.22t0—0.91; P<.001; 1°=91%)
among pediatric patientsin a study by Yan et al [85]. Further,
Eijlerset d [18] stated that when VR was applied asadistraction
during venous access or during dental, burn, or oncological care
in pediatric nursing, pain (SMD 1.30, 95% CI 0.68-1.91) and
anxiety (SMD 1.32, 95% Cl 0.21-2.44) werereduced. However,
the effect of VR on fear was controversial [25,39]. In a
meta-analysis by Saliba et a [67], VR seemed to be useful in
reducing the fear of 648 children with burns (SMD 0.89, 95%
Cl 0.16-1.63; P=.02), but they found that there was significant
heterogeneity among included studies. Czech et a [47]
considered fear scores, and their study revealed no significant
differences between the VR and no VR conditions.
Heterogeneity was moderate or substantial in many studies
(range 0.56-0.99), which may be the result of the different
assessment scales used in each included study.

VR in Surgical and Wound Care

A tota of 11 meta-analysesfocused on surgical and wound care.
The results of these meta-analysis studies showed that VR
technology intervention for pain [43] (SMD 0.95, 95% CI
0.32-1.57) and anxiety [32] (SMD 0.36, 95% CI 0.20-0.52) was
effective. Heterogeneity was low for anxiety (range 0.00-0.23)
[2] but substantial for pain (range 0.44-0.80) [72]. Georgescu
et al [43] summarized RCTs and found that the cognition of
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1452 patientswho underwent surgery or wound care statistically

improved (SMD 0.94, 95% CI 0.33-1.56; 12=51%), while the
range of motion of patients with burns did not show better
progress|[2].

VR in Oncological Nursing

A total of 11 meta-analysesfocused on cancer nursing, including
symptom management and rehabilitation nursing, especially
for breast cancer. The results of these meta-analysis studies
showed that VR technology intervention was effective for pain
(mean difference -1.27, 95% Cl -2.05 to -0.50; P=.001),
depression (SMD -2.89, 95% Cl -5.46 to —0.32; P=.03), and
anxiety (SMD -4.93, 95% CI —8.00 to —1.87; P=.002) among
most patientswith breast cancer [66]. However, when combined
with its effects for other types of cancer, the effect of VR on
pain, anxiety, and depression became controversial.
Heterogeneity was substantial for anxiety and pain [ 73] but low
for depression.

VR in Gerontological Nursing

A total of 10 meta-analyses focused on gerontological nursing.
The results of these meta-analysis studies showed that VR
technology intervention by nurses to improve balance (SMD
0.56, 95% CI 0.25-0.87; P<.001) was effective [29], while its

https://games.jmir.org/2023/1/e52022
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effectiveness for motion capacity was controversial. Studies
showed that virtual motor training had no significant positive
effects [37,80]. Heterogeneity was moderate or substantial for
exercise capacity, cognitive function, and balance [29,37,80].

Safety Concerns Regarding VR-Related Adver se
Effects

Only afew papersreported adverse effects caused by using VR.
The prevalence of adverse effects in these studies ranged from
4.76% to 50%, and these adverse effects included nausea,
vomiting, sickness, dizziness, fatigue, pain, and therisk of losing
balance.

VR Platformsand I ntervention Times Among Different
Populations

There were various platforms used for VR. We summarize the
typical VR technology platforms used for different populations
and outcome indicators in Table 3. The most commonly used
VR platforms were Pico VR glasses, head-mounted displays,
the Nintendo Wii, and the Xbox Kinect. The duration of VR
intervention ranged from 2 weeks to 12 months (the most
commonly reported durations were >4 weeks), and the length
and frequency of VR sessions ranged from 5 to 100 minutes
and from 1 to 10 times per week, respectively.
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Table. Typical virtual redity (VR) platforms and intervention times among different patients.

Populations and outcome indicators Platforms Intervention duration Session length and frequen-
cy
Neurology
Depression Nintendo Wii, Xbox Kinect, 6-12 wk 30-60 min, 2-5 times/wk
and HMD?
Cognition Pico Ul 4.0, Nintendo Wii, 2-12 wk 20-100 min, 2-10 times/wk

Xbox 360 Kinect, BioMaster
2012, Lokomat, and Oculus

Daily living Pico Ul 4.0, Nintendo Wii, 2-12 wk 12-60 min, 2-5 times/wk
Xbox 360 Kinect, Armeo
Spring, RehabMaster,
BioMaster 2012, and Toyra

VR

QoLP Nintendo Wii, Xbox 360 3-8 wk 30-60 min, 2-5 times/wk
Kinect, and Armeo Spring

Motion Pico Ul 4.0, Xbox 360 2-12 wk 20-90 min, 2-10 times/wk

Kinect, Nintendo Wii,
HMD, BioFlex, BioMaster,
BioRescue, and ReJoyce

Pediatrics

Motion Pico Ul 4.0, Nintendo Wii, 3-12wk 30-100 min, 2-7 times/wk
and Xbox 360 Kinect

Distraction Xbox 360 Kinect, HMD, N/AC 5-35min
ReJoyce, and Oculus

Surgical and wound care

Distraction Pico Ul 4.0 and HMD 4wk 30 min, 5 times/wk
Cancer

Anxiety, depression, and Pico Ul 4.0 and HMD N/A 15-20 min

pain

Motion HMD, Xbox 360 Kinect, 4-8 wk 20-50 min, 2-5 times/wk

and Nintendo Wii

Older adults

Exercise capacity HMD, Nintendo Wii,and 2wk to 12 mo 18-45 min, 1-5 times/wk

Xbox 360 Kinect

Cognition Xbox 360 Kinect, Nintendo 8-13 wk 18-30 min, 2-3 times/wk
Wii, and BioRescue

8HMD: head-mounted display.
bQOL: quality of life.
°N/A: not applicable.

Many meta-analyses suggested that VR in nursing is useful for
relieving anxiety and pain in patients, especialy in pediatrics,

Lo P among patientswith breast cancer, and in wound care processes.
Pr_l r.10| pal F_I nd,' ngs , , . ) Chenet a [62] found that aV R operation before surgery helped
Clinical applications of VR in nursing practice predominately people familiarize themselves with the environment and
concentrate on neurology, pediatrics, oncology, surgical and | \rqerstand the preoperative preparation procedures, thereby
wound care, and gerontology. Extant evidence indicates that effectively reducing anxiety and improving compliance.
VRinterventions confer benefitsfor alleviating patient anxiety,  aqgitionally, VR is a promising intervention for procedural
pain, and depression, especially in pediatrics, among palients 4 [18,30], as reported in a study by Addab et a [92]. Asa
with breast cancer, and in wound care processes. VR is&ls0 &  yongryg digtraction intervention in nursing, VR can reduce the
promising intervention for enhancing cognitive function in g 4e effects of pain, depression, and anxiety drugs. However,
neurology patients. However, research on the utility of VR for heterogeneity was substantial in oncology studies and surgical
improving motor function, balance, memory, and attention  4nq wound care studies. More high-quality studies are needed
remains equivocal. to help define the effectiveness of VR in these fields [93].

Discussion
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Further, VR can potentially be used to interfere with cognitive
function, asit has been shown to affect cognitive plasticity and
neuroplasticity. One study demonstrated plasticity in patients
diagnosed with mild cognitive impairment and confirmed that
repeated VR situational interactive training improved the
excitability of the remaining nerve cells, promoted the functional
reorganization of the damaged brain area, and resulted in the
formation of new neural circuits, thereby improving the patients
cognition [94]. In a systematic review and meta-analysis that
included 21 original studies (1149 participants), Chen et al [61]
suggested that compared with a controlled group, VR training
increased cognition because VR training increased the
1-naphthylacetic acid to creatine ratio in the hippocampus,
which indicated that VR could improve the levels of
hippocampal metabolites in patients with poststroke cognitive
impairment, thereby promoting neuronal repair and improving
cognitive function. However, several studies indicated that the
effects of VR in nursing on cognition need to be clarified in
more well-designed RCTs with large sample sizes because of
small effect sizes, insufficient outcome indicators, and the low
quality of current evidence [34,50,56].

The meta-analysis results showed that VR in nursing probably
increased the exercise capacity of individuals undergoing
neurologic rehabilitation when compared with usual nursing
[6Q]. In contrast, many meta-analyses showed that there was
little confidencethat VR in nursing improves physical outcomes
in older adults when compared with usual nursing [29,57]. The
lack of allocation concealment and the absence of assessor
blinding were the main causes of bias. As such, thefinal grade
of the evidence was|ow, and the conclusionswere hard to accept
[37]. Some researchers thought that the results of VR therapy
showed atrend of gait and upper limb function improvement
in individuals [95,96], but Laver et a [31] believed that VR
video gaming was not more beneficial than conventional nursing
approaches in improving upper limb function, as did Voinescu
et a [5]. Further, heterogeneity in protocols, VR task
performance, and the different characteristics of the participants
could have influenced the results [39]. Zhang et al [54] and Lei
et a [13] pointed out that VR training hel ped to improve balance
when compared with usual care. Similarly, Gates et al [97] and
Saragih et a [98] concluded that VR training hel ped to improve
balance when compared with usual nursing. All of these
included studies did not analyze which subtypes of patients can
benefit more from VR training in terms of improved balance,
did not assess the long-term effects of VR on balance and
mobility, and often included a relatively small number of
patients and inadequate control groups [99]. The results need
to be interpreted with caution due to the high heterogeneity,
small sample sizes, and different outcome measures. In terms
of improving memory, even after excluding studies with high
heterogeneity, several meta-analyses still concluded that the
effects of VR nursing measures on patients instantaneous
memory, long-term memory, and attention were not statistically
significant [31,54,56]. The possible reasonsfor thisarethat VR
training duration was too short to result in significant
improvements [56] and only 6 studies (within the meta-analyses
included in thisumbrellareview) with small sampleswere used
to evaluate the effects of VR on attention.
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It isalsoimportant to classify and summarize the VR platforms
and frequencies of VR use that are commonly used in different
nursing scenarios because of their influence on nursing
outcomes. Meta-regression analyses showed that the number
of VR sessionsand the frequency of VR training had statistically
significant impacts on balance scores[51]. Therearefew studies
that explain why VR devices and scenes are chosen in a
particular context, and there is no comparative analysis of the
effects of using different VR devices and scenes in the same
session. With regard to these biases, theincluded studies claimed
that heterogeneity was due to the use of VR hardware with
multiple types of VR software and variation in the duration of
VR therapy sessions [93], which resulted in patients
experiencing different levels of immersion, presence, and
interactivity. Future research on VR in nursing should focus on
providing a detailed report on VR device and platform
instructions, the length and frequency of VR sessions, and the
duration of VR intervention.

Comparison to Prior Work

Previousreviewson VR in nursing mostly discussed theimpact
of VR on nursing education and training at different levels
[100,101]. However, therole of VR in clinical nursing practice
is also very important. Therefore, we conducted this umbrella
review, which aimed to effectively synthesize the combined
evidence from meta-anal yses that assessed the effects of nurses
using VR technology on patients’ health outcomes.

Strengths

This review followed the PRISMA reporting guidelines; thus,
it can be viewed as a transparent and reproducible review. The
findingsin our review are morelikely to be comprehensive and
provide evidence for further VR application in clinical nursing
practice. This study has alow risk of publication bias because
we searched all relevant databases by using a reliable search
strategy to identify as many eligible studies as possible.
Moreover, we controlled the risk of selection bias by having 2
independent authors perform the research process, including
the study selection, data extraction, and quality assessment
processes.

Limitations

First, the quality of many included meta-analyses was not high.
Therefore, the conclusions should be considered with care.
Second, our study only reports on meta-analyses published in
English, which may have resulted in language bias. Third, a
guantitative data synthesis was not conducted in this review,
given the significant clinical heterogeneity of the included
studies in terms of study designs, intervention and population
characteristics, and outcome measurements. This was one of
the main reasons for the inconclusive research evidence found
in thisreview. Follow-up studies can search for more literature,
without strict language restrictions, and try to conduct
high-quality quantitative syntheses to establish more reliable
conclusions.

Future Directions

VR games have distinct clinical advantages, as they offer
challenging and interesting environments [54]. Authoritative
conclusionson the applications of VR in nursing might promote
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the application of VR games. It is suggested that nursing Conclusions
researchers should improve the quality of research; carry out
large-scale, multicenter randomized controlled studies; and
make authoritative conclusions on VR in nursing. In addition,
the research outcomes of VR application in nursing are mostly
subjective indicators, such as anxiety, depression, and
satisfaction, and more objective outcome indicators, such as
serological indicators, should be mentioned in thefuture. Inthe
existing research, VR platforms, theduration of VR intervention,
and the length and frequency of VR sessions are different. We
hope that further research considers establishing standard
operation protocolsfor VR intervention in specific popul ations.

Our study comprehensively summarized and indicated the
potentially beneficial role of VR intervention in enhancing the
management of pain, depression, anxiety, and cognition in
neurology, pediatrics, oncology, surgical and wound care, and
gerontology; the effects of VR intervention onimproving motor
function, balance, memory, and attention remain equivocal.
However, these findings should be interpreted with caution due
to the unsatisfactory quality of the included studies. It is
recommended that more research of rigorous methodological
quality is necessary to further determine the role of VR in
promoting health care outcomes.
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Abstract

Background: Automated virtual reality (VR) therapy has the potential to substantially increase access to evidence-based
psychological treatments. Theresults of amulticenter randomized controlled trial showed that gameChange V R cognitive therapy
reduces the agoraphobic avoidance of people diagnosed with psychosis, especialy for those with severe avoidance.

Objective: We set out to use a peer research approach to explore participants experiences with gameChange VR therapy. This
in-depth experiential exploration of user experience may inform the implementation in clinical services and future VR therapy
development.

Methods: Peer-led semistructured remote interviews were conducted with 20 people with a diagnosis of psychosis who had
received gameChange as part of theclinical trial (ISRCTN17308399). Datawere analyzed using interpretative phenomenol ogical
analysis and template analyses. A multiperspectival approach was taken to explore subgroups. Credibility checkswere conducted
with the study Lived Experience Advisory Panel.

Results: Participants reported the substantial impact of anxious avoidance on their lives before the VR intervention, leaving
some of them housebound and isolated. Those who were struggling the most with agoraphobic avoidance expressed the most
appreciation for, and gains from, the gameChange therapy. The VR scenarios provided “a place to practise” Immersion within
the VR scenarios triggered anxiety, yet participants were able to observe this and respond in different ways than usual. The
“security of knowing the VR scenarios are not real” created a safe place to learn about fears. The “balance of safety and anxiety”
could be calibrated to the individual . The new learning madein VR was “taken into thereal world” through practice and distilling
key messages with support from the delivery staff member.

Conclusions: Automated VR can provide a therapeutic simulation that allows people diagnosed with psychosis to learn and
embed new ways of responding to the situations that challenge them. An important process in anxiety reduction is enabling the
presentation of stimuli that induce the original anxious fears yet allow for learning of safety. In gameChange, the interaction of
anxiety and safety could be calibrated to provide a safe place to learn about fears and build confidence. This navigation of
therapeutic learning can be successfully managed by patients themselvesin an automated therapy, with staff support, that provides
users with personalized control. The clinical improvements for people with severe anxious avoidance, the positive experience of
VR, and the maintenance of a sense of control are likely to facilitate implementation.

(JMIR Serious Games 2023;11:€38065) doi:10.2196/38065
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Introduction

Background

gameChange is an automated virtual reality (VR) cognitive
therapy designed to reduce agoraphobic avoidance and distress
in everyday situations. In a multicenter randomized controlled
trial with 346 peoplewith psychosis, wefound that gameChange
led to significant reductions in avoidance and distress [1].
Overdl, there were small effect size improvements in
agoraphobic avoidance, agoraphobic distress, and perceptions
of recovery. However, patients with the most severe
agoraphobia, for example, those struggling to leave the home,
had large effect sizeimprovementsin agoraphobic distress and
avoidance as well as significant improvements in persecutory
ideation, quality of life, and perceived recovery, which were
maintained at 6 months.

Agoraphobic avoidance is understood from a cognitive
perspective in gameChange. The avoidance is a defense (or
safety-seeking) behavior in response to fearful thoughts [2,3].
Fearful thoughts often develop because of past unpleasant or
threatening experiences. However, the fears are maintained as
the absence of harm in the present moment is attributed to the
use of defenses rather than there being no current threat. Even
when in the anxiety-provoking situations, the use of more subtle
defenses (eg, rushing or avoiding eye contact) plays the same
maintaining role for catastrophic cognitions [4]. In treatment,
defenses must be dropped so that the threat beliefs can be
evaluated fully. This is not to overlook the fact that many
patients with psychosis have had difficult experiences and may
currently be living in adverse circumstances and potentially
facing ongoing threats. Although there may not be current overt
actions against the person, there can be more implicit and subtle
forms of threat, particularly linked to stigma. Therefore,
clinicians working with patients should always be aware of the
potential for actual threat and assess appropriately.

On the basis of cognitive psychology principles, gameChange
VR therapy was developed through a user-centered design
process involving >500 hours of input from people with lived
experience [5,6]. In 6 sessions, people enter interactive
computer-generated simulations of everyday scenarios such as
acafé, abus, or aphysician’swaiting room. Guided by avirtual
coach, patients are encouraged to experiment with dropping
defense behaviors and to evaluate their fears. A member of the
staff is present to assist with the equipment and help plan
homework tasksto consolidate the learning from VR. Consistent
with the cognitive model, we found in the tria that
improvements in agoraphobic anxiety and avoidance were
mediated by reductionsin both awide range of threat cognitions
and the use of within-situation defense behaviors[1].

Objectives

In this study, we used a peer research approach to try to
understand the participant experience of gameChange VR

https://games.jmir.org/2023/1/e38065

therapy in depth. Peer research is steered and conducted by
people with relevant lived experiences. Peer methods have the
potential to facilitate greater depth and more nuanced data
collection and analysis by enhancing rapport [7] and leveling
power [8]. Working collaboratively with researchers from
different backgrounds, including lived experience, can enhance
the validity and trustworthiness of qualitative analysis [9,10].
Interpretative phenomenological analysis (IPA) isaqualitative
approach that focuses on participants’ lived experiences and
how they make sense of them [11,12]. IPA was chosen as it
explicitly acknowledges the role of the researcher in the
interpretation, which complements the peer research approach
of valuing the insights that lived experience can bring [11].
Template analysis can be used to extend and develop IPAs for
larger samples [13]. We conducted a peer-methods qualitative
study incorporating IPA and template analysis to explore
participants’ experiences with gameChange.

Methods

Overview

This was a qualitative peer-methods study investigating the
experiences with gameChange VR therapy for agoraphobic
avoidance. A multiperspectival design was used [14], and a peer
research approach was taken, including collaboration with the
gameChange Lived Experience Advisory Panel (LEAP). The
LEAP was a panel of 12 people with lived experience of
psychosis. Full details of the study methodology are provided
inthe published study protocol [15]. Criteriato ensure credibility
in qualitative research [16,17] were used to inform the design
and ensure rigor in the conduct of the study.

Ethics Approval

The study received Health Research Authority approval and
Health and Care Research Wales approval (IRAS 256895), as
well asethicsapproval from the National Health Service (NHS)
South Central - Oxford B Research Ethics Committee
(19/SC/0075) as part of the gameChange trial.

Research Team

People with lived experience of psychosis and anxious social
avoidancewereinvolved in all stages of the study. Theresearch
team included peer researcherswho had had similar experiences
to those being explored, a qualitative researcher with lived
experience of mental health issuesthat did not directly overlap
with those of the participants, clinica psychologists who
designed and used VR therapy, and aqualitative researcher who
pioneered the | PA approach. The LEAR, facilitated by the McPin
Foundation, a charity that promotes the use of lived experience
in research, contributed to the design, conduct, and analysis of
the study. We aimed to use the peer knowledge within the study
at all stages, including the design, data collection, analysis, and
presentation of the findings.
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Participants

We recruited participants who had received gameChange VR
therapy aspart of thetrial (ISRCTN17308399). The participants
were people accessing NHS mental health services with a
diagnosis of psychosis and self-reported difficulties going into
everyday social situations because of anxiety. The inclusion
and exclusion criteriafor thetrial arelisted in thetria protocol
[18]. The additional inclusion criteriafor this qualitative study
were willingness and ability to provide informed consent to
participatein theinterview and willingnessto havetheinterview
audio recorded.

Sampling and Recruitment

Consigtent with I PA principles, the recruitment procedure sought
homogeneity—the locus of homogeneity in this study was
receipt of gameChange therapy. The primary sampling method
was to invite a consecutive cohort of people in the final phase
of thetrial between April 2021 and September 2021. To explore
different experiences of treatment using a multiperspectival
design, we sought a larger sample size (N=20), including
participants with low, medium, and high uptake of therapy.
When possibl e, thiswas supplemented with purposive sampling
to ensure variation across demographic characteristics (including
age, gender, and ethnicity) and trial centers. The recruitment
strategy was revised because of the high uptake of therapy in
the trial (just under 90% of participants received a dose of
therapy, which was defined as a minimum of 3 sessions).
Therefore, the subgroups for the multiperspectival design were
derived retrospectively from the data and are presented in the
Results section.

A total of 27 people were invited to participate, of whom 7
(26%) declined and 20 (74%) consented. Participantswere from
each of the 5 trial centersthat recruited participants from NHS
mental health trusts across England: Avon and Wiltshire Mental
Health Partnership NHS Trust; Greater Manchester Mental
Health NHS Foundation Trust; Cumbria, Northumberland, Tyne,
and Wear NHS Foundation Trust; Nottinghamshire Healthcare
NHS Foundation Trust; and Oxford Health NHS Foundation
Trust. Recruitment wasfacilitated by thelocal trial coordinator.
Written or audio informed consent, including consent to the use
of pseudonymized quotes, was obtained from all participants.

Procedure

The semistructured interview guide (Multimedia Appendix 1)
was developed in collaboration with the LEAP, with reference
to existing literature, and in line with the principles of 1PA
[19-21]. The guide was refined following pilot interviews with
members of the LEAP. The guide was used flexibly, with a
focus on dliciting the participants’ own account. This involved
using open-ended descriptive and narrative questionsto explore
the context, followed by individually tailored prompts to elicit
further information or clarification and using the participants’
own language whenever possible. The focus of the interview
guide was on participants experience with the gameChange
therapy. It included questions such as What is your experience
of going out of the house or going into social situations?What
was it like to be in everyday situations in virtual reality? and
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Compared to what you told us about your life before
gameChange, is life different in any way now? How so?

Interviews were conducted between April 2021 and September
2021. Thefirst 40% (8/20) of interviewswere conducted jointly
by JB and AK, a further 55% (11/20) were facilitated by AK
alone, and 5% (1/20) were facilitated by JB aone. Interviews
were conducted remotely, either by phone (14/20, 70%) or
web-based video call (6/20, 30%). The mean duration was 80
(SD 22; range 40-105) minutes, with most (13/20, 65%)
completed over 2 sessions. The peer researcher chose when,
how, and what to disclose about their related mental health
experiences, and this differed between interviews. Both
interviewers kept field notes, including on the use and impact
of sharing the peer identity. Interviews were audio recorded,
transcribed verbatim, and deidentified.

Analysis

A total of 25% (5/20) of the transcripts were coded using |PA
[11,20]. IPA focuseson participants’ lived experiences and how
they make sense of them [11]. The remaining transcripts were
analyzed using theinitial | PA themesasapreliminary template.
This work was conducted using template analysis [22], which
can be used with IPA to analyze larger samples[13].

The multiperspectival design provides astructurefor exploring
both theindividua account and related groups|[14]. In our study,
the subsamples were identified via preliminary analysis rather
than viasampling strategies. Four subsamplesrelated to overall
experience and the impact of therapy were identified: (1) Big
changes (4/20, 20%), (2) Better ways to cope (9/20, 45%), (3)
Hard to say or hard to hang on to (5/20, 25%), and (4)
Sruggling on (2/20, 10%).

The 25% (5/20) of transcriptsincluded inthe | PA analysiswere
selected based on the richness of the dataand to ensure arange
of trial sites and ages and a balance of gender. To maintain the
homogeneity of the sample, a requirement of IPA, the 5
transcripts expressed asimilar perspective on gameChange. The
analytical procedurefor IPA followed the approach outlined by
Smith et al [11,20]. This included line-by-line annotation of
each transcript, mapping what mattered to each participant
(“objects of concern”) with the meaning assigned to the
experience (“experientia statements’). Meaningswere clustered
and interpreted for each case. Across cases, themes were
identified that encompassed the phenomenol ogical experiences
and understanding of the 25% (5/20) of participants, forming
superordinate and subordinate themes. IPA provided the
foundation for the subsequent template analysis.

A provisiona template was developed from the IPA themes
and used to initiate the template analysis of the remaining data.
The template analysis followed the steps outlined by King et a
[22]. In line with the multiperspectival design [14], the
transcripts were introduced in subgroups, focusing on each in
turn. Analyzing the data in these batches made comparisons
between perspectives starker. New codes were assigned and the
template was updated at | east once after each group was added.
Once dl data had been analyzed, the template was reviewed
against al transcripts. Two analysis sessionswere held with the
LEAP to develop the template. LEAP members were given an
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overview of the themes and shown a selection of quotes. The
focus was on identifying patterns within the data, resolving
ambiguity in the accounts, and considering how the participants
experiences resonated with their own.

The IPA analysis was conducted by JB, AK, and LC. DR and
VP contributed to the template analysis. Supervisory support
was provided at each stage of the analysis by ML and FW.

Reflexivity and Credibility

All members of the research team reflected on the different
perspectives that they brought to the study design, setup, data
collection, and analysis. For example, in the analysis, the peer
researchers drew on their lived experience to support their
interpretation of meaning in the data; this was particularly
relevant when exploring meanings related to participants
experiences of anxious avoidance and psychosis.

Credibility checks were conducted with members of the
gameChange LEAP. Their input was used to corroborate and
deepen the interpretation of the themes. The reflexive logs,
transcripts, interview schedule development, and minutes of
supervisory research team meetings provided an audit trail for
analysis. Illustrative quotes, description of the study context,

Table 1. Participant characteristics (N=20).

Bond et d

and participant characteristics allowed for an assessment of the
transferability of the findings to other settings and contexts.

Results

Contextualizing the Data

A total of 20 people participated: 11 (55%) women and 9 (45%)
men. The average age of the participants was 37 (SD 12.9)
years. In total, 85% (17/20) of the participants identified as
White British individuals, 10% (2/20) identified asBritish Asian
individuals, and 5% (1/20) identified as Polish. As can be seen
in Table 1, most (15/20, 75%) participants were unemployed.
A total of 20% (4/20) of the participants said that they spent a
lot of time playing computer games and described themselves
as“gamers.” In total, 60% (12/20) of the participants attended
6 sessions of therapy, and 40% (8/20) attended 7 sessions. For
55% (11/20) of the participants, these VR sessions were
facilitated by a clinical psychologist; for 30% (6/20) of the
participants, it was an assistant psychologist; and 15% (3/20)
of the participants worked with peer support workers. The
participant characteristics in this qualitative study were
consistent with those in the main trial (see the trial outcome

report [1]).

Demographic and clinical characteristics

Participants, n (%)

Marital status
Single
Married
Divorced
Cohabiting
Employment
Unemployed
Retired
Carer
Employed (full-time)
Student (part-time)
Living situation
Living with parents or another relative
Living alone
Living with others
Living with a spouse or partner

Mental health service context at thetime of interview
CMHT?

EIPbteam

15 (75)
3(15)
1(5)
1(5)

15 (75)
2(10)
1(5)
1(5)
1(5)

8 (40)
7(35)
4 (20)
109

15 (75)

5 (25)

8CMHT: community mental health team.
bEIp; early intervention in psychosis.

Overview of Findings

An overview of the key findingsis presented. Thisis followed
by a description of the subgroups identified for the
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multiperspectival design. The cross-case analysis of participants
experiences with the intervention isthen presented. Illustrative
guotes, with details omitted to protect anonymity, are presented
in the text and in Multimedia Appendix 2.
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Summary of Key Findings

There were 5 superordinate themes (Textbox 1). First, anxious
avoidance carries acost. Participants described living restricted
lives in which fears made it hard to do everyday activities.
Second, participants shared their curiosity and motivation to
try VR therapy. Third, VR therapy provided a place to learn
about anxiety and practice different or new responses. Fourth,
the VR simulations triggered an anxiety response, yet

Textbox 1. Overview of superordinate and subordinate themes.

Bond et d

participants simultaneously recognized that the environments
were largely safe. Thisinteraction of anxiety and safety could
be calibrated by the individual to provide a safe place to learn
about fears and build confidence. Finally, VR was a training
ground to do things differently. Through practice and
conversations with the member of the staff who was present,
participants took the key learning from VR into the real-world
situations that mattered to them.

«  Experience and cost of anxious avoidance
«  Reasonsto try: curiosity and motivation
« A placeto practice

«  Animmersive experience

« A chanceto observe anxiety

«  New ways of responding

o Thesecurity of knowing it is not real
o Thesweet spot of safety and anxiety
»  Cadlibrating for a personalized approach

o  Takingitinto the rea world
«  From training wheels to real-world practice

«  Onething to hold onto

The 4 Per spectives

Overview of the 4 Perspectives

We identified 4 subgroups of participants based on the
descriptions of their experience and impact of the gameChange

https://games.jmir.org/2023/1/e38065

RenderX

therapy. The descriptions varied from life-changing to
experiencing little change, although all described gameChange
as avaluable experience. Illustrative quotes for each subgroup
are presented in Table 2.
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Table 2. Illustrative quotes from the participant subgroups (N=20).

Subgroup

Participants, n (%)

Illustrative quotes

Big changes 4 (20)

Better waysto 9 (45)
cope

Hardtosay or hard 5 (25)
to hang onto

Struggling on 2(10)

“It's very different now, | can open my curtains and look out my window, | can go out to local shops
and places, | can meet up with friends and family, | can do such alot more.” [Participant 27]
“Before | would never do that, ever. But | did that and | was talking to new people and | was having
agreat time. It'sjust being in socia situationsinstead of hiding from them, I’ m just trying to embrace
them.” [Participant 8]

“It definitely helped with anxiety. | still suffer from some of the things | did, well, all of the things |
did before, but it's definitely, definitely helped it in some way.” [Participant 3]

“Before I’'m just looking at the floor wherever I'm going but now I’'m looking at everyone, like, in
their eyes and stuff. Even though I’ m still too scared to go to the supermarket on my own, | have been
ableto walk past it on my own, like walk up there and past it, whereas before | wouldn’t have been
ableto do that. I've been in small shops on my own and the bus, | can do that on my own now without
worrying.” [Participant 25]

“Now because my mood is quite good, I'm thinking, ‘ Yeah, actualy. | did take away stuff.” But when
I’'mreally anxious, like | have been really anxious over the last couple of weeks...and then I'm like, |
haven’t learnt anything.” [Participant 17]

“1 mean | wasn't too bad with alot of the situations anyway, so | don’'t know if I’ve taken alot from

it, but I'd like to think | have but I’m not entirely sure. I’m not entirely sureif it's had any massively
notable impact on me.” [Participant 13]

“It has not really made a magical difference for me, unfortunately, but | can see how it can be very
helpful. I think I"’m just too entrenched in my avoidance little bubble, that it wasn't strong enough to
pull me out of it. It's just the same.” [Participant 19]

“Like, | say, still go to cafes, till get on the bus, go shopping. | didn’t go food shopping yesterday. |
was really, really anxious yesterday in town with the boys. | couldn’t do my food shopping. My body

wouldn’t let me do it. My mind affects my body.” [Participant 26]

Big Changes

A total of 20% (4/20) of the participants described gameChange
as a transformative experience. Participants in this group
marveled at how far they had come—they were ableto do things
they had not imagined at the start of therapy, when they were
often housebound and experiencing very low mood. These
accounts were characterized by excitement and enthusiasm.

Better Ways to Cope

A total of 45% (9/20) of the participants described
experimenting with new ways to approach and cope with
situations despite some ongoing anxiety. For these participants,
socia situations were less stressful but not yet comfortable.

Hard to Say or Hard to Hang Onto

A total of 25% (5/20) of the participants noted some small
changesfollowing therapy but found these hard to identify when
asked directly or hard to maintain when anxiety increased or
mood dipped. Participants val ued aspects of the therapy but did
not necessarily find that the VR scenariostriggered their anxiety.
Participants in this group were often able to engage in some
social situations before starting therapy.

Struggling On

Intotal, 10% (2/20) of the participants recognized the potential
of the therapy but described little personal benefit as they
struggled with psychotic experiences. They continued to feel
anxious in the familiar and often essential (eg, shopping)
situations they were able to engage in even before the start of
therapy.

https://games.jmir.org/2023/1/e38065

Main Themes

The Experience and Cost of Anxious Avoidance

All participants spoke about the cost of anxious avoidance.
Some participants described themsel ves as almost housebound,
others avoided specific situations, and a few could perform
essential tasksin an areawhere they felt safe. However, all felt
the burden and restriction of anxious avoidance:

It affects my life big time because | can’'t do half the
things that | want to do or what a normal everyday
person would do. | want to do something but
sometimesit can hold me back and it can really affect
the way you think, the way you act and the person
that you are. [Participant 27, Big changes subgroup]

Asin the previous extract, participants shared the reasons for
withdrawal: many felt threatened by others, at risk of physical
or socia harm, or that others were observing or talking about
them. Some were anxious about showing symptoms in public
as they feared that this would draw attention and invite
judgment. Participants described the tactics that they had
developed to try to reduce these risks, but some strategies had
life-limiting effects. Some described their situation as
intolerable, affecting self-esteem and quality of life, disrupting
careers, impeding friendships, and making them feel “amost
not like a human being.” Although all participants described
lifebeing “limited” by anxiousavoidance, not all weredistressed
by inhabiting a small world.

Reasonsto Try: Curiosity and Motivation
As VR therapy was new to the participants, most had no
preconceived notions of what gameChange would be like or
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how it would help. Many said that they were “open-minded”
to try gameChange. However, the reasons to engage differed:

| went in with an open mind. | was willing to give
anything a go because | just didn't want to bein the
same state | was in after episode one. [Participant 3,
Better ways to cope subgroup]

I’'m interested in technology, new technology. It's
quite exciting. So, that really encouraged me to get
involved as well. [Participant 1, Big changes
subgroup]

As mentioned previously, for some, the opportunity appeared
when they were ready to receive and engage with it. Others
noted that experiencing a difficult time before gameChange
fueled their desire for change. This was often accompanied by
asense of personal responsibility for theintervention’s success.
Some were open to gameChange as they had been unwell for a
long time and were keen to try anything that could alleviate
their symptoms. Others simply saw it as an opportunity to do
something in an otherwise restricted life: “I don't really have
anything to do so | was like: *Go on then, | might as well do
it"” (participant 7, Hard to say subgroup).

The use of VR in gameChange was appealing to more than hal f
(11/20, 55%) of the participants. Those who had heard of VR
were attracted by its novelty, they were “interested” or
“intrigued” to see what it would be like. They understood its
therapeutic use as “amodern new way to treat social anxiety”:

| was, like, curious, | suppose, yeah. Its cutting-edge
technology, isn't it? [Participant 26, Struggling on
subgroup]

Of the 4 participants who identified as gamers, 3 (75%) were
primarily attracted to the intervention as it was a chance to use
VR.

A Placeto Practice
| really enjoyed it. WEII, | say enjoyed it, it was
actually quite hard work. | found it very realistic when
| went in, more than | expected, | think. And it was a
lot harder than | thought it was going to be.
[Participant 1, Big changes subgroup]

Most (14/20, 70%) participants, including one of the 4 gamer
participants, were surprised by how realistic it was. Participants
seemed to be struck by itsimmersive quality:

Going into VR was like going into another world,
kind of thing. It was really like everything was not
realistic, you could tell it was all fake, but at the same
time you felt like you were actually in there.
[Participant 25, Better ways to cope subgroup]

It was like being in a film, it was. You put the helmet
[VR headset] on and you're taken to another world.
[Participant 26, Struggling on subgroup]

Immersion was created by the graphics, background noise, and
interactive details:

You can open the door. You can lift a can of beans
up and put your bank card on the meter to pay for it.

https://games.jmir.org/2023/1/e38065
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| thought it was amazing. [Participant 21, Better ways
to cope subgroup]

This immersion and perceived realism meant that many
participants saw the VR scenarios as ameaningful environment
to practice in. Participants who identified as gamers tended to
be less impressed with the VR world.

Participants described developing new insights into their
experience of anxiety, as described in the following extract:

| didn’t realisethingslike| waslooking for an escape
route and going to it. And now, I’'m aware of that, |
cannot do it so much. You know, it's just sort of being
aware. [Participant 1, Big changes subgroup]

Being in the VR simulations could trigger anxiety. Participants
spoke of sweaty palms and racing hearts and of realizing that
they were unconsciously trying to use coping mechanismssuch
as looking for an escape route or exit, avoiding eye contact, or
diminishing their physical presence. For some, thiswas a hard
and shocking realization:

..that was really an eye-opener, and | was quite
shocked at how it has affected my life for so long.
[Participant 27, Big changes subgroup]

VR provided an opportunity to observe anxiety and automatic
responses with some emotional distance. It was “abuffer” or a
chance “to step back and think about how they are reacting,”
as members of the LEAP described it. Responses that were
overwhelming and panicked inreal life could be slowed, picked
apart, and rerun. A LEAP member commented that VR was
like a magnifying glass, clarifying the details and nuances of
the situation. This led to participants developing greater
understanding of what happens in moments of anxiety. This
could be empowering and raised the potential to change these
automatic responses.

Participants described VR as a place to practice new ways of
responding in situations:

Make eye contact. | smile a bit more at people. Little
things you don’t realise you haven't been doing till
you go and do the headset. It made me realise a lot,
that | had just focused my life around the voices and
not taken any notice of the outside world. That’'swhy
I’ ve been taking more notice of things when I'm out
now. [Participant 23, Better ways to cope subgroup]

Theautomated virtual coach and staff member made suggestions
to drop defenses and try new strategies to build confidence.
Degspite the anxiety, it was safe to try new approaches as
participants knew that the VR was not real.

“The Security of Knowing It Is Not Real”

The nature of VR means that, despite knowing that it is a
simulation, reactions are typically real—as evidenced in the
anxiety responses that the participants experienced:

Even though you'd tell yourself that you're in a safe
environment and the people weren't going to
necessarily react as you would expect a real-life
person to react, your brain is still telling you that
you'rein danger and you're at risk here so yes, it did
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make you feel quite anxious. [Participant 2, Big
changes subgroup]

However, knowing that the VR simulations were not red
allowed participants to feel a sense of safety:

It makes you face your fearsbut in alessextreme way
because these people, you know aren’t real, but you
still have the feeling of it being people. [Participant
16, Better ways to cope subgroup]

Participants described an active interaction between safety and
anxiety. For example, a sense of safety was required for
participants to “slowly push themselves out of their comfort
zone” (participant 8, Big changes subgroup), try the new ways
of responding that the automated virtual coach and staff member
suggested, and learn to tolerate discomfort. Thiswas adelicate
balance. If anxiety was " dialled” too low, VR was perceived as
boring and ineffective. If safety was “dialed” too low (or
anxiety too high), VR was intense and draining:

It'safineline: you want it to be realistic enough, so
it's a good practice, but it's also quite helpful if it's
not totally realistic because then you get that security
of knowing that it's not real. [Participant 1, Big
changes subgroup]

Asmentioned previoudly, participants understood theimportance
of locating this “sweet spot,” noting that it was sometimes
helpful that the VR was not photoredlistic or that they knew
they were in no danger despite feeling bodily symptoms of
anxiety. Finding the right balance could be difficult. For some
participants, aspects of the VR scenarios matched real-world
triggers, leading to fears or memories of past difficulties and
resulting in spikes in anxiety. At these moments, it was
sometimes hard to fedl safe enough to create new learning in
VR.

Levels of anxiety and safety could be calibrated by and to the
individual through choice of the levels within the program or
by the actions of the staff member:

The deliverer knew if | was putting defences up and
she would tell me different ways to cope. There was
one scenario where | was in the street and people
walked past and | put my defences up because | kept
looking at them walking past and my therapist said
to relax and look at the cars and describe what's in
the carsand stuff. [ Participant 11, Hard to say or hard
to hang onto subgroup]

The features of the software that often increased anxiety were
“realness’ and immersion in the scenarios, background noise,
the scenarios becoming more crowded, and specific tasks such
aswaiting in aqueue. Featuresthat increased the sense of safety
were that the characters and scenarios did not look as real as
thereal-world situations, the gradual increasein intensity of the
levels, and having the option of removing the headset.

There were layers of support from the virtual coach, Nic, and
the staff member. Those with higher baseline levels of anxiety
described the coach as comforting, and participants appreciated
her guidance and encouragement:
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When | did a level, she would be like, “Well done,
you did great” She was good in that sense. It was
someone familiar that | would see every time | went
in. [Participant 25, Better ways to cope subgroup]

Those who were more confident in VR described the coach as
“repetitive,” “dow,” and at times “irritating.”

The staff member was able to build on the generic support that
was programmed in the software through the virtual coach,
increasing the participants sense of safety to facilitate more
exploration and experimentation in VR. The staff member was
attuned to the participants responses, suggesting pauses,
encouraging repetition of scenarios or levels that they found
challenging, or helping identify and drop specific defenses:

| think the deliverer was quite helpful in saying: “In
that one you appeared more anxious, do you want to
do that one again? You spoke a bit quietly inthat one,
did you want to do it again, you didn't seem that
confident doing that one, would you like to try it
again?’ [Participant 15, Better ways to cope
subgroup]

| would use coping strategies. | didn’t realise until
the deliverer would tell me what | did— didn’t
recognise it myself—so, the deliverer would tell me
certain things that would give me more confidence
for the VR, but also, when leaving the session aswell.
[Participant 3, Better ways to cope subgroup]

In this way, the sweet spot of anxiety and safety could usually
be found for each person, creating the conditions for them to
try new ways of responding in the VR scenario.

Taking It I nto the Real World

The fear was there but what | was fearing didn’t
actually happen which was good. That, for me, was
part of the therapy in the sense that it made you
realise that what you fear is going to happen isn't
necessarily what will happen. It made you re-eval uate
if you like your way of thinking. [Participant 2, Big
changes subgroup]
Participants understood that VR was a safe place to do things
that scared them—"training wheels’ where they could take
“baby steps’—before translating them to the real world:

The everyday situationsthat | found difficult, the more
| practised them in the VR, the more | could get
confident and be more confident in day-to-day life. |
think because | was learning about it in the VR and
practising and practising and practising, | could then
take that and build up more confidence and do it in
the everyday real world. [Participant 27, Big changes
subgroup]

| guessit’slike the training wheels, isn't it? You get
used to a situation simulating it and then go and try
itinthereal world. [Participant 5, Hard to say or hard
to hang onto subgroup]

Many participants recognized the need to practice between VR
sessions and appreciated being given “homework.” Some
acknowledged that this structure hel ped them push themselves.
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Others found additional ways to reinforce learning, such as
writing notes and asking questions, periods of activereflection,
and debriefing with the deliverer and other people. Some used
sessions with their care teams to implement homework tasks.
These participants were not deterred by circumstances such as
COVID-19restrictions hindering what they could dointhereal
world, and they were ableto adjust the tasks around them. These
participants tended to describe gaining the most benefit from
the therapy and were in the Big changes and Better waysto cope
subgroups.

Participants needed motivation to face anxiety-provoking
situations—the potential rewards needed to be high enough for
the effortful process of overcoming anxiety. Thiswas observed
in the descriptions of the 15% (3/20) of participants who already
felt safe in their local environment and were unsure about the
value of going further afield. These participants were in the
Sruggling on and Hard to say subgroups. For some, the
relationship with the staff member was an important motivator
to put into practice the learning from VR.

Through practicing in VR, participants described creating new
learning and finding new explanations and understandings about
themselves, other people, and theworld. A common realization
was that reality was not as bad as participants feared. The seed
for these new beliefs was often found in VR—opportunities to
make this discovery were embedded in the VR scenarios, for
example, when characters smiled during interactions or simply
did not respond as feared (eg, laughing or criticizing the
participant). This new learning was tailored and reinforced by
the staff member, ensuring that the key messages were
personalized, succinct, and easy to recall. This learning often
became most powerful when participants grew confident enough
to push themselvesinreal life, making eye contact or small talk
with people. Theselayers of corroboration, including discovery
in VR, discussion with the deliverer, and real-world practice,
made for apowerful learning experience. Aswell asembedding
new beliefs, participants held onto memories created during
gameChange. Some spoke of recalling scenes in VR or of
positive experiences they had had afterward in the real world.
This had a calming effect when they found themselves in a
challenging situation:

It'slike[ the staff member] says, “ stand confident and
people will see you as confident. No one is looking
at you. People do look, it doesn’t say they're going
tohurtyou? It really helped me, because when | went
out | thought of the gameChange. [Participant 21,
Better ways to cope subgroup]

The result of this practice and learning was that some
participants saw changesthat wereimportant to them. Theworld
had opened up for people whose lives were most restricted by
agoraphobic avoidance:

I’ ve been out on a couple of nights out and yeah, I've
loved it really. Instead of hiding fromit, I'm actually
embracing it, I'm enjoying spending time with my
friendsbecauselikel said | didn’t seethemfor along
timein thefirst lockdown because of my mental health
and the state of mind | wasin, it's great seeing them
now. [Participant 8, Big changes subgroup]
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It'sa case of not thinking twice about getting the bus
and getting take away coffee now. I’ m quite happy to
do it which was a big change for me. [Participant 2,
Big changes subgroup]

Discussion

Principal Findings

Facilitated by peer methods, participants provided rich and
informative accounts of the problem of agoraphobic anxiety
and avoidance, the experience with automated VR therapy, and
its impact on their lives. The restriction caused by severe
agoraphobic avoidance has a substantial cost in people’slives.
Variations in the benefits of VR therapy were observed across
the participant groups. Participants who were close to
housebound (4/20, 20%) tended to report “big changes’ from
the gameChange VR therapy, whereas individuals who were
reasonably comfortable with the boundaries of the locations
that they could visit (5/20, 25%) tended not to report so much
impact from the VR sessions. This perspective from the
qualitative interviews of variation in benefits of VR therapy
was gained beforethetrial outcome resultswere known by those
involved in the qualitative analysis but were entirely consistent
with the main trial findings. The largest group identified (9/20,
45%) derived benefit from gameChange—they developed
“better waysto cope’—hbut in aless transformational way than
the group who saw “big changes” Their accounts suggest that,
before the intervention, they were more able to perform
everyday activities than the other group, but they were still
distressed by their agoraphobia. These results support the
conclusion that the implementation of gameChange is best
focused first on people with the most severe agoraphobic
difficulties.

There was further consistency with the quantitative findings.
Participants reported a wide range of fears contributing to
agoraphobic avoidance, as has been found using self-report
assessments [4]. Furthermore, the participants viewed VR as a
popular treatment option with limited mention of any side
effects, which is consistent with our surveys across the whole
group that received gameChange [23]. However, the interviews
provided greater depth on several important issues. They
provided an intriguing perspective on the therapeutic nature of
immersive technology. Participants reported how VR—as they
knew they were experiencing simulations—provided the chance
to gain distance on anxious responses and try new alternative
ways of thinking and behaving. Therapeutic gains arose out of
a delicate balance of experiencing typical anxious responses
but only to a degree in which safety could also be kept in mind.
In this way, safety feelings could begin to feel like a realistic
appraisal of the situations. This calibration was largely
determined by the users, for example, selecting the scenario or
level within the program, but there could aso be invaluable
support from the staff member who was present. A degree of
guided support, even with automated therapies, is likely to be
very important. It was also clear that participants considered
that, to make change, it was important to apply the learning to
real-world situations via the homework tasks. Conversations
with the supporting staff member were valued. A common
realization among those who gained benefits was that reality
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was not as bad asthey feared. There are opportunitiesto further
tailor the treatment to the individual by increasing the range of
scenarios avail able and adapting the demographi cs of the virtual
coach.

Bond et d

specific challenges and barriers for individuals who did not
complete VR therapy. The participant group was also not
representative of the wider population of people attending
mental health services. There was alack of ethnic diversity in

the participantsinterviewed. Understanding the potential barriers
faced by underserved and underrepresented groups will be
important for future implementation. We also note that the
interviews and therapy were conducted during the COVID-19
pandemic. The context of restrictions, disruption, and anxiety
may have affected the experience of agoraphobic avoidance
and VR therapy. Finally, the lengthy interviews that covered
multiple questions mean that it islikely that we may only have
been able to capture a fraction of participants experiencesin
this report.

Conclusions

The interviews provided fascinating in-depth insights into the
experience with automated VR therapy, which will inform the
delivery of gameChange aongside other implementation and
health economic studies [23-25]. This study has several
limitations. The participantsinterviewed were not representative
of al those who received VR therapy. For instance, we only
succeeded in interviewing participants who compl eted therapy,
which is largely areflection of the high uptake of VR therapy
in the trial. This means that we would have missed important
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Abstract

Background: Gamification in smoking cessation apps has been found to improve cognitive outcomes associated with higher
odds of quitting. Although some research has shown that gamification can also positively impact behavioral outcomes such as
smoking cessation, studies have largely focused on physical activity and mental health. Only a few studies have explored the
effects of gamification on smoking cessation outcomes, of which the majority have adopted qualitative methodologies and/or
assessed engagement with apps using self-report.

Objective: This study aimed to explore levels of user engagement with gamification features in a smoking cessation app via
in-app metrics. Specifically, the objective of this paper was to investigate whether higher engagement with gamification features
is associated with the likelihood of quitting in the short term.

Methods: Datafrom alarger online study that recruited smokers seeking to quit were analyzed to address the objectives presented
in this paper. The study took place between June 2019 and July 2020, and participants were primarily recruited via social media
posts. Participants who met the eligibility criteria used 1 of 2 mobile apps for smoking cessation. In-app metrics shared by the
developer of one of the smoking cessation apps, called Kwit, were used to assess engagement with gamification features. Out of
58 participants who used the Kwit app, 14 were excluded due to missing data or low engagement with the app (ie, not opening
the app once a week). For the remaining 44 participants, mean (SD) values were calculated for engagement with the app using
in-app metrics. A logistic regression model was used to investigate the association between engagement with gamification and
7-day smoking abstinence.

Results: In total, data from 44 participants who used the Kwit app were analyzed. The majority of participants were male,
married, and employed. Almost 30% (n=13) of participants self-reported successful 7-day abstinence at the end of the study. On
average, the Kwit app was opened almost 31 (SD 39) times during the 4-week study period, with the diary feature used the most
often (mean 22.8, SD 49.3). Moreover, it was found that each additional level unlocked was associated with approximately 22%
higher odds of achieving 7-day abstinence after controlling for other factors such as age and gender (odds ratio 1.22, 95% Cl
1.01-1.47).

Conclusions: This study highlights the likely positive effects of certain gamification elements such as level s and achievements
on short-term smoking abstinence. Although more robust research with a larger sample size is needed, this research highlights
the important role that gamification features integrated into mobile apps can play in facilitating and supporting health behavior
change.
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Introduction

Methods

Despite steps taken to tackle the global tobacco epidemic,
smoking-related health disability and mortality remain
concerning [1]. While the mgjority of smokers want to quit
smoking, research shows that in many countries such as the
United Kingdom, long-term abstinence rates remain low [2].
In addition to low smoking cessation rates, face-to-face access
to cessation services has been falling in several countries [3].
Digital health solutions, such as mobile apps, have been found
to be effective methods of reaching individuals unwilling or
unable to access in-person services. However, low engagement
and retention are common challenges for mobile apps. The
integration of gamification, the use of game elements in a
nongame context [4], has been found to be positively associated
with higher app engagement [5,6]. Some examples of
gamification elements, also known as on-screen features or
tactics, include goal setting, levelsand badges, progresstracking,
and progress sharing. Since gamification shares key elements
with behavior change theories, it is often applied to health
behavior change interventions [6].

Prior research shows that engagement with gamification
elements in smoking cessation apps can positively impact
cognitive constructs vital for abstinence such as self-efficacy
and motivation to quit [7]. Although research also shows the
positive effects of gamification on behavioral outcomes, the
majority of existing studies have focused on physical activity
and mental health [8]. A few studies that explored the
associ ation between engagement with gamification and smoking
cessation adopted qualitative methodologies and assessed
engagement using self-reported data rather than objective app
usage metrics [6,7]. We aimed to explore the level of user
engagement with gamification elementsin asmoking cessation
app via the anaysis of in-app metrics. We also aimed to
investigate whether engagement with gamification elementsis
associated with the likelihood of achieving short-term smoking
abstinence.

https://games.jmir.org/2023/1/€39975

Study Overview

The data used for this paper’s analyses were collected as part
of alarger online study that took place from June 2019 to July
2020 and explored the effects of gamification on cognitive
constructs vital for smoking cessation [7]. Participants were
recruited via posters in public places in London, United
Kingdom, and posts on various social media channels such as
Facebook and Instagram. Interested participants were asked to
fill out a screening questionnaire to assess eligibility. Eligible
participants (Table S1, Multimedia Appendix 1) were assigned
1 of 2 smoking cessation apps; this paper focuses on users of
Kwit, a gamified mobile app designed to help smokers quit
smoking using cognitive behavior therapy [9]. Participants had
to use the app at least once aweek for 4 weeks and complete a
guestionnaire before (baseline), 2 weeks after (mid-study), and
4 weeks after app use (end of study). In-app metrics shared by
the app devel oper were used to assess engagement with features.
Out of the 70 participants who were assigned Kwit, 58 (83%)
completed the study. A participant was considered to have
completed the study if they self-reported to have engaged with
the app at least once a week for the duration of the study and
completed all questionnaires. Aside from free app access,
participants had a chance to win a £50 (US $60) Amazon
voucher.

The Kwit App

Kwit isamobile app, developed by Kwit SAS, that aimsto help
smokers quit and successfully remain abstinent from smoking.
It uses cognitive behavior therapy principles and gamification
to assist individuals [9]. The app consists of features such as a
smoking diary to log cravings and triggers, motivation cards,
and a calculator/tracker to monitor self-progress in relation to
key achievements. Figure 1 presents screenshots of the app,
showing the smoking diary feature, an example of amotivation
card, the achievements tracking page, and how users can track
cravings. App versions4.1to 4.4 (June 2019 to July 2020) were
used by participants.
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Figure 1. Screenshots of the Kwit app.
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M easures

Sociodemographic measures included age (18-29 years, 30-41
years, 42-53 years, and 54-65 years), gender (male or female),
marital status (single, married, or civil partnered), and
employment status (unemployed: individuals willing or able to
work but not employed; employed; nonemployed: students,
individuals unable to work, and homemakers). Similar to other
studies, the Fagerstrém questionnaire was used to assess nicotine
dependence with responses categorized as low (0-4 points),
moderate (5-7 points), and high (8-10 points) [10,11].
Additionally, to measure abstinence, participants were asked at
the end of the study, “Have you smoked at all in the past seven
days?’ to assess the 7-day point prevalence of smoking
abstinence. Participants who responded “No, not even a puff”
were considered short-term quitters. Participants who selected
other responses (“Yes, just a few puffs’; “Yes, between 1 and
5 cigarettes’; and “Yes, more than 5 cigarettes’) were
categorized as smokers.

Aside from self-reported data, objective in-app metrics were
also used in the analysis. Kwit SAS routinely collects and
maintains a database of app usage statistics, including various
user interactionswith specific features and the app overall. Kwit
SAS provided in-app metrics for the participant identification
numbers shared with them. The metrics included the number
of timesthe app was opened, levels completed, smoking diaries
logged, achievements unlocked, and motivation cards viewed.
Additiona information on the in-app metrics is presented in
Table S2 (Multimedia Appendix 1).

Statistical Analysis

The statistical software Stata 16 (StataCorp) was used for the
analysis. Descriptive statistics were used to present general
participant characteristics, nicotine dependence, and 7-day
abstinence. Mean (SD) values were calculated for the in-app
metrics. Unadjusted logistic regression models were run for
each in-app metric to explore its association with 7-day
abstinence. The specifications of the adjusted logistic regression

https://games.jmir.org/2023/1/€39975

model were based on an iterative process that considered
collinearity. Significance was set at the 5% level (P<.05), and
95% Clswere presented.

Ethics Approval

The study was conducted in accordance with the
recommendationsfor physiciansinvolved in research on human
subjects adopted by the 18th World Medical Assembly
Declaration of Helsinki 1964 and later versions.

Ethical approval was obtained from the Joint Research Imperial
College London Research Ethics Committee prior to the
beginning of the study (reference: 191C5158).

Results

Among the 58 participants who completed the study
(self-reported app usage once a week over the study duration
and completion of al questionnaires), 14 participants were
excluded from the analysis due to issueswith thein-app metrics
(eg, missing or inconsistent data; n=9) or due to inadequate
engagement according to the in-app data (ie, the app was not
used once a week; n=5). Table 1 shows that more than half of
Kwit app users were 18 to 29 years of age (n=24, 55%). A
majority were male (n=27, 61%), married (n=35, 80%), and
employed (n=28, 64%). Moreover, the majority of participants
had low to moderate dependence on nicotine (n=42, 95%).
Almost athird (n=13, 30%) reported at the end of the study that
they successfully abstained from smoking in the past 7 days.

As seen in Table 2, Kwit users opened the app almost 31 (SD
39) times on average over the 4-week study period. Among the
metrics that were collected, the most frequently used features
were logging of smoking diaries (mean 22.8, SD 49.3) and
unlocking of achievements (mean 22.3, SD 16.5). Additionally,
over the study period, motivation cardswere opened on average
8.0 (SD 11.2) times and 7.7 (SD 4.9) levels were unlocked by
Kwit users.
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In the adjusted logistic regresson model (Table 3), each
additional level unlocked was associated with approximately
22% higher odds of achieving 7-day abstinence after controlling
for other factors such as age and gender (odds ratio 1.22, 95%
Cl 1.01-1.47). The number of diaries logged and motivation
cards opened were not significantly associated with 7-day
abstinence in the adjusted model. The humber of achievements

Table 1. Characteristics of the study sample.

Rajani et d

was not included in the model since it was highly correlated
with the number of levels. However, when thelogistic regression
model was rerun with the number of achievements instead of
levels, the results suggested that each interaction with the
achievements feature was associated with a 7% increased
likelihood of reporting 7-day abstinence (95% Cl 1.01-1.15).

Characteristics

Participants (N=44), n (%)

Age
18-29 years
30-41 years
42-53 years
54-65 years
Gender
Male
Female
Marital status
Single
Married or civil partnered
Employment status
Employed
Nonemployed
Unemployed
Prefer not to answer
Nicotine dependence
Low (0-4 points)
Moderate (5-7 points)
High (8-10 points)
7-day smoking abstinence
Yes

No

24 (55)
13 (30)
4(9
3(7)

27 (61)
17 (39)

9 (21)
35 (80)

28 (64)
13 (30)
2(5)
1(2

25 (57)
17 (39)
2(5)

13 (30)
31 (70)

Table 2. Summary of engagement with mobile app features after 4 weeks of app use.

In-app metric

Value, mean (SD)

Number of times the app was opened
Number of motivation cards opened
Number of achievements unlocked
Number of diaries logged

Number of levels completed

30.8(39)
8(11.2)
22.3(16.5)
22.8 (49.3)
7.7 (4.9)
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Table 3. Logistic regression investigating the association between gamification and 7-day smoking abstinence at the end of the study (N=44).

Variable 7-day smoking abstinence, OR?” (95% CI)
Age 0.98 (0.91-1.05)
Gender

Male Ref®

Female 2.27 (0.45-11.52)

Number of diaries logged
Number of motivation cards opened

Number of levels unlocked

0.97 (0.91-1.03)
1.03(0.97-1.11)
1.22 (1.01-1.47)

30R: odds ratio.
bAdj usted for all the variables included in the table.
CRef: referent.

Discussion

Principal Findings

We found that after 4 weeks of app use, almost 30% of smokers
reported 7-day abstinence. Thisrateisgenerally withintherange
reported by other mobile app studies [12]. However, direct
comparisons are difficult due to differences between
interventions and varying methods of measuring cessation.
Mobile app interventions such as Kwit can be associated with
anincreased likelihood of abstinence compared to no assistance
or using willpower alone [13]. This study opens the possibility
of using smoking cessation apps to aid individuals who are not
accessing face-to-face services [14].

The analysis aso found that engaging with levels was
significantly associated with 7-day abstinence. According to
Gnauk et al [15], levels are important as they can function asa
goal-setting tool that marks progression and signas
accomplishment. Similarly, the achievements or badges feature
was also found to be associated with an increased likelihood of
reporting abstinence. Achievements and levels are similar as
they both provide regular feedback to users and remind them
of their successes. This can lead to an increase in perceived
competence, which facilitates health behavior change [16].
Generally, the positive effect of providing regular feedback in
both remote and face-to-face interventions is well established
[17]. Aside from the importance of features such as levels and
achievements, it was also found that the likelihood of reporting
abstinence was not statistically different with regards to age
and gender after adjusting for engagement with app features.
Thiscould imply that any effectsthat Kwit may have on smokers
might not vary by age or gender. However, it is important to
notethat the small sample size could impact the generalizability
of the findings.

Acknowledgments

Limitations

The observational nature of the study does not allow for causal
inference; future research could carry out arigorously designed
randomized controlled trial with apps that differ only with
regards to the type and number of gamification features. Aside
from the sample size, the attrition of participants from 70 to 44
participants could pose a threat to the internal validity of the
study and limit the generalizability of thefindings. Additionally,
since research has shown that relapses in abstinence can occur
over a longer period of time, the relationship between
engagement with gamification features and long-term quitting
cannot be determined; future research could consider having a
longer follow-up period [18,19]. Furthermore, validating
smoking abstinence using biochemical verification is the gold
standard and woul d be recommended to increase the robustness
of future research studies.

Although the use of in-app metrics in mobile app studies is
sparse and provides an objective method of assessing
engagement with app features, it may not have captured the full
engagement experience of users. For example, we were ableto
assess the number of times users engaged with specific
gamification e ements but not the length of engagement. While
thisisan imperfect measure of engagement, it can be considered
a more objective method (compared to self-report) that is not
frequently adopted in mobile app studies.

Conclusions

The overall learnings from this research highlight that features
such aslevelsand achievements can positively impact short-term
smoking abstinence. While further investigation is warranted
with alarger, diverse sample and alonger follow-up period, our
findings have positive implications for the use of gamification
in mobile appsto support behavioral outcomes such as smoking
cessation.
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Abstract

Background: Complete blood count (CBC) and hemostatic screening tests are among the most commonly prescribed blood
tests worldwide. All health care workers (nurse practitioners, pharmacists, dentists, midwives, and physicians) are expected to
correctly interpret the resultsin their daily practice. Currently, the undergraduate hematol ogy curriculum consists predominantly
of lecture-based teaching. Because hematology combines basic science (blood cells and hemostasis physiology) and clinical
skills, students report that they do not easily master hematology with only lecture-based teaching. Having interviewed students
at the University of Lorraine, we considered it necessary to develop new teaching approaches and methods.

Objective: We aimed to devel op and validate a serious game about CBC analysisfor health care students. Our primary objective
was to help students perceive hematology as being a playful and easy topic and for them to feel truly involved in taking care of
their patients by analyzing blood tests. We considered that this game-based approach would be attractive to students as an addition
to the classic lecture-based approach and improve their knowledge and skills in hematology.

Methods: We developed an adventure game called SUPER HEMO, a video game in which the player assumes the role of a
protagonist in an interactive story driven by exploration and problem-solving tests. Following validation with beta testing by a
panel of volunteer students, we used a novel, integrated teaching approach. We added 1.5 hours of gaming to the standard
curriculum for asmall group of volunteer students. Physician and pharmacy studentsin their third year at asingle French university
wereinvited to attend this extracurricular course. Pregame and postgame tests and sati sfaction surveyswereimmediately recorded.
Final hematology exam results were analyzed.

Results: A tota of 86 of 324 physician students (26.5%) and 67 of 115 pharmacy students (58%) opted to participate. Median
scores on the pre- and posttests were 6 out of 10 versus 7 out of 10, respectively, for the physician students, (P<.001) and 7.5 out
of 10 versus 8 out of 10, respectively, for the pharmacy students (P<.001). At the final hematology evaluation, physician students
who played SUPER HEM O had adlightly better median score than those who did not: 13 out of 20 versus 12 out of 20, respectively
(P=.002). Pharmacy studentswho played SUPER HEM O had amedian score of 21.75 out of 30; thiswas not significantly different
from pharmacy students who did not play SUPER HEMO (20/30; P=.12). Among the participants who answered the survey
(n=143), more than 86% (123/143) believed they had strengthened their knowledge and nearly 80% (114/143) of them had fun.

Conclusions: Feedback from this game session provided evidence to support the integration of interactive teaching methodsin
undergraduate hematology teaching. The development of SUPER HEMO is intended to be completed so that it can become a
support tool for continuing education.

(IMIR Serious Games 2023;11:e40350) doi:10.2196/40350
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Introduction

Numerous serious games (SGs) have been devel oped to improve
nursing [1] and medical [2] knowledge and skills. The main
subjectsare surgery [3-5], emergency medicine[6,7], pharmacy
[8] for hedlth care students, and other subjects, such as
preventive medicine for adolescents and young people [9-12].
Systematic reviews of SGs conclude that they seem to be at
least as effective as other digital education modalities [13], but
pedagogical effectiveness, participant behavior, and patient
health outcomes have barely been evaluated [14-16].

In the context of the global COVID-19 pandemic, the demand
for online learning increased worldwide. However, it has been
reported that reduced peer and teacher interaction can cause
motivation issues [17,18]. Recently, online learning has been
described negatively, especially by health care students in
clinical practice [19]. Many health care students see working
in the health care setting as a vocation rather than a job, with
patient-centered and compassionate care being the basis of this
view [20]. Therefore, video games that enable specifically

Figure 1. SUPER HEMO development.

situated, experiential learning by introducing different unwell
characters represent an attractive learning tool for today’s
students, who are very receptive to computer-based learning.

SGs for hematology education are rare and deal only with
transfusion [21,22]. Oneimportant part of hematol ogy education
is complete blood count (CBC). CBC is a quantitative and
qualitative evaluation of blood cells and stands as one of the
most common laboratory testsin medicine, being indicated for
avast number of conditions. CBC interpretation is taught only
with lecture-based courses in hematology. An internal survey
among physician and pharmacy students at the University of
Lorraine revesaled that more than 50% of students considered
CBC interpretation hard to master. Because correctly applying
CBC knowledge to form patient diagnoses and make clinical
decisions is a requirement for all heath professionals, we
decided to implement an SG for hematol ogy education.

We developed an SG (Figure 1) named SUPER HEMO with a
structured, 3-phase development framework that included
preparation and design, development, and formative evaluation,
as described previously [23].

Step1 Step 2
PREPARATION DEVELOPMENT
AND DESIGN

Step 3
Release for
FORMATIVE regular
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g ™

- Recruitmentofvolunteers
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- Successful completion at the final
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.

Open draft version
for evalugtion 4
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Methods

Preparation and Design

Framework

As areference for the creation and development of the game,
wetook inspiration from role-playing and adventure games (eg,
point-and-click gamesand visual novels), asthese are commonly
played at home by students. The game’s contents, including a
database with questions, answers, and feedback, were based on
knowledge from the Collége national des enseignants en
hématologie (the French national college of hematology
teachers).

At first, we created an educational committee composed of 3
hematology experts (1 pharmacist and 2 medical doctors), a

https://games.jmir.org/2023/1/e40350

Adjustments and
improvements
o

pharmacist with gamification expertise (with no expertise in
hematology), and aninstructional designer. Meetingstook place
every month for the first 6 months of the project. The goals of
this committee were to define pedagogical objectives, game
design, and game modes, and to write the clinical cases
dialogue. During the writing of the clinical cases, physician
students volunteered to test some of the cases before their
integration into the game. The committee also looked for
funding. The raised funds were mainly used to hire a graphics
designer and a game devel oper.

Then, aworking committee was created with 2 medical doctors,
a pharmacist with hematology expertise, a pharmacist with
gamification expertise, an instructiona designer, a graphics
designer, and a game developer. Meetings occurred every 2
monthsto discuss practical issues arising from game conception.
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Some members worked together outside of the meetings in
groups, such asthe graphics designer with the hematol ogy expert
or the game developer with the instructional designer and the
hematology expert.

The project was then presented to the pedagogical council of
each faculty.

Story

SUPER HEMO is set in a dreamlike “Red Cell World”
(Multimedia Appendix 1), with red-blood-cell trees and
depictions of the organs involved in erythropoiesis, including
a “lung mountain,” “medullar cave,” “kidney rock,” “spleen
fortress,” and “thyroid isthmus.”

Players can choose a female or a mae avatar on the home
screen. They then complete the introduction, in which “Lady

Figure 2. "Red World" mechanics.

Avatar choice J

« Red world »

Lady Stem Cell's
tutorial
 — S

|
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Stem Cell” explains the world and the game's settings and
instructions and gives the player the “CBC asset,” which isthe
power to check the blood parameters of the unwell characters
encountered and interpret the corresponding results. Players
assume the role of a hematology superhero named SUPER
HEMO. SUPER HEMO can meet 5 unwell characters in 5
different steps. The player must answer their questionsand find
the best way to diagnose and cure them. “Magicians’
(radiologists, pathol ogists, hematol ogy-bi ol ogists, pharmacists,
and geneticists) can be summoned to help the player find the
right answer (Multimedia Appendix 2) in exchange for gold
coins.

Mechanics

To complete the world's challenges (Figure 2), SUPER HEMO
must explore 5 clinical cases.

) Unlocked minigame

Maximal level of success

_—

Case #3
Aregenerative

Case #2
Polycythemia normocytic anemia

Case#1
icrocytic anemia

Case #4
Regenerative
Normocytic anemia

Case #5
Macrocytic anemia

-

)Hr'dden cell ) Hidden cell ) Hidden cell ) Hidden cell ')—(r’dden cell
e e g | Atlas
- N —

Next world

Each stop (represented by a light blue button) corresponds to
the clinical case of an unwell character. Players choose to
explore the clinical cases in the order that they decide. When
SUPER HEMO successfully ends a case, players are rewarded
with 1, 2, or 3 stars depending on the number of errors they
made. Moreover, a hidden hematopoietic cell can be caught to
unlock a minigame to earn gold coins. A wrong answer to a
skill question makes SUPER HEM O |ose the patient’strust and
lose gold coins, and a wrong answer to a treatment question
makes the hero lose the patient’s trust. Lady Stem Cell gives
immediate feedback to every question, thus maintaining the
user’s motivation and commitment to the game [24]. If all gold
coins and the patient’s trust are lost, Mister Insurance takes
SUPER HEMO back to the beginning of the case, where the
player can immediately play again if they have enough gold
coins; otherwise, they can still earn gold coins in minigames
before trying the case again. The hidden collected cells
constitute an atlas of hematopoietic cellsthat containsa precise
description and a real picture (taken by microscopy) of each

https://games.jmir.org/2023/1/e40350
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blood cell. Minigames are always related to hematology in a
fun way.

When SUPER HEMO reaches 80% success in the world's 5
clinical cases (and achieves atotal of 12 stars of a possible 15)
the player wins a new asset (a myelogram) and is thereby
allowed to move on to a higher level, which corresponds to
another hematopoietic world.

Throughout the game, to maintain the dreamlike atmosphere
and immersion, different theme songs accompany the player
(with the possibility to mute them). The player also has the
option to reset the game on the home screen (not pictured).

Development

Technology

The game was programmed in January 2019 using C# in the
Unity gameengine, for computersonly (ie, therewasno mobile
app). Theinvention was protected with an Inter Deposit Digital
Number on September 9, 2020, for the University of Lorraine.
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To date, the game is available in French only and is free of
charge at the University.

Video Game Beta Tests

Three beta-test sessions were organized with small groups of
undergraduate and graduate physician and pharmacy volunteer
students. The goa was to obtain a primary evaluation of the
game design and concept and to debug the game. The volunteers
played the game for 1 hour and were then asked to fill in a
guestionnaire (Multimedia Appendix 3) about several aspects
of the game, including the graphical interface, gameplay, use
of multimedia, and educational content, and provide ideas for
improvement and general comments. We collected the
guestionnaires and analyzed the answers to modify or improve
the game and the teaching methods, if required.

Formative Evaluation

Ethics Approval

The study was conducted in accordance with the Helsinki
Declaration and Resolution. The study was approved by the
Pedagogic Committee of the Faculté de Pharmacie, Université
deLorraine (June 17, 2021) and Faculté de Médecine, Université
deLorraine (July 7, 2021).

Recruitment and Game Evaluation

Studentsin their third year of medicine and pharmacy courses
wereidentified asthe most appropriate study participants, since
hematology is aregular and mandatory course unit during this
academic year. These student cohorts were expected to benefit
the most from additional exposure to clinical learning while
using SUPER HEMO, as their upcoming final exams were
planned to take place shortly after game exposure. The game
evaluation was performed after 2 weeks of classical hematology
teaching. The gaming course consisted of 1.5 hours of gaming
(in the Red World) that covered the following standard red
blood cell disorders. anemia and polycythemia. The game
evaluation was split into 2 phases examining (1) theimmediate
knowledge acquisition of the playersand (2) whether the players
successfully completed their final hematology examination.

First, to evaluate the effectiveness of this teaching method,
voluntary participantsfrom each course were asked to complete
a knowledge test consisting of 10 multiple-choice questions
(Multimedia Appendix 4); one point was obtained for each
correct answer. The participants compl eted the 10-question test
before (pretest) and after playing the gamefor 1 hour (posttest).
An online questionnaire was designed to assess playability and
the students' understanding of SUPER HEMO. Students were
also asked to rate their level of confidence after the gaming
session on a questionnaire. Qualitative data considering the

https://games.jmir.org/2023/1/e40350
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students’ general feedback was also collected. All answerswere
anonymized.

Second, successful completion of the final hematology
examination was extracted for studentswho had participated in
SUPER HEMO and those who had not by the pedagogic
committee, and mean results were compared.

Statistics

Statistical analyses were carried out using Prism (version 5.0;
GraphPad). Comparisons of participation ratesfor the physician
and pharmacy students, as well as the female to male ratio of
the groups, were made with the Fisher exact test. Pre- and
posttest scores and thefina evaluation were expressed as median
values, with the range and 25th to 75th percentiles. Pre- and
posttest results were compared using a paired Wilcoxon
signed-rank test in the 3 groups (ie, the overall population, the
physician students, and the pharmacy students). Fina evaluation
results were compared using the Mann-Whitney test. As
participation was on avoluntary basis, apost hoc power analysis
of the final evaluation’s scores was also performed.

Results

Beta Tests

The results of the 3 beta tests (Figure 3) indicated a significant
interest in this new SG.

Theinterfacereceived ascoreof 3.7 of 5. Asfor themultimedia
aspect, the graphics and music received scores of 4.1 and 3.7
of 5, respectively. All students stated that they enjoyed the game,
86% (19/22) found the game fun to use, and 68% (15/22) even
lost track of time while playing. Regarding the educational
content, 90% of the students (20/22) found that SUPER HEMO
represented an efficient method to learn hematol ogy.

The beta tests allowed us to detect a few points to improve
SUPER HEMO and addressissues encountered by the students.
Some students had difficulties answering certain types of
guestions (for example, ones that used drag-and-drop), or they
could not find the minigames. This led usto integrate tutorials
at the beginning of each game, such as on how to answer
guestions encountered for thefirst time. We al so modified some
guestions and minigame rules to better drive the players.
Moreover, some players forgot the CBC results while talking
to the unwell characters and frequently wanted to check them;
therefore, we added a button to allow the players to check the
CBC results as often as they wanted to. Finaly, as the game
tasks could be interrupted, we added a “log info” button to
remind the students of dialogue text.

The free comments included mostly thanks for the initiative
and anticipation for the sequels.
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Figure 3. Betatest results. SH: SUPER HEMO.
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Integrated Teaching Approach in Addition to the
Standard Hematology Undergraduate Curriculum

A total of 153 volunteer students were recruited, including 86
of 324 physician students (26.5%) and 67 of 115 pharmacy
students (58%), who agreed to participate in this complementary
session at the end of the standard lecture-based hematology
course. Of note, the proportion of female students was higher
in the participant group (Table 1).

Overal, the volunteer students were evaluated on a 10-point
scale (Table 2 and Figure 4). They had a higher posttest score
(median 7.5, range 2.5-10) than pretest score (median 6.5, range
1.5-9; P=.001), indicating that the game slightly improved their
immediate knowledge acquisition. The median pre-and posttest

hematology. playing.

scores were 6 (range 1.5-8) and 7 (range 2.5-10), respectively,
for the physician students (P<.001) and 7.5 (range 3-9) and 8
(range 3.5-10), respectively, for the pharmacy students (P<.001).

At the fina examination (Figure 4), we observed that the
physician students who played SUPER HEMO obtained a
dlightly higher score (median 13/20, range 6-17) than those who
did not play SUPER HEMO (median 12/20, range 5-17;
P=.002), with a satisfactory study power (83%). The pharmacy
students who played SUPER HEMO had a score (median
21.75/30, range 12.25-27.25) that was not statisticaly
significantly different from those who did not play SUPER
HEMO (median 19.8/30, range 9.5-26.75; P=.12).
Unfortunately, the study power was low (64%) for this group.

Table 1. Comparison of participants and nonparticipants in SUPER HEMO eval uation.

Characteristics Participants, n Nonparticipants, n P vaue
All students (N=439) <.001
Female 110 161
Mae 43 125
Physician students (n=324) .05
Female 60 136
Mae 26 102
Pharmacy students (n=115) .02
Female 50 25
Mae 17 23
Table 2. Pre- and posttest eval uations (scores are on a 10-point scale).
Pretest Posttest P value
Median score  Range 25th-75th percentile  Median score  Range 25th-75th percentile
All students 6.5 159 55-8 75 2.5-10 6.5-8.5 <.001
Physician students 6 15-8 5-7 7 25-10 6-8 <.001
Pharmacy students 75 39 6.5-85 8 3.5-10 7-9 .001
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Figure4. SUPER HEMO evaluation.
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Gameplay Satisfaction

Among 153 volunteer students, 143 answered the questionnaire
(93.4%). Game experience received a score of 4.7 out of 5, and
79% of the students (n=113) found the game fun to use.
Regarding multimedia, graphics received a score of 4.7 out of
5, and music received 3.9 out of 5. The minigameswere scored
as attractive (4.1/5; Figure 5).

Concerning the educational content, most of the 153 students
indicated that they had augmented their knowledge (n=130,
91%), had made progress in hematology (n=137, 96%), and
better understood their courses (n=124, 87%) after playing

https://games.jmir.org/2023/1/e40350
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SUPER HEMO. In addition, 71 students (50%) indicated that
they specifically aimed to obtain the top 3 stars at the end of
each casein the game, and 70 students (49%) dedicated specific
effort to collect all the hidden cells. While the effect of rewards
on memory appears well documented, it has recently been
reported that incentives can also have counterproductive effects
on memory [25]. Our videogame reward system was, however,
developed to create a redistic game environment with
well-known reinforcement and reward schedules. Of the 153
participants, 106 (74%) indicated that the flow of the game
suited their knowledge, zero indicated they were bored by the
game, 5 (3%) became lost in the game, and only 1 gave up.
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Figure5. Gameplay satisfaction.
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Discussion

Principal Findings

SUPER HEM O was devel oped to increase students’ motivation
for learning hematol ogy. In fact, as previously described, when
students feel involved, they are more likely to achieve
educational goals[26]. But with only 4 hematology teachers at
the university, bedside (for clinical symptoms) and laboratory
(for cell recognition) teaching in undergraduate medical
education could not be fully accomplished for that year’'s 324
physician and 115 pharmacy students. Consequently, SUPER
HEMO was developed to confront students with different
clinical situations, improve their cell observation skills, and
supplement the classical teaching model. Because players may
have different skills, we developed the pedagogic content
concomitantly with gamification [27]. Special characters, such
asLady Stem Cell, were created to regularly debrief the players
on wrong or right answers to questions [28]. SUPER HEMO
level 1 (the Red World) was developed and beta tested over a
2-year period. Subsequently, SUPER HEMO's approach was
integrated to the standard hematol ogy undergraduate curriculum
of third-year physician and pharmacy students and the SG was
evaluated.

In health care education, studies comparing SGs to other
teaching methods with prospective evaluations are scarce
[29,30]. We assumed that this prospective evaluation might be
useful to justify SUPER HEM O’ s integration with the standard

https://games.jmir.org/2023/1/e40350
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hematology curriculum. The satisfaction questionnaire clearly
showed that most students enjoyed playing SUPER HEMO
(113/142, 80%) and felt that they learned from it (123/142,
86%). These results demonstrate the students' strong
commitment to the game. Thisresult wasreinforced by the free
comments (eg, “I find the interface truly attractive; it realy
makes me want to do well” and “A good experience, dialogs or
context are quite funny but still remain consistent!”). Several
studentsinguired about playing therest of the game (eg, “We're
looking forward to the white and yellow worlds' release” and
“1 hope | can play again soon!”). Students highlighted the link
between the game and seriousness (eg, “It allowed me to study
inafunway” and “Fun way to learn hematology or to practice
without the feeling that | have studied”).

Knowledge improvement with this complementary method to
the standard course was more difficult to evaluate. If a positive
effect of SUPER HEMO was clearly observed for short-term
knowledge (ie, the results of the pre- and posttests), the
measurement of learning outcome (ie, the results of the final
examination) should also be discussed. First, the first SUPER
HEMO session ran through the COVID-19 pandemic, when
restrictions were in place on attending courses. Therefore, we
could not evaluate the effectiveness of this SG with a
randomized controlled trial. After discussion with the pedagogic
committee during the pandemic, courses were transmitted
virtually to students who wanted to stay at home; lessthan 10%
of students attended on site. In order not to penalize medically
or psychologically fragile students, we decided to invite students
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to participate as they chose to do so. We can hypothesize that
volunteer students who came to the SUPER HEMO session
were the most motivated in the class, thus biasing the results of
the final exams. Second, we observed that pharmacy students
were more likely to attend the SUPER HEM O session than the
physician students. Of note, the pharmacy students were
probably more motivated, as their final exam took place afew
days after the gaming session, whereas the physician students
had their final exam 1 month after the gaming session. For the
pharmacy students, athough the participation rate was
satisfactory, the study was underpowered, suggesting that
follow-up studies (within the next few years) with more students
might confirm that playing SUPER HEM O allowed studentsto
obtain a better scorein the final hematol ogy evaluation (aswas
observed for the physician students). Third, our conclusionson
interest in SUPER HEM O should be moderated by consideration
of the SUPER HEMO session design. The session had a time
limit of 90 minutes and was based only on the available “Red
World,” which dealt with anemia and polycythemia, while the
final evaluation contained questions on red blood cells, white
blood cells, and platel ets. We therefore propose that in the future
(1) three worlds corresponding to the three lineages of
hematopoietic cellsin the CBC be made available to encompass
the whole hematol ogy program, (2) game-based learning should
have no time restrictions, and (3) new evaluations with more
participants should be organized with other universities.

Currently, we consider that our research contributes to the
literature by providing a new game for teaching hematology
and an investigation of the effectiveness of the SG context for
hematology learning. Thisfirst experiment with SUPER HEMO
commits us to develop this SG for hematology in future
academic years. Future work will focus on developing levels
2, 3, and 4, the“White World,” “ Yellow World,” and “ Complex
World,” respectively, with all parameters varying in the latter.
We propose an evolving game that covers the entire program
of hematology and is accessible on the digital platform of the

Perrinet d

University of Lorraine. SGs have been poorly developed for
hematology education. Tan et a [21] were thefirst to report an
SG, developed for nursesin Singapore, that dealt with the safe
administration of blood transfusions. This SG was prospectively
tested with 103 second-year undergraduate nursing students
randomized into control or experimental groups. Posttest
knowledge and mean scores for confidence improved
significantly in the experimental group (P<.001) after the SG
intervention compared to mean pretest scores and mean posttest
scores for the control group (P<.001). However, no significant
differences (P=.11) were found between the experimental and
control groupsfor mean posttest performance scores. Four years
later, the participants evaluated the SG positively as an
innovative and stimul ating learning tool ; however, more rigorous
efforts to improve the interface and alleviate technical issues
were suggested as ways to make the SG more accessible and
intuitive for all levels of nursing staff [22]. To our knowledge,
SUPER HEMO isthefirst SG developed for CBC interpretation
to be used by teachers of hematology for studentsin medicine,
pharmacy, dentistry, and midwifery. During the COVID-19
pandemic, education was suddenly disrupted, and universities
were mandated to switch to online teaching. The game-based
computer app that we designed represents a potentially effective
teaching tool for health care students.

Conclusion

This study has provided evidence that SUPER HEM O met our
primary objective: to develop an SG for hematology that was
playable and acceptable overall. The usability of SUPER HEMO
was demonstrated beyond the initial beta-testing pilot study;
we obtained preliminary evidence that SUPER HEMO might
be a useful educational tool. We will use it as a supplement to
lecture-based courses and trace the time and frequency of logins
to SUPER HEMO. L ast, we proposeto correlate this continuous
training to student results for the third-year final exams, fina
graduation exams (at the end of the fifth year), and for the
student’s specialty choice.
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Abstract

Background: The use of serious games in health care is on the rise, as these games motivate treatment adherence, reduce
treatment costs, and educate patients and families. However, current serious gamesfail to offer personalized interventions, ignoring
the need to abandon the one-size-fits-all approach. Moreover, these games, with a primary objective other than pure entertainment,
are costly and complex to develop and require the constant involvement of a multidisciplinary team. No standardized approach
exists on how serious games can be personalized, as existing literature focuses on specific use cases and scenarios. The serious
game development domain fails to consider any transfer of domain knowledge, which means this |abor-intensive process must
be repeated for each serious game.

Objective: We proposed a software engineering framework that aims to streamline the multidisciplinary design process of
personalized serious games in health care and facilitates the reuse of domain knowledge and personalization algorithms. By
focusing on thetransfer of knowledge to new serious games by reusing components and personalization algorithms, the comparison
and evaluation of different personalization strategies can be simplified and expedited. In doing so, the first steps are taken in
advancing the state of the art of knowledge regarding personalized serious games in health care.

Methods: The proposed framework aimed to answer 3 questions that need to be asked when designing personalized serious
games. Why isthe game personalized? What parameters can be used for personalization? and How isthe personalization achieved?
The 3 involved stakehol ders, namely, the domain expert, the (game) developer, and the software engineer, were each assigned a
guestion and then assigned responsibilities regarding the design of the personalized serious game. The (game) developer was
responsible for al the game-related components; the domain expert was in charge of the modeling of the domain knowledge
using simple or complex concepts (eg, ontologies); and the software engineer managed the personalization a gorithms or models
integrated into the system. The framework acted as an intermediate step between game conceptualization and implementation;
it wasillustrated by developing and evaluating a proof of concept.

Results: The proof of concept, a serious game for shoulder rehabilitation, was evaluated using simulations of heart rate and
game scores to assess how personalization was achieved and whether the framework responded as expected. The simulations
indicated the value of both real-time and offline personalization. The proof of concept illustrated how the interaction between
different components worked and how the framework was used to simplify the design process.

Conclusions: The proposed framework for personalized serious gamesin health care identifies the responsibilities of theinvolved
stakeholders in the design process, using 3 key questions for personalization. The framework focuses on the transferability of
knowledge and reusability of personalization agorithmsto simplify the design process of personalized serious games.

(JMIR Serious Games 2023;11:e40054) doi:10.2196/40054
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Introduction

Background

Serious games have a primary objective other than pure
entertainment as they seek to educate or train, among others
[1,2]. In many domains of health care, serious games have
shown positive effects and are increasingly used to motivate
treatment adherence, reduce treatment costs, and educate patients
and their families on a specific pathology [3-7]. For example,
serious games are used for the treatment of mental health
disorders, such as anxiety disorders or depression [5,8-10],
physical [11-14] or cognitive rehabilitation [15-17], or the
education of health professionalsand patients[18-22]. Multiple
reviews exist on thisemerging field that state that serious games
can be an effective tool for health, but the research remainsin
its infancy, limited by design and evaluation challenges
[5,10,20,21,23-25].

One of these challengesisthe long-term and continuous support
of the targeted users. The user’s abilities will not only evolve
but also based on the user's current context, a different
configuration or approach might be called for. Many researchers
have indicated the need for a personalized approach in serious
games, abandoning the one-size-fits-all approach [26-31].
Serious games often fail to sustain long-term retention and
treatment adherenceif gamification mechanismsare not adaptive
and cannot dynamically reengage the user [32,33]. Users lose
motivation and games become predictable. Although the primary
objective of a serious game is not entertainment, it remains
crucia that the game is entertaining to retain user engagement
[34]. To create long-term engagement in serious games, a
balance between challenge and skill, leading to a state of flow,
must be achieved [35].

Gamestailored to the user generally result in better performance
outcomes for the user, making personalization a key aspect of
a successful serious game [36-39]. Different terms, such as
adaptability, adaptivity, personalization, contextualization, and
customization, are used in the literature to indicate the tailoring
of serious games to users. Sgjjadi et a [26] introduced the
overarching term individualization when no distinction between
these concepts is necessary. Adapting a serious game to the
needs of a user can be done at design time, before starting the
game (ie, static personalization), or while playing the game (ie,
dynamic personalization).

Adaptability is defined by multiple researchers asthe possibility
to change an environment based on the user’s changing needs,
whereas adaptivity is the dynamic or automatic adjustment of
game elements to the individua’s actions or performance
[26,29]. Personalization is characterized by the, often automatic,
adaptation of the game based on the profile or context
information of a specific individual user, such as heart rate or
age [26]. Customization can be seen as changing the system
based on the needs of a user group or an individual user,
manually or automatically, and is often related to changes in
appearance and content [26,40]. Streicher and Smeddinck [29]

https://games.jmir.org/2023/1/e40054

considered personalization as a specific form of customization,
whilethey saw adaptability and adaptivity asameansto achieve
personalization or customization. These concepts refer to the
tailoring of thegame at run time (ie, before or during gameplay),
which differsfrom the player-centered design in which decisions
are made during the design of the game based on the needs of
a specific target group [41].

Not only do people learn in different ways and paces and
perceive the difficulty level of the game differently, but the
game itself is also experienced differently by different people,
and not al game elements will work for everyone. In addition,
the specific skills of the user might vary and develop over the
course of playing the game [26,35,42,43]. The game should
therefore be able to respond by adapting to the user, that is,
ensuring a state of flow [4,35].

Flow theory models the relationship between the level of
challenge in the game and the skill level of the user [44,45].
According to the Flow Model, the user isin a state of flow (ie,
total immersion with maximized focus and performance) when
the game has a clear goal and the user receives direct feedback
ontheir performancerelated to thisgoal [45]. Moreimportantly,
to enter this state of flow, or the flow channel, the goal and
related challenge level of the game should match the skill level
of the user [4,29]. Frustration occurs when the game is too
difficult for the perceived skill level and boredom setsin if the
user is not chalenged sufficiently by the game. Therefore, a
serious game should maintain a balance between these
parameters, even as the skill level of the users increases
throughout the course of the game, to ensure that a state of flow
is achieved, as shown in Figure 1. Because people differ and
learn at different rates, the serious game should be able to detect
and respond to the changing context and skill level of the user

[4].

Another disadvantage of current gamified health applications
is that the level of customization is often lacking, resulting in
gamification that does not take health purposes, changes, or
target groups into account [32]. Entertainment games already
include different preferences among users by identifying player
types using models such as the Bartle Model [46]. However,
these models cannot be generalized to serious games because
they aretoo limited. More context or player aspects need to be
considered for the personalization of serious games, such as
anxiety, stress, learning style, engagement, performance, skill
level, and so on [26]. In contrast to the audience of entertainment
games, the target audience of serious gamesislarger, including
nongamer types.

Serious games and gamification, with auser-centered, adaptive,
and personalized approach, show promise in increasing
trestment adherence and boosting engagement with interventions
[3]. Creating a personalized serious game from scratch for each
type of user isacostly and challenging operation for devel opers
and domain experts [17,29]. To create a serious game, expert
knowledge of relevant domains is necessary. Often, therapists
and domain experts are continuously involved in this design
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processinvariousways|[28,47]. Some examplesare asfollows:
the involvement of ateam of therapistsin the design process of
a serious game for anxiety reduction in children with autism
spectrum disorder [8]; conducting in-depth interviews with
occupational therapists for a serious game for cognitive
impairment [15]; and validating the content of an informational
serious game on COVID-19 by consulting a specialized team
of physicians, professors, and medical students [48].

Different methods exist to include personalization in serious
games. Some approachesfocus on classifying the user according
to a certain player type [41,49,50], whereas others focus on
changing game aspects [33,35,51]. Rule-based adaptation
definesrulesthat, when satisfied, lead to predefined actionsthat
determine the further course of the game. However, this can
lead to a less effective game because adaptation options are
limited by the predefined rules [4]. Plan-based adaptation can
be considered as a collection of state machines. Each planisa
state machine of which each state is an executable action in the
game. If acondition is met, the active states can be selected to
determine the course of the game. This adaptation method can,
for example, be used in games containing several storylines,
unlocking different aspects of the story depending on the user’s
current physiological state (eg, relaxed vs stressed states) [4].
Model-based adaptation allows the creation of models for
various game elements. These models can dynamically change
based on the changing user information. This method allows
for more complex analysis and adaptation techniques such as
theuse of artificial intelligence to predict the progression of the
user in the future [4,52]. Studies exist on how gamification and
serious games can be personalized and which factorsinfluence

Carlier et d

these decisions [53]. However, it remains unclear how this
infformation can be integrated into the design and
implementation of a fully personalized and adaptive serious
game.

Research exists on frameworksfor the design of serious games;
however, these are often designed for specific health care
domains, such asphysical [13,54-56] or cognitive rehabilitation
[15,57,58], or focus on specific technologies, such as emotion
recognition and gamification patterns [59,60]; only afew focus
on the development of serious games in general [28,61].
Nevertheless, these frameworks often remain vague on how
personalization can be achieved, use one specific model for
personalization, or do not target personalized serious games
[13,60,61]. Moreover, only one study reported the need for
reusable serious games components and proposed a serious
game framework for reusable intelligent software components
(eg, emotion recognition and learning agorithms) [62].
However, thisstudy islimited to theimplementation of software
components and does not state how domain knowledge and
intelligent personalization algorithms can be integrated into the
multidisciplinary design process of serious games.

Owing to the lack of standardized frameworks for the design
of a(personalized) serious game, the challenging nature of the
design process, and the focus on using case-specific guidelines,
the evaluation of serious games is often limited and varies
widely as different approaches are taken. Research should aim
to evaluate the effectiveness of serious games morerapidly and
inacontrolled setting, focusing on comparing approachesusing
the same environment [10,17].

Figurel. The Flow Modéd states that to enter the flow channel, that is, a state of total immersion and maximized focus and performance, the goal and

related challenge should match the skill level of the user [46].
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Overall, when creating apersonalized serious game, 3 questions
need to be asked:

«  Why isthe game personalized?
«  What parameters can be used for personalization?
«  How isthe personalization achieved?

https://games.jmir.org/2023/1/e40054

Perceived skill leve

In this study, we aimed to answer these questions by proposing
a software engineering framework that streamlines the design
process of personalized serious games and facilitates the reuse
of domain knowledge and personalization a gorithmsto reduce
development costs.

Currently, the development of personalized serious gamesis a
costly and complex process that requires the continuous
involvement of different stakeholders, such as (game)
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developers, domain experts, and software engineers.
Furthermore, this process must be completely repeated for each
serious game and is often use-case specific. This means that
each stakeholder should share their expertise throughout the
design process of each new serious game, irrespective of the
subject of the game, as their knowledge is never formalized or
transferred to new serious games. This results in a complex
process with many dependencies and redundancies between
different stakeholders and serious games, which can be
visualized as shown in Figure 2A. This approach complicates
the evaluation of serious games and personalization strategies.
With that many different parameters, such as design approach,
target audience, or personalization algorithms, the comparison
and evaluation of different personalization strategiesarelimited.
Moreover, very little is known about how personalization
strategies can be applied to serious games, asresearch isfocused
on the development of serious games for specific use cases,
without attention to reusability.

This study aims to reduce these disadvantages by proposing a
framework to simplify this process. Theframework streamlines
the development process of personalized serious games by

Carlier et d

considering the value of cocreation with different stakeholders,
asshown in Figure 2B. However, by focusing on the reusability
and formalization and transferability of expert knowledge, the
dependencies between the stakeholders can be decoupled,
thereby reducing the devel opment cost of apersonalized serious
game.

Thefollowing paragraphsare structured asfollows. The Methods
section describes the Use and Design of the Software
engineering framework, followed by the Generic Framework,
which discusses the software engineering framework and the
responsibilities of the involved stakeholders. To assess the
proposed framework, a simple proof of concept was
implemented, that is, an existing game was first transformed
into a serious game, which is explained in the Methods section
in A Serious Game for ShoulderRehabilitation. Next, the
possibilities of the framework wereillustrated by transforming
this framework into a personalized serious game in the section
Proof of Concept: an Adaptive and Personalized SeriousGame,
followed by a discussion of the evaluation of the resulting
serious game in the Results section. Finally, the conclusions of
this study are discussed in the Discussion section.

Figure2. (A) A conceptual schematic visualization of the currently complex and redundant dependencies between stakehol ders during the devel opment
of multiple personalized serious games. (B) Schematic visualization of decoupling these dependencies by implementing reusable components that can
be used for multiple serious games, thereby removing the tedious and repetitive effort of the stakeholders.
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Use and Design of the Software Engineering
Framewor k

The proposed framework provides a software engineering
perspective on how the design process of serious games can be
made more efficient by focusing on personalization and
reusability. It can be used to transform existing (serious) games
into personalized serious games aswell aswhen designing new
personalized serious games. As the proposed framework is a
software engineering framework, it acts as an intermediate step
between conceptualization and implementation, thereby aiming
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to close the gap between serious game design and
implementation.

The Mechanics, Dynamics, and Aestheticsframework iswidely
accepted in game design as a formal approach for
conceptualizing the dynamic behavior of game systems[63]. It
approaches a game from the perspective of the player and
discerns mechanics (ie, the actions, goals, and rules of the
game), dynamics (ie, the behavior followed by the player's
interaction with the mechanics), and the aesthetics (ie, the
desired emotional responses of the player when playing the
game). The Mechanics, Dynamics, Aesthetics, and Outcomes
(MDAO) framework is an extension of the Mechanics,
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Dynamics, and Aesthetics framework for the conceptualization
of serious games[64], and it introducesthe concept of outcomes,
that is, the behavioral or intellectual responses of the player
after playing the game. The MDAO framework approaches a
game from the player’s perspective by first defining the
outcomes and aesthetics, followed by dynamics and mechanics.
To define the necessary concepts, a domain expert (outcomes
and aesthetics) and agame devel oper (dynamics and mechanics)
are needed. The results of the MDAO framework can then be
used in the process of answering the 3 questionsthe framework
poses: Why is the game personalized? What parameters are
used for personalization? and How is personalization achieved?

Furthermore, the proposed framework is an extended version
of the adaptive experience engine proposed by Bellotti et al
[65]. They proposed an architecture that decouples the content
of educational tasks from the game aspects in sandbox serious
games, that is, games that encourage free play, to standardize
the devel opment of educational serious games and increase the
efficiency by focusing on the reusability of educational tasks.
The adaptive experience engine of Bellotti et al [65] uses
educational content or tasks, defined by pedagogical experts,
and stores these tasks in a common repository for reuse in
different games. A game author is then responsible for
specifying the requirements of the delivery of such atask at run
time, that is, determining the type of task and timeiit isrelevant

during gameplay.

Carlier et d

We proposed an extension of this framework for the
personalization of serious gamesfor health (SGH). We defined
the necessary building blocks to increase the reusability of the
different components and assign stakeholder responsihilitiesto
these components. Instead of arepository of educational tasks,
a knowledge base, which was designed according to the
requirements of the domain experts, was included to model the
necessary domain knowledge of a serious game. Furthermore,
apersonalization engineallowsfor theinclusion and evaluation
of multiple personalization algorithms. The proposed framework
was evaluated by implementing a proof-of-concept seriousgame
to validate that the framework meets the expectations of the
authors.

Generic Framework

Overview

The framework decoupled the domain knowledge from the
personalizable variablesin the serious game and personalization
algorithms. This allowed the modification or addition of expert
knowledge and game conceptsindependently of each other and
the exploration of different personalization strategies without
altering the structure of the gameitself. The generic architecture
discerned 6 modules through which a personalization loop
flowed, moving through the different modules to translate user
and game data into a specific knowledgeable game task that
resulted in the adaptation of the game, as shown in Figure 3.

Figure 3. The generic framework consists of 3 types of modules. The Knowledge Base module formalizes the knowledge of the domain expert. The
game-specific modules are the responsibility of the (game) developer and contain the personalized parameters. The final module, the Independent
Personalizer, is the responsibility of the software engineer, who implements the a gorithms for personalization.
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The Knowledge Base module is at the heart of the framework
and aims to answer the question, Why is there a need for
personalization? More specifically, this module is responsible
for modeling the knowledge of the domain experts that gives
insight into the serious aspect of the game. Serious games are
defined as games that have objectives other than pure
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entertainment. For example, in the case of a rehabilitation
scenario, this component will contain certain information
regarding rehabilitation exercises and the conditions under
which they can be executed, for example, injury type, skill level,
and rehabilitation progress. For this example, the expert
knowledge would indicate that personalized support during
rehabilitation is necessary to accommodate different injury
types, different phases of the rehabilitation process, skill levels,
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or more, thereby answering why there is a need for
personalization. Such expert knowledge can be modeled or
computerized using different approaches, for example, smple
approaches such as databases or functions or more complex
constructs such as ontologies. The goa of the Knowledge Base
module is to allow the transferability of knowledge, and the
module can thus be reused or replaced based on the domainin
which the serious gameis situated.

Game-Specific Modules

The 3 modules are game specific, namely, the Game and User
module, which contains the game itself, and the Feature
Abstraction and Action Abstraction modules, which function
as alayer of abstraction between the game and the rest of the
system. In consultation with the domain expert, the (game)
developer can identify the necessary parameters for
personalization, answering the question, What needs to be
personalized? Two sets of parameters, namely, features and
actions, are discerned at design time. First, the information that
triggers personalization is defined as a feature. These features
can be game information, such as scores, or physiological
information collected using wearables (eg, heart rate). These
features, which trigger the personalization, introduce afeedback
loop in the system to ensure that it is adapted according to the
needs of the user. For example, when ascore or heart rateistoo
high, the game might be too exhausting, which should result in
the adaptation of the system. In addition, when the user
continuesto score badly, the game might be too difficult, which
in turn will result in the adaptation of the difficulty level.
Second, the actions are a set of game parameters that are
personalizable based on the context information, such as speed
and difficulty level, or more complex constructs, for example,
to personalize a storyline. At run time, the features are then
periodically sent to the Feature Abstraction module, where they
are abstracted to ageneric format that can be interpreted by the
game-independent modules. Existing player-type frameworks,
such as the Hexad Framework, can be used to identify the
parameters for personalization [64].

I ndependent Personalizer

Two modules, namely, the Interpreter module and the
Personalization Engine, are game and domain independent and
can thus be replaced or reused for the personalization of new
or existing games. The software engineer aims to answer the
guestion, How is personalization achieved? in these modules
without the need to interact with the gameitself. The Interpreter
moduleinteractswith the Knowledge Base and the game-specific
modules to fetch the necessary information to understand the
data it has just received. The module then interprets and
tranglates the data into a format that can be understood using
the Personalization Engine. This value contains the necessary
information for the Personalization Engineto determine whether
personalization is necessary and the degree of personalization
without the need for context information. For example, if the
user has an extremely high heart rate in a relaxation game, the
Interpreter will understand, based on the context and domain
knowledge that it receives, that the user’s heart rate needs to be
lowered and personalization hasto be applied accordingly. Next,

https://games.jmir.org/2023/1/e40054
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the Personalization Engine, containing one or more models for
personalization, applies the action and sends it to the Action
Abstraction module, a game-specific module that knows the
game task that this action maps (eg, changing the speed of the
game). In turn, the Action Abstraction module sends a
game-specific task order to the game, which can then adapt
accordingly and complete the personalization loop.

Different approaches for personalization exist, for example,
intelligent algorithms such as reinforcement learning or
recommender systems. By decoupling the personalization task
from the game and domain knowledge, opportunitiesto explore
the utility of different personalization models arise. Within one
game, different approaches can be used to process or compare
triggers for personalization. Furthermore, existing models can
be reused for the development of new serious games, which
simplifies and reduces the cost of creating a serious game.

A Serious Game for Shoulder Rehabilitation

In physical rehabilitation, where patients need to repeat exercises
regularly to train their mobility or balance, serious games can
provide a welcome distraction from the repetitiveness of the
treatment. Patients often lack the incentive to complete the
time-consuming exercises at home or start rushing through,
resulting in a decline in progress and exercise completion and
once again demoativating the patient to correctly adhere to the
treatment. Serious games for physical rehabilitation aim to
motivate patients to increase their treatment adherence and
effectiveness.

As a proof of concept, an existing game was transformed into
a serious game and then used to illustrate how the proposed
framework can be used to personalize existing serious games
as well as when designing new serious games. The game was
simple and contained a character that could be controlled by
pressing a single button to make the character move upward
and avoid upcoming obstacles, similar to the well-known game
Flappy Bird (Gears). For this research, the game was
transformed into a shoulder rehabilitation exercise that was
suitable for physical rehabilitation after injury. As mentioned
previoudly, in physical rehabilitation, it isimportant for patients
to perform their exercises regularly and correctly.

The mechanics of the chosen game set the users up for failure,
as they must continue controlling the character until it hit an
obstacle and the game was over. This seems contradictory, as
rehabilitation patients should not be rushed when performing
their exercises, and this thus indicates the need for
personalization by adapting the difficulty of the game to the
capabilities of the user. Instead of controlling the character with
a button, the user could control it by lifting their outstretched
armto the shoulder level and moving the character upward. The
Intel Real Sense Camera (Intel) [66] and the Cubemos skeleton
(Intel) tracking SDK [67] were used to track the movement of
the arm of the user and control the upward movement of the
bird, as shown in Figure 4. The user earned a score based on
how long they manage to keep the bird in the air without hitting
any obstacles; otherwise, the game ended.
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Figure 4. Using the Intel Real Sense Camera and the Cubemos skeleton tracking (left), the arm movements of the user are tracked to control the game

character (right).

Proof of Concept: an Adaptive and Per sonalized
Serious Game

The following paragraphs discuss the different components of
the generic framework in detail, using the implementation of

the serious game for shoulder rehabilitation as an illustration
of how the framework works. Figure 5 provides an overview
of the implemented proof of concept using the proposed
framework.

Figure5. Theimplementation of the proof of concept using the proposed framework indicates that 2 features have been identified, namely, heart rate
and game score. The Knowledge Base contains the necessary expert knowledge and respective context parameters that are necessary to interpret these
features. After the Interpreter has interpreted this information, using the Context Locator to fetch the context values, the Personalization Engine is
responsible for the adaptation, using the implemented models. Finally, thisis again translated to an action of the game, namely, speed.
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Domain Knowledge

Asmentioned in the section Generic Framework, the Knowledge
Base models the knowledge that is relevant for the specific
serious game. This can be achieved using a simple database,
storing values, or more complex constructs such as ontologies
that are capable of modeling complex relationships between
conceptsin acomputer-readabl e format. The responsibilities of
the domain expert consist of (1) defining or reusing the
necessary domain knowledge and, together with the (game)
developer, (2) identifying the personalizable parameters of the
serious game, that is, features and actions.

For thisproof of concept, the Knowl edge Base was kept smple.
The Knowledge Base stored 2 functions, onefor each identified
feature, namely, fpeyt rae aNd fooe: The function frea rae
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calculated the highest accepted heart rate for the given context
information, whereas the function fy,. looked at previous N
scores, given the necessary context to eval uate the performance
of the user. Thismeansthat, based on the game and its objective,
2 features were identified, namely, heart rate and game score.

Game-Specific Modules

As previoudy mentioned, for the game, 2 features were
identified, namely, heart rate and game score. These data were
collected by the Game and User component and were used to
trigger the start of the personalization loop as they were
periodically sent to the Feature Abstraction module, which sent
them to theindependent personalization modulesfor evaluation.
As patients cannot rush their rehabilitation exercises but should
perform them correctly to increase their mobility, the speed of
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the game was identified as a personalizable action. If the heart
rate of the user increased or their game score decreased, the
speed of the game should belowered to continue to ensure good
shoulder exercise performance.

Personalization of the game can occur both online (ie, in rea
time) and offline. For offline personalization, the feature data
were only sent after a gaming session, adapting the game for
the next session, whereasfor real-time personalization, the game
was personalized during the gaming session, based on the data
received up to that point. One game session was considered to
be alevel of the game. Both types of personalization have their
benefits: real-time personalization allows the game to quickly
respond to the user’s currently changed context, whereas offline
personalization facilitates a more complex analysis that
considers the overall performance and progress of the user,
instead of just amoment in time.

For each feature, the Feature Abstraction module contains its
respective Transformer module, responsible for trandating the
data to a generic format, which can be interpreted by the
independent personalization modules. Using thisgeneric format,
the features can be interpreted by the rest of the system without
the need for game-specific information. Nonetheless, these
features had very little meaning without the necessary context
information. For example, it was difficult to interpret a heart
rate of 100 without any additional information. However, given
the knowledge that this was the resting heart rate of a
25-year-old male, it was possible to interpret the importance if
this heart rate. Therefore, the Context Locator module was
responsible for providing the relevant context information to
the personalization moduleswhen needed. The Context Locator
knew which context mapped to what features and fetched this
information from the Game and User module.

This decoupling reduced the integration of anew serious game
for personalization to the following steps: (1) identifying the
features, (2) identifying the actions, (3) implementing or reusing
the respective Transformer modules, and (4) creating a Context
Locator that fetched the relevant context information for the
correct feature.

I ndependent Personalizer

After the Interpreter receives the feature data in a generic
format, it contacts the Knowl edge Base to fetch theinformation
to interpret the received value. This information includes the
expert knowledge and context parameters that are linked to a

https://games.jmir.org/2023/1/e40054
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specific feature. For the game, the knowledge linked to the heart
rate feature was fieq e and the relevant context parameters
were age, sex, and game intensity. For the score feature, the
linked knowledge wasf . and the relevant context parameters
were the previous N scores.

Next, the Interpreter module contacts the Context Locator to
fetch the values of these context parameters for each feature.
After receiving all therequired information, the Interpreter can
give meaning to the feature data and transform it into a
processed value that contains the necessary information for the
Personalization Engine, that is, the degree of the needed
personalization, but is devoid of any game- or domain-specific
knowledge. Continuing the example, the feature data, a heart
rate of 100, and the associated context, the resting heart rate of
a25-year-old male, can beinterpreted as an unusually high heart
rate that should be reduced.

The Personalization Engine receives this processed value, and
its Model Locator sendsit to the correct model. As mentioned
in the previous section, multiple types of models exist; however,
for the proof of concept, only simple rule-based models were
implemented to illustrate the framework. The first model
receives the processed score as input and is used as an offline
adaptation model, that is, the score after each gaming session
is processed and used for the adaptation of the speed for the
next gaming session. The second model takes the processed
score and heart rate asinput and is used for offline adaptation,
whereas the third model receives the sameinput but is used for
real-time adaptation.

The output of these models is a personalized value that is sent
to the Action Abstraction module. This module, more
specifically, the Speed Transformer, performs the reversed
action of the Feature Abstraction module, as it transforms this
generic format into agame-specific format, namely, to an action
of the game, that is, speed.

Asthe Interpreter processes these input values, and the Action
Abstraction module processes the output values, the software
engineer does not have to have any domain- or game-specific
knowledge to implement personalization algorithms. This
reduces the responsibilities of the software engineer in (1)
implementing the Interpreter module and (2) developing or
reusing personalization models. Figure 6 presents an overview
of the responsibilities of each of the involved stakeholder.
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Figure6. An overview of the responsihilities of the involved stakehol ders.
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Results

Simulation of Game Scores

To evaluate the proposed framework, the implementation of a
personalized game is assessed using several simulations. First,
the response of the system was eval uated when only game scores
were used as features. Each score represents the score obtained
after asingle game. The difficulty level at the start of agaming
session was always 0.8. Adaptation of the speed would only
occur after acompleted game, that is, offline personalization.

The first series of scores was simulated to show a
near-horizontal trend; that is, the user achieved, on average, a
constant score for each game. The system used the previous
scores of the user to decide whether the difficulty, that is, the
speed of the bird, must be personalized. Thus, the difficulty was
expected to beincreased if thistrend continued. Figure 7 shows
the simulated scoresthat were fed to the system (top panel) and
the response of the system regarding the adaptation of the
difficulty (bottom panel). The gaming scores from the first 10
games showed a more diverging scoring pattern, indicating
some drops in the score, and the system responds accordingly
by lowering the difficulty. Game 14 showed a substantial
increase in the gaming score, followed by a nearly constant

score. As shown in the figure, the system reacted to this trend
as expected by continuously increasing the difficulty of the
game.

A second simulation showed continuously improving game
scores, that is, on average, upward trend, asillustrated in Figure
8. As the user continued to improve their previous score, the
game was most likely to become too easy for the user. The
expected response of the system was to increase the difficulty
of the game more visibly during this upward trend than during
anearly constant trend. As of game 16, after a brief drop, the
user significantly improved their game scores, upholding an
upward trend. As expected, the system countered this by
increasing the difficulty significantly faster than during thefirst
13 sessions, when the user achieved a constant score.

Thefinal simulated game seriesillustrated the situationin which
the performance of the user continued to drop, that is, a
downward trend in the game scores, asillustrated in Figure 9.
Such behavior might indicate that the game is too difficult for
the user and the game should respond by significantly decreasing
the difficulty. As of the 16th game, the score of the user kept
dropping, to which the system responded, as expected, by
decreasing the speed of the game. By game 27, the user reached
anew local maximum, which was answered by the system by
again aslow increase in difficulty.

Figure 7. Thefirst 10 games show a diverging score (top), which responds to a near-constant difficulty (bottom). The score of the user drops as of
game 10, to which the system responds with adrop in difficulty. After game 14, the user achieves, on average, a constant score, which is, as expected,

responded to by the system with a slow increase in difficulty.
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Figure8. Thescoreof theuser is, on average, constant during thefirst 13 games (above), to which the system respondswith aslight increasein difficulty
(below). After a brief drop in scores, the user’s score indicates an upward trend as of game 16. The system responds by significantly increasing the

difficulty of the game aslong as this upward scoring trend continues.

Score

Upward trend

1

16

30 Games

Figure 9. Inthefirst 15 games, the user reaches, on average, a constant score (above), to which the system again responds by slowly increasing the
difficulty (below). As of game 16, the score keeps dropping, showing a downward trend, to which the system responds by significantly lowering the

difficulty.

fficulty

25

0.8

Downward trend

.

Simulation of Game Scores and Heart Rate

For asecond evaluation of the system, game scoresand arising
heart rate, which at some point would exceed the set maximum
heart rate of 180, were simulated. For this particular use case,
where the user should perform a simple arm exercise, an
elevated heart rate could indicate that the patient was distressed
or experiencing pain, which would negatively affect the
obtainable goal, that is, increasing the mobility of the arm.
Therefore, the system should respond to this elevated heart rate
by adapting to the game. The response of the system was
compared for both offling, that is, after a gaming session, and
real-time personalization, that is, during a gaming session.

For this simulation, we expected that a high heart rate would
have a greater impact on the personalization of the game than
the gaming score. If arising heart rate was detected and the
heart rate approached the maximum threshold heart rate of 180,
the system should respond by immediately reducing the speed
of the game. However, for offline personalization, the system
was only able to respond if the average heart rate of the last
completed game session exceeded 180. Therefore, the system
could only reduce the speed of the game after acompleted game
session. For real-time personalization, the system was expected
to respond much sooner and decrease the speed of the game
from the moment the real-time heart rate exceeds the threshold
value during the gaming session.

https://games.jmir.org/2023/1/e40054
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For this evaluation, the constant gaming score from the first
simulation (Figure 7) was reused. Figure 10 illustrates the
simulated gaming score (above), simulated average heart rate
per gaming session (middle), and response of the system for
both offline adaptation and real-time adaptation (below). For
offline adaptation (green), the difficulty during agaming session
remained constant and was adapted only after the game has
been completed. For real-time adaptation (purple), the difficulty
could vary during a gaming session as real-time adaptations
occurred. The difficulty values illustrated in Figure 10
correspond to the difficulty level at the end of each gaming
session.

In the first simulation of a constant game score, the expected
behavior was an increase in the difficulty. However, the system
then also had to consider arising heart rate, which resulted in
more or less constant difficulty as long as the heart rate
continued to rise. For offline adaptation, as soon asthe average
heart rate of a game session crossed the threshold value, which
was the case for game 27, the system responded by decreasing
the difficulty. Because offline adaptation introduced a certain
delay, the game could only respond by game 28. The figure
shows that this delay was not visible in the case of real-time
adaptation, asthe difficulty had already decreased for game 26.

Figure 11 provides a detailed overview of how the system
reacted (below) to the real -time heart rate (above) during games
26 to 30. Here, it is clear that the user’s heart rate already
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exceeded the threshold value during game 26, and thus the
system could immediately reduce the difficulty of the gamein
the case of real-time adaptation. Because of therigidity of offline
adaptation, that is, one set speed for an entire game, the
difficulty also decreased more slowly compared with real-time

Carlier et d

adaptation. The minimum difficulty for offline personalization
of the entire exercise session was reached in game 30, whereas
this minimum was already reached in game 27 using real-time
personalization, reaching an even lower speed by the end of
game 30.

Figure 10. For an, on average, constant score (above) and a constantly increasing heart rate (middle), the system responds differently for rea-time
personalization compared with offline personalization (below). If the system is updated after the game (offline personalization), the maximum threshold
heart rate of 180 bpm is exceeded in game 27, of which the average heart rate is 182 bpm. The system thus starts decreasing the difficulty as of game
28. When the system is updated during the game (real-time personalization), the system already decreases the difficulty as of game 26, therefore achieving

amuch lower speed much faster. bpm: beats per minute.

Score 8

Average

heart rate (bpm)

Difficulty 1.2

N I 2 NP g S L o
_\\

Average heart rate = 182

Updated after game

26 30 Games

Figure 11. This detailed overview of the heart rate of the user starting from game 26 (top) indicates that the system can reduce the difficulty of the
game (bottom) much faster in the case of rea -time adaptation as the maximum threshold of 180 is already exceeded in game 26. Because the average
heart rate of agaming session only exceeds 180 in game 27, adelay isintroduced in the version using offline adaptation. Real-time adaptation, therefore,
allows the system to respond much faster to critical values than when offline personalization is used.

Game 26 Game 27 Game 28

Heart rate 200

Difficulty 1

Discussion

Principal Findings

This study proposes a framework to standardize and simplify
the design of personalized SGH. The process of designing a
serious gameis challenging and involves multiple stakehol ders.
The proposed framework identifies the responsibilities of the
involved stakeholders using 3 key questions. The framework
focuses on the reusability, formalization, and transferability of
the expertise of these stakeholders to simplify this process. As
aproof of concept, asimple gamewastransformed into aserious
game for shoulder rehabilitation. The game was implemented

https://games.jmir.org/2023/1/e40054
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according to the proposed framework to illustrate how it can
streamline the design and implementation of personalized
serious games. Several simulations were conducted to evaluate
the personalization mechanics of the resulting personalized
serious game.

Theintegration of the framework introduces several advantages
for the design of personalized serious games. First, by assigning
responsibilities to the stakeholders involved, the cocreation of
the serious game is still respected, but the complicated process
issimplified. Each stakeholder knowswhat is expected of them
and with whom they need to communicate to receive specific
information. By introducing 3 types of modules, namely, domain
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knowledge, game-specific modules, and an Independent
Personalizer, and defining the communication between these
modules, the reusability of these modules becomes possible,
introducing a sort of “plug-and-play” structure of the
components. Domain knowledge can be formalized using
complex structures, such as ontologies or asimple information
database, and can be reused or extended to multiple serious
games. Over time, researchers can gather an extensive
knowledge base covering one or more domains, each time
reducing the effort needed to integrate their knowledge into a
new serious game. A similar approach can be adopted for the
other modules.

Furthermore, this framework allows for the integration of
multipl e personalization a gorithms or approaches. Asdiscussed
in the Introduction section, different methods exist for the
personalization of serious games, but very littleisknown about
their effectiveness. Using this framework, software engineers
can focus on further developing and evaluating these
personalization approaches without the need to repeat the entire
process from scratch. Thus, more effort can be directed toward
developing more complex and intelligent algorithms. However,
the framework allows not only the reusability of algorithms but
also multiple algorithms to be used simultaneously for one
serious game, asthe Personalization Engine can contain multiple
models for theidentified features. This can be interesting when
both real-time and offline personalization needs to be
considered. Serious gamesin the health care domain often deal
with gathering time-sensitive information, collecting health
sensor data, or monitoring the performance of the user, and
wrong movements can have detrimental effects. The framework
allows the integration of specialized personalization models
that monitor these data and intervene instantaneously when
needed without the need to interrupt the rest of the personalized
game mechanics, as these models can exist independently of
one another.

Finally, the literature has shown that the evaluation of the
effectiveness of serious games is often inadequate because of
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sparse evaluation results, lack of standardized evaluation
approaches, and high cost of designing serious games. This
framework takes the first steps toward a more accessible and
standardized evaluation procedure for serious games. The
framework easily alowsthe control of different parameters by
interchanging the components under evaluation, such as
personalization agorithms, and reusing other components.
Moreover, because of the reusability of components, different
personalization strategies for serious games can be tested and
evaluated at a much faster pace.

Future Work

Although this study offers many contributions, it has some
limitations that will be addressed in future work. First, the
complexity of the proof of concept islimited to illustrating the
functioning of theframework. Second, the resulting personalized
serious game was eval uated using simulations. Therefore, future
work will focus on implementing a more complex knowledge
base and intelligent algorithms. Using this framework will
facilitate the evaluation and comparison of different artificial
intelligence algorithms, such as recommender systems or
machine learning algorithms. The resulting serious game will
be assessed using large-scale evaluations with end users to
ensure that the personalization strategies used fit the needs of
the target audience. To this end, questionnaires such as the
System Usability Scale [68] and the Gameplay Scale [69] will
be essential for thorough evaluation.

Conclusions

We proposed aframework for the design of personalized SGH.
Theaim of thisframework isto offer guidelines that streamline
the complex cocreation process of serious games. Moreover,
the implementation of this framework facilitates the
transferability of domain knowledge and reusability of
personalization algorithms, thereby taking the first stepsto the
state of the art concerning personalization in SGH. Complex
models of specific domain knowledge can be reused and
extended, while different personalization strategies can be easily
compared and evaluated.
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Abstract

Background: China has continuously issued policies to speed up the interconnection, mutual recognition, sharing of medical
information systems, and data integration management across regions and institutions. However, the vertical integration of
electronic health records (EHRs) within the medical consortium is hampered by “poor mechanism and insufficient motivation”
and the phenomenon of “free riding” among participating medical ingtitutions, which makes the integration less effective.

Objective: We hopeto clarify the game mechanism of stakeholdersin the vertical integration of EHRs, and put forward targeted
policy suggestions for improvement.

Methods: We constructed the “ government-hospital-patient” tripartite evolutionary game model based on the detailed analysis
of the research problems and their assumptions. We then simulated the game strategies and outcomes of each participant using
the system dynamics approach to revea the long-term strategy evolution mechanism of the core participants in the vertical
integration of EHRs in the medical consortium, aswell as the influencing factors and action mechanisms of each party’s strategy
evolution to provide references for improving relevant policies.

Results: The evolutionary game system could eventually reach an optimal equilibrium, but in areas where the government was
required to be in a dominant position, patient supervision was necessary to have a positive role, while a reasonable reward and
punishment mechanism can promote active participation of hospitals.

Conclusions: The effective way to achieve the goa of vertical integration of EHRs in the medical consortium is to build a
multiagent coordination mechanism under the guidance of the government. Meanwhile, it is necessary to establish a scientific
integration performance evaluation mechanism, a reward and punishment mechanism, and a benefit distribution mechanism to
promote the healthy development of vertical integration of EHRs in medical consortiums.

(JMIR Serious Games 2023;11:e41528) doi:10.2196/41528

KEYWORDS
medical consortium; EHRS; evolutionary game; system dynamics; medical information resources

health undertakings in China. It is generally believed that a

Introduction

The construction of a medical consortium is an important
institutional innovation to deepen medical reform and aspecific
practical path to achieve graded diagnosis and treatment, which
playsavita roleinthe reform and development of medical and

https://games.jmir.org/2023/1/e41528

medical consortium is a medical service community with
high-level medical institutions (tertiary hospitals) as the core
institution (also named the leading unit) and other medical and
health institutions at various levels in the region united as
participating units (also known as member units) to vertically
integrate medical and health resources, thereby eliminating
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fragmentation of medical services and achieving integration of
services, responsihilities, benefits, and management [1]. The
accessibility, continuity, and radiation of medical services are
enhanced, and the quality and efficiency are improved, viathe
integration of cross-regional and cross-level medical services,
resources, technologies, and information [2]. Since the
promulgation of the “Pilot Work Plan for the Construction of
Urban Medical Consortium” [3], relevant policies have
repeatedly emphasi zed strengthening the integrated management
of medical consortiums, realizing the continuous recording of
electronic health records (EHRs) and el ectronic medical records,
and gradually realizing the effective sharing of medical and
health information within the medical consortium, to improve
the efficiency of treatment and reduce medical costs. The* 14th
Five-Year Plan for the Implementation of Quality and Efficient
Medical and Health Services,” released in July 2021 [4], also
includes accelerating the interconnection, mutual recognition,
and sharing of cross-regiona and cross-institutional information
systems, as well as data integration and management as key
projects. The construction of a medical consortium has thus
become an important strategic measure to build an integrated
medical and health service system in China.

EHRsrefer to the systematic digital record of health information,
such as disease treatment, immunization, chronic disease
management, genetic history, throughout the life cycle of
individual citizensthrough avariety of collection channels. The
existing EHRs are scattered in different medical and health
ingtitutions at all levels, which seriously restricts the healthy
and orderly devel opment of amedical consortium. The vertical
integration of EHRsrefersto the collection, sorting, and ordering
of EHRs among medical institutions at different levels within
amedical consortium [5]. The purpose of EHRsisto break the
decentralized pattern, promote the collaboration and hierarchical
diagnosisand treatment within the medical consortium, promote
thein-depth cooperation and organizational collaboration within
the medical consortium, and help the development of the
medical consortium from loose to compact. The integration of
medical information resources has aways been the core of
medical and health information research. Although existing
studies focused on the integration of diagnosis and treatment
information resources within medical institutions, attention
given to the integration and sharing of EHRs across institutions
isfar from adequate. Thereasonsfor thisare asfollows: (1) the
policies related to the integration of medical consortium and
EHRs have not been proposed for a long time, and the policy
effect has not been fully manifested; and (2) the shackles of
“poor mechanism and insufficient motivation” are deeply rooted
in the integration of medical resources across institutions, and
the phenomenon of “free riding” by participating medical
ingtitutions is prominent, which makes the integration
ineffective.

The gametheory is suitable for the study of multiagent behavior.
Evolutionary game is favored because its bounded rationality
assumption of game playersis more realistic, which is widely
used in various fields, such as multiple governance,
organizational coordination, and information behavior.
Cross-ingtitutional information resource sharing often involves
many stakeholders, and it could gradually approach the

https://games.jmir.org/2023/1/e41528

Tian & Chen

evolutionary stable state after repeated games. Some studies
have tried to use the evolutionary game method to perform
relevant research in the medical and health field, such as
studying doctor-patient disputes under government regulation
[6], evolutionary game of a 2-way referral mechanism [7],
emergency management of public emergencies[8], knowledge
sharing in online health communities[9], drug safety and public
health quality supervision [10,11], and integrated health care
systems [12]. Some studies also use evolutionary game and
simulation methods to explore the willingness of medical data
sharing, but these only consider the 2 parties of patients and
medical service ingtitutions [13], and fail to consider the
willingness and influence mechanism of cross-agency data
sharing of the government and other multiparties under the
organization mode of the medical consortium. The government,
hospitals, and patients are the 3 direct stakeholdersinvolved in
the vertical integration of EHRs. To make al parties act in a
unified manner in order to achieve the collective goa of resource
integration, it is necessary to understand the long-term game
strategy and its evolutionary stability of all parties. In addition,
most previous studies used qualitative analysis methods such
as speculative reasoning, expert interviews, or text analysis,
and few studies used mathematical methodsto discusstheissues
shared by EHRs across institutions.

The essence of cross-organizational EHRs integration within a
medical consortium is not a technical implementation but an
organizational synergy problem, the core of which is the
progressive evol utionary game problem of multiple stakeholders.
In particular, participating medical institutions and patients have
more evolutionary characteristics of progressive learning, and
government behavior affectsthe devel opment direction of EHRs
integration. In this paper, we used evolutionary game analysis
to incorporate the government, hospitals, and patients into a
system model to explore the long-term strategy evolution of the
3 partiesinthevertical integration of cross-organizational EHRS
within amedical consortium, aswell as the influencing factors
and mechanisms of each party’s strategy evolution. Finally, we
proposed corresponding countermeasures based on data
simulation using system dynamics. The findings of the study
can provide areference basis for the smooth implementation of
vertical integration of EHRs within amedical consortium.

Methods

Construction of an Evolutionary Game M odel

Problem Statements and Assumptions

From the perspective of stakeholders, the core participants
involved in the vertical integration of EHRs are mainly the
government, hospitals, and patients. Asthe main driving force
of the hierarchical diagnosis and treatment system, the
government has made every effort to promote the vertical
integration of EHRsin the medical consortium through top-level
design and the introduction of relevant policiesto optimize the
allocation of medical resources. However, local governments
may make every effort to promote it or treat it negatively, due
to the impact of protectionism, high costs, human resources,
and complexity of implementation. Therefore, the behavior
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strategies of thelocal government are either “trying to promote
it” or “treating it negatively.”

Hypothesis 1

For local governments, if they try their best to promote the
integration of EHRs, the income, such as socia value, public
praise, superior rewards, will be Ry and the cost will be Cg;
when the local government takes a negative attitude, it will
neither give subsidies or rewards to the hospitals and patients
nor impose penalties. The cost isKy (Cy>K,) in such cases, and
the local government will be punished as F, (including the
accountability of the superior government, government
credibility, and reputation loss). When the hospital actively
participatesin theinformation integration under the policy effect
and achieves good resultsin practice, the boundary between the
local government’'s “efforts to promote” and “negative
treatment” will become very vague. Therefore, the local
government will not be held accountable by the superior
government, nor will there be potential punishment such asloss
of credibility and reputation.

Asthe owner of EHRS, hospitals' participation attitude directly
affectsthe successor failure of the vertical integration of EHRs.
Existing research shows that the leading large hospitals worry
about weakening the absolute dominant position of medical
resources, whilethe small hospitals participating in the medical
consortium may negatively treat the integration of information
resources to maintain their own economic interests and social
reputation [14]. However, both the leading hospital s and member
units may actively respond to national policies, abandon “free
riding” opportunism, and actively participate in the vertical
integration project of EHRs. Therefore, the behavior strategies
of the hospital are active participation or passive participation.

Hypothesis 2

For the hospital, the revenue under normal operation is R;,. If

the hospital actively participates in the sharing and utilization
of cross-ingtitutional EHRS, the reward subsidy from the superior
government is Fy,, and the cost is C,,. If the hospital chooses a

negative strategy, its cost is K, (Cy>K,,), and the resulting
damage to the overall social interestsis R, which will be borne
by the public (especially patients). When patientsfind that their

https://games.jmir.org/2023/1/e41528

Tian & Chen

EHRs cannot be shared and utilized across institutions, if they
complain to the superior supervision organization, the hospital
will be punished as M,,. If the patients do not choose to
complain, no supervision cost will be incurred.

As the biggest beneficiary of the hierarchical diagnosis and
treatment system, the patients have the right and obligation to
supervise and complain about the interconnection and
availability of EHRs in the medical consortium. The patients
may supervise hospital behaviors to protect their own rights
and interests and complain to the medical and health supervision
department, but they may also give up their right to supervision
because of negative ideas such as “It's better to save trouble”
and “supervision is the same as non-supervision” or because
they think that the supervision cost is too high. Therefore, the
behavior strategy space of patientsis participating in supervision
or giving up supervision.

Hypothesis 3

For patients, the cost of active participation in supervision is
C,, and the reward from the government is F;; if patients give
up supervision, they will neither incur costs nor receive
government incentives.

The behaviors of local governments, hospital's, and patients all
conform to the bounded rationality hypothesis of the
evolutionary game theory. In the game process, each party
continuously adjusts its own strategies through the behaviors
of the other 2 parties, and finally reaches a stable state after
repeated games.

Construction of a Tripartite Profit Matrix

Assuming that theratio of local government choosing to promote
is x, the ratio of its negative treatment is 1 — x. If the rate of
active participation isy, the rate of passive participationis1 -
y. If the rate of patients choosing supervision complaintsis z,
the rate of giving up supervisionis1 -z and x, y, zO [0, 1].
The relevant parameter settings and their meanings are shown
as Table 1.

According to the af orementioned analysis and assumptions, the
game payoff matrix of the 3 core players in the vertical
integration of EHRs in the medical consortium under different
strategic combinationsis shown in Table 2.
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Table 1. Relevant parameters setting and their meanings.
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Parameters Meanings

Ry Benefits when the local government tries to promote EHR? integration

Cyqy Costs when the local government pushes hard

Kg Costs when the local government treats EHR integration negatively

Fg Punishment received when the local government treats EHR integration negatively
Rh Revenue when the hospital isin normal operation

Ch Costs when hospitals are actively involved in EHR integration

Kn Costs when hospitals are passively involved in EHR integration

Fh Government subsidies when hospitals actively participate in EHR integration
M Punishment when the hospital participates passively in EHR integration

Fp Rewards received when patients actively participate in supervision

Cp Costs when patients actively participate in supervision

Rp Social damage caused by negative hospital participation

3EHR: electronic health record.

Table 2. Evolutionary game payoff matrix of the local government, hospital, and patient.

Game players

Local governments
Push hard (x)

Negative treatment (1 - X)

Hospital
Actively participation (y)
Petient
Participation in supervision (2)
Waiver of supervision (1 - 2)
Passive participation (1 -)
Patient
Participation in supervision (2)

Waiver of supervision (1 -2)

Ry~ Cg = Fh = Fp: Rn = Cn+ Fn, Fp— Cp
Rg_Cg_thRh_Ch"'Fh,O

Ry~ Cg+ Mp, =Kn = Mp, Fp = Cp = Ry

Rg_ Cg+ Mhl _Kh_ Mhr _Rp

~Kg, Rn = Ch, ~Cp
~Kg, Rn = Ch, 0

~Kg— Fg. ~Kn, ~Cp

_Kg - Fg: _Khr _Rp

Behavior Equilibrium Analysisof Evolutionary Game

Expected Profit of Game Players

Let Ey be the expected return when the government pushes
hard, Ey, be the expected return when the government treats
EHR integration negatively, and E, be the average return under

the 2 strategies of the government pushing hard and treating
negatively, then:

Bg=XEy + a- x)Egz(l)

Egl = yZ(Rg - Cg - I:h - Fg) + y(l - Z)(Rg - Cg - Fh)
+Z1-Y)(Rg=Cy+ My + (1-y)(1-2(Ry - Cy +
Mp) (2)

Eg2 = yz(_Kg) + y(l - Z)(_Kg) + Z(l - y)(_Kg - Fg) +
(1-yA-29(-Ky=Fg) (3)

https://games.jmir.org/2023/1/e41528

Let E,; be the expected benefit when the hospital actively
participates, E,, be the expected benefit when the hospital
passively participates, and E;, be the average benefit in both
cases of active and passive hospital participation, then we have:

En=YEn + (1 - Y)En2i(4)

Ent =x2(Ry = G+ Fr) +X(1 - (R, - G + Fp) + (1

“X)(R —Cp +(1-X(1- (R~ Cp) (5

Enz = x2(-Kpp = M) + X(1 = 2)(-K, = M) + Z(1 -

X)(=Kp) + 21 = X)(=Kp) + (1 - x)(1 - I(-Ky) (6)
Let E,, be the expected benefit when the hospital actively
participates, E;, be the expected benefit when the hospital
passively participates, and E, be the average benefit in both
cases of active and passive hospital participation, then we have:

Ep = Epl + (1 - Z)Ep2(7)

JMIR Serious Games 2023 | vol. 11 | e41528 | p.80
(page number not for citation purposes)


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

JMIR SERIOUS GAMES

Ep = xy(Fp = Cp) +Y(1 = X)(-Cp) +X(1 - y)(Fp - Cp

= Rp) +(1-x)(1 - Y)(-Cp) (8)

Epo =X(1 - Y)(-Ry) + (1 =X(1 - Y)(-R) (9)
Replication Dynamic Equation of Game Players

Replication dynamic equations can not only reflect the speed
of evolution, but also determine the direction of decision
evolution of game players. According to the cal culation method
proposed by Friedman [15], we constructed the replication
dynamic equation under the active state of each game player.

Combining equations 1-3, we could construct the replication
dynamic eguation when the government tries to promote EHR
integration as follows:

F(x) = dx/dt = x(Eg; — Eg) = X(1 — X)(Eg; — Eg)
=X(1X{[yz(Ry - Cg— Fn — Fp) + y(1 - 2)(Ry - C4 -
Fr) +Z1-y)(Ry— Cg+ Mp) + (1-y)(1 - 9(Ry— Gy
+ Mp)] - [yz(=Kg) + ¥(1 = 2)(-Kg) + Z(1 - y)(-Kqg =
Fo) + (1-y)(1 - 9(-Kq - Fyl}
=X - X[(Ry + Fg+ My + Ky — Cg) — Y(ZF, + Fg +
Fn + Mp)] (10)
Combining equations 4-6, the replication dynamic equation for
active hospital participation could be constructed as follows:
F(y) = dy/dt = y(Eh, - Ey) = y(1 - y)(Eh, - Ehy)

=y(1 -y [xz(R, - Cy + F) +X(1 - (R, = Gy + Fy)
+Z1=-XR, - C) + (1 - X1 - IR, - C)] -
[Xz(=Kj, = Mp) + x(1 = D (=Kp = Mp) + Z(1 = X)(=Kp)
+(1-x(1-2)(=Kpl}
= V(1= IRy + Ky = Cr) = X(Fy + Mp)] (11)
Similarly, combining eguations 7-9, the replication dynamic
equation could be constructed when the patient is actively
supervised as follows:

F(2) = dzdt = z(Ep, - E,) =21 - 2)(Ep, - Epy)

=21 - 2{[xy(Fp = Cp) + Y(1 = x)(=Cp) + x(1 - y)(Fp

“CR) (1 -xA-y(ECYI - XA -Y)(-Ry +

(1-X1-NER)L

=21 -x(Fy— Ry~ YR)+(1 - y)R, - C] (12)
Equilibrium Analysis of the Evolutionary Game System
Combining equations 10-12, we can get the 3D dynamic system
of the game participants (ie, the government, hospitals, and
patients), which is given as follows:

F(X) = dx/dt = x(1 = X)[(Ry + Fg + M + Ky + Cp) -

y(ﬂ:p + Fg + I:h + Mh)]

F(y) = dy/dy = y(1 = Y)[(R, + Ky = Cp) + X(Fp + Mp)]

F(2 =dzdt =271 - 2[x(F, - R, +YR) + (1 - y)R, —

Cil (13)
By making the 3 replicated dynamic equationsin egquation (13)
equal to 0, we can obtain 8 pure strategies Nash equilibrium

solutions of the evolutionary game system, namely, (0, O, 0),
(0,0,1),(0,1,0),(0,1,1),(1,0,0),(1,0,1), (1, 1,0), and (1,

https://games.jmir.org/2023/1/e41528
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1, 1). Existing studies in the field have proved that only the
stability of the aforementioned 8 local equilibrium points can
be considered in the analysis of a 3-party evolutionary game
[16], and that it isnot necessary to consider the Nash equilibrium
solution E (x*, y*, z*) of the mixed strategy. The sign of
Jacobian matrix can be used to judge whether the aforesaid 8
local equilibrium points are the evolutionary stability strategy
of the system, and the condition is det(J)>0 and tr(J)<0. The
Jacobian matrix can be obtained by solving the partia
derivatives of the 3 equations in equation (13) with respect to

X, y and z, respectively:
@]

I = (1= 20[(Ry+ Fg + My + Ky = Cg) = Y(ZF, + Fy
+Fp+ Myl

Jio= X1 -X)(zF, + Fg+ Fr + My);

Ji3=—xy(1 - X)F,;

Jo1 = Y(1 = Y)(Fp + Mp);

J2= (1= 2Y)[(Ry + K = Cp) + X(Fry + Mp)I;

Jxn=0;

Jn=2(1-2(Fy - Ry +YRy);

Jp=-Z1-2)(1- xR,

J33= (1= 29[X(Fp - Ry +YR) + (1 - V)R, = Cl;
det(J) =J11dppdast J12d2adart J1adordsr = J1adondan —

Ii2dnndas = Inadoada= xayA(1 = x)(1 = Y)(1 - 2) (Fy
+ Mp)FRy + xyz(1 - X)(1 - 2y)(1 - 2(F, + YR, -
Ro)[=Ch + Kp + Ry + X(Fp + Mp)]Fp + xy(1 = x)(1 -
V)1 = 29)(Fp + Mp[(=C, + (1 - y)R, + x(Fp + YR,
- R)I(Fg+ Fp+ zFp+ M) + (1= 2¢)(1 - 2y)(1 -
27)[-Cp+ (- Y)Ry+ X(Fp + YR, - R)I[-Cpp + Ky +
Ry + X(Fh + Mh)][_cg + Fg + Kg + M, + Rg - y(Fg
+ Fp+ ZF, + My)] (14)

tr(J) = Jip + Jpp + Jz3 = (1 - 2X)[-Cy + Fy + Ky + My,
+Ry = Y(Fg+ Fn+ZF, + Mp)] + (1 - 2y)[-C,, + K +
Ry +X(Fp + Mp)] + (1 - 29[-Cp + (1 - y)R, + x(Fp +
YR, — Ryl (15)

The det(J) and tr(J) values of 8 local equilibrium points can be

calculated from equations 14 and 15 and judgment conditions,
as shown in Table 3.

So far, the evolutionary game system has achieved the stable
state under certain conditions. However, it can be seen from
Table 3 that the det(J) and tr(J) values are determined by the
values of many parameters. The existing conditions and
calculation methods make it difficult to determine whether the
aforesaid 8 equilibrium points are the evolutionary stability
strategy, which indicates that it is not clear whether there are
equilibrium points in the evolutionary game system. System
dynamics can analyze the complex dynamic evolution process
of evolutionary game models under the conditions of bounded
rationality and asymmetric information [17], and can explore
and reveal the potential mechanism of problems and seek key
strategiesto solve problems[18]. Therefore, we further use the
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system dynamics tool to simulate the impact of uncertainty
factors on the stability of the evolutionary game system, so as
to provide decision-making reference for formulating relevant

Table 3. Thedet(J) and tr(J) of the Jacobian matrix.

Tian & Chen

policies and optimizing the dynamic mechanism of EHRs
integration.

Equilibrium point Det(J)

Tr(J)

(0,0,0) (Ro = C(Kh + Ry = Cp)(Fg + Kg + Mp + Ry = Cy) Fg+Kg+Kh+Mp+Ry+Ry+ Ry~ Cy—Ch— Cp
0,0,1) (Cp = RI(Kh + Ry = CR)(Fg + Kg + Mp + Ry = Cy) Cp+Fg+Kg+Kh+Mp+Ry+Ry—Ry—Cy-Cy
(0,1,0) ~Cp(Ch — Kn = Ry)(Kg + Ry + Cg — Fp) Ch—Cp—Fn+Kg-Kn+Ry—Ry~Cq

(0,1, 1) Cp(Ch = Kn = Ro)(Kg + Ry = Cg ~ Fn— Fp) Ch+Cp—Fn-Fp+Kg—Ky+Ry—Ry-Cqg
(1,0,0) (Fp— Cp)(Cg— Fg—Kg =M= R)(Fh+Kn+Mp+ Ry~ Cp)  Cg—Ch—Cp— Fg+Fn+Fp—Kg+Kp-Ry+Ry
1,01 (Cp = Fp)(Cy~ Fg—Kg=Mn=Rg)(Fnh+ Ky +Mp+Ry=Cp) Cy-Ch+Cp-Fg+Fp-Fp-Kg+Kh-Ry+ Ry
(11,0 (Fp— Cp)(Cq+ Fn— Kg = Rg)(Ch — Fn— Kn = Mp — Ry) Cg+Ch~Cp+Fp—Kg—Kn—Mn- Ry~ Ry
111 (Cp=Fp)(Cq = Fn+Fp—Kg=Rg)(Ch~Fn=Kn=Mph-Ry)  Cg+Cp+Cp—Kg+Kn=—Mp—Ry—Ry

Construction of the System Dynamics Simulation
M odel

According to the aforementioned analysis, we used Vensim
PLE (Ventana Systems, Inc) to build a system dynamics model
of the evolutionary game among the government, hospitals, and
patients in the vertical integration of EHRs in the medical
consortium, as shown in Figure 1. In the figure, x, y, and zare
3 stocks, representing the time integration of 3 rate variables,
namely, the change rate of government promotion, the change
rate of hospital participation, and the change rate of patient
supervision, expressed by their respective replication dynamic
equations; Egy;, Eg, By, Enp, Epy, and By, are 6 intermediate
variables, which respectively represent the expected return of
each entity under different strategic states. The remaining 12
parameters are external factors outside the system boundary
that may affect stock changes. The arrow lines indicate the

causal relationship between 2 elements. Theinteraction of cause
and effect acts as a causal feedback loop.

The purpose of system dynamicssimulationisto reveal thelaw
of development and change of things. The model construction
focuses on the consistency, adaptability, and effectiveness of
itsoverall structure. Therefore, the design of asystem dynamics
model does not require the authenticity and accuracy of
parameter setting [19]. In this paper, common assignment
methods are used for referencein parameter setting, and finally
determined according to the experience of the interviewed
experts. The specific parameter settings are as follows: initial
time=0years, fina time=20 years, time step=0.125 years; R,=30;
Cq=6; Kg=3; Fi=4; R=50; C;=7; Ky=5; F=8; M;;=10; C=1;
Fp=2; and R;=6. It should be noted that different initial values
of each parameter will not change the simulation conclusion
[20].

Figure 1. The system dynamics simulation model of the 3-party evolutionary game.
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Results

Holistic Simulation Analysisof the Evolutionary Game
M odel

Theinitia state of the government, the hospital, and the patient
in the evolutionary game is pure strategy, that is, each party’s

Tian & Chen

strategy choice is 0 or 1, but the 8 possible equilibrium states
formed by this are unstable. Aslong as one party’s strategy is
dightly adjusted, the other partieswill learn to imitate and then
choose strategies with higher returns, and the whole game
system will evolve into a new equilibrium state. Taking the (O,
0, 0) combination strategy as an example, the evolutionary game
process under different values of x, y, and zis shown in Figure
2 (the ordinatesin thefigure represent the probability of strategy
selection of the government, hospitals, and patients in the
corresponding state).

Figure 2. Process of the evolutionary game in the case of combined values of x, y, and z. (A) x=0.01, y=0.01, z=0.01; (B) x=0.45, y=0.35, z=0.4; (C)

x=0.99, y=0.01, z=0.01; (D) x=0, y=0.8, z=0.01; (E) x=0.05, y=0.5, z=0.01; (F) x=0.99, y=0, z=0.01.
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Comparing Figure 2A-C, we can see that as long as the
government’s strategy evolves in the direction of vigorous
promotion, no matter how much the initial probability of active
participation of hospitals and patients is, the strategy of active
participation and supervision will be adopted eventually, that
is, as long as X evolves from 0 to 1, the whole system will
develop into a stable state of (1, 1, 1), and it shows that the
evolution speed of the government’s strategy is faster than that
of the hospital’s strategy. The evolution speed of the hospital’s
strategy is faster than that of the patient’s strategy. At the same
time, when the government’s strategy changes from 0 to 0.01

https://games.jmir.org/2023/1/e41528
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or from 1 to 0.99, it will eventually evolve into the strategy of
trying to promote, showing that the strategy of trying to promote
isawaysthe best strategy of the government. During the vertical
integration of cross-agency EHRs in the medical consortium,
the government has always been and should be in the leading
position. In specific practice, the government should take the
initiative to promote rather than completely transfer the
responsibility to the hospital.

When the government chooses to promote the strategy, the
hospital will always reach the status of 1 before the patients.
However, comparing Figure 2D,E, it can be found that when
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the government chooses the negative treatment strategy, even
if the hospital has high enthusiasm to participate in the vertical
integration of EHRs at the beginning, it will gradually choose
the negative participation strategy as time goes on; however,
when the hospital completely chooses the passive participation
strategy, even if the government adopts the promotion strategy
again, it will be difficult to promote the hospital from the passive
strategy to the active participation in a short time. The
enlightenment from this conclusionisthat thelocal government
should do a good job in the overall design and devel opment
planning at the beginning, or it will be difficult to achieve the
national goal of vertical integration of EHRs.

It can be seen in Figure 2 that the patients were the slowest to
choose the active supervision strategy, but this is always the
best strategy for patients. At the same time, it was also found
that once patients choose the active supervision strategy, no
matter how the strategies of the government and hospital change,
the patientswill tend to the active supervision strategy. Through
the overall simulation analysis, it can be seen that the
evolutionary game system will finally reach the equilibrium
state at (1, 1, 1) after the 3 parties’ strategy mutation, learning
imitation, and strategy adjustment in the game process.

Factor s Influencing the Government’s Strategy
Selection

According to the model simulation, 7 external variables such
as the revenue Ry and cost Cy when the local government tries
to promote, the cost K, and punishment F, when the local
government treats the hospital negatively, the government
subsidy F, to the hospital, the supervision reward F, to the
patients, and the punishment M,;, when the local government
participates in the hospital negatively will affect the local

https://games.jmir.org/2023/1/e41528
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government’s strategy choice (Figure 3). It can be seen from
Figure 3A-C that Ry, Fg, and Ky have similar effects on the
government’s strategy selection. In the initia value state,
increasing the values of the 3 parameters will make the
government’s promotion probability x reach 1 earlier, which
means increasing the revenue when the government is trying
to promote. By contrast, increasing the cost and punishment of
the government’s negative treatment of theintegration of EHRs
will enhance the government’s enthusiasm for trying to promote.
Comparatively, income has a greater impact on the choice of
the government’s strategy. Comparing Figure 3D,E, it can be
seen that Cy and My, have similar effects on the government’s
strategy. Increasing the values of the 2 parameters respectively
will prolong the period for the government to choose the strategy
of trying to promote, which indicates that the higher the
promotion cost, the lower the probability of the government
trying to promote. It is worth mentioning that when the
punishment M,, for passive participation in the hospital is
increased to a certain extent, the government will slow down
itseffortsto promote the stability of the strategy, which indicates
that the government cannot blindly increase its revenue by
increasing the punishment. It also means that the government
revenue Ry pays more attention to the social value after the
integration of EHRs rather than punishing the hospital. The
change of F, and F, has no obviousimpact on the government’s
strategy. The curve trend after the change of the 2 parameters
isbasically the same, as shown in Figure 3E, which means that
aslong asthe goal of integrating medical resources to improve
medical efficiency can be achieved, the local government is
likely to be willing to grant subsidies and supervise incentives.
In other words, whether to give subsidiesto hospitals or reward
patients for supervision is not the main factor affecting the
government’s choice of strategies.
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Figure3. Impact of external variables on government's strategy selection. (A) Theimpact of Ry on the choice of government's strategy. (B) The impact
of Fg on the choice of government's strategy. (C) The influence of Kg on the choice of government's strategy. (D) The influence of Cy on the choice of

government's strategy; (E) The impact of My, on the choice of government's strategy; (F) The impact of Fy, on the choice of government's strategy.
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Factor s Influencing the Hospital’s Strategy Selection
Through simulation, it can be found that 4 external variables,
namely, the cost C,, when the hospital actively participates, the
cost Ky, when the hospital passively participates, the government
subsidy F,, when the hospital actively participates, and the
punishment My, when the hospital passively participates, will
affect the choice of the enterprise strategy (Figure4). When the
value of C,,issmaller or the values of K,,, Fy,, and M, arelarger,
the probability of hospitals choosing the active participation
strategy will be greatly increased. According to the analysisin
Figure 4D, when the punishment M,, for the government’s

passive participation in the hospital increasesto a certain extent,
the marginal utility of the punishment measureswill be greatly
weakened, that is, when the punishment isincreased to acertain

https://games.jmir.org/2023/1/e41528

RenderX

extent, the incentive effect of the punishment itself will be
weakened. A consistent conclusion has been reached in the
analysis of the influencing factors of the government’s strategy

choice.

It was aso found in the simulation that the hospital’s revenue

R, under normal conditions will not affect its strategy choice
(Figure4E). Thisshowsthat neither large hospital sthat occupy
an absol ute dominant position in medical information nor small
hospitals with limited resources will refuse the vertica
integration of EHRs because of the amount of their own
information resources. In other words, both large hospitals and
small hospitals have the potential willingnessto act collectively
to achieve the vertical integration of EHRs. This finding is of
great significance for the government to vigorously promote
the vertical integration of EHRS (eg, electronic medical records).
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Figure 4. Impact of external variables on the hospital's strategy selection. (A) Impact of Cy, on the hospital's strategy selection. (B) Impact of F, on
the hospital's strategy selection. (C) Impact of Ky, on the hospital's strategy selection. (D) Impact of My, on the hospital's strategy selection. (E) Impact

Time/year

Factors Influencing the Patient’s Strategy Selection
The factors that affect the patient’s strategy selection mainly
include the cost C;, and the reward F, when the patient actively
participates in the supervision, aswell asthe social damage R,
caused by the hospital’s negative participation (Figure 5). We
can seein Figure 5A B that when the patient’s supervision cost
C, becomes larger or the government reward F, becomes
smaller, the probability of patients choosing the active
supervision strategy will obviously decrease. It can be seen
from the simulation that the probability of patients choosing
the active supervision strategy is determined by the difference
between F, and C,, as shown in Figure 5C. When F>C,,
patients tend to choose active supervision. However, when
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of R, on the hospital's strategy selection.
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Fp=C,, the probability of patients choosing active supervision
will significantly decrease. At this time, an increasing number
of patients will take the “free riding” behavior and give up
supervision, but when F,<C,, the probability of patients
choosing active supervision is very low, and they will finally
give up supervision. Therefore, to achieve the goal of vertical
integration of EHRs, the government should provide some
incentives for patient supervision and try to reduce the cost of
patient supervision. When the social damage R, caused by the
hospital’s negative participation is greater, the patients are more
inclined to adopt the active supervision strategy, but thisis not
what we expect (Figure 5D). Therefore, the government is
required to firmly choose and strive to promote the strategy to
guide and encourage hospital sto choose the active participation
strategy, so as to reduce the overall social damage.
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Figure 5. Impact of external variables on the patient's strategy selection. (A) Effect of Cj on the patient's strategy selection; (B) Effect of Fp, on the
patient's strategy selection; (C) Joint effect of F, and Cp on the patient's strategy. (D) Impact of Ry on the patient's strategy selection.
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Discussion

Principal Findings

Using evolutionary game analysis and system dynamics
simulation methods, we anayzed the evolution process of
long-term strategies of the government, hospitals, and patients
in the vertical integration of EHRS, and the influencing factors
and mechanisms of each party’s strategy choice. The principal
findings are described bel ow.

The choice of strategies of the 3 parties is jointly determined
by a variety of external factors. Increasing the benefits of the
government’s efforts to promote and increasing the costs and
penalties of the government’s negative trestment have a greater
impact on the government’s strategic choice, while subsidies
to hospitals and incentives to patients only have alittle impact
on the government’s strategic choice. The following scenarios
would motivate hospitals to choose an active participation
strategy: lower cost of active participation, higher cost of passive
participation, higher government subsidies, and reasonable
penalties. The revenue of hospitals under normal circumstances
have a little impact on the choice of hospital’s strategies.
Whether patients choose the active supervision strategy is
mainly determined by the difference between the government
reward and the supervision cost. Only when the patient
supervision reward is higher than its cost can the purpose of
encouraging patients to actively supervise be achieved.

Thevertica integration of EHRswithin the medical consortium
has practical feasibility. Inthe model simulation, itisfound that
the strategies of the government, hospitals, and patients finally
reach the optimal equilibrium state at (1, 1, 1), and both large
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action to achieve the vertical integration of EHRs. However,
this requires the government to be in a leading position and
make every effort to promote it. It is difficult to achieve the
goa of vertical integration of EHRs if the integration
responsibility isfully delegated to the hospital.

Constructing a multiagent coordination mechanism under the
guidance of the government isthe only way to achieve the goal
of vertical integration of EHRs in the medical consortium. The
research shows that the government’s strategy is influenced by
strategies of both hospitals and patients. Patient’s strategy is
also influenced by the strategies of both the government and
the hospital; the hospital’s strategy choice is mostly directly
affected by the government’s strategy, and the patient’s strategy
can only indirectly affect the hospital’s strategy choice through
the impact on the government’s strategy. Establishing a good
cooperation mechanism can not only improve the cooperation
efficiency, but also reduce the participation cost, so as to
accelerate the realization of the integration goal. Therefore, it
is necessary to build a multibody coordination mechanism led
by the government and fully mobilize the enthusiasm of all
parties so that the medical consortium can achieve the goal of
vertical integration of EHRs.

The simulation results revealed that the appropriate increase of
government subsidies for active participation and penalties for
passive participation can enhance the enthusiasm of hospitals,
while the improvement of supervision incentives can also
encourage patients to choose active supervision strategies.
Therefore, the government should establish areasonable reward
and punishment mechanism, and design a detaled
implementation plan. The government should also build a
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reasonable benefit distribution mechanism among medical
institutions to ensure the mutual use performance after the
vertical integration of EHRs. Performance evaluation plays an
important role in guiding, supervising, and promoting the
vertical integration, and is also the main basis for establishing
areward and punishment mechanism and a benefit distribution
mechanism. Therefore, the government should independently
design the performance evaluation mechanism of information
resource integration in the evaluation system of medical
consortium construction, to reduce “free riding” opportunistic
behavior and improve the enthusiasm of hospitals and patients
to participate.

Limitations

Admittedly, there are limitations in this study. First, only the 3
core participants (the government, hospital's, and patients) were
considered, while other stakeholders (eg, technology providers)
were not considered. Second, because of the constraints of
research conditions, real data available for prediction and
simulation were not obtained. In the future, we will consider a
wider range of stakeholders and seek to obtain real data for
empirical studies to further improve the reliability of our
findings.

Conclusions

We should build a multiagent coordination mechanism. As
discussed in the preceding sections, strategies of the government,
hospitals, and patients are intertwined and each is influenced
by multiple external factors. Achieving the goal of vertical
integration of EHRs requiresthe participation of multiple parties,
with the government in aleading position. Establishing a good

Tian & Chen

coordination mechanism can improve the efficiency of
collaboration and reduce the cost of participation, thus
accel erating the achievement of integration goals. Therefore, it
is imperative to establish a government-led multiparticipant
collaborative mechanism.

We should set up a reward and punishment mechanism and a
benefit distribution mechanism. Simulation results show that
appropriately increasing government subsidies when hospitals
are actively involved and penalties when they are negatively
involved can increase hospital motivation. Increasing monitoring
rewards can also motivate patients to choose active monitoring
strategies. Therefore, the government should establish a
reasonable reward and punishment mechanism and design a
detailed reward and punishment implementation plan. It should
also build a reasonable benefit distribution mechanism among
medical ingtitutions to ensure the interoperability performance
of vertically integrated EHRs.

We should establish a scientifically integrated performance
eval uation mechanism. Performance evaluation aimsto compare,
measure, and judge the gap between the real development status
and the predefined expectation standard. The evaluation results
have an important role in guiding, supervising, and promoting
the development of EHRs toward verticality, and are also the
main basis for setting up reward and punishment mechanisms
and benefit distribution mechanisms. Therefore, the government
should independently design the performance evaluation
mechanism of information resourceintegration in the evaluation
system of medical consortium construction, so asto reduce the
opportunistic behavior of “free riding” and increase the
enthusiasm of hospital participation.
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Abstract

Background: The COVID-19 pandemic introduced an urgent need for effective strategies to disseminate crucial knowledge
and improve people's subjective well-being. Complementing more conventional approaches to knowledge dissemination,
game-based interventions were developed to create awareness and educate people about the pandemic, hoping to change their
attitudes and behavior.

Objective: This study provided an overview and analysis of digital and analog game-based interventions in the context of the
COVID-19 pandemic. As major pandemics and other large-scale disruptive events are expected to increase in frequency in the
coming decades, this analysis aimed to inform the design, uptake, and effects of similar future interventions.

Methods: From November 2021 to April 2022, Scopus, Google, and YouTube were searched for articles and videos describing
COVID-19-themed game-based interventions. Information regarding authorship, year of development or launch, country of
origin, license, deployment, genre or type, target audience, player interaction, in-game goal, and intended transfer effects was
extracted. Information regarding intervention effectiveness was retrieved where possible.

Results: A diverse assortment of 23 analog and 43 digital serious games was identified, approximately one-third of them (25/66,
38%) through scientific articles. Most of these gameswere devel oped by research institutionsin 2020 (13/66, 20%) and originated
in Europe and North America (38/66, 58%). A limited number (20/66, 30%) were tested on relatively small samples, using a
diversity of research methods to assess the potential changes in participants’ knowledge, attitudes, and behaviors as well astheir
gameplay experience. Although most of the evaluated games (11/20, 55%) effectively engaged and motivated the players, increased
awareness, and improved their understanding of COVID-19-related issues, the games' success in influencing peopl€'s behavior
was often unclear or limited.

Conclusions: To increase theimpact of similar future interventions aimed at disseminating knowledge and influencing people’s
attitudes and behaviors during a large-scale crisis, some considerations are suggested. On the basis of the study results and
informed by existing game theories, recommendations are made in relation to game devel opment, deployment, and distribution;
game users, design, and use; game design terminology; and effectiveness testing for serious games.

(JMIR Serious Games 2023;11:e41766) doi:10.2196/41766
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Introduction

Background

The outbreak of the novel coronavirus causing COVID-19 was
declared a pandemic in March 2020 [1]. With increasing
restrictions and uncertainty, a growing number of studies have
reported troubling large-scale psychological effects of the
COVID-19 pandemic, including worry, fear, anxiety, boredom,
frustration, irritability, anger, sadness, and depression [2-7]. On
a collective level, health anxiety, collective disorientation,
community panic, crisis fatigue, and socia isolation fatigue
have been observed [ 3,4,8]. These effects seem to be perpetuated
by doomsurfing or doomscrolling, which refersto the tendency
to continually search for bad news on the web even though it
is saddening, disheartening, or depressing [9]. An increase in
additional dysfunctional behaviors such as panic purchasing of
essential  household items, increased consumption of
psychoactive substances, weight gain because of stress-induced
eating, and complete social withdrawal has suggested an
imbalance between increased environmental demands and the
efficacy of peopl€e sresilience and coping. Experts have advised
that people adhereto daily routines and maintain astrong degree
of social connectedness to improve communication and reduce
boredom [10-12]. Less conventional means to maintain or
improve people’'s subjective well-being have aso been
investigated, including digital heath interventions (ie,
telemedicine, eHealth, and mobile health) [13-15], exergames
[16], arts-based interventions [10], bibliotherapy [17], and the
company of pet animals[18].

Playing games has been a popular coping strategy during the
pandemic[19,20]; it has even been recommended by the World
Health Organization (WHO) as an effective way to stop the
spread of COVID-19 [21]. Kleinman et a [22] reported that
people resorted to games to maintain their mental well-being
(eg, to cope with loneliness, escape from the troubling real
world, or replace the loss of routines because of quarantine),
connect with others (eg, with distanced friends and family,
people confined to the same household, or new people), or
substitute reality (eg, using game characters as a substitute for
real interactions and hosting i nternet-based events). Some people
have al so found solacein creating games or gamifying everyday
activities to cope with distress during quarantine [22].

During the pandemic, an increased interest specifically in
pandemic-themed games such as the board game Pandemic,
which was developed after the 2003 severe acute respiratory
syndrome epidemic, was observed [ 23]. In 2020, over 50 global
game industry leaders launched the campaign
#PlayApartTogether to encourage gamers to follow the WHO
guidelines as well as incorporate COVID-19 prevention
messages into their games [24,25]. Thus, in addition to
entertainment games intended to be played primarily for
amusement purposes, a considerable number of serious games
were developed to educate people about the COVID-19
pandemic, influencetheir behavior, and improve their well-being
in terms of increased life satisfaction and decreased negative
affect. These games drew upon the proven positive effect that
(serious) games can have on increasing hedlth literacy [26,27].

https://games.jmir.org/2023/1/e41766
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Although the entertainment in playing games can in itself benefit
one’s psychological well-being, our study focuses on serious
gamesthat wereintentionally designed to spread awareness and
knowledge of COVID-19, promote healthy behaviors, and
increase people’s resilience during the pandemic.

Serious games (hereinafter referred to as games) often use
entertainment qualities to increase player motivation to learn
and change their attitudes or behavior in the real world (ig, to
facilitate transfer effects such as contagion-preventive behavior)
[28]. They can increase people’'s understanding of complex
situations and equip them with the knowledge and skills that
are required in real life [24], especidly when immersive
simulations of threatening new or unusual situations are used
in a safe environment that players can explore to prepare for
the possible consequences of a real disaster [29]. Although
multiple theories on the motivational effects of game and play
(starting in 1938 with Homo Ludens by Huzinga [30,31]) have
been developed, it is very difficult to specify the exact game
elements that cause games transfer effects [32,33]. Some
theorists have stated that games are ideal candidates for
optimally responding to universal motivational needs (cf the
relationship between games and self-determination theory [34]),
whereas other theorists [35] have claimed that games provide
a safe space to explore and play along the dimensions of
rule-based games (ludus) and spontaneous play (paidia). In
addition to the motivational effects of game elements, such as
rewards, challenges, or imagination [36], games can motivate
people by offering an alternative world that is fun, safe, and
engaging. Huizinga[30] dubbed this (experienced) gameworld
“the magic circle,” defining it as“atemporary world within the
ordinary world with specific time- and space-boundaries.”
Several theories, such as the theory of narrative transportation
[37] and make-believe [38], describe why people tend to be
attracted to these aternative worlds. Serious games make use
of the motivational aspects of (entertainment) games to
intentionally achieve effectsin theordinary or real world. These
can involve effects on awareness (cf health risk awareness[39]),
health knowledge [40], health attitudes [41], and health
behaviors[42].

Objectives

Recent reports such asthat by Metabiota [43] have warned that
therisk of another major pandemic during our lifetimesis higher
than many expect—they estimate the likelihood of another
pandemic occurring within the next 25 years to be 47%-57%.
Similarly, Marani et a [44] predicted up to a3-fold increasein
the yearly probability of extreme epidemics in the coming
decades. Thisimplies that the games developed in response to
the recent pandemic could potentially serve asabasisfor future
games, indicating a need to explore the landscape of
COVID-19-themed games. Apart from a recent analysis of 5
studies that evaluated 4 games in total [45], to date, no
comprehensive reviews that could help evaluate the various
game design decisions for this specific context have been
published. Thus, the overview presented in this paper aims to
inform the design of similar game-based interventions by
showecasing the diversity of intentions and design strategies.
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Methods

Search and Selection of COVID-19 Games

In November 2021, we performed asearch of Scopusto identify
scientific articles that described the development or testing of
COVID-19-themed games. The search was limited to articles
and conference papers published in English after 2018 that
included the keyword “game*” and any of the keywords
“covid*,” “sars-cov*,” “pandemic*,” or “lockdown*” in the
title. To further reduce the number of irrelevant results, we
excluded those where the word game was used in relation to
game changer or the Olympic and Paralympic games. The
search was then repeated in April 2022 to include the most
recent studies. Titles and abstracts of the identified 181 results
were screened to exclude publications that did not focus on
games devel oped to educate the general public onthe COVID-19
pandemic. In total, 34 full texts describing 25 different games
were included in the review.

An important consideration that informed the literature review
was that games are not necessarily disseminated through or
discussed in scientific publications. To avoid excluding relevant
games that had only been disseminated through nonscientific
media, Google and YouTube were also searched using the
aforementioned keywords. This search, which was performed
from November 2021 to April 2022, identified 42 additional
games developed by private citizens, studios, and profit and
nonprofit organizations. Owing to the overwhelming number
of prototypes of digital games developed primarily for game
jams (eg, International Festival of Independent Games
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“JAAMMING THE CURVE: COVID-19 Game Jam”) or
competitions (eg, the 2021 Ingtitute of Electrical and Electronics
Engineers Conference on Virtual Reality and 3D User Interfaces
contest “Challenging Pandemics’), these were not included in
this study.

Data Extraction

The identified games were analyzed and categorized based on
the Comprehensive Taxonomy for Serious Games by De Lope
and Medina-Medina [46]. This taxonomy builds on a series of
concepts from existing partia classification systems to collect
and organize alarge number of game features when developing
new games or when analyzing or comparing existing ones[46].
Information regarding the games authorship, license,
deployment, genre or type, target audience, player interaction,
in-game goal, and intended transfer effects was extracted.
Information regarding the year of development or launch,
country of origin, and user testing was also obtained where
possible.

Results

COVID-19 Games

Overview

By January 2022, atotal of 66 COV1D-19-themed games—23
(35%) analog and 43 (65%) digital—were identified. Detailed
overviews of analog and digital games are provided in
Multimedia Appendix 1 [47-52] and Multimedia Appendix 2
[53-70], respectively; Figures 1-10 show 10 game examples.
The general findings are presented in the following sections.

Figure 1. Clinic Deluxe Edition: CoVid_19 variant (image reproduced with permission from Alban Viard [71]).
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Figure 2. Plague Inc.: The Cure (image reproduced with permission from Ndemic Creations[72]).
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Figure 4. At-Home Scavenger Hunt [47]. Materias developed by the Centers for Disease Control and Prevention (CDC). Reference to specific
commercia products, manufacturers, companies, or trademarks does not constitute its endorsement or recommendation by the US Government,
Department of Health and Human Services, or Centers for Disease Control and Prevention.
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Figure5. GO VIRAL! (image reproduced with permission from Tilt Studio and Professor Sander L van der Linden from the University of Cambridge
[66]).
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Figure 6. You Make Me Sick! (image reproduced with permission from The Partnership in Education [52]). The game was created by The Partnership
in Education, aproject supported by the National Institute of General Medical Sciences of the National Institutes of Health under award R25GM 132910.
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Figure 7. Lockdown! (image reproduced with permission from Yann Boucher [76]).
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Figure 9. Heroes of Covid-19 (image reproduced with permission from GRM Digital [67]).

—— MEMORY CAME

Heroes of Covid-19

People from all walks of life are coming together to help
fight the Coronavirus, and we want to use this game to
share their amazing stories!

HOW T BLAY: Match the faces of Our haroes below, in a5 ferw clicks a5 possible. Every time
‘you match a hero, a pop-up will show describing their heroic deeds.

Figure 10. Destroy COVID (image reproduced with permission from Kristéf Horvath [74]).
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Release Year and Location

The vast mgjority of the identified games were developed or
launched in 2020 (41/66, 62%); the rest were developed or
launched in 2021. The largest number of games originated in
the United States (10/66, 15%), India (9/66, 14%), and the
United Kingdom (7/66, 11%). The countries of origin of other
games included Denmark, the Netherlands, and Switzerland
(3/66, 5% of the games each); Canada, Czech Republic, Finland,
Germany, Morocco, Portugal, and South Africa (2/66, 3% of
the games each); and Australia, Bangladesh, Belgium, Brazil,
China, France, Hungary, Indonesia, Poland, Saudi Arabia,
Singapore, and Taiwan (1/66, 2% of the games each). For 8%
(5/66) of the games, the country of origin could not be
determined.

Authorship

The lead developers were research institutions (31/66, 47% of
the games), game development studios (17/66, 26% of the
games), or private individuals (13/66, 20% of the games). A
total of 9% (6/66) of the games were developed by children
aged 10 to 17 years (Better than Hugo, Corona — Mit Eifer ins
Geschaft, Corona Yuga, COVID-19: A Raceto the Vaccine, Go
Corona Go, and I nfected!). Governmental and nongovernmental
organizations (eg, ministries, educational institutes, the WHO,
the Centers for Disease Control and Prevention [CDC], the
United Nations Children’s Fund, and Médecins Sans Frontiéres)
were involved in the development of 22% (5/23) of the analog
games and 16% (7/43) of the digital games.

License

In total, 65% (15/23) of the analog games were commercial
(price: US $6.54-33.77), 30% (7/23) were available for free
(6/7, 86% of these as Print & Play games), and 9% (2/23) were
Kickstarter prototypes. In contrast, the vast majority of digital
games were free to play (20/43, 47%) or prototypes (20/43,
47%); 5% (2/43) were commercial (price: US $4.36-9.80), and
2% (1/43) were developed for internal use at a company.

Target Audience

Most games (38/66, 58%) targeted younger audiences, including
children as young as 3 years old, teenagers, and university
students. Analog games were often designed to be engaging for
the entire family, whereas 36% (24/66) of all digital games did
not have adefined target audience. Certain other gamestargeted
very specific user groups, such as gamers, active social media
users, heath care workers, health enthusiasts, employees of
certain enterprises, and the African population.

Game Types and Genres

Practically all games identified were simulations of the
COVID-19 pandemic. Somewere set in the players immediate
environment, such as the classroom (eg, Fighting COVID-19
at Purdue University), the office (eg, Social Distancing — The
Game), or the supermarket (eg, Dino-Store), or more broadly
inavillage, town, or city (eg, Clinic Deluxe Edition: CoMid 19
variant [Figure 1], COVID Dodge, SurviveCovid-19, and VRS
Fight Club); a country (eg, Better than Hugo and Korona hra);
or the world (eg, Plague Inc.: The Cure; Figure 2), where the
players were tasked with controlling the spread of the disease.

https://games.jmir.org/2023/1/e41766
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Others were set in a microscopic environment of the human
body, where the players assumed the role of immune cellsin
fighting off the infection (eg, Antidote COVID-19 [Figure 3]
and Infekcja) or of the virus in spreading the disease (eg,
Viruscape). Other interesting approaches were used in games
such as At-Home Scavenger Hunt by the CDC (Figure4), which
required the playersto find relevant physical itemsin their actual
environment; the location-based game MeetDurian, where
virtual items could be collected in the player's physica
environment (similar to Pokémon GO) if the player waswearing
a face mask, the presence of which was detected by face
recognition software; and GO VIRAL! (Figure 5), which was
set in the environment of a simulated social media platform.

The vast majority of analog games were board games (15/23,
65%) or card games (6/23, 26%). The most common analog
game types or genres were strategy games (11/23, 48%; eg,
Lockdown!; Figure 7) and race-to-the-end games (6/23, 26%;
eg, You Make Me Sck!; Figure 6), whereas most digital games
wereprimarily strategy (15/43, 35%; eg, PlagueInc.: The Cure),
action (14/43, 33%; eg, COVID Dodge), and trivia (12/43, 28%;
eg, Corona Bee; Figure 8) games. Some less common game
types such as meditation or Zen (CovidShield), hidden object
(Help to stop the COVID-19 coronavirus and At-Home
Scavenger Hunt by the CDC), memory (Heroes of Covid-19;
Figure9), and escape room-type puzzles (COVID-19[ CORONA
VIRUS| and Destroy COVID; Figure 10) were also identified.

Deployment

Most digital games (23/43, 53%) were web-based and playable
on PCs, mobile devices, consoles, or a combination of these.
An additional 21% (9/43) were deployed for mobile platforms,
7% (3/43) were deployed for desktop and mobile platforms, 2%
(1/43) were deployed for desktop only, 2% (1/43) were deployed
for desktop and consoles, and 2% (1/43) were deployed for
consoles only. Analog games mainly took the form of physical
objects (eg, game boards with figures and dice, play money or
tokens, playing cards, and puzzle pieces) or free electronicfiles
that were designed to be printed at home (Print & Play).

Player I nteraction

Of the 43 digital games, 37 (86%) were single-player, 4 (9%)
were multiplayer (up to 7 players), and 2 (5%) were single- and
multiplayer. Of the 6 multiplayer digital games, 5 (83%) were
co-operative, and 1 (17%) was competitive. In contrast, all
analog games (23/23, 100%) were multiplayer (up to 100
players), although single-player versions were also availablein
26% (6/23) of the cases. Of these 23 games, 18 (78%) were
competitive, 4 (17%) were co-operative, and 1 (4%) involved
only teams or partnerships.

Gameplay Duration

Information retrieved from 15 analog games showed that
gameplay duration ranged from 5 to 180 minutes—3 (20%)
games required up to 15 minutes, 5 (33%) games required up
to 30 minutes, 2 (13%) games required up to 45 minutes, 2
(13%) games required up to 60 minutes, and 3 (20%) games
required >1 hour. The estimated duration could only beretrieved
for 7% (3/43) of the digita games, which were substantially
shorter than most analog games and lasted 5 to 15 minutes.
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Intended Transfer Effects

Overview

In addition to amostly entertaining in-game goal, serious games
explicitly add amore serious, out-game goal [75], which refers
to the intended effect of the game in the real world [28]; such
an effect can be observed after playing the game and may
includeincreased knowledge and awareness, skill devel opment,
and changes in attitudes or behaviors. Such serious gamesaim

Kermavnar et d

for impact that is typically long-term, in contrast to more
short-term or direct formsof impact such asinteractions, actions,
and experiences while playing the game (for discussion on
human impact—centered design, refer to the study by Fokkinga
et a [77]). This repertoire of COVID-19 games covers this
diversity of purposes, assummarized in Table 1 (extracted from
the games descriptions;, for details, refer to Multimedia
Appendix 3).

Tablel. Intended transfer effects of COVID-19-themed games (listed according to the hierarchy of effects model originally developed for advertising
and recommended by McGuire [78] for use in public health campaigns [79]; N=66).

Intended transfer effect Games, n (%)  Examples
Awar eness-oriented effects 11(17)
Need for vaccination « Antidote COVID-19
Pr. . « Beat Corona
eventive measures .  Corona— Mit Eifer ins Geschft
Need for well-being - COVID Challenge
o  Heroesof Covid-19
« Socia Distancing — The Game
Education-oriented effects 38 (58)
Virus « Antidote COVID-19
i «  Clinic Deluxe Edition: CoVid_19 variant
Policy « CoronaBee
Vocabulary « COVID Safety Simulation: CAMPUS LIFE
« Govid
Personal care «  YouMakeMe Sick!
Information assessment
Attitude-oriented effects 12 (18)
Improving empathy «  Better than Hugo
. - «  Bresking the Magic Circle
Sense of collective responsibility . CoronaGame
Critical reflection +  Essential Workers
« GOVIRAL!
e SurviveCovid-19++
Behavior-oriented effects 8(12)

Executing preventive measures

At-Home Scavenger Hunt

. . « CoronaYuga
Social conversation . CovidShield Game Suite
Staying healthy «  Fighting COVID-19 at Purdue University
e«  MeetDurian
Entertainment .

Maintaining well-being

The Magic Soldier of the Human Body

I ncreasing Awar eness and Spreading K nowledge

Overall, the games reviewed in this study aim to educate the
players on the COVID-19 pandemic in an entertaining way.
Practically all games (66/66, 100%) were developed to spread
general awareness about COVID-19 (eg, Is COVID-19 caused
by bacteria or a virus?; Name one symptom of COVID-19 that
affects the respiratory system; and What does the “19” in
COVID-19 stand for?). Some (6/66, 9%) were intended to
educate people about the means and mechanisms of virus spread,
the immune response, or both (eg, True or False: COVID-19
can only be spread from person-to-person and Can you get
COVID-19 fromdrinking water ?), whereas others (34/66, 52%)
focus more on safety precautions to avoid catching and
spreading theinfection (eg, True or False: Wearing a face mask
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can help stop the spread of COVID-19 to others; When should
you wash your hands?; and What is the minimum percentage
of alcohal that a hand sanitizer must have?). Still others (5/66,
8%) specifically address vaccination (eg, True or False: The
COVID-19 vaccines can give you COVID-19; True or False:
The vaccine will damage my DNA; I'm healthy and I’ m never
ill, should 1 still get vaccinated?; and Should a pregnant woman
have the vaccine?).

Influencing Attitudes

Several games (11/66, 17%) aim to cultivate people’s sense of
empathy and collective responsibility (eg, Clinic Deluxe Edition:
CoVid_19 variant, Fighting COVID-19 at Purdue University,
and Essential Workers) as well as encourage critical reflection
on policy makers dilemmas (eg, Better than Hugo and
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Lockdown!) or the spread of misinformation (eg,
CoronaChampion and GO VIRAL!). Heroes of Covid-19 may
be the only game to focus on positive aspects of the pandemic,
raising awareness of people’s noble deeds during this period
(eg, “ Quinn Callandar, a boy scout from Canada, used his 3D
printing skillsto create ear guards for peoplewho feel pain from
wearing masks all day”; “Intensive care nurse Molly Watts
created a book entitted ‘Dave the Dog is worried about
coronavirus to help tackle anxiety in children amid the
Covid-19 outbresk”; and “Annemarie Plas from Brixton,
London united the nation and gave the NHS frontline a boost
with her *Clap for our Carers' initiative.”).

I nfluencing Behavior

Some games were designed to promote adherence to safety
precautions in real-life settings. For example, Fighting
COVID-19 at Purdue University aims to encourage studentsto
clean their university laboratories, and MeetDurian encourages
playersto wear protective masksin public. Other gamesaim to
stimulate behavior that can directly improve the players
well-being, such as mindfulness breathing (CovidShield Game
Suite) and immunity-increasing nutrition (The Magic Soldier
of the Human Body).

In most cases, the players were to adopt the positive role of a
hero fighting the virus or protecting their avatar from infection
in a simulated environment. An interesting yet less common
aternative was to teach people about undesirable or unsafe
behaviors by putting them in the negative role of, for example,
the virus (Mruscape), an infected customer at a store
(Instructional remote multiplayer VR game), or amisinformation
spreader (GO VIRAL!).

Testing of Effectivenessin Promoting Transfer Effects

A relatively small number of scientific studiesthat investigated
the effectiveness of the individual COVID-19-themed games
(20) have been published (Multimedia Appendix 4 [80-101]).
Intotal, 3 categories of effects were most frequently tested: the
change in participants’ knowledge of COVID-19 and infection
prevention measures, their gameplay experience, and the games
potential to facilitate players' attitude or behavior change. The
studies used various research methods and tools, including
heuristic evaluations by experts, surveys composed of custom
or standardized questionnaires and administered before or after
gameplay, observations during gameplay, semistructured
interviews, self-reports, or game log analysis after gameplay.
A total of 15% (3/20) of the studies assessed the players
changes in knowledge [80-82] and attitudes [80,83,84] by
comparing their pre- and postgameplay responses. One study
involved a control group that watched an educational video
about COVID-19 for comparison with atest group that played
the game [80], whereas another used comparative analysiswith
other similar games [85]. With the exception of 30% (6/20) of
the studies, which involved larger numbers of participants or
instances of gameplay, testing was performed on rel atively small
samples (2-30 participants).

At this point, it is important to emphasize the diversity of
methods used to assess the effectiveness of the games as these
can greatly limit the comparability of the results. Nevertheless,
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most of the studies considered (11/20, 55%) found that the
games succeeded in engaging and motivating the players
[80,81,83,84,87,91,94,99,101], increasing awareness, and
facilitating teaching COVID-19 hygienic knowledge
[80-83,89,91]. Improved understanding led to positive changes
in players attitudes toward COVID-19 preventive measures
[80,82,83,87,89,91,94,97,102]. A study reported that health
anxiety remained relatively unchanged in response to playing
1 game[80].

Certain limitations of these studies have been acknowledged,
especialy in relation to the games' capacity to change players
behaviors. A proper assessment of the games capacity to
influence behavior was found to be particularly challenging as
different sources of information may have contributed to
people's adherence to safety measures [90,103] and as other
factors—most notably, the players ages—also affected the
games effectiveness[87,94]. The effectiveness of thereviewed
games was often unclear or limited [98,103], and Suppan et al
[92] explicitly stated that alongitudinal trial would be necessary
to accurately assess their behavioral impact.

In addition, the studies recruited participants to play the games
and evaluate their impact as opposed to surveying people who
had already obtained and played the games through their own
initiative. Information regarding the number of timesthe games
were downloaded or played also does not appear to be
structurally documented or made available; thus, it remains
unclear to what extent the games were able to motivate people
to play them in the first place. However, thisinformation is of
key importance as agame cannot be effectiveif it isnot played.

Discussion

Principal Findings

This study aimed to provide an overview of games that were
developed during the COVID-19 pandemic to disseminate
crucia knowledge and enhance people’s subjective well-being.
In general, we observed an extensive proliferation of
games—especially digital games—in 2020, when the pandemic
was declared. Most (31/66, 47%) were developed by research
ingtitutions in Europe and North America—some in
collaboration with health authorities. All efforts notwithstanding,
the overall frequency of use and impact of these games seem
to have been modest at most.

To effectively influence people€’s attitudes and behavior, design
interventions need to be tailored to each situation, considering
the environmental demands—as perceived by the target
group—and their persona resources to meet these demands.
On the basis of the findings of this study, we provide
recommendations for the design of games aimed at improving
people' swell-being in future global health crises similar to the
COVID-19 pandemic.

Game Development, Deployment, and Distribution

Overview

A game only has animpact if it is played. It is noteworthy that
we only became aware of the multitude of COVID-19-themed
games when we started actively searching for them. Although
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our experience is anecdotal, it does suggest the importance of
investing time and effort in the dissemination of serious games.

Develop a Dissemination Plan

In the context of a pandemic, game devel opers should carefully
consider their target audience. In many cases, this is probably
the broadest audience possible, making it crucial to plan for the
effective dissemination of the game. Most of the reviewed
analog games (15/23, 65%) were commercialy available
physical objects, whereas most digital games (20/43, 47%) were
freely accessible web-based applications. Each of the various
forms of dissemination has advantages and disadvantages, but
deployment strategy and cost may influence game accessibility
to the greatest extent. Commercial games, for example, have
an advantage in that they have access to professional
dissemination channels and are often designed to be intriguing
and esthetically appealing to attract peopl€'sattention. However,
the cost and effort necessary to obtain such games can preclude
them from reaching abroader audience. For analog games, Print
& Play games tend to be the most convenient to access,
especialy when freely available on the web. Such games have
arelatively low threshold for access in that buying them is not
necessary.

When social distancing is required, as was the case during the
pandemic, playing analog games is typically only possible for
members of the same household. In contrast, digital games are
easy to obtain and play remotely provided that the users have
access to electricity and the internet. To maximize reach, Hill
et al [82] advised that COVID-19-themed games must be
platform-independent and playable with minimal hardware.

Collaborating with health authorities, the media,
nongovernmental organizations, educational institutions, (local)
governments, and social mediainfluencers can also help spread
awareness of agame’s existence, although this may not always
be the case. The designers of Escape COVID-19, for example,
conducted aretrospective analysisto investigate the reasonsfor
their limited success in recruiting participants for their study
[104]. Specifically, they aimed to assessthe effect of 3 different
dissemination strategies on game account creation over aperiod
of 6 months. In the first period (53 days), the game was
disseminated by a part-time worker; following this was a press
release (15 days); and inthefinal stage, the game was officially
announced by the Swiss Federa Office of Public Health (15
days). Their findings suggested that the press release was the
most successful and the official communication was the least
successful. Nonetheless, the sequence and duration of
communication interventions should a so be considered.

Ensure the Reliability of I nformation

For gamesthat aim to inform and share recommendations during
apandemic, aprominent challengeisthat such recommendations
are inherently dynamic. Although some information might be
fixed (eg, what avirusis), other information may likely change
after agame isintroduced. The use of reliable sources such as
the WHO, the CDC, and local governments can assure people
that the communicated knowledge isfactual. Practically all the
reviewed games based their |earning objectives on such sources.
However, as guidelines may differ among different institutions

https://games.jmir.org/2023/1/e41766

Kermavnar et d

and game developers may have different opinions on which
information is correct, it is recommended that players be
explicitly informed about the sources of the communicated
knowledge. In addition, the credibility of the aforementioned
sources can be subject to change, as seen with the rapidly
waning trust in the CDC in the United States.

Real-time updates can be especially helpful in tackling confusion
when guidelines change rapidly owing to the evolving
understanding of health crises. Itiscritical that pandemic games
be designed in away that preventsthem from becoming outdated
too quickly; this can be addressed by incorporating sufficient
flexibility in game design to allow for changing guidelines or
information. Although this tends to be more challenging for
analog games, it is possible—the content of analog games can
be updated via expansion packs, and hybrid games where
physica game elements are complemented by a regularly
updated mobile app can be devel oped.

Game Users, Design, and Use

How, where, when, and with whom a game is intended to be
played can influence players’ motivation and the efficiency of
the learning process [105]. Thus, it is important to design
pandemic games that facilitate the acquisition and transfer of
the intended learning objectives under pandemic-specific
learning conditions.

Consider the Target Audience and Context of Use

Overview

When designing any serious game, it is generally advised to
consider the entire ecosystem of stakeholders, including not
only the players but also the initiators of games (eg,
governments, nongovernmental institutions, health authorities,
schools, and private citizens), design agencies, and game
developers. The involvement of these stakeholders in various
phases of game design (ie, problem definition, product design,
and tailoring) can improve agame'simplementation [106]. For
pandemic games, this can be challenging, especialy if the game
is intended to appeal to a broad variety of affected people.
Therefore, it is necessary to determine exactly which
stakehol ders need to be targeted. The following sections focus
specifically on player characteristics.

Player Demogr aphics

According to the effectiveness studies we reviewed, certain
target group characteristics—most notably, age—influence
people's engagement and the perceived effectiveness of the
games [87,94]. Thus, caution is required when designing
multiplayer gamesfor people of different generations (eg, family
games); it isimportant to avoid making such gamestoo complex
for very young or inexperienced audiences or too simple to
effectively motivate adults and experienced players.

A general recommendation for game design is that game
instructions should be easy to understand for a targeted user
group. This recommendation is especialy important for
pandemic-focused games to minimize as much as possible the
chances of spreading misinformation or confusion. Special
attention needs to be paid to the language (preferably native
language or multilingual versions) and vocabulary (preferably
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simple and familiar expressions) in the games. Using rules or
elements from popular existing games (eg, Monopoly, Ludo,
Uno, and Pacman) can help users understand and adopt agame
more rapidly as people can only appreciate novelty when the
product is also simultaneously perceived as familiar or typical
[77,107].

Player Type

The process of meaning attribution can be influenced by the
players culture, personality traits, and current mental state, as
well asby other people[77]. Similarly, product emotions, which
are the emotions users experience in response to (playing) the
game, areinfluenced by their personal needs, goals, values, and
abilities [77]. Thus, a detailed psychological understanding of
agame's target population can increase its impact.

First, it isimportant to understand that different people choose
to play gamesfor different reasons. A popular typology of player
personalities developed by Bartle [108] distinguishes between
4 player types that differ based on their preferred way of
engaging in the virtual world: achievers, explorers, socializers,
and killers (for details, refer to the study by Bartle[108]). People
assume different styles of play depending on their mood or
in-game goals [108], suggesting that setting appropriate goals
and using game elements to influence players moods may
discourage adverse socia in-game behavior. However, Bartle
based his taxonomy specifically on multiuser dungeon games,
thus, histaxonomy cannot bedirectly extrapolated to other game
types. The player profiles by Bartle [108] might work for
entertainment games but not for serious games. To addressthis
issue, Siriaraya et a [28] advised that users experiential
preferences be investigated for the game world as well as for
the real world.

For COVID-19 games, it is also important to consider the
differences between social and solitary players, especialy in
the degree of autonomy, presence, and relatedness they seek to
experience (for details, refer to the study by Vellaet a [109]).
Understanding the specific needs and sources of motivation for
different players can support the preferred player interaction.

Support Player | nteraction

All the analog gamesreviewed in this study (23/23, 100%) were
multiplayer and mainly competitive, whereas only 14% (6/43)
of the digital games supported a multiplayer mode, of which
83% (5/6) were co-operative. The main advantage of
single-player games is that they can be played at any time
independently of other people. However, most single-player
games do not allow for socializing, sharing opinions, or
discussing ideas. In contrast, multiplayer games alow for
sociaizing, but the minimum number of players required can
limit the number of opportunitiesto play the game as this may
depend on other people's interest, availability, or both.
Optimally, a game should be designed to support both single-
and multiplayer modes, as was the case for 26% (6/23) of the
analog games and 5% (2/43) of the digital gamesstudied in this
review.

During the COVID-19 pandemic, collective action and
compliance with safety guidelines were paramount in reducing
the spread of the virus. Co-operative games can communicate
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thisneed to the players and support social bonding and collective
decision-making that can be transferred from thein-gameworld
to real-life situations. Previous studies have suggested that
participation in co-operative—as opposed to
competitive—multiplayer games can support team building
[110-113] and increase rea-world collaboration and prosocial
behaviors among players[114-117]. In contrast, the motivation
to win in competitive games may |eave little room for bonding
and the exchange of ideas, possibly limiting the encouragement
of prosocial behavior. Neverthel ess, competitive games tend to
be more stimulating, whereas co-operative games may support
passive participation when responsibilities are not equally
distributed among the players. Therefore, itisadvised to design
for teams or partnerships, which combines both co-operation
among team members and competition against the opposing
team or teams.

Balance Visual Design and the Realism of the Simulated
Domain

Immersive simulations of realistic environments and experiences
where acquired knowledge can be put to use without the serious
consequences of areal disaster may facilitate players transfer
of new knowledge to everyday life [29]; this is particularly
important during pandemics, when rapid changes in attitudes
and behavior are required. Presumably for this very reason,
practicaly al the reviewed games were either literal or
metaphorical simulations of the COV1D-19 pandemic. However,
as such games tend to emphasize educational goals, caution is
necessary to adeguately balance such education with
entertainment so that games remain appealing to a broader
audience.

Tofoster players’ motivation and consolidate their engagement,
fun elements that are unrelated to the simulated domain (eg,
avatar shape or agamewithin agame) can be used. For example,
the authors of Escape COVID-19 found that attractive graphics
that were adapted to fit the preferences of the target population
were essentia in increasing players engagement [92].
Nevertheless, the designers of Point of Contact [82] stressed
that a game's graphics and cross-player communication need
to be lightweight to minimize players dependence on
high-performance devices and high-speed networks. Similarly,
it is important to avoid substantial hardware demands, which
were present in 2 game prototypes that were included in this
study: the Instructional remote multi-player VR game requires
access to a VR headset, and participants need to own an Xbox
360 device for the Physical Fitness Training Program.

Consider Time Requirements

Most of the analog games reviewed in this study (9/15, 60%)
were designed for longer durations of gameplay (up to 3 hours);
we could only retrieve the predicted duration for 7% (3/43) of
thedigital games, but the time required to play these gameswas
considerably shorter (up to 15 minutes). The main advantage
of short game durations (a few minutes) is that they do not
require high levels of commitment, so the games can be played
without previous planning. However, they may fail to dlicit a
flow state, reflection, or both. In contrast, long game durations
(several hours) may deter potential users, especialy if thegame
ismultiplayer and requires scheduling atimethat is appropriate
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for all players. Moreover, players may lose interest if a game
lasts too long. Therefore, it is important to carefully design
pandemi c-themed gamesfor optimal duration, depending heavily
on the target group, game type, and intended transfer effects.

Challenge and Progression

To avoid cognitive overload, it is generally advised that games
provide a clear distinction between the active and reflective
phases of gameplay. Marne et a [105] suggested that intensive
action phases that engage players emotionally and shift their
focustoward agame'sgoal can be used for practice and training,
whereas less intensive phases should be provided for reflection
and relief purposes. During reflective phases, games should
provide feedback to players so that they can understand the
consequences of their actions and keep track of their own
progress. However, thisinformation must be provided in away
that does not interfere with the player’'s state of flow as this
could cause them to lose interest in the game.

A possible solution proposed by Marne et a [105] is that
individual items of obtainable knowledge or skills are
represented as collectible virtual objects (rewards) that can be
showcased or used as an asset later in the game. In addition to
material rewards or achieving (publicly displayed) high scores,
sensory stimulation (eg, sounds or graphics indicating an
achievement) can also be rewarding, as can be messages of
affirmation or commendation. For example, games such as
Escape COVID-19 included a positive message at the end of
each level to strengthen players’ mativation to comply with
guidelines [92]. In such cases, simple, commonly used
terminology can help a game more effectively reach broader
target audiences.

Terminology for and Testing of Serious Games

In addition to the aforementioned considerations, our
investigation revealed aneed to agree upon ashared terminol ogy
and standardized testing approaches to improve the discourse
on serious game development. From a scientific point of view,
the wide diversity of findings at present renders it practically
impossible to make any definitive conclusions or
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generalizations. A commonly agreed-upon method for
effectivenesstesting could facilitate the comparison of different
approaches in game design and encourage the devel opment of
more impactful games. Consequently, we propose that a shared
database of knowledge be created, such as the recently
developed co.LAB methodological framework, which was
implemented in a collaborative web platform that allows for
the co-designing, codevelopment, and coevaluation of serious
games[118].

Limitations

Despite all the efforts to provide a comprehensive review of
COVID-19-themed games, we acknowledge that other games
that were not included in this report exist (eg, competition and
gamejam entries were excluded). Furthermore, information on
gamesthat were not described in scientific paperswas obtained
from various web-based sources, potentially limiting the study’s
reliability. Nevertheless, we believe that this study correctly
reflects the diversity of COVID-19-themed games.

Conclusions

This study aimed to provide a structured overview of serious
games devel oped in the context of the COVID-19 pandemic to
improve people’'s well-being through entertainment and
education. Weidentified 66 diverse games, most of which were
digital (43/66, 65%), were developed by research institutions
in 2020 (13/66, 20%), and originated in Europe and North
America(38/66, 58%). An analysis of the games characteristics
was performed to identify potential pandemic-specific
challenges and opportunities for improvement, and some
recommendations were made based on the findings of the
reviewed studies and existing game theories.

Intotal, 2 additional themes emerged asaresult of thisoverview.
First, better planning for effective dissemination of the games
appears to be necessary if the goal of these gamesis to reach
the broadest audience possible. Second, to increase the impact
of similar future interventions, the collective effort of game
developers and researchers is needed to advance the discourse
on game design and testing.

This research was supported by Vici grant 453-16-009 of the Netherlands Organisation for Scientific Research, Division for the

Social and Behavioura Sciences, awarded to PMAD.

Conflictsof I nterest
None declared.

Multimedia Appendix 1
Summary of analog COVID-19-themed games (N=23).
[DOC File, 111 KB - games v11i1e41766_appl.doc ]

Multimedia Appendix 2
Summary of digital COVID-19-themed games (N=43).
[DOC File, 162 KB - games v11i1e41766_app2.doc ]

Multimedia Appendix 3

https://games.jmir.org/2023/1/e41766

JMIR Serious Games 2023 | vol. 11 | e41766 | p.104
(page number not for citation purposes)


https://jmir.org/api/download?alt_name=games_v11i1e41766_app1.doc&filename=c3c4e48cceae85405d7af3706bca2c79.doc
https://jmir.org/api/download?alt_name=games_v11i1e41766_app1.doc&filename=c3c4e48cceae85405d7af3706bca2c79.doc
https://jmir.org/api/download?alt_name=games_v11i1e41766_app2.doc&filename=b00c42ecb5fe1b7fa5b921989375fa85.doc
https://jmir.org/api/download?alt_name=games_v11i1e41766_app2.doc&filename=b00c42ecb5fe1b7fa5b921989375fa85.doc
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR SERIOUS GAMES Kermavnar et &

Intended transfer effects of COVID-19-themed games.
[DOC File, 90 KB - games v11i1e41766 app3.doc |

Multimedia Appendix 4
Testing of COVID-19-themed games.
[DOC File, 145 KB - games v11i1e41766 app4.doc |

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

WHO Director-General's opening remarks at the media briefing on COVI1D-19. World Health Organization. 2020. URL:
https.//www.who.int/dg/speeches/detail/who-director-general -s-opening-remarks-at-the-medi a-briefing-on-covid-19---11-
march-2020 [accessed 2022-03-04]

Santini ZI, Koyanagi A. Loneliness and its association with depressed mood, anxiety symptoms, and sleep problemsin
Europe during the COVID-19 pandemic. Acta Neuropsychiatr 2021 Jun 11;33(3):160-163 [FREE Full text] [doi:
10.1017/neu.2020.48] [Medline: 33427135]

Pedrosa AL, Bitencourt L, Froes ACF, Cazumbd MLB, Campos RGB, de Brito SBCS, et a. Emotional, behavioral, and
psychological impact of the COVID-19 pandemic. Front Psychol 2020 Oct 2;11:566212 [FREE Full text] [doi:
10.3389/fpsyq.2020.566212] [Medline: 33117234]

Brooks SK, Webster RK, Smith LE, Woodland L, Wessely S, Greenberg N, et al. The psychological impact of quarantine
and how to reduce it: rapid review of the evidence. Lancet 2020 Mar 14;395(10227):912-920 [FREE Full text] [doi:
10.1016/S0140-6736(20)30460-8] [Medline: 32112714]

Raihan MMH. Mental health consequences of COVID-19 pandemic on adult population: a systematic review. Mental
Health Rev J 2020 Dec 01;26(1):42-54. [doi: 10.1108/mhrj-07-2020-0044]

Terry PC, Parsons-Smith RL, Terry VR. Mood responses associated with COVID-19 restrictions. Front Psychol 2020 Nov
4;11:589598 [FREE Full text] [doi: 10.3389/fpsyq.2020.589598] [Medline: 33312153]

Thangaswamy GC, Arulappan J, Anumanthan S, Jayapal SK. Trends and determinants of mental health during COVID-19
pandemic: implications and strategies to overcome the mental health issues - arapid review from 2019-2020. Int J Nutr
Pharmacol Neurol Dis 2021;11(1):1. [doi: 10.4103/ijnpnd.ijnpnd_86_20]

Flinders M. Coronavirus and the politics of crisis fatigue. The Conversation. 2020. URL: https.//theconversation.com/
coronavirus-and-the-palitics-of -crisis-fatigue-134702 [accessed 2021-05-31]

Anand N, SharmaMK, Thakur PC, Mondal |, Sahu M, Singh B, et al. Doomsurfing and doomscrolling mediate psychol ogical
distressin COVID-19 lockdown: implications for awareness of cognitive biases. Perspect Psychiatr Care 2022
Jan;58(1):170-172 [FREE Full text] [doi: 10.1111/ppc.12803] [Medline: 33880766]

Holmes EA, O'Connor RC, Perry VH, Tracey |, Wessely S, Arseneault L, et a. Multidisciplinary research priorities for
the COVID-19 pandemic: acall for action for mental health science. Lancet Psychiatry 2020 Jun;7(6):547-560 [ FREE Full
text] [doi: 10.1016/S2215-0366(20)30168-1] [Medline: 32304649]

Sweeney M. Counseling clients during New York City's COVID-19 pandemic: observations on fundamenta elements of
emotions management. Ir J Psychol Med 2020 Sep;37(3):212-213 [FREE Full text] [doi: 10.1017/ipm.2020.42] [Medline:
3240421Q]

Lyons Z, Wilcox H, Leung L, Deardey O. COVID-19 and the mental well-being of Australian medical students: impact,
concerns and coping strategies used. Australas Psychiatry 2020 Dec;28(6):649-652 [FREE Full text] [doi:
10.1177/1039856220947945] [Medline: 32772729]

Rauschenberg C, Schick A, Hirjak D, Seidler A, Paetzold |, Apfelbacher C, et al. Evidence synthesis of digital interventions
to mitigate the negative impact of the COVID-19 pandemic on public mental health: rapid meta-review. JMed Internet
Res 2021 Mar 10;23(3):€23365 [FREE Full text] [doi: 10.2196/23365] [Medline: 33606657]

Ueafuea K, Boonnag C, Sudhawiyangkul T, Leelaarporn P, Gulistan A, Chen W, et al. Potentia applications of mobile
and wearable devices for psychological support during the COVID-19 pandemic: areview. |EEE Sensors J 2021 Mar
15;21(6):7162-7178. [doi: 10.1109/jsen.2020.3046259]

Marciniak MA, Shanahan L, Rohde J, Schulz A, Wackerhagen C, Kobylinska D, et al. Standa one smartphone cognitive
behavioral therapy-based ecological momentary interventions to increase mental health: narrative review. IMIR Mhealth
Uhealth 2020 Nov 12;8(11):€19836 [FREE Full text] [doi: 10.2196/19836] [Medline: 33180027]

VianaRB, de Lira CAB. Exergames as coping strategies for anxiety disorders during the COVID-19 quarantine period.
Games Health J 2020 Jun 01;9(3):147-149. [doi: 10.1089/g4h.2020.0060] [Medline: 32375011]

Monroy-Fraustro D, Maldonado-Castellanos |, Aboites-Molina M, Rodriguez S, Sueiras P, Altamirano-Bustamante NF,
et al. Bibliotherapy as anon-pharmaceutical intervention to enhance mental health in response to the COVID-19 pandemic:
amixed-methods systematic review and bioethical meta-analysis. Front Public Health 2021 Mar 15;9:629872 [FREE Full
text] [doi: 10.3389/fpubh.2021.629872] [Medline: 33796496]

Johnson E, Volsche S. COVID-19: companion animals help people cope during government-imposed social isolation. Soc
Animals 2021 Feb 02:1-18. [doi: 10.1163/15685306-bjal0035]

https://games.jmir.org/2023/1/e41766 JMIR Serious Games 2023 | vol. 11 | e41766 | p.105

(page number not for citation purposes)


https://jmir.org/api/download?alt_name=games_v11i1e41766_app3.doc&filename=11927f0643209f57dbdb8506595b0fd6.doc
https://jmir.org/api/download?alt_name=games_v11i1e41766_app3.doc&filename=11927f0643209f57dbdb8506595b0fd6.doc
https://jmir.org/api/download?alt_name=games_v11i1e41766_app4.doc&filename=4646eb5bedd2e0faef3fcaa62a87b0a8.doc
https://jmir.org/api/download?alt_name=games_v11i1e41766_app4.doc&filename=4646eb5bedd2e0faef3fcaa62a87b0a8.doc
https://www.who.int/dg/speeches/detail/who-director-general-s-opening-remarks-at-the-media-briefing-on-covid-19---11-march-2020
https://www.who.int/dg/speeches/detail/who-director-general-s-opening-remarks-at-the-media-briefing-on-covid-19---11-march-2020
https://europepmc.org/abstract/MED/33427135
http://dx.doi.org/10.1017/neu.2020.48
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33427135&dopt=Abstract
https://europepmc.org/abstract/MED/33117234
http://dx.doi.org/10.3389/fpsyg.2020.566212
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33117234&dopt=Abstract
https://europepmc.org/abstract/MED/32112714
http://dx.doi.org/10.1016/S0140-6736(20)30460-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32112714&dopt=Abstract
http://dx.doi.org/10.1108/mhrj-07-2020-0044
https://europepmc.org/abstract/MED/33312153
http://dx.doi.org/10.3389/fpsyg.2020.589598
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33312153&dopt=Abstract
http://dx.doi.org/10.4103/ijnpnd.ijnpnd_86_20
https://theconversation.com/coronavirus-and-the-politics-of-crisis-fatigue-134702
https://theconversation.com/coronavirus-and-the-politics-of-crisis-fatigue-134702
https://europepmc.org/abstract/MED/33880766
http://dx.doi.org/10.1111/ppc.12803
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33880766&dopt=Abstract
https://europepmc.org/abstract/MED/32304649
https://europepmc.org/abstract/MED/32304649
http://dx.doi.org/10.1016/S2215-0366(20)30168-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32304649&dopt=Abstract
https://europepmc.org/abstract/MED/32404210
http://dx.doi.org/10.1017/ipm.2020.42
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32404210&dopt=Abstract
https://journals.sagepub.com/doi/abs/10.1177/1039856220947945?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1177/1039856220947945
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32772729&dopt=Abstract
https://www.jmir.org/2021/3/e23365/
http://dx.doi.org/10.2196/23365
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33606657&dopt=Abstract
http://dx.doi.org/10.1109/jsen.2020.3046259
https://mhealth.jmir.org/2020/11/e19836/
http://dx.doi.org/10.2196/19836
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33180027&dopt=Abstract
http://dx.doi.org/10.1089/g4h.2020.0060
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32375011&dopt=Abstract
https://europepmc.org/abstract/MED/33796496
https://europepmc.org/abstract/MED/33796496
http://dx.doi.org/10.3389/fpubh.2021.629872
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33796496&dopt=Abstract
http://dx.doi.org/10.1163/15685306-bja10035
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR SERIOUS GAMES Kermavnar et &

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

35.
36.
37.

38.

39.

40.

41.

42.

Howley D. Theworld isturning to video games amid coronavirus outbreak. Yahoo Finance Home Page. 2020. URL : https:/
[finance.yahoo.com/news/coronavirus-worl d-turning-to-video-games-150704969.html ?guccounter=1& guce _referrer=
aHROcHM 6Ly9lbi5tL ndpa2lwZWRpY Sbvemev& guce referrer sig=AQAAAKXHUTQ3HFeK 9PeV 4L cl WWVYEEAUOCKT9
ayoqOvhOSSBIIwvam T30OWV 3 4SxvDucV gsomxV EDFPFPFSZPUTNApruawSzGE4AY XWENpKEHpxnIgX nmV 2uoX UxK 2K 2BAIS]
9qw7_2jCW82mOrdTg5edbC7NxhD-uPPdaA mm4ahcWhb [accessed 2021-12-23]

Barr M, Copeland-Stewart A. Playing video games during the COVID-19 pandemic and effects on players well-being.
Games Culture 2021 May 06;17(1):122-139. [doi: 10.1177/15554120211017036]

The WHO isrecommending video games as an effective way to stop the spread of COVID-19, oneyear after adding ‘ gaming
disorder’ to itslist of addictive behaviors. Business Insider US. 2020. URL : https.//www.busi nessinsider.nl/who-video-
games-coronavirus-pandemi c-mental -heal th-disorder-2020-47 nternati onal =true& r=US [accessed 2021-12-23]

Kleinman E, Chojnacki S, El-Nasr MS. The gang's al here: how people used games to cope with COVID19 quarantine.
In: Proceedings of the 2021 CHI Conference on Human Factors in Computing Systems. 2021 May Presented at: CHI '21:
CHI Conference on Human Factors in Computing Systems; May 8 - 13, 2021; Yokohama, Japan. [doi:
10.1145/3411764.3445072]

Besttie S. Playing Pandemic - the hit board game about the very thing we'retrying to avoid. The Conversation. 2020. URL :
https:.//theconversati on.com/playing-pandemi c-the-hit-board-game-about-the-very-thing-were-trying-to-avoid-137009
[accessed 2022-03-24]

Kriz WC. Gaming in the time of COVID-19. Simulation Gaming 2020 Jul 14;51(4):403-410. [doi:
10.1177/1046878120931602]

Games industry reflects on and recommits to #PlayApartTogether campaign at one year milestone. Business Wire. 2021.
URL: https://www.busi nesswire.com/news/home/20210413005079/en/Games-I ndustry-Refl ects-on-and-Recommits-to-
PlayA partTogether-Campaign-at-One-Year-Milestone [accessed 2022-04-06]

Wilson AS. Game-based learning asapromoter for positive health behavioursin young people. In: Gamification: Concepts,
Methodologies, Tools, and Applications. Hershey, Pennsylvania: Gl Global; 2015.

Sharifzadeh N, Kharrazi H, Nazari E, Tabesh H, Edalati Khodabandeh M, Heidari S, et al. Health education serious games
targeting health care providers, patients, and public health users: scoping review. IMIR Serious Games 2020 Mar
05;8(1):€13459 [FREE Full text] [doi: 10.2196/13459] [Medline: 32134391]

Siriaraya P, Visch V, Vermeeren A, Bas M. A cookbook method for persuasive game design. Int J Serious Games
2018;5(1):37-71. [doi: 10.17083/ijsg.v5i1.159]

Lukosch H. Simulated disaster: how games prepare us for emergencies and crises. Aus J Emergency Manag 2020 Jul
10;35(3):10.

Huizinga J. Homo Ludens: proeve eener bepaling van het spel-element der cultuur. Haarlem, the Netherlands: H.D. Tjeenk
Willink; 1938.

Salen Tekinbas, K, Zimmerman E. The Game Design Reader: A Rules of Play Anthology. Cambridge, Massachusetts,
United States: MIT Press, 2006.

Hammady R, Arnab S. Serious gaming for behaviour change: a systematic review. Information 2022 Mar 08;13(3):142.
[doi: 10.3390/inf013030142]

van der Kooij K, Hoogendoorn E, Spijkerman R, Visch V. Validation of serious games. Int J Serious Games 2015 Sep
18;2(3):63-75. [doi: 10.17083/ijsg.v2i3.75]

Ryan RM, Rigby CS, Przybylski A. The motivational pull of video games: a self-determination theory approach. Motiv
Emot 2006 Nov 29;30(4):344-360. [doi: 10.1007/s11031-006-9051-8]

CailloisR. Man, Play, and Games. Champaign, Illinois, USA: University of Illinois Press; 2001.

McGonigal J. Imaginable: How to See the Future Coming and be Ready for Anything. London: Transworld; Mar 24, 2022.
Green MC, Brock TC. Therole of transportation in the persuasiveness of public narratives. J Personality Socia Psychol
2000 Nov;79(5):701-721. [doi: 10.1037/0022-3514.79.5.701]

Walton KL. Mimesis as Make-Believe: On the Foundations of the Representational Arts. Cambridge, M assachusetts, USA:
Harvard University Press; 1990.

D’Errico F, Cicirelli PG, Papapicco C, Scardigno R. Scare-away risks: the effects of a serious game on adolescents
awareness of health and security risksin an Italian sample. Multimodal Technologies Interact 2022 Oct 18;6(10):93. [doi:
10.3390/mti6100093]

Ghoman SK, Patel SD, Cutumisu M, von Hauff P, Jeffery T, Brown MR, et a. Serious games, a game changer in teaching
neonatal resuscitation? A review. Arch Dis Child Fetal Neonatal Ed 2020 Jan 29;105(1):98-107 [FREE Full text] [doi:
10.1136/archdischild-2019-317011] [Medline: 31256010]

Sharma SV, Shegog R, Chow J, Finley C, Pomeroy M, Smith C, et al. Effects of the Quest to Lava Mountain computer
game on dietary and physical activity behaviors of elementary school children: a pilot group-randomized controlled trial.
JAcad Nutr Diet 2015 Aug;115(8):1260-1271. [doi: 10.1016/j.jand.2015.02.022] [Medline: 25912520]

David OA, Costescu C, Cardos R, Mogoase C. How effective are serious games for promoting mental health and health
behavioral change in children and adolescents? A systematic review and meta-analysis. Child Youth Care Forum 2020 Jul
31,49(6):817-838. [doi: 10.1007/s10566-020-09566-1]

https://games.jmir.org/2023/1/e41766 JMIR Serious Games 2023 | vol. 11 | e41766 | p.106

(page number not for citation purposes)


https://finance.yahoo.com/news/coronavirus-world-turning-to-video-games-150704969.html?guccounter=1&guce_referrer=aHR0cHM6Ly9lbi5tLndpa2lwZWRpYS5vcmcv&guce_referrer_sig=AQAAAKXHUfQ3HFeK9PeV4LcIWWvEeAu0CkT9qygqOvb0SSBl1wvamT3OWV3_4SxvDucVgsomxVEDfPFPfSzPUTN4pruawSnzGE4YXW8NpkEHpxnJgXnmV2uoXsUxK2K2BAlSd9qw7_2jCW82mOrdTq5edbC7NxhD-uPPdaAmm4ahcWbb
https://finance.yahoo.com/news/coronavirus-world-turning-to-video-games-150704969.html?guccounter=1&guce_referrer=aHR0cHM6Ly9lbi5tLndpa2lwZWRpYS5vcmcv&guce_referrer_sig=AQAAAKXHUfQ3HFeK9PeV4LcIWWvEeAu0CkT9qygqOvb0SSBl1wvamT3OWV3_4SxvDucVgsomxVEDfPFPfSzPUTN4pruawSnzGE4YXW8NpkEHpxnJgXnmV2uoXsUxK2K2BAlSd9qw7_2jCW82mOrdTq5edbC7NxhD-uPPdaAmm4ahcWbb
https://finance.yahoo.com/news/coronavirus-world-turning-to-video-games-150704969.html?guccounter=1&guce_referrer=aHR0cHM6Ly9lbi5tLndpa2lwZWRpYS5vcmcv&guce_referrer_sig=AQAAAKXHUfQ3HFeK9PeV4LcIWWvEeAu0CkT9qygqOvb0SSBl1wvamT3OWV3_4SxvDucVgsomxVEDfPFPfSzPUTN4pruawSnzGE4YXW8NpkEHpxnJgXnmV2uoXsUxK2K2BAlSd9qw7_2jCW82mOrdTq5edbC7NxhD-uPPdaAmm4ahcWbb
https://finance.yahoo.com/news/coronavirus-world-turning-to-video-games-150704969.html?guccounter=1&guce_referrer=aHR0cHM6Ly9lbi5tLndpa2lwZWRpYS5vcmcv&guce_referrer_sig=AQAAAKXHUfQ3HFeK9PeV4LcIWWvEeAu0CkT9qygqOvb0SSBl1wvamT3OWV3_4SxvDucVgsomxVEDfPFPfSzPUTN4pruawSnzGE4YXW8NpkEHpxnJgXnmV2uoXsUxK2K2BAlSd9qw7_2jCW82mOrdTq5edbC7NxhD-uPPdaAmm4ahcWbb
https://finance.yahoo.com/news/coronavirus-world-turning-to-video-games-150704969.html?guccounter=1&guce_referrer=aHR0cHM6Ly9lbi5tLndpa2lwZWRpYS5vcmcv&guce_referrer_sig=AQAAAKXHUfQ3HFeK9PeV4LcIWWvEeAu0CkT9qygqOvb0SSBl1wvamT3OWV3_4SxvDucVgsomxVEDfPFPfSzPUTN4pruawSnzGE4YXW8NpkEHpxnJgXnmV2uoXsUxK2K2BAlSd9qw7_2jCW82mOrdTq5edbC7NxhD-uPPdaAmm4ahcWbb
http://dx.doi.org/10.1177/15554120211017036
https://www.businessinsider.nl/who-video-games-coronavirus-pandemic-mental-health-disorder-2020-4?international=true&r=US
https://www.businessinsider.nl/who-video-games-coronavirus-pandemic-mental-health-disorder-2020-4?international=true&r=US
http://dx.doi.org/10.1145/3411764.3445072
https://theconversation.com/playing-pandemic-the-hit-board-game-about-the-very-thing-were-trying-to-avoid-137009
http://dx.doi.org/10.1177/1046878120931602
https://www.businesswire.com/news/home/20210413005079/en/Games-Industry-Reflects-on-and-Recommits-to-PlayApartTogether-Campaign-at-One-Year-Milestone
https://www.businesswire.com/news/home/20210413005079/en/Games-Industry-Reflects-on-and-Recommits-to-PlayApartTogether-Campaign-at-One-Year-Milestone
https://games.jmir.org/2020/1/e13459/
http://dx.doi.org/10.2196/13459
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32134391&dopt=Abstract
http://dx.doi.org/10.17083/ijsg.v5i1.159
http://dx.doi.org/10.3390/info13030142
http://dx.doi.org/10.17083/ijsg.v2i3.75
http://dx.doi.org/10.1007/s11031-006-9051-8
http://dx.doi.org/10.1037/0022-3514.79.5.701
http://dx.doi.org/10.3390/mti6100093
https://europepmc.org/abstract/MED/31256010
http://dx.doi.org/10.1136/archdischild-2019-317011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31256010&dopt=Abstract
http://dx.doi.org/10.1016/j.jand.2015.02.022
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25912520&dopt=Abstract
http://dx.doi.org/10.1007/s10566-020-09566-1
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR SERIOUS GAMES Kermavnar et &

43. Cheney C. How might probability inform policy on pandemics? M etabiota hasideas. Metabiota. 2021. URL : https://metabiota.
com/news#! how-might-probability-inform-policy-on-pandemics-438 [accessed 2022-03-07]

44. Marani M, Katul GG, Pan WK, Parolari AJ. Intensity and frequency of extreme novel epidemics. Proc Natl Acad Sci U S
A 2021 Aug 31;118(35):€2105482118 [FREE Full text] [doi: 10.1073/pnas.2105482118] [Medline: 34426498]

45. Montalbano L, Gallo L, Ferrante G, MaliziaV, Cilluffo G, Fasola S, et a. Serious games: a new approach to foster
information and practices about Covid-19? Front Robot Al 2022 May 23;9:830950 [FREE Full text] [doi:
10.3389/frobt.2022.830950] [Medline: 35677083]

46. DeLopeRP, Medina-MedinaN. A comprehensive taxonomy for serious games. J Educ Computing Res 2016 Dec
12;55(5):629-672. [doi: 10.1177/0735633116681301]

47.  At-home scavenger hunt. Centersfor Disease Control and Prevention. URL: https://www.cdc.gov/mental heal th/stress-coping/
parental -resources/

48. CDC Board Game: Protect Others & Protect Yourself from COVID-19. Centersfor Disease Control and Prevention. 2020.
URL: https://www.cdc.gov/mental heal th/stress-coping/parental -resources/pdf /PRK -board-game. pdf

49. Helpto stop the COVID-19 coronavirus. UNICEF South Africa. 2020. URL: https://www.unicef.org/southafrica/media/
3516/file/ZAF-hel p-stop-the-spread-of -covid-19.pdf [accessed 2021-11-12)

50. Infekcja. Wojciech Glac. 2020. URL: http://www.wojciechglac.com/infekcjal [accessed 2021-11-12]

51. Socia Distancing — The Game. DICE Toy Labs. 2020. URL : https.//ne-np.facebook.com/dicetoylabs/posts/
play-the-social-distancing-gameits-free-you-just-need-a-pencil -and-paperhttpbitl/489543455074372/ [accessed 2021-11-12]

52.  YouMakeMe Sick Board Game. The Partnership In Education, Duquesne University. 2020. URL: https://drive.google.com/
file/d/12KZHnJY 4Dkfv47DcbWhial 2kef GSB5jf/view2usp=sharing [accessed 2021-11-12]

53. Antidote COVID-19. Psyon Games. 2021. URL : https.//psyongames.com/antidote-covid-19/ [accessed 2021-11-12]

54. Coret Q. Beter dan Hugo. 2022. URL : https.//beterdanhugo.nl/ [accessed 2022-04-07)

55. Can You Save the World? Martin Jacob Itch homepage. 2020. URL: https://martin-jacob.itch.io/can-you-save-the-world
[accessed 2021-11-12]

56. CoronaBee game. Focus Games. 2020. URL : https://www.coronabeegame.co.uk/

57. Koronahra 2021. URL: https://koronahra.cz/ [accessed 2021-11-12]

58. Fight against COVID-19. UNDP India Accelerator Lab, |PE Global Centre for Knowledge and Development. 2020. URL :
https:.//covid-ipe-ckd-undp.web.app/#/ [accessed 2021-11-12]

59. CoronaQuest. 2020. URL: https.//coronaguest.game/ [accessed 2021-11-12]

60. COVID Safety Simulation: CAMPUS LIFE. Arizona State University. 2020. URL: https://xr.asu.edu/exp/covid/ [accessed
2021-11-12]

61. COVID Challenge. Pixel Impact. 2020. URL : https.//pixelimpact.org/covid-19/ [accessed 2021-11-12]

62. The Dilemma Game — Stay Safe Edition. Lulu Lab. 2020. URL: https://lululab.org/educational games/covid-19-game
[accessed 2021-11-12]

63. Dino-Store. Digital Integrative Liberal Arts Center, Georgia Institute of Technology, Georgia Tech. 2021. URL: https:/
[/lingfengzyc.itch.io/dino [accessed 2021-11-12]

64. Escape COVID-19. 2020. URL: https:.//escape-covid19.ch/en/ [accessed 2021-11-12]

65. DasAR. Go Corona Go. Abhinav Das GitHub homepage. 2021. URL : https://abhinavdas?2006.github.io/
Go-Corona-Go-Made-By-Abhinav-Final-Game/ [accessed 2021-11-12]

66. GO VIRAL!. 2021. URL: https.//www.goviralgame.com/books/go-viral/ [accessed 2021-11-12]

67. Heroesof Covid-19. GRM Digital. URL: https:.//grm.digital/heroes-of-covid19/ [accessed 2021-11-12]

68. MeetDurian. AppDownloadr. 2021. URL: https://www.appdownl oadr.com/downl oad-app/io.game2.meetdurian [accessed
2021-11-12]

69. Plague Inc: The Cure. Ndemic Creations. URL: https.//www.ndemiccreations.com/en/57-plague-inc-cure [accessed
2021-11-12]

70. VRS Fight Club. Magikbee. 2020. URL : https.//magikbee.com/coronavirus-app-virus-fight-club-by-magikbee-free-app/
[accessed 2021-11-12]

71. Viard A. Kickstarter. URL: https:.//www.kickstarter.com/projects/1948889736/clinic-del uxe-edition-the-covid-19

72. Last Chanceto Play Plague Inc: The Cure for Free!l. Ndemic Creations. URL : https://www.ndemiccreations.com/en/news/
212-|ast-chance-to-play-plague-inc-the-cure-for-free

73. Psyon Games Presskit. | Am the Shield. URL: https://iamtheshield.com/presskit/

74. Destroy COVID. URL: https://destroycovidgame.com/

75. Abt CC. Serious Games. New York: The Viking Press; 1970.

76. Lockdown! an engaging and exciting educational card game. Shopee. URL : https://shopee.sg/

L ockdown! -an-engagi ng-and-exciting-educational -card-game-i.205719557.1501 7303132

77. Fokkinga S, Desmet P, Hekkert P. Impact-centered design: introducing an integrated framework of the psychological and
behavioral effects of design. Int J Design 2020;14(3):97-116.

78. McGuire WJ. Public communication as a strategy for inducing health-promoting behavioral change. Prev Med 1984
May;13(3):299-319. [doi: 10.1016/0091-7435(84)90086-0] [Medline: 6387698]

https://games.jmir.org/2023/1/e41766 JMIR Serious Games 2023 | vol. 11 | e41766 | p.107

RenderX

(page number not for citation purposes)


https://metabiota.com/news#!how-might-probability-inform-policy-on-pandemics-438
https://metabiota.com/news#!how-might-probability-inform-policy-on-pandemics-438
https://europepmc.org/abstract/MED/34426498
http://dx.doi.org/10.1073/pnas.2105482118
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34426498&dopt=Abstract
https://europepmc.org/abstract/MED/35677083
http://dx.doi.org/10.3389/frobt.2022.830950
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35677083&dopt=Abstract
http://dx.doi.org/10.1177/0735633116681301
https://www.cdc.gov/mentalhealth/stress-coping/parental-resources/
https://www.cdc.gov/mentalhealth/stress-coping/parental-resources/
https://www.cdc.gov/mentalhealth/stress-coping/parental-resources/pdfs/PRK-board-game.pdf
https://www.unicef.org/southafrica/media/3516/file/ZAF-help-stop-the-spread-of-covid-19.pdf
https://www.unicef.org/southafrica/media/3516/file/ZAF-help-stop-the-spread-of-covid-19.pdf
http://www.wojciechglac.com/infekcja/
https://ne-np.facebook.com/dicetoylabs/posts/play-the-social-distancing-gameits-free-you-just-need-a-pencil-and-paperhttpbitl/489543455074372/
https://ne-np.facebook.com/dicetoylabs/posts/play-the-social-distancing-gameits-free-you-just-need-a-pencil-and-paperhttpbitl/489543455074372/
https://drive.google.com/file/d/12KZHnJY4Dkfv47DcbWhiaL2kefGSB5jf/view?usp=sharing
https://drive.google.com/file/d/12KZHnJY4Dkfv47DcbWhiaL2kefGSB5jf/view?usp=sharing
https://psyongames.com/antidote-covid-19/
https://beterdanhugo.nl/
https://martin-jacob.itch.io/can-you-save-the-world
https://www.coronabeegame.co.uk/
https://koronahra.cz/
https://covid-ipe-ckd-undp.web.app/#/
https://coronaquest.game/
https://xr.asu.edu/exp/covid/
https://pixelimpact.org/covid-19/
https://lululab.org/educationalgames/covid-19-game
https://lingfengzyc.itch.io/dino
https://lingfengzyc.itch.io/dino
https://escape-covid19.ch/en/
https://abhinavdas2006.github.io/Go-Corona-Go-Made-By-Abhinav-Final-Game/
https://abhinavdas2006.github.io/Go-Corona-Go-Made-By-Abhinav-Final-Game/
https://www.goviralgame.com/books/go-viral/
https://grm.digital/heroes-of-covid19/
https://www.appdownloadr.com/download-app/io.game2.meetdurian
https://www.ndemiccreations.com/en/57-plague-inc-cure
https://magikbee.com/coronavirus-app-virus-fight-club-by-magikbee-free-app/
https://www.kickstarter.com/projects/1948889736/clinic-deluxe-edition-the-covid-19
https://www.ndemiccreations.com/en/news/212-last-chance-to-play-plague-inc-the-cure-for-free
https://www.ndemiccreations.com/en/news/212-last-chance-to-play-plague-inc-the-cure-for-free
https://iamtheshield.com/presskit/
https://destroycovidgame.com/
https://shopee.sg/Lockdown!-an-engaging-and-exciting-educational-card-game-i.205719557.15017303132
https://shopee.sg/Lockdown!-an-engaging-and-exciting-educational-card-game-i.205719557.15017303132
http://dx.doi.org/10.1016/0091-7435(84)90086-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=6387698&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR SERIOUS GAMES Kermavnar et &

79.

80.

81.

82.

83.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

Kite J, Gale J, Grunseit A, Li V, Bellew W, Bauman A. From awareness to behaviour: testing a hierarchy of effects model
on the Australian Make Healthy Normal campaign using mediation analysis. Prev Med Rep 2018 Dec;12:140-147 [FREE
Full text] [doi: 10.1016/j.pmedr.2018.09.003] [Medline: 30258762]

Kao D, Joshi A, Mousas C, Peddireddy A, Kramadhati GA, Li J, et a. Fighting COVID-19 at Purdue University: design
and evaluation of agamefor teaching COV1D-19 hygienic best practices. In: Proceedings of the 16th I nternational Conference
on the Foundations of Digital Games. 2021 Presented at: FDG'21: The 16th International Conference on the Foundations
of Digital Games 2021; Aug 3 - 6, 2021; Montreal, QC, Canada. [doi: 10.1145/3472538.3472552]

Chettoor Jayakrishnan G, Banahatti V, Lodha S. GOVID: repurposing serious game for enterprise COVID-19 awareness.
In: Proceedings of the 12th Indian Conference on Human-Computer Interaction. 2021 Presented at: IndiaHCI 2021: India
HCI 2021; Nov 19 - 21, 2021; Virtual Event India. [doi: 10.1145/3506469.3506471]

Hill J, Corke E, Salawu M, Cotterell E, Russell M, Gibbons J, et a. Point of Contact: investigating change in perception
through a serious game for COV1D-19 preventive measures. Proceed ACM Human Comput Interact 2021 Sep;5(CHI
PLAY):1-19. [doi: 10.1145/3474701]

Holliday EL. Breaking the magic circle: using a persuasive game to build empathy for nursing staff and increase citizen
responsibility during a pandemic. In: Proceedings of the Extended Abstracts of the 2021 Annual Symposium on
Computer-Human Interaction in Play. 2021 Presented at: CHI PLAY '21: The Annua Symposium on Computer-Human
Interaction in Play; Oct 18 - 21, 2021; Virtual Event Austria. [doi: 10.1145/3450337.3483511]

Venigalla ASM, Vagavolu D, Chimalakonda S. SurviveCovid-19++: a collaborative healthcare game towards educating
people about safety measures for Covid-19. In: Proceedings of the Companion Publication of the 2021 Conference on
Computer Supported Cooperative Work and Social Computing. 2021 Presented at: CSCW '21: Computer Supported
Cooperative Work and Social Computing; Oct 23 - 27, 2021; Virtual Event USA. [doi: 10.1145/3462204.3482891]
Bouroumane F, Saaidi A, Abarkan M. Design of a serious game to strengthen the immune system against Covid-19. In:
Proceedings of the 8th International Conference on Wireless Networks and M obile Communications (WINCOM). 2020
Presented at: 2020 8th International Conference on Wireless Networks and Mobile Communications (WINCOM); Oct
27-29, 2020; Reims, France. [doi: 10.1109/wincom50532.2020.9272448]

Nurjanah RL, Waluyo S, Kusuma AFAA. Developing Adobe Flash-based game to teach children Covid-19 vocabulary.
Metathesis JEngl Lang Lit Teach 2021 Jan 01;4(3):249-262. [doi: 10.31002/metathesis.v4i3.2727]

Mulchandani D, Orji R. Age and the persuasiveness of a game to promote the adoption of COVID-19 precautionary
measures. In: Proceedings of the |EEE 9th I nternational Conference on Serious Games and A pplicationsfor Health(SeGAH).
2021 Presented at: 2021 IEEE 9th International Conference on Serious Games and Applications for Health(SeGAH); Aug
04-06 ,2021; Dubai, United Arab Emirates. [doi: 10.1109/segah52098.2021.9551909)]

Thomas RJ, Masthoff J, Oren N. "Can | influence you?' Development of a scale to measure perceived persuasiveness and
two studies showing the use of the scale. Front Artif Intell 2019 Nov 21;2:24 [FREE Full text] [doi: 10.3389/frai.2019.00024]
[Medline: 33733113]

Grizioti M, OliveiraW, Garneli V. Covid-19 Survivor: design and evaluation of a game to improve students’ experience
during socia isolation. In: Games and Learning Alliance. Cham: Springer; Nov 30, 2021.

Gaspar JDS, Lage EM, SilvaFJ, Mineiro E, OliveiralJR, Oliveiral, et al. A mobile serious game about the pandemic
(COVID-19 - did you know?): design and evaluation study. JIMIR Serious Games 2020 Dec 22;8(4):€25226 [FREE Full
text] [doi: 10.2196/25226] [Medline: 33301416]

Satu M, Mizan K, Jerin SA, Whaiduzzaman M, Barros A, Ahmed K, et a. COVID-Hero: machinelearning based COVID-19
awareness enhancement mobile gamefor children. In: Applied Intelligence and Informatics. Cham: Springer; Jul 26, 2021.
Suppan M, Catho G, Robalo Nunes T, Sauvan V, Perez M, Graf C, et al. A serious game designed to promote safe behaviors
among health care workers during the COVID-19 pandemic: development of "Escape COVID-19". IMIR Serious Games
2020 Dec 03;8(4):€24986 [FREE Full text] [doi: 10.2196/24986] [Medline: 33242312]

Davids MR, Chikte UM, Halperin ML. An efficient approach to improve the usability of e-learning resources: the role of
heuristic evaluation. Adv Physiol Educ 2013 Sep;37(3):242-248 [FREE Full text] [doi: 10.1152/advan.00043.2013] [Medline:
24022770]

Suppan M, Stuby L, Harbarth S, Fehimann CA, Achab S, Abbas M, et al. Nationwide deployment of a serious game designed
to improve COVID-19 infection prevention practices in Switzerland: prospective web-based study. IMIR Serious Games
2021 Nov 25;9(4):€33003 [FREE Full text] [doi: 10.2196/33003] [Medline: 34635472]

Anupam A, Stricklin C, Graves J, Tang K, Vogel M, Dominguez-Mirazo M, et al. Essential workers: a multiplayer game
for enacting patterns of social interdependency in apandemic. In: Proceedings of the Extended Abstracts of the 2020 Annual
Symposium on Computer-Human Interaction in Play. 2020 Presented at: CHI PLAY '20: The Annua Symposium on
Computer-Human Interaction in Play; Nov 2 - 4, 2020; Virtual Event Canada. [doi: 10.1145/3383668.3419863]

Nikolov I, Madsen C. Initial development of “Infection Defender”: a children’s educational game for pandemic prevention
measurements. In: Proceedings of the 16th International Joint Conference on Computer Vision, Imaging and Computer
Graphics Theory and Applications - GRAPP. 2021 Presented at: 16th International Joint Conference on Computer Vision,
Imaging and Computer Graphics Theory and Applications - GRAPP; Feb 8-10, 2021; Online. [doi:
10.5220/0010284102530260]

https://games.jmir.org/2023/1/e41766 JMIR Serious Games 2023 | vol. 11 | e41766 | p.108

(page number not for citation purposes)


https://linkinghub.elsevier.com/retrieve/pii/S2211-3355(18)30157-8
https://linkinghub.elsevier.com/retrieve/pii/S2211-3355(18)30157-8
http://dx.doi.org/10.1016/j.pmedr.2018.09.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30258762&dopt=Abstract
http://dx.doi.org/10.1145/3472538.3472552
http://dx.doi.org/10.1145/3506469.3506471
http://dx.doi.org/10.1145/3474701
http://dx.doi.org/10.1145/3450337.3483511
http://dx.doi.org/10.1145/3462204.3482891
http://dx.doi.org/10.1109/wincom50532.2020.9272448
http://dx.doi.org/10.31002/metathesis.v4i3.2727
http://dx.doi.org/10.1109/segah52098.2021.9551909
https://europepmc.org/abstract/MED/33733113
http://dx.doi.org/10.3389/frai.2019.00024
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33733113&dopt=Abstract
https://games.jmir.org/2020/4/e25226/
https://games.jmir.org/2020/4/e25226/
http://dx.doi.org/10.2196/25226
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33301416&dopt=Abstract
https://games.jmir.org/2020/4/e24986/
http://dx.doi.org/10.2196/24986
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33242312&dopt=Abstract
https://journals.physiology.org/doi/10.1152/advan.00043.2013?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1152/advan.00043.2013
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24022770&dopt=Abstract
https://games.jmir.org/2021/4/e33003/
http://dx.doi.org/10.2196/33003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34635472&dopt=Abstract
http://dx.doi.org/10.1145/3383668.3419863
http://dx.doi.org/10.5220/0010284102530260
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR SERIOUS GAMES Kermavnar et &

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.
109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

Chen D, Bucchiarone A, Lv Z. MeetDurian: a gameful maobile app to prevent COVID-19 infection. In: Proceedings of the
2021 |[EEE/ACM 8th International Conference on Mobile Software Engineering and Systems (M obileSoft). 2021 Presented
at: 2021 IEEE/ACM 8th International Conference on Mobile Software Engineering and Systems (M obileSoft); May
17-19,2021; Madrid, Spain. [doi: 10.1109/mobilesoft52590.2021.00016]

Jang R, Shao B, Si S, Sato R, Tsuneo J. Health communication in games at the early stage of COVID-19 epidemic: a
grounded theory study based on Plague, Inc. Games Health J 2021 Dec 01;10(6):408-419. [doi: 10.1089/g4h.2020.0135]
[Medline: 34860131]

Venigalla ASM, Vagavolu D, Chimalakonda S. SurviveCovid-19 - an educational game to facilitate habituation of social
distancing and other health measuresfor COV1D-19 pandemic. Int JHuman Comput I nteract 2022 Jan 13;38(16):1563-1575.
[doi: 10.1080/10447318.2021.2009183]

Pohjolainen S, MattilaJ, Tuovinen J, Rajanen M, Arhippainen L, Alavesa P. Heuristic eval uation of amobile game devel oped
to help battle the pandemic. In: Proceedings of the 2021 | EEE Conference on Games (CoG). 2021 Presented at: 2021 IEEE
Conference on Games (CoG); Aug 17-20, 2021; Copenhagen, Denmark. [doi: 10.1109/c0g52621.2021.9619103]

SuJM, Yang YC, Weng TN, Li MJ, Wang CJ. A web-based serious game about self-protection for COVID-19 prevention:
development and usability testing. Comunicar 2021 Oct 01;29(69):91-104. [doi: 10.3916/C69-2021-08]

Suppan M, Abbas M, Catho G, Stuby L, Regard S, Achab S, et al. Impact of a serious game (Escape COVID-19) on the
intention to change COV1D-19 control practices among employees of long-term care facilities: web-based randomized
controlled trial. JMed Internet Res 2021 Mar 25;23(3):e27443 [FREE Full text] [doi: 10.2196/27443] [Medline: 33685854]
Ravelo JL. These gamestarget COV1D-19 misinformation. But do they work? Devex. 2021. URL: https://www.devex.com/
news/these-games-target-covid-19-misinformation-but-do-they-work-100265 [accessed 2022-01-07]

Suppan M, Stuby L, Fehimann CA, Abbas M, Achab S, Harbarth S, et al. The impact of three communication channelson
the dissemination of a serious game designed to enhance COVID-19 prevention. Int J Environ Res Public Health 2022 Aug
16;19(16):10143 [FREE Full text] [doi: 10.3390/ijerph191610143] [Medline: 36011774]

Marne B, Wisdom J, Huynh-Kim-Bang B, Labat JM. The six facets of serious game design: a methodology enhanced by
our design pattern library. In: 21st Century Learning for 21st Century Skills. Berlin, Heidelberg: Springer; 2012.

van Dooren M, Visch V, Spijkerman R, Goossens R, Hendriks V. Personalization in game design for healthcare: aliterature
review on its definitions and effects. Int J Serious Games 2016;3(4):3-28. [doi: 10.17083/ijsg.v3i4.134]

Hekkert P, Snelders D, van Wieringen PC. 'Most advanced, yet acceptable’: typicality and novelty asjoint predictors of
aesthetic preferencein industrial design. Br J Psychol 2003 Mar;94(Pt 1):111-124. [doi: 10.1348/000712603762842147]
[Medline: 12648393]

Bartle R. Hearts, clubs, diamonds, spades: players who suit MUDs. JMUD res 1996;1(1):19.

VellaK, Johnson D, HidesL . Playing alone, playing with others: differencesin player experience and indicators of wellbeing.
In: Proceedings of the 2015 Annual Symposium on Computer-Human Interaction in Play. 2015 Presented at: CHI PLAY
'15: The annual symposium on Computer-Human Interaction in Play; Oct 5 - 7, 2015; London, United Kingdom. [doi:
10.1145/2793107.2793118]

Ellis B, Luther K, Bessiere K, Kellogg WA. Games for virtual team building. In: Proceedings of the 7th ACM conference
on Designing interactive systems. 2008 Presented at: DIS08: Designing I nteractive Systems Conference 2008; Feb 25 - 27,
2008; Cape Town South Africa. [doi: 10.1145/1394445.1394477]

Dabbish LA. Jumpstarting relationships with online games: evidence from alaboratory investigation. In: Proceedings of
the 2008 ACM conference on Computer supported cooperative work. 2008 Presented at: CSCWO08: Computer Supported
Cooperative Work; Nov 8 - 12, 2008; San Diego CA USA. [doi: 10.1145/1460563.1460620]

Badatala A, Leddo J, Iam A, Patel K, Surapaneni P. The effects of playing cooperative and competitive video games on
teamwork and team performance. Int J Humanities Social Sci Res 2016 Dec;2(12):24-28 [FREE Full text]

Vegt N, Visch V, Vermeeren A, de Ridder H. A case study on gamified interventions for team cohesion in factory work.
Human Technol 2018 Aug 31;14(2):176-208. [doi: 10.17011/ht/urn.201808103816]

Ferguson C, Garza A. Call of (civic) duty: action games and civic behavior in alarge sample of youth. Comput Human
Behav 2011 Mar;27(2):770-775. [doi: 10.1016/j.chb.2010.10.026]

Velez JA, Mahood C, Ewoldsen DR, Moyer-Gusé E. Ingroup versus outgroup conflict in the context of violent video game
play: the effect of cooperation on increased helping and decreased aggression. Commun Res 2012 Aug 16;41(5):607-626.
[doi: 10.1177/0093650212456202]

Peppler K, Danish JA, Phelps D. Collaborative gaming: teaching children about complex systems and collective behavior.
Simulation Gaming 2013 Sep 18;44(5):683-705. [doi: 10.1177/1046878113501462]

Nasir M, LyonsK, Leung R, Moradian A. Cooperative games and their effect on group collaboration. In: Design Science
at the Intersection of Physical and Virtual Design. Berlin, Heidelberg: Springer; 2013.

Jaccard D, Suppan L, Sanchez E, Huguenin A, Laurent M. The co.LAB generic framework for collaborative design of
serious games: development study. IMIR Serious Games 2021 Jul 02;9(3):e28674 [FREE Full text] [doi: 10.2196/28674]
[Medline: 34255655]

https://games.jmir.org/2023/1/e41766 JMIR Serious Games 2023 | vol. 11 | e41766 | p.109

(page number not for citation purposes)


http://dx.doi.org/10.1109/mobilesoft52590.2021.00016
http://dx.doi.org/10.1089/g4h.2020.0135
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34860131&dopt=Abstract
http://dx.doi.org/10.1080/10447318.2021.2009183
http://dx.doi.org/10.1109/cog52621.2021.9619103
http://dx.doi.org/10.3916/C69-2021-08
https://www.jmir.org/2021/3/e27443/
http://dx.doi.org/10.2196/27443
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33685854&dopt=Abstract
https://www.devex.com/news/these-games-target-covid-19-misinformation-but-do-they-work-100265
https://www.devex.com/news/these-games-target-covid-19-misinformation-but-do-they-work-100265
https://www.mdpi.com/resolver?pii=ijerph191610143
http://dx.doi.org/10.3390/ijerph191610143
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36011774&dopt=Abstract
http://dx.doi.org/10.17083/ijsg.v3i4.134
http://dx.doi.org/10.1348/000712603762842147
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12648393&dopt=Abstract
http://dx.doi.org/10.1145/2793107.2793118
http://dx.doi.org/10.1145/1394445.1394477
http://dx.doi.org/10.1145/1460563.1460620
http://researchgate.net/publication/311792939_The_effects_of_playing_cooperative_and_competitive_video_games_on_teamwork_and_team_performance
http://dx.doi.org/10.17011/ht/urn.201808103816
http://dx.doi.org/10.1016/j.chb.2010.10.026
http://dx.doi.org/10.1177/0093650212456202
http://dx.doi.org/10.1177/1046878113501462
https://games.jmir.org/2021/3/e28674/
http://dx.doi.org/10.2196/28674
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34255655&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR SERIOUS GAMES Kermavnar et &

Abbreviations

CDC: Centersfor Disease Control and Prevention
WHO: World Health Organization

Edited by G Eysenbach, N Zary; submitted 08.08.22; peer-reviewed by L Suppan, A Bucher; comments to author 18.11.22; revised
version received 12.01.23; accepted 12.01.23; published 07.03.23.

Please cite as:

Kermavnar T, Visch VT, Desmet PMA

Games in Times of a Pandemic: Sructured Overview of COVID-19 Serious Games
JMIR Serious Games 2023;11:e41766

URL: https://games.jmir.org/2023/1/e41766

doi:10.2196/41766

PMID: 36634265

©TjaSaKermavnar, Vaentijn T Visch, Pieter M A Desmet. Originally published in IMIR Serious Games (https://games.jmir.org),
07.03.2023. This is an open-access article distributed under the terms of the Creative Commons Attribution License
(https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work, first published in IMIR Serious Games, is properly cited. The complete bibliographic information, a
link to the original publication on https://games.jmir.org, as well as this copyright and license information must be included.

https://games.jmir.org/2023/1/e41766 JMIR Serious Games 2023 | vol. 11 | e41766 | p.110
(page number not for citation purposes)

RenderX


https://games.jmir.org/2023/1/e41766
http://dx.doi.org/10.2196/41766
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36634265&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR SERIOUS GAMES Abaset a

Original Paper

A Gamified Real-time Video Observed Therapies (GRVOTS)
Mobile App via the Modified Nominal Group Technique:
Development and Validation Study

Siti Aishah Abas"’, MBBS, MPH; Nurhudalsmail'’, MD, MPH, DrPH; YuslinaZakaria®", PhD; | smassabah Ismail*,
BIT, MCS, PhD; Nurul Hidayah Mat Zain*, BCS, MSCS, PhD; Siti Munira Yasin*, MbBChBao, MPH, DrPH:
Khalid Ibrahim®, MBBS, MHHSM, CMIA; Asmah Razdi*, MD, MPH; Mas Ahmad Sherzkawee Mohd Yusoff®,
MBBS, MPH, DrPH; NorlizaAhmad”, BSc, MBBS, MPH; Thilaka Chinnayah®, MBBS, DRM, MPH

lDepartment of Public Health Medicine, Faculty of Medicine, Universiti Teknologi MARA Sungai Buloh Campus, Sungai Buloh, Malaysia
2Department of Pharmacology, Faculty of Pharmacy, Universiti Teknologi MARA Puncak Alam Campus, Puncak Alam, Malaysia

SCentre of Foundation Studies, Universiti Teknol ogi MARA Cawangan Selangor, Kampus Dengkil, Dengkil, Maaysia

4Faculty of Computer and Mathematical Science, Universiti Teknologi MARA Cawangan Melaka, Kampus Jasin, Jasin, Maaysia
STuberculosis and Leprosy Control Sector, Disease Control Division, Ministry of Health, Putrgjaya, Maaysia

STB/LepI’OW Disease Unit, Selangor State Health Department, Shah Alam, Malaysia

7TB/Leprogl Disease Unit, Negeri Sembilan State Health Department, Seremban, Malaysia

"all authors contributed equally

Corresponding Author:

Nurhuda Ismail, MD, MPH, DrPH

Department of Public Health Medicine

Faculty of Medicine

Universiti Teknologi MARA Sungai Buloh Campus
Sungai Buloh, 47000

Malaysia

Phone: 60 361267174

Fax: 60 361267234

Email: yuda@uitm.edu.my

Abstract

Background: The success rate of tuberculosis (TB) treatment in Malaysia remains below the recommended World Health
Organization target of 90% despite the implementation of directly observed therapy, short-course, a physical drug monitoring
system, since 1994. With increasing numbers of patientswith TB in Malaysia defaulting on treatment, exploring another method
toimprove TB treatment adherenceisvital. The use of gamification and real-time elements viavideo-observed therapiesin mobile
apps is one such method expected to induce motivation toward TB treatment adherence.

Objective: This study aimed to document the process of designing, developing, and validating the gamification, motivation,
and real-time elements in the Gamified Real-time Video Observed Therapies (GRVOTS) mobile app.

Methods: The modified nominal group technique viaapanel of 11 experts was used to validate the presence of the gamification
and motivation elements inside the app, which were assessed based on the percentage of agreement among the experts.

Results: The GRVOTS mobile app, which can be used by patients, supervisors, and administrators, was successfully developed.
For validation purposes, the gamification and motivation features of the app were validated asthey achieved atotal mean percentage
of agreement of 97.95% (SD 2.51%), which was significantly higher than the minimum agreement score of 70% (P<.001). Further,
each component of gamification, motivation, and technology was aso rated at 70% or more. Among the gamification elements,
fun received the lowest scores, possibly because the nature of serious games does not prioritize the fun element and because the
perception of fun varies by personality. The least popular element in motivation was relatedness, as stigma and discrimination
hinder interaction features, such as leaderboards and chats, in the mobile app.

Conclusions: It has been validated that the GRVOTS mobile app contains gamification and motivation elements, which are
intended to encourage medication adherence to TB treatment.
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Introduction

More than 10 million cases of tuberculosis (TB) are reported
each year globaly [1]. In Maaysia, from 2010 to 2015, TB
casesincreased from 68.4 to 79.6 cases per 100,000 people[2].
In addition, according to a model projection, the observed and
projected TB incidence in Malaysia will reach 300,000 cases
in 2030 [3].

In Malaysia, directly observed therapy, short-course (DOTYS)
isamethod to ensure medication compliance by having atrained
health care worker or other designated individual provide the
prescribed TB drugs and watch the patient take every dose.
DOTS, which was implemented in 1994, has resulted in a
treatment success rate from 76% in 2013 to 81% in 2017 [2].
However, thisrate has remained bel ow the recommended World
Health Organization target of 90%. In addition, there is an
increase in the prevalence of TB treatment default in Malaysia,
which hasranged from 4%in 2010 to 4.8%in 2015 and to 5.6%
in the latest study [4]. The increasing number of TB cases
indicates that there are still issues and challenges that need to
be addressed at all levels.

Specifically, the problems currently facing DOTS can be
categorized according to the 3 main stakeholders. For patients
with TB, the compulsory need for daily DOTS monitoring
resultsin stigmaby the public and absence from home or work
responsibilities [5-7]. Health workers and policy makers are
hesitant to fully implement DOTS, as there are inadequate
human resources, increased TB management costs, less
participation from lower management, and a lack of public
awareness [8,9].

To address these challenges, the World Health Organization
recommends the use of digital technologies to promote TB
medication adherence [10]. Video directly observed therapy
(VDOT) was introduced to replace physical DOTS and has
proven to significantly reduce the cost of managing TB, improve
patients access to doctors, and be less disruptive to patients
work and family life [8,11-13]. According to many studies,
VDOT is a more cost-effective method that significantly
increases patient treatment adherence compared to conventional
DOTS[14-18].

Although dataon VDOT are becoming increasingly robust, the
system has yet to be rigorously evaluated within low- and
middle-income countries, especially regarding its feasibility
[19]. Thisis quite worrying, as the implementation of VDOT
reguires complete accessto hardware and internet connectivity,
which some countries cannot afford [ 10]. However, in Malaysia,
the number of smartphone users is growing and expected to
reach over 33 million by 2024, with an 87.36% smartphone
penetration, which suggeststhat VDOT can be implemented in
Malaysia[20].

https://games.jmir.org/2023/1/e43047

Making VDOT available via mobile apps could make drug
monitoring more convenient and effective [21]. However, with
the large numbers of mobile health apps in existence, the
problem is often about the sustainability of their use[22]. Asa
solution, integrating gamification elements inside mobile apps
can positively impact health and well-being, improve health
behaviors and patient engagement, decrease health care use,
and empower patients to self-manage their disease [23,24]. In
addition, the use of real-time elements such as virtual reality
and augmented reality has proven to increase learning
effectiveness and behavior modification, correct medication
identification, correct self-administration of medication, and
support patient counseling practices [25-27].

Thus, in our Gamified Rea-time Video Observed Therapy
(GRVOTS) mobile app, the integration of gamification and
real-time elements is expected to increase patient motivation.
The purpose of this study was to validate the gamification,
motivation, and real-time element in GRVOTS, a mobile app
for VDOT, from the perspective of the service provider (expert
review).

Methods

The mobile app prototype was developed from February 2021
to May 2022. The developmental process asawhole, including
content and prototype development aswell as content validation
(nominal group technique [NGT]), was performed using the
design science research process model [28].

Development

Content development of the prototype involved afew stages of
literature review, mapping, and justification of the new
framework. From the literature review, we identified 3
frameworks that could be used as features of app: gamification
framework, video reality and motivation framework, and
technology feature framework. The gamification component,
as the foundation of the proposed gamified mobile app
GRVOTS, will be based on the validated framework for the
gamification of diabetes self-management called The Whesl of
Sukr [29]. The framework consists of 8 components: fun,
esteem, growth, motivation, sustainability, sociaizing,
self-representation, and self-management. For the video reality
and motivation framework, we used the attention, relevance,
confidence, and satisfaction (ARCS) model of motivational
design [30]. In terms of the mapping procedure, the ARCS
model of motivational design can be combined with the
gamification elements to foster motivation [31]. The dynamic
nature of gamification, such as self-management,
self-representation, and fun, can be equal to satisfaction in the
ARCS model. Further, elements of gamification, such asesteem,
reward, growth, and socializing, can be equal to the components
of confidence in the same model. Subsequently, these 2
frameworks can be integrated where gamification elements are
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added to the categories of confidence and satisfaction that are
based on the ARCS model. Table 1 shows the categories and
subcategories of the proposed model in matrix form.

Game dynamics can improve user desire and motivation by
establishing rules that encourage users to explore and learn
about the apps [32]. Figure 1 shows a screenshot of the main
function of the GRVOTS mobile app and its relation to our
intended gamification, motivation, and real-time elementsfrom
the framework.

Abas et al

The GRVOTS mobile app is designed for 3 users—patients,
supervisors, and administrators—where they interact with one
another via the internet. All data inputted by the patients will
be automatically collected by the server and viewed by the
specific supervisor (health care worker) and TB management
team to help them with clinical interventions. The proposed
model presented in Figure 2 is based on the development of
mobile apps for smartphones only.

Table 1. Matrix of the ARCS? model of motivational design and The Wheel of Sukr gamification model.

Model technique Category
Attention Relevance Confidence Satisfaction
ARCS (motivation) «  Active participation «  Link previous experi- o  Sdf-growth + Reward
ence (motive matching) «  Learning requirement « Immediate application
«  Perceivewith future e Success
usefulness (motive «  Opportunities

matching)

TheWheel of Sukr __b —
(gamification)

Personal responsibilities

. Esteem »  Self-management
 Reward o Sdf-representative
.  Growth « Fun

« Socidizing

«  Sustainability

8ARCS: attention, relevance, confidence, and satisfaction.
BNot applicable.

Figure 1. The screenshot from the apps and justification of the related element. GRVOTS: Gamified Real-time Video Observed Therapies; VDOT:

video directly observed therapy.
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Figure2. Systematic architecture of GRVOTS. Datafrom patients were collected through the apps and process with predesigned rules. API: application
programming interface; GRVOTS: Gamified Real-time Video Observed Therapies; iOS: iPhone Operating System; TB: tuberculosis, VDOT: video

directly observed therapy.
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Content Validation viathe NGT (Expert Review)

The NGT isastructured variation of a small-group discussion
to reach consensus. Through the agreement of the description
of the elements, the NGT was used in this research as a
validation tool to eval uate the presence of the gamification and
motivation components intended to be used in the app.

Sample Size

The NGT is a small-group technique suited to panel sizes of
more than 10 people [33,34]. Therefore, there were 11 experts
involved in thisNGT session. A panel of experts was involved
to validate the gamification el ementsin the GRVOT S app using
physical meetings in 3 different settings.

Connection

ﬁ API and services

Connection

B
pus

Database

( “." '
Connectivity or Back end

network

Study Population Flow

This study was conducted iteratively in 3 meetings for a more
comprehensive evaluation, asillustrated in Figure 3.

The criteria of the expertsinvolved in the group were different
according to each group. For the first group, IT experts were
experienced and involved in mobile app development for at
least 2 years and well versed in the gamification features of
mobile apps. The second and third groups were composed of
administrative and health care workers who were directly
involved in managing patients with TB in the outpatient
environment, respectively.

Figure 3. Flow of the modified nominal group technique (NGT) meetings.

Meeting 1

NGT meeting with IT expert panel
Setting: university

Continuous improvement on the mobile app (2 weeks)

Meeting 2

NGT meeting with the administrative team
Setting: district health office

| Adjustment of draft based on first feedback (2 weeks)
Continual work for the improvement of the app (2 weeks)

Meeting 3

NGT meeting with clinical experts
Setting: tuberculosis clinic

" Adjustment of draft based on first feedback (2 weeks)
Continual work for the improvement of the app (2 weeks)
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Study Settings

The 3 NGT meetings were performed in 3 settings: at the
university for the meeting with the I T expert pand, at thedistrict
health office for the meeting session with the administrative
team, and at the TB clinic for the meeting with clinical experts.

Instrument for NGT

The instrument used in the NGT was a questionnaire, and the
items were generated from a literature review based on 3
existing models as per the previous mapping. These models
were developed into a panel expert checklist, and the
guestionnaire had 2 partss Pat A asked about the
gamification-motivation—rea-time theory, The Wheel of Sukr
[35], and the ARCS model, whereas Part B concerned the
technology features by Anderson et al [36].

Implementation of NGT

Theimplementation of NGT involved expertswho were sel ected
according to the scope of the study. The workshop was

Abaset a

conducted in a face-to-face meeting by a moderator [34]. The
NGT workshop lasted approximately 2 hours. Before the
workshop, the experts were given aweek to use the app. Some
of them experienced the task as a supervisor and some as a
patient. They were required to send 3-4 VDOT videos. Table 2
shows the basic steps to carry out the NGT process, and Table
3 showsthe 5 steps of data analysisfor the NGT.

The data analysis process for the NGT was based on the
percentage of agreement where an element is accepted when
the percentage of agreement is 70% or more[37]. The 1-sample,
2-tailed t test was used to determine whether the mean (SD)
percentage of agreement result on the gamification and
motivation elements in this app was significantly higher than
the percentage of agreement of 70%, with alevel of significance
(o error) lessthan .05. The software used at this stage was SPSS
(version 28.0; IBM Corp) and Microsoft Excel.

Table 2. Steps of the specific guide to implement the nominal group technique session.

Step Details

1. Introduction to problem statement and explanation

2. Silent generation of ideasin writing

Moderator will brief the participants regarding the flow of the session.

According to the checklist and GRVOTS® mobile app, participants were asked to answer

the questionnaire using a Likert scale.

3. Round robin phase: sharing ideas

4. Discussion of ideas

Participants were invited to share their answersin the round robin manner.

Participants were asked to justify the need for the least prominent gamification and virtual

reality elementsin the GRVOTS mobile app prototype.

5. Voting and ranking

The voting was done by marking responses on a Likert scale from 1 (totally disagree) to

5 (totally agree). The calculation was done, and the elements were ranked accordingly.

3GRVOTS: Gamified Real-time Video Observed Therapies.

Table 3. The steps of data analysis for the nominal group technique (NGT) steps.

Step Activity
1 Ensuring the number of participants (experts) involved in the study
2 The formation and calculation of score value is based on the template data analysis of the NGT
3 Convert score values into percentage form to obtain the percentage of agreement:

E where A=the total number of experts and B=Likert scale used, ie, 5 points
4 Determine the acceptance of components and elements based on the percentage of agreement
5 Determine the positions of the elements according to the percentage of agreement

Ethics Approval

Ethical approval was obtained from the Universiti Teknologi
MARA Ethica Board and Medical Research and Ethics
Committee, Malaysia: NMRR-21-1016-58994 (11 R).

No informed consent was taken in this study as the data were
only retrieved retrospectively from the database and no
identifiers were collected for this study.

Results

Mobile app development with the integration of gamification
and real-time elements was performed via a literature review,

https://games.jmir.org/2023/1/e43047

and the content validation of the component was performed via
the modified NGT.

Prototype

The final beta version of the mobile app used Android as the
platform. The prototype was designed to be used by 3
users—patients, supervisors, and TB managers—and each user
had a different role in the program. This mobile app’s main
functionisto provide patientswith away to record daily DOTS
intake via video (VDOT) as well as medication side effect
reporting. After patientslog in, they are directed to set up their
persona profiles and learn how to use the VDOT medication
reminder, which isthe main activity. After each VDOT session
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is uploaded, it is followed by pop-up motivational quotes as
well as the movement of the progress meter indicator.

The accumulated points collected from the progress meter will
be trandated into badges in the progress report theme.
Subsequently, a daily pop-up message will also be the main
reminder for the next medication, and patient will be asked if
they noticed any adverse reactionsto previous medication, with
a selection of options concerning their symptoms. The ability
to report adverse effects gives patients access to their own
medication diaries, which can bereviewed during medical visits.
Throughout the TB treatment journey, the progress report theme
will help patients track their journey and redeem the internal
and external rewards offered.

Abaset a

Every VDOT report and any side effects noted by patients will
be verified by the supervisor as a feedback interaction. This
feature enables supervisors to regularly check and understand
the patients’ progress as well. In addition, patients can always
go to other main theme of “knowledge” to continuously learn
more about TB treatment and nutrition.

The app provides different users with access to different
functions and main menus. In the patients' main menu, there
are 4 main themes for VDOT. Information regarding the app,
progress report, and side effect reporting is shown in Figure 4.
For the supervisors main menu, there are 2 menus, one to
validate the VDOT report and another to validate the side
effects, as shown in Figure 5.

Figure 4. Screenshots of the GRVOTS app for patients. GRVOTS: Gamified Real-time Video-Observed Therapies.
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Figure5. Screenshots of the GRVOTS app for supervisors to monitor patients. GRVOTS: Gamified Real-time Video-Observed Therapies.
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of gamification, motivation, and technology feature elements

NGT Output for Content Validation viathe NGT.

A panel of 11 experts were involved in the modified NGT, .
including 2 gamification experts, 2 public health experts, 1 chest 1€ total percentage of agreement among experts was 97.95%

physician, 2 medical officers, 3 medical assistants, and 1 staff (SD 2.51%), which was significantly higher than the minimum
nurse. They were asked to rank the app’s elements based on the of 70%, with adifference of 27.947% (95% Cl 26.74%-29.15%;

expert panel checklist. Tables 4-6 show the resultsand rankings P<.001)_. Thet test confirm_ed the validity of all gamification
and motivation components in the app.
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Table 4. Results of the nominal group technique for gamification elements.

No  Mainelement Explanation element Percentage of Acceptanceresult Ranking
agreement, mean
(SD)

1 Self-management «  Thisapp hasadashboard with aprogress meter, medication 98 (2.22) Accepted 4

reminders, and a\VDOT? feature to help patients self-
manage their medication.

«  Thisapp has adverse effect reporting to help patients self-
manage their reactions to medications.

2 Self-representative «  Thisapp has apersonalized name on the dashboard along 97 (0.00) Accepted 6
(avatar) with the roles of the user.
3 Fun «  Thisapp hasaprogress meter, aprogress bar, motivational 96 (0.8) Accepted 8
guotes, and badge rewards that add a fun element for the
patient.
4 Esteem «  Thisapp hasaprogress meter, aprogressbar, motivational 99 (1.386) Accepted 3

guotes, and a feedback mechanism aimed at boosting pa-
tients' self-esteem.

5 Growth «  Thisapp has afeedback mechanism that helps patients 100 (0.00) Accepted 1
with self-growth.
«  Thisapp empowers patients' self-growth with medication

information.

6 Sustainability (trigger) «  Thisapp has medication reminders aimed at the sustain- 97 (0.00) Accepted 7
ability of its use.

7 Motivation «  Thisapp has a progress meter, a progress bar, and badge 98 (2.358) Accepted 5

rewards that boosts patient motivation.

8 Socializing «  Thisapp has afeedback mechanism that enables patient- 100 (0.00) Accepted 2
supervisor communication.

8/DOT: video directly observed therapy.

Table 5. Results of the nominal group technique for motivation elements.

No  Main element Explanation element Percentage of Acceptanceresult  Ranking
agreement, mean
(SD)

1 Attention * Thisapp has medication reminders, aVDOT?feature, 99 (1.869) Accepted 3

and adverse effect reporting to hold patients’ attention
and achieve active participation.

«  Thisapp hasaprogress meter that alerts patients regard-
ing the status of their performance.

«  Thisapp hasaperformance indicator (progress bar) that
alerts patients about medication compliance over time.

2 Relevance « Thisapp hasaVDOT feature that links patients’ current 98 (0.00) Accepted 4
remote and previous in-person experience of taking
medi cation.

3 Confidence «  Thisapp has motivational quotes to boost patient confi- 100 (0.00) Accepted 1
dence.

4 Satisfaction (achievement) «  Thisapp hasaVDOT feature, adverse effect reporting, 99 (1.361) Accepted 2

aprogress meter, a progress bar, motivational quotes,
and badge rewards that help patients feel satisfied with
their daily medication compliance.

3/DOT: video directly observed therapy.
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Table 6. Results of the nominal group technique for technology feature elements.

No Main elements Explanation element Percentage of Acceptanceresult Ranking
agreement, mean
(SD)
1 Automation «  Thisapp has automated medication reminders, pop-up 97 (0.635) Accepted 5
notifications, and remindersto both the patient and super-
visor that made it easy to use.
2 Ease of use (automation) «  Thisapp has automated pop-up notificationsto remind 100 (0.00) Accepted 1
the supervisor to approve the adverse effect reports.
3 Real-timefeature *  Thisapp has areal-time stamped VDOT?feature. 89 (0.00) Accepted 7
4 Self-guided video o Thisapp hasaself-guided VDOT tutorial video that can 99 (1.361) Accepted 3
benefit the patient.
«  Thisapp has self-guided adverse effect symptom choices
that can help patients identify symptoms.
«  Thisapp has a self-guided feature to provide the patient
with knowledge regarding nutrition and medication.
o  Thisapp hasagood tutorial on how to use the app.
5 Aesthetic «  Thisapp has good aesthetic features. 97 (0.00) Accepted 6
6 Navigation «  Thisapp hasagood flow of navigation from onepage 100 (0.00) Accepted 2
to another.
7 Tactile feedback «  Thisapp has good tactile or haptic feedback. 98 (0.00) Accepted 4

8/DOT: video directly observed therapy.

Discussion

Thiscomprehensive GRVOT S mobil e app was devel oped based
on the integration of gamification and real-time motivational
elements of autonomy, competence, relatedness, attention,
relevance, self-control, confidence, and satisfaction. These
components were successfully validated and significant.

Maobile App Developed

Our GRVOT S mobile app was able to motivate patients toward
medication adherence using the ARCS model of motivation,
which was trandated via its gamification and motivation
features. First, the interactive VDOT feature can stimulate the
patient’s feelings of attention and arousal. Second, by linking
the previous experience of medication intake physically with
the experience of using GRVOTS, the element of “relevance”
can also be ingtilled in the patient. When patients perceive a
high sense of relatedness, they are more likely to exhibit higher
engagement with a program [38]. By providing goals along the
journey toward medication adherence, the app can instill
confidence and self-belief, especialy when the patients can
digitally see their previous VDOT report and a progress meter
of treatment success. As they use GRVOTS to monitor their
medication intake, patients experience more freedom of choice
and self-control, and the results of treatment adherence will
subsequently reinforce the app’s value. The last element of
“satisfaction” can also be realized when patients comply with
the use of GRVOTS and receive rewards in the form of badges
and progress meters.

https://games.jmir.org/2023/1/e43047

Content Validation viathe M odified NGT

Theresultsof themodified NGT showed that all the components
obtained from the literature and related model were validated
by the experts during the NGT session, as shown in Tables 4-6.
Based on theresults, the elementswere prioritized based on the
percentage of acceptance. Considering these rankings, some of
the GRVOTS functions were improved to provide a better
mobile app for the next pilot study.

According to the results for the gamification elements, the
growth element received the highest scores, whereas fun
received the lowest scores. By definition, “fun” aspects within
the gamification elementsin this GRVOTS app are exemplified
by a progress bar, a progress meter, inspiration quotes, and
badge rewards. The fun element was voted as a less visible
element in this app, perhaps due to many factors, such as the
perception of fun, which varies for different people, aswell as
the nature of serious games, which does not prioritize the fun
element. A number of studies have described that the perception
of gamification features differs according to the gamer type,
gender, and personality of the player. For instance, extroverts
like rewards and leaderboards, which appear to be more
entertaining, but introverts prefer badges and feedback [39-41].

Health apps are also considered serious games that are played
for purposes other than pure entertainment [42]. In this case,
having a fun component is not a priority. According to a study
regarding serious games, other elements, such as explicit
learning tasks, instruction, and support built into the game or
added by teachers, may be more important than having fun
while playing [43].
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For the motivation elements of the ARCS model, the highest
ranked element was confidence and the lowest was relevance.
It is suggested that when patients perceive a high sense of
relatedness, they are more likely to exhibit higher engagement
with the program [38]. In mobile apps, relatednessis seen asa
feature of leaderboards or chats that encourages engagement
and collaboration to achieve a particular objective [41].
However, in this GRVOTS mobile app, the relevance element
isevidenced by allowing daily communi cation between patients
and supervisors via the VDOT and adverse event reporting
components without the leaderboard or chat features. This is
because most of our patients with TB refused to disclose their
condition and communicate with other patients dueto the stigma
associated with the disease.

For the technology feature elements, the highest ranked was
ease of use and the lowest was real-time features. There are 2
type of VDOT: live VDOT, also known as synchronous VDOT,
inwhich patients and providersinteract in real time[12,44]; as
well as asynchronous technologies that record, upload, and
digitally storevideosfor future review [11,19,45]. Synchronous
VDOT has the advantage of human interaction but is not a
feasible option, as patients and workers need to find time to
meet. Asynchronous VDOT is more flexible but can be
manipulated easily by sending the same recorded video. Thus,
apps with real-time features ensure the originality of the video
and simultaneously generate agreater degree of user engagement
[25-27]. Although the real-time feature in our app provides
details concerning the time and date of the video, feedback from
the experts indicated that we should time stamp the videos so
that they can be identified more easily later. Since users found
it challenging to determine if their VDOT session was
successfully uploaded or not, the addition of an upload bar was
also recommended.

Strengths and Limitations

The GRVOTS mobile app can benefit usersin many ways. For
patients with TB, the app can help patients gain self-contral,
boost their self-esteem, and motivate them to take their
medications. For health care workers, this app made it easier
for TB system management to detect DOTS defaulters and
manage them accordingly. As a portable device, mobile apps
enable monitoring that can be done anywhere, saving money
and time and boosting patient engagement with the DOTS
program. In summary, this app can aso initiate a patient
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self-care system and reduce dependency on health care providers
such as doctors and nurses. The limitation of this study is that
the mobile app prototype is only being developed for the
Android platform because of time and logistics. The app does
not have avirtual reality feature, and improvements are needed
in the future. This study conducted the validation of the
gamification and motivation el ements only from the perspective
of the experts and not from the perspective of patients, which
may limit the review's validity; an analysis regarding its
usability among patients will be conducted in the future.

Recommendation

In the future, GRVOTS should aso be available on other
platforms, especially the iPhone Operating System. The
language options should also include English, Chinese, and
Tamil, as these languages are frequently used in multiethnic
communities in Malaysia. The use of various languages will
expand the benefitsto more users. Thiswill enhance knowledge
transfer and improve users understanding. Next, a usability
study to accessthe user experience will be conducted, followed
by an effectiveness study via a single-arm intervention study,
in which patients will use the app for DOTS during intensive
phase up to 2 months monitoring, followed by an assessment
at 3 time intervals to evaluate their medication adherence,
motivation, and the usability of the app.

Conclusion

More comprehensive and efficient TB system management via
VDOT mobile app monitoring is a way to improve patient
treatment adherence. According to the literature review,
gamification el ements can motivate patients; thus, by integrating
the uniqueness of gamification and motivation elements in an
app, gamification will increase patient motivation, ensure the
sustai nability of use, and ultimately increase patient adherence.
In addition, our GRVOTS mobile app connects up to 3 users
(eg, patients, supervisors, and administrators) remotely and
enable DOT Smonitoring to be performed from anywhere. Based
on the study findings, the GRVOTS mobile app has been
validated by the expert panel as having the intended elements
of gamification, real time, and motivation. Next, a usability
study of the GRVOTS mobile app will be conducted to measure
the user experience among patients, followed by a single-arm
intervention study to assessthe app’s effectivenessinincreasing
patient motivation and medication adherencein TB treatment.
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Abstract

Background: Inuit youth in Northern Canada show considerable resilience in the face of extreme adversities. However, they
also experience significant mental health needs and some of the highest adolescent suicide rates in the world. Disproportionate
rates of truancy, depression, and suicide among Inuit adolescents have captured the attention of all levels of government and the
country. Inuit communities have expressed an urgent imperative to create, or adapt, and then evaluate prevention and intervention
tools for mental health. These tools should build upon existing strengths, be culturally appropriate for Inuit communities, and be
accessible and sustainable in Northern contexts, where mental health resources are often scarce.

Objective: This pilot study assesses the utility, for Inuit youth in Canada, of a psychoeducational e-intervention designed to
teach cognitive behavioral therapy strategies and techniques. Thisserious game, SPARX, had previously demonstrated effectiveness
in addressing depression with Maori youth in New Zealand.

Methods: The Nunavut Territorial Department of Health sponsored this study, and ateam of Nunavut-based community mental
health staff facilitated youth’s participation in an entirely remotely administered pilot trial using a modified randomized control
approach with 24 youths aged 13-18 across 11 communities in Nunavut. These youth had been identified by the community
facilitators as exhibiting low mood, negative affect, depressive presentations, or significant levels of stress. Entire communities,
instead of individual youth, were randomly assigned to an intervention group or awaitlist control group.

Results: Mixed models (multilevel regression) revealed that participating youth felt less hopeless (P=.02) and engaged in less
self-blame (P=.03), rumination (P=.04), and catastrophizing (P=.03) following the SPARX intervention. However, participants
did not show a decrease in depressive symptoms or an increase in formal resilience indicators.

Conclusions: Preliminary results suggest that SPARX may be agood first step for supporting Inuit youth with skill development
to regulate their emotions, challenge mal adaptive thoughts, and provide behavioral management techniques such as deep breathing.
However, it will be imperative to work with youth and communities to design, develop, and test an Inuit version of the SPARX
program, tailored to fit the interests of Inuit youth and Elders in Canada and to increase engagement and effectiveness of the
program.

Trial Registration: Clinical Trials.gov NCT05702086; https.//www.clinicaltrials.gov/ct2/show/NCT05702086
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Introduction

Inuit are Indigenous Peoples of the Arctic and subarctic regions
of Greenland, Alaska, and Canada. In Canada, they are
recognized as a digtinctive group of Indigenous
Canadians—alongside First Nations and Métis—primarily
occupying Labrador, Northern Quebec, the Northwest
Territories, and Nunavut. Pervasive youth suicide is the most
urgent challenge facing Inuit in Canada today, a public health
emergency of epidemic proportions [1,2]. Death by suicide in
Inuit communities has spiked over the last century [3,4],
currently at 9 times the national average and with male youth
aged 15-24 being the most affected [5]. Under the fallout of
colonialism, Inuit youth in Canada face more mental health
challenges than non-Indigenous populations, due to
cross-generational impacts of residential schools and multiple
continuing systemic inequities[6,7]. The government eraof the
1950-60s and beyond, during which the Canadian government
forced Inuit into aggregated settlements, imposed a welfare
state, and separated Inuit children from their families, has had
lasting effects on relationships within family and community,
strained kinship across generations and between genders, and
left generational gaps in mental health—supporting
communications between youth and their parents and Elders
[3]. Further, Indigenousyouth in general tend to be among those
most reluctant to seek help when experiencing distress[8]. This
lack of help-seeking may be due in part to a struggle to
recognize symptoms of depression, which may present asanger
in Inuit youth [4,9].

Those living in remote Northern communities often go without
access to the mental health supports available elsewhere in
Canada [10] for a number of reasons. First, few health care
professionals train or practice in the Canadian North, and
frontline workers often experience “burnout” due to excessive
workload and personnel shortages [11]. As a result, youth in
Nunavut have limited access to specialized services and are
often sent out of their communitieswhen they experience severe
mental health symptoms [10,12-14]. Finally, adolescents in
small, remote communities are especially prone to avoiding
professional health services, as they may fear compromised
confidentiaity dueto alack of privacy and the stigmaassociated
with mental illness. One study found that of al youth who
committed suicidein Nunavut in the past decade, only 12% had
received medication and 17% had been hospitalized in relation
to their mental health, while 89% had not received any mental
health support at all [14,15]. Given the reality that there are
relatively few frontline mental health workers available in
Nunavut communities and stigma impeding access to existing
services, it is imperative to identify and develop preventive
interventions for depression that are not only effective and
culturally appropriate, but also easily accessible [11].

https://games.jmir.org/2023/1/e38493

To address the dearth of available in-person mental health
support options, this study aims to examine the usefulness of
an e-intervention, SPARX [16,17], in Nunavut. SPARX (Smart,
Positive, Active, Redlistic, X-Factor thoughts) is a
psychoeducational seriousgame (an e-intervention that utilizes
gaming for serious purposes) [18] that teaches established
cognitive behavioral therapy (CBT) strategies and techniques
across 7 levels or modules (see Figure 1 for an example). The
game is designed to address depressive symptoms in youth by
helping them cope with negative thoughts and feelings,
represented in the game as GNATs—gloomy negative automatic
thoughts (Figure 2) [16]. SPARX was originally designed and
developed at the University of Auckland with the specific needs
of certain underserved groups of youth in mind, including Maori
Rangatahi, the Indigenous young people of Aotearoa, New
Zedland. SPARX’s development included a Maori co-creator
(MS), input from Maori CBT experts, and cultural guidance
from a kaumatua (ie, respected Elder). Moreover, the game
devel opment company was|ed by aMaori woman and the voice
actor (virtual therapist/instructor) was a Maori; additionally,
theMaori symbolism, presented in afantasy format, waswoven
throughout the intervention [17]. With these very specific
cultural foundationsin mind, the goal of this pilot study wasto
evaluate the effectiveness of the original version of SPARX in
boosting resilience against depression among Inuit youth in
Canada in 11 Nunavut communities. We aimed to assess
whether Inuit youth who completed the SPARX program
experienced increased resilience and showed a decreasein risk
factors related to depression, specifically cognitive distortion,
emotional dysregulation, hopel essness, rumination, self-blame,
other-blame, and catastrophizing [19].

The Nunavut Territorial Department of Health sponsored this
study, and a team of Nunavut-based community mental health
staff facilitated youth's participation in an entirely remotely
administered pilot trial. A total of 48 youths from 11 Nunavut
communities completed an evaluation of the utility of SPARX
in modifying dysfunctional cognitions, reducing symptoms of
depression, and enhancing resilience. All youth completed
conventional pre- and postintervention measures assessing their
current mental health status. Measures were selected based on
their use in earlier effectiveness studies [16,17]. Quantitative
and qualitative data were collected and used to evaluate the
program’s preliminary effectiveness based on the following
hypotheses:

«  Youth who completed the SPARX program were expected
to experience a decrease in depressive symptoms as well
as risk factors related to depression, as measured by the
Centre for Epidemiologic Depression Scale-Revised
(CESD-R), the Hopelessness Scale for Children (HSC),
and the Cognitive Emotion Regulation Questionnaire-Short
(CERQ-Short; see the “Measures’ section).
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»  Youth who completed the SPARX program were expected
to experience an increase in factorsrelated to resilience, as

Bohr et d

measured by the shortened, 12-item version of the Child
and Youth Resilience Measure (CY RM-12).

Figure 1. Screenshot of a SPARX CBT module. Used with permission of the copyright owner © Auckland UniServices Limited.

Ice Province

“Being Active”

Figure 2. Screenshot of approaching GNATS. Used with permission of the

\ '\ﬁ

Methods

Participants

All 25 Nunavut communities were initialy recruited to
participate in this study; 11 communities (Baker Lake,
Cambridge Bay, Grise Fiord, Hall Beach, Igloolik, Kugaaruk,
Kugluktuk, Naujaat [Repulse Bay], Taloyoak, Qikigtarjuaq,
and Resolute) completed the pilot trial. The remaining 14
communities did not complete data collection because of an
inability to recruit youth, because there was no local adult
facilitator able to support youth, or because facilitators had to

https://games.jmir.org/2023/1/e38493
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leave the proj ect dueto extraneous circumstances. Communities
were chosen based on feasibility and required both an interested
community facilitator with the time to commit to SPARX and
youth who wereinterested in the project. Asmany as 3-4 youths
were recruited in each community with a projected participant
count of 40.

Youth participants were between the ages of 13 and 18 and had
been identified by the community facilitators as exhibiting low
mood, negative affect, depressive presentations, or significant
levels of stress. Youth had to demonstrate sufficient English
language comprehension to use and understand SPARX.
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Although such an approach is not reflective of Indigenized
research generally, these inclusion criteria were suggested by
local facilitators due to the heavy use of the English language
within the SPARX game. Initially, youth were excluded if they
showed limited cognitive abilities, psychotic presentation, severe
depression, or elevated suicide risk, or if they were currently
receiving or had previoudly received CBT, interpersonal therapy,
or antidepressant medi cation within the past 3 months. However,
dueto safety and ethics concerns about vulnerable youth feeling
left out, at the discretion of local mental health experts on the
team, these exclusion criteria were relaxed. The 25 facilitators
were appointed by staff at the Department of Mental Health,
Government of Nunavut. Intotal, 24 of 48 youthswho initially
signed up completed the study (see the “Design” section for
attrition rates at each time point).

Procedure

A preproject planning meeting was held in Toronto with
managers of the Territorial Department of Health, a team of
community mental health staff from Nunavut, and potential
on-site facilitators on March 27, 2014. Procedural aspects of
the SPARX pilot project were based on contributions and
feedback from attendees of this meeting. The meeting focused
on the importance of the SPARX project in Nunavut
communities, how the SPARX project could achieve cultural
appropriateness, and what traditional and cultural knowledges
must be incorporated to gain youth trust and participation. In a
collaboration among Nunavut Department of Mental Health
staff, community stakeholders, and the coordinating team at
York University, the design described in this work was adopted
at the planning meeting.

Ethics Approval

Approval for the SPARX pilot was obtained through the Human
Participants Sub-Committee of the York University Office of
Research Ethics (York University HPRC Certificate No.
2015-070). Approval was also obtained from the university’s
Advisory Group for Research Involving Indigenous Peoples.
This subcommittee is guided by Chapter 9 of the Tri-Council
Policy Statement “Research involving the First Nations, Inuit,

Figure 3. Sequence of SPARX play.

Group A Group A
P Group A P
takes takes
plays SPARX
presurvey postsurvey
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and Métis Peoples of Canada,” and its own Guidelines for
Research Involving Indigenous Peoples. In addition, the research
team received approval in the form of aresearch license from
the Nunavut Research Institute, which representsall 25 Nunavut
communities (license number 02 004 15N-M).

Design

A modified randomized control approach was adopted for this
trial. Community facilitators, responsible for recruiting youth
and facilitating gameplay, were trained prior to youth
recruitment and played SPARX to familiarize themselves with
the game. Once training was complete, community facilitators
recruited youth, secured consent, and administered
preintervention measures. Entire communities, instead of
individual youth, were randomly assigned to an intervention
group (group A) or awaitlist control group (group B), whichis
why a modification was made to the randomized control trial,
as described in the following section.

The sequence of SPARX play differed for the youth depending
on whether they were in group A or group B (Figure 3). Both
groups completed the preintervention surveys at time 1, the
beginning of the study. Group A youth then began to play
SPARX for 7 weeks while group B waited. During their wait
time of 7 weeks, group B youth were not required to participate
inany SPARX activities or meet with the community facilitator,
and they were provided with no additiona SPARX-related
information. After 7 weeks (time 2), group A youth completed
postintervention surveys, while group B youth began their
engagement with SPARX by first completing an additional set
of preintervention surveys, immediately followed by 7 weeks
of SPARX play. Once group B youth completed their SPARX
gameplay (time 3), they next completed postintervention
surveys. Attrition rates were 35% (7/20) for group A (the
intervention group) at time 2, 32% (9/28) for group B (the
waitlist control group) at time 2, and a further 47% (9/19) for
group B at time 3. This was due to high community facilitator
turnover, timing of holidays, loss of interest, and arising
community crises that took facilitators away from supporting
SPARX usage. Similar attrition ratesare not uncommonin pilot
studiesin remote communities.

Group Ais
invited to
focus groups

Group B ST

. takes
waits

Group B
takes
presurvey 1

P

Group B

Group B Group Bis
takes invited to
postsurvey focus groups

Youth played SPARX on the laptops in either the community
facilitator’s office or in an office in their school. Youth were
asked to engage in SPARX play once aweek; however, due to
complications in some communities (eg, crises, snowstorms),
some youth played more or less frequently than this. Youth
engaging in SPARX were always supported and accompanied
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by acommunity facilitator, given the exploratory nature of this
novel study. This assistance was provided to ensure that any
support youth needed with gameplay or with their mental health
difficulties was prudently available while this new intervention
was being piloted. The sequence of SPARX play isdetailed in
the following sections.
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M easures

Pre- and postintervention surveys consisted of the same set of
measures at both time points. M easures were either completed
online via SurveyMonkey or in printed paper format.
Community facilitators were on-site with the youth while they
completed the measures to provide support such as reading
guestions out loud to the youth, or talking through answers if
any youth felt vulnerable, at risk, or triggered by the content of
the questions. M easureswere sel ected based on their rel evance;
use in earlier, related studies, established psychometric
properties for youth; sensitivity to change over time; ease of
administration; length and clarity; and constraints based on
funding sources.

The goal of this pilot study wasto replicate, as best as possible
in this new context, the studies conducted with Maori youth
[16] to assess the potential usefulness of SPARX as an
intervention with Inuit youth in Canada. It was clear to the
researchers that should funding subsequently be obtained for a
more comprehensive study, more culturally appropriate
guestionnaires would then be developed, together with Inuit
communities, to assess youth depression and resilience [20].
As of the time of the writing of this paper, that has indeed
happened, and astudy of aculturally adapted version of SPARX
for Inuit youth is underway [21]. In the absence of culturaly
appropriate outcome measures to assess mental health factors
related to suicidality in Inuit youth, and to remain as consistent
as possible with existing studies of SPARX conducted in New
Zealand, thefollowing primary outcome measureswere chosen
to assess changes in depression, hopelessness, resilience, and
cognitive emotion regulation within these communities.

The CESD-R [22] is a succinct, 20-item, self-report scale that
aimsto measure current depressive symptomatol ogy. Each item
is a symptom associated with depression. The CESD-R has
acceptableinternal consistency (Cronbach a=.85) and test-retest
reliability [23]. Validity was also established based on
correlations with other assessment tools [24]. A sample item
includes, “In the past week, | was bothered by thingsthat don’t
usualy bother me.” Although it has not yet been evaluated
within Inuit communities, the CESD-R is the most commonly
used measure of depression among Indigenous youth, and has
demonstrated a good model fit, with a root-mean-square error
of approximation [25] of 0.6.

The HSC [26] contains 17 true-false items, which describe
negative future expectations and negative present attitudes.
Scores range from 0 to 17. Internal consistency is a=.97 and
test-retest reliability is r=0.52. The HSC correlated positively
with depression (r=0.58) and negatively with self-esteem
measures (r=—0.61) and social skills (r=0.39) [26]. A sample
item includes, “I might as well give up because | can't make
things better for myself.” This questionnaire has good internal
consistency with other Indigenous youth (a=.86) but has not
been evaluated with Inuit communities [27].

The CERQ-Short [19] is an 18-item measure used with
adolescents and has good psychometric properties. It is
composed of 9 coping styles, which are each coded as separate
subscal es of emotion regulation. Theseinclude Self-blame (score
1), Acceptance (score 2), Focus on Thought/Rumination (score
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3), Positive Refocusing (score 4), Refocus on Planning (score
5), Positive Reappraisal (score 6), Putting Into Perspective (score
7), and Catastrophizing (score 8). Cronbach a coefficientsrange
from .68 to0 .83 for the 9 subscal es. Test-retest reliability ranged
[19] from r=0.48 to 0.65. A sample item includes, “I keep
thinking about how terribleit iswhat | have experienced.” The
CERQ-Short has been used with selected Indigenous
populations; however, no official reliability or validity values
have been published and it has not been evaluated with Inuit
communities.

The CYRM-12 [28] is a 12-item self-report measure that
includes 3 dimensions (Individual, Relational, and Contextual)
that reflect the major categories of resilience. Raters choose
whether the sentences describe them and endorse either “No,”
“Sometimes,” or “Yes” The scale was developed for use with
youth between ages 13 and 22 [28]. Internal consistency had
Cronbach a ranging [29] from .65 to .91. A sample item
includes, “When things don’'t go my way, | can fix it without
hurting myself or other people (for example hitting others or
saying nasty things).” The CY RM-12 has frequently been used
with Indigenous populations, showing good content and internal
validity, but has not been evaluated with Inuit communities
[28].

Data Analysis

Because of the challenges encountered with youth recruitment,
and the knowledge that an ideal sample size would likely be
unattainable, no formal power cal culationswere conducted prior
to beginning this study. To analyze mental health changes in
Inuit youth in Canada over time, as measured through the 4
guestionnaires, paired samplest tests (both 1- and 2-tailed—see
below) comparing pre- and postintervention outcomes and
repeated measures ANOVAswere conducted via SPSS Statistics
version 26 (IBM Corp). ANOVAs alowed for examining the
effect of time interacting with the intervention group or the
waitlist control group. Paired samples t tests and ANOVASs
pooled group A and group B data to account for missing data
across groups and fewer completed postmeasures from group
B youth. As a result of pooled data, there was some loss in
accuracy due to the omission of select cases that did not fit the
structure required by these simpler statistical methods.

Given the structure of the study—the comparison of the
intervention group (group A) and the waitlist group (group B)
at all (up to 3) time pointsfor the pre- and postmeasures (group
A: premeasure at time 1, postmeasure at time 2; group B:
premeasure at time 1, premeasure at time 2, and postmeasure
at time 3)—mixed models (multilevel regression) using pooled
data were conducted via SPSS software. Multilevel regression
models were appropriate given their ability to detect individual
differences across different treatment options (time points for
youth in group A vs group B). Results of the multilevel
regression models are considered the most accurate as they use
all the nonmissing data (important with a small sample size),
reflect the full design of the study, and allow for comparison
between group A and group B at different time points. Multilevel
regression modelswerefit with (1) arandomly varying intercept
for each youth to account for their differing initial levels of
personally identified health and (2) an intervention indicator

JMIR Serious Games 2023 | vol. 11 | €38493 | p.128
(page number not for citation purposes)


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

JMIR SERIOUS GAMES

variable (0 for not having started playing the SPARX program
vs1for completing the treatment of playing SPARX) to account
for the effect of the treatment (ie, engaging in SPARX). A time
variable was not needed as there were at most 2 (group A) to 3
(group B) measurement occasions with a horizontal,
time-independent trajectory after accounting for the effect of
the intervention. The assumptions of the mixed models were
checked (eg, normality of the residuals) and found reasonable.

Researcher Characteristics

Enduring colonia approaches to research in Canada have
severely diminished Inuit sovereignty with respect to research
activity inthe Inuit homeland [30]. In the spirit of accountability
and reconciliation, we believe it is important to acknowledge
that the research team is diverse and consists of Indigenousand
non-Indigenousteam members. CS, our Inuit community liaison,

Table 1. Descriptive statistics by group and time point.

Bohr et d

isan Inuk and alongstanding research partner with YB and her
team of researchers at York University. MS is a Maori
researcher who co-developed the SPARX program with
Indigenous youth in New Zealand. JB is an Indigenous status
First Nations student, born and raised in Tyendinaga/Kenhteke
Mohawk Territory. YB, LL, JRH, HM, and MFGL are White
researchers from the South (Qallunaat).

Results

Overview

Table 1 providesasummary of the baseline and postintervention
resultsfor participantsin groups A and B. Mean scores and the
SDs for the 4 outcome measures (by subscale for the
CERQ-Short) are provided below.

Outcome measure Group A time 1

Group A time 2

GroupBtimel GroupBtime2 GroupBtime3

(n=20), mean (SD)  (n=13), mean (n=28), mean (n=19), mean (n=10), mean
(SD) (SD) (SD) (SD)

CYRM-12% Resilience 44.70 (8.04) 41.07 (10.22) 43.32 (7.54) 43.62 (9.44) 45.30 (8.42)
Hscb: Hopelessness 452 (2.75) 3.79 (3.09) 5.39 (2.50) 4.73 (3.34) 3.67 (2.58)
CESD-R®: Depression 22.90 (8.30) 23.21 (8.86) 25.50 (8.54) 23.68 (8.58) 21.20 (7.60)
CERQ-Short? subscale 1: Self-blame 4.90 (2.70) 5.00 (1.84) 6.04 (2.13) 6.10 (2.13) 4.20 (1.75)
CERQ-Short subscale 2: Acceptance 6.30 (2.24) 5.64 (2.20) 7.39(2.33) 7.26 (2.37) 7.90(1.73)
CERQ-Short subscale 3: Focuson Thought/Ru-  5.70 (2.39) 5.07 (1.90) 7.07 (2.16) 6.68 (2.29) 6.00 (1.89)
mination

CERQ-Short subscale 4: Positive Refocusing  5.60 (1.79) 5.21 (2.19) 5.29 (1.90) 5.58 (2.27) 6.40 (2.07)
CERQ-Short subscale 5: Refocus on Planning  7.10 (2.40) 5.86 (2.51) 6.50 (2.23) 6.58 (2.24) 6.10 (2.42)
CERQ-Short subscale 6: Positive Reappraisal ~ 7.40 (2.35) 7.07 (2.30) 8.00 (1.61) 7.68 (1.82) 6.70 (2.47)
CERQ-Short subscale 7: Putting Into Perspective  6.40 (2.39) 5.79 (2.01) 6.43 (2.28) 6.32 (1.60) 5.50(2.37)
CERQ-Short subscale 8: Catastrophizing 5.50 (2.70) 4.29 (1.07) 6.50 (2.46) 5.89 (2.51) 5.60 (2.41)

8CYRM-12: Child and Youth Resilience Measure (12-item).

bysc: Hopelessness Scale for Children.

®CESD-R: Centre for Epidemiologic Depression Scale-Revised.
dCERQ-Short: Cognitive Emotion Regulation Questionnaire—Short.

Hypothesis One: Youth Who Completed the SPARX
Program Were Expected to Experience a Decreasein
Depressive Symptoms and Risk Factors Related to
Depression, asMeasured With the CESD-R, HSC, and
CERQ-Short Questionnaires

Participating youth reported feeling | ess hopel ess, and engaged
in less self-blame, rumination, and catastrophizing following
the SPARX intervention (Table 2). The intervention was a
statistically significant predictor of the HSC score (b=-1.08;
ts;,=2.17; P=.02<.05; 1-tailed based on the a priori
hypothesized direction of improvement in health). The
intervention decreased the HSC score: Hopel essnessby 1 (1.08)
unit. The intervention was a statistically significant predictor
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of the CERQ-Short subscale score 1 (Self-blame; b=-0.86;
t55,=—1.95; P=.03<.05; 1-tailed). The intervention tended to
decrease the CERQ-Short subscale score 1: Self-blame by close
to 1 (0.86) unit. The intervention was a statistically significant
predictor of the CERQ-Short subscale score 3 (Focus on
Thought/Rumination; b=—0.77; t5; s=—1.84; P=.03<.05; 1-tailed).
The intervention was a statistically significant predictor of the
CERQ-Short subscale score 8 (Catastrophizing; b=-0.90;
tsp, 7/—2.00; P=.02<.05; 1-tailed).

For scores on the CESD-R, and the CERQ-Short subscal e scores
2,4, 5, 6, and 7 (Acceptance, Positive Refocusing, Refocus of
Planning, Positive Reappraisal, Putting Into Perspective), the
intervention indicator variable at the a=.05 level (2-tailed, and
where relevant 1-tailed) was not statistically significant.
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Table 2. Overview of outcomes following the SPARX intervention (n=22).
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Primary outcomes: scdle  Desirabledirec- Prescore (pooled Postscore(pooled Pretopostttest Repestedmeasures Mixed models (multi-
or subscale score tionof improve- groupsA and B) groupsA and B) (pooledgroupsA ANOVA (pooled  level regression mod-
ment and B) groupsA andB)  €ls; comparing groups
A and B)
CYRM? Resilience 1 47.389 44.389 Post | (P=.02) Intervention | Intervention | (P=.02)
(P=.01)
HscP: Hopelessness l 4.458 3.667 Post | © (P:.08)d Intervention { Intervention |
(P=.01) (P=.02)d
CESDR®: Depression ! N/AS N/A Post 1 (P=.02)  Intervention 1 Intervention 1 (P=.08)
(P=.01)
CERQ-Short9 subscale 1: 5.348 4.609 Post | (P=.01) Intervention | Intervention |
Self-blame (P=.02) (P=.03)d
CERQ-Short subscale2: 1 6.238 6.476 Post 1 (P=.03) Intervention | Intervention ¢ (P=.07)
Acceptance (P=.07)
CERQ-Short subscale 3: | 6.174 5478 Post | (P=.04)4 Intervention . Intervention |
Focuson Thought/Rumina (P=.05) (P:.04)d
tion
CERQ-Short subscale 4: 1 5.286 5.476 Post 1 (P=.03) Intervention | Intervention 1 (P=.06)
Positive Refocusing (P=.08)
CR:(IeEfRQ-ShorltDI &Jbs_cale 5 1 6.905 5.9524 Post | (P=.02) Ir;)t_er(\)/zention ! Intervention 1 ©
ocus on Planning (P=.02) (P=.08, 2-tail ed)d
g(l)ERQ—Sgort wb_s:;le 6. 1 7.714 6.905 Post | (P=.02) IrFl)tiar(\)/ention ! Intervention 1 €
sitive Reappral (P=07) (P=.05, 2-tailed)®
CERQ-Short subscale 7. 1 6.381 5.762 Post | (P=.04) Intervention | Intervention ¢ (P=.01)
Putting Into Perspective (P=.07)
CERQ-Short subscale 8: | 5.435 4.7826 Post | (P=.05)4 Intervention . Intervention |
Catastrophizing (P=.04)¢ (P=.03)"

8CYRM-12: Child and Youth Resilience Measure (12-item).

bHsC: Hopelessness Scale for Children.

CApproaches significance.

dg gnificant results (P<.05; 1-tailed, unless otherwise indicated).
€CESD-R: Centre for Epidemiologic Depression Scale-Revised.
N/A: not applicable given insufficient data.

9CERQ-Short: Cognitive Emotion Regulation Questionnaire-Short.

Hypothesis Two: Youth Who Completed the SPARX
Program Were Expected to Experiencean Increasein
Factors Related to Resilience

Youth in the study did not show an increasein formal resilience
indicators. The CYRM-12 intervention indicator was not
statistically significant at the a=.05 level (2-tailed).

Discussion

Principal Findings

Overal, key findings suggest that youth who completed the
SPARX tria learned new cognitive emotional regulation
strategies to help support them in challenging maladaptive
thought patterns. Youth also appeared to experience less
hopel essness after engaging in SPARX. No formal indication
of adecreasein depressive symptomsor anincreasein resilience
was noted after engaging in the SPARX program.
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Youth who completed the SPARX program were expected to
show adecrease in depressive symptoms, which was not evident
in this pilot study. However, outcome measures suggest that,
for Inuit youth in Nunavut, SPARX may be an effective program
for decreasing feelings of hopel essness, aswell asthe cognitive
emotion dysregulation signified by self-blame. Cognitive
emotion regulation has consistently been linked to mental hedlth,
with those who possess more adaptive regulation strategies
better able to cope with stressful or adverse life experiences
[31]. Elevated self-blame, rumination, and catastrophizing are
3 factors known to be highly correlated with poor emotion
regulation and mental health difficulties, such as depression
and anxiety [32]. Youth who tend to ruminate on negative
events, catastrophize, and self-blame are morelikely to develop
depressive symptoms. These youth have increased difficulty
inhibiting and regulating their appraisal, which likely leads to
more catastrophizing thoughts [33].
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Although depressive symptoms on the whole did not decrease
after youth trialed SPARX, results suggest adecrease in negative
emotion regulation strategies. This is encouraging given the
evidence that negative coping styles are associated with greater
depressive symptoms [34]. With a reported decrease in
self-blame, catastrophizing, and rumination, youth may develop
enhanced coping strategies to deal with adverse life events.
Hopel essness has been one of the most important mental health
factors examined in attempts to understand suicidal behavior
and has been linked to suicidein Indigenous popul ations[35,36].
It is encouraging that results show a decrease in hopelessness
and an increase in cognitive emotion regulation strategies. This
supportsthe need to further examine the effectiveness of SPARX
on a larger scale as well as more longitudinaly, as CBT
therapies may be more effective over several months[37].

Youth who completed the SPARX program were expected to
experience increased resilience after the intervention but
outcome measures provided by youth did not suggest any change
in the resilience measure. The small sample size may largely
explain thisfinding. It isaso possible that the resilience measure
itself was not culturally relevant or appropriate. Despite thelack
of significant changes recorded in the formal measures of
resilience, there is reason to believe that a decrease in the
hopel essness scale may promote and foster greater resilience
[36]. It is possible that SPARX may prove to be an effective
treatment for decreasing depressive symptoms and boosting
resilience when assessed in alarger study.

Youth in Nunavut disproportionately struggle with mental health
concerns in comparison to youth in other Canadian territories
and provinces. Despite this disparity, Inuit youth lack accessto
mental health services, largely because of a shortage of staff to
provide and assist with evidence-based treatments, adirect result
of continued oppression and marginalization under enduring
colonialism experienced by these communities[10]. Developing
mental health programs that do not necessarily require staff
support may be viable optionsin overcoming thisbarrier. Extant
literature documents the success of computer-based CBT
programs in increasing access to mental health resources for
youth [38-40]. A review of over 100 studies evaluating the use
of e-interventionsfor children and youth struggling with mental
health needs showed that technol ogy-assisted interventions are
becoming an increasingly common form of service delivery in
Australia, New Zealand, the United States, the United Kingdom,
Canada, and the Scandinavian countries [41]. Thus, an
increasing number of studies are overwhelmingly supportive
of e-interventions, including serious games, as successful
therapeutic tools. In addition to their clinical benefit, results
suggest enhanced interest in and access to these services by
youth, decreased costs compared with traditional services, and
greater quality of lifefor those who access e-interventions [41].
Moreover, agrowing field of research is specifically examining
the use of these programs in remote and Indigenous
communities, with promising results demonstrating the
effectiveness of computer-based programs with these
populations [38]. Digital interventions have demonstrated
success in many remote and underserved communities, as they
increase access, break down barriers, and fill key gapsin service
provision [41-44].
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This study aimed to establish whether SPARX would be an
effective intervention for fostering resilience and decreasing
the risk of depression with Inuit youth in Northern Canada. It
appears as though SPARX may be a good first step for
supporting youth with skill development for challenging
maladaptive thoughts and providing behaviora management
techniques such as deep breathing. Further larger-scale studies
are required to understand whether SPARX or similar
e-interventions can be effective in decreasing symptoms of
depression.

Limitations

We encountered several challenges during the implementation
of this pilot study: (1) complications with youth recruitment,
which resulted in the adoption of less rigid exclusion criteria;
(2) challenges pertaining to the staffing of facilitators; (3)
unavoidable deadline extensions due to staffing challenges,
technological difficulties, and barriers in communication; and
(4) a poorly matched control and intervention group when it
came to sample size, duration, and frequency of play for youth
in each group. The numerous challenges encountered caused
thisstudy to be drawn out over 9 monthsinstead of the proposed
4.

As is common with pilot studies, the statistical power of our
analysis was limited by a small sample size. Pilot studies are
not expected to provide definitive statistical results, but rather
to confer suggestive results for follow-up [45], and despite the
lack of power we can report some statistically significant
findings at the a level of .05. In addition, the “play now play
later” proceduresfor this study were intended to control for the
effects of fluctuations in mood due to daylight hours and
fluctuating temperatures in the North. This was managed by
having youth in the control group exposed to SPARX 2 months
after youth in the intervention group completed their use.
However, astrict deadline had to be set for the end of the study,
and thus many youth in the control group were given a shorter
timeallowance for completing the SPARX program. Differences
between the 2 groups in the frequency and duration of their
SPARX play undermined the advantages of having a control
group. Further, as a result of this deadline, there were fewer
youth who participated in the control group. Finally, for ethical
reasons, no participating youth were denied access to SPARX
(ie, we ensured both group A and group B participants were all
eventually given access to the intervention). Without a true
control group where some participants did not receive SPARX,
itisimpossibleto rule out confoundsin the results. Unmatched
sample sizes across the 2 groups, and an overal
smaller-than-anticipated sample size, aso weakened the
scientific rigor of this study.

Another limitation wasthat the questionnaires used in this study,
which were designed and systematized based on Western,
Eurocentric concepts of depression, hopel essness, and resilience,
did not properly access the experiences and expressions of
mental health for Inuit youth in Canada. It is aso possible that
challenges with English language literacy confounded findings
with Inuit youth participants despite staff being available to
assist. It is possible that using local dialects (Inuinnagtun and
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Inuktitut) for questionnaires would better support youth’s
understanding of their mental health difficulties.

Finally, inconsistent accessto the internet in most communities
meant it was difficult to administer surveys; this also hindered
data collection, participation monitoring, and recordkeeping.
The high turnover of community facilitators created confusion
with frequent changes in their roles and inadequate time
provided for training, knowledge mobilization, and relationship
development with youth participants. The conditions under
which the trial was administered understandably created
ambival ence among community facilitators, who were generally
in favor of an intervention that might eventually benefit their
communities but also struggled with the additional workload it
imposed. All of these barriers, including short staff contracts,
high staff turnover, youth attrition, inordinate mental health
needs, lack of phone and internet access, and communication
difficulties, are closely linked to continued colonization
practices. Inuit youth in Canada continue to face systemic
challenges and resource disparities as a result of poor
government funding and alack of consultation with communities
for needs assessment and program devel opment.

With these barriers and limitations in mind, we are also aware
that this pilot study isrooted in a positivistic Western framework
and was designed, conducted, and facilitated primarily by
Qallunaat (non-Inuit). However, due to limited funding, this
commissioned study had to be conducted remotely and included
directives from the Government of Nunavut to involve local
mental health workers, most of whom are not Inuk themselves,
to administer the SPARX trial. This exploratory pilot served as
a feasibility study fostering enthusiasm and cohesion among
participating communities and scaffolding more culturally
appropriate research. In a companion study [46], participating
youth and community facilitators built much of the knowledge
necessary through exit focus groups to facilitate such an
endeavor. Indeed, efforts are now well underway to follow-up
with a more community-directed and culturally meaningful
study focused on articulating Inuit knowledge and research
epistemol ogies through holistic, relational perspectives rooted
in Pilirigatigiinnig, the Inuit concept for working collaboratively
for the common good [20]. We recognize that research in Inuit
communities must be collaborative and inclusive, underscoring
“the right of colonized, Indigenous peoples to construct
knowledge in accordance with the self-determined definitions
of what they want to know and how they want to know it”
[20](p12).

Future Directions

We present here preliminary findings that suggest that serious
games such as SPARX could lead to improvementsin emotion
regulation and, by association, depressive symptoms; however,
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conflicting findings suggest youth’s mood did not change after
SPARX engagement. It will beimportant to replicate this study
on alarger level, including more communities. It may also be
beneficial to alow for online play. This will have the added
benefit of increased rigor by allowing the research team to
directly monitor engagement and frequency and length of play.
It will be important to add a true control condition in the next
trial to ensure that SPARX’s effectiveness can be more
conclusively established. In addition, it will be important to
gauge what mental health and mental illness mean to Inuit youth
in Canada. This will help foster an understanding of more
culturally appropriate questionnaires for accessing youth’'s
experiences with SPARX. Finally, using measures that have
been validated with Inuit communities in Canada may help
ensurethat youth can more accurately report their mental health
status. With a more culturally appropriate model for
understanding Inuit youth mental health symptomology, an
assessment of mental health changes attributable to the SPARX
program may be more accurate.

Learning from the many barriers encountered here will allow
for a more culturally competent and rigorous approach to
conducting future research. 1t will beimportant to examinethese
barriers and to address them in any future protocol (such a
follow-up study is currently underway). For example, having a
community facilitator working specifically on SPARX will
better support youth engagement, mitigate attrition, and foster
greater trust between the youth and community facilitators.
SPARX in schools might synergize well with institutional
curricula and help with recruitment, engagement, and the
generalizability of skills. Having a researcher on-site in the
communities may help with supporting the community
facilitator, troubleshooting any technological difficulties, and
minimizing communication barriers. These extra supports, and
the concomitant potential for more rigorous research with a
larger sample size and true control group, will make an effective
evaluation of the SPARX program more feasible. Furthermore,
it may be advisable to hire a number of youth from each
community to promote SPARX, advocate for the program, and
help reduce the mental health stigmatheir communities may be
facing.

Finaly, it will be imperative to work with youth and
communitiesto design, develop, and test an Inuit version of the
SPARX program, tailored to fit the interests of Inuit youth and
Eldersin Canadaand to increase engagement and effectiveness
of the program. Such aninitiative is underway. Existing studies
suggest that incorporating one's culture into an already
compelling psychoeducational serious game has the potential
to promote cultural esteem and community-based resilience, in
addition to fostering individual resilience.

We wish to thank the Nunavut Territorial Department of Health for sponsoring this study. We also gratefully acknowledge youth
participants and community facilitators for contributing their time, wisdom, and energy to the project.
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Abstract

Background: Magjor depressive disorder (MDD) is the leading cause of global disability; however, the existing treatments do
not always address cognitive dysfunction—a core feature of MDD. Immersive virtual reality (VR) has emerged as a promising
modality to enhance the real-world effectiveness of cognitive remediation.

Objective: This study aimed to develop the first prototype VR cognitive remediation program for MDD (*bWell-D”). This
study gathered qualitative datafrom end users early in the design processto enhanceits efficacy and feasibility in clinical settings.

Methods: Semistructured end-user interviews were conducted remotely (n=15 patients and n=12 clinicians), assessing the
participants’ perceptionsand goalsfor aV R cognitive remediation program. Video samples of bWell-D were also shared to obtain
feedback regarding the program. The interviews were transcribed, coded, and analyzed via thematic analysis.

Results: End users showed an optimistic outlook toward VR as a treatment modality, and perceived it as a novel approach with
the potential of having multiple applications. The participants expressed a need for an engaging VR treatment that included
realistic and multisensorial settings and activities, as well as customizable features. Some skepticism regarding its effectiveness
was also reported, especially when the real-world applications of the practiced skills were not made explicit, as well as some
concerns regarding equipment accessibility. A home-based or hybrid (ie, home and clinic) treatment modality was preferred.

Conclusions: Patientsand clinicians considered bWell-D interesting, acceptable, and potentially feasible, and provided suggestions
to enhance its real-world applicability. The inclusion of end-user feedback is encouraged when devel oping future VR programs
for clinical purposes.

(JMIR Serious Games 2023;11:e43904) doi:10.2196/43904
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Introduction

The Socioeconomic I mpacts of Depression

Major depressive disorder (MDD) affects approximately 5.4%
of the Canadian population [1]. Most recently, the COVID-19
pandemic has increased the proportion of Canadians
experiencing depression. Among people aged 25 to 44 years,
the proportion of people with MDD increased from 18% in fall
2020 to 23% in spring 2021 [2]. MDD is the leading cause of
disability worldwide, substantially affecting psychosocial,
occupational, and academic functioning [3]. MDD costs the
Canadian economy approximately >CAD $30 hillion (US $22
billion) annually in reduced workplace productivity [4]. MDD
also affects academic performance in young adults. University
studentsare at higher risk of depression than general population,
resulting in lower grade point averages, lower academic
performance satisfaction, and higher dropout risk [5-7].

Current treatments, athough effective in improving core
symptoms of MDD, fall short in addressing MDD-related
disability [8-10]. Symptomatic improvements are not necessarily
accompanied by restoration of occupational and psychosocial
functioning—patientswho are diagnosed with mild or remitted
depressive symptoms may still show occupational and academic
disability [9,10]. Accordingly, treatment priorities have shifted
to targeting functional recovery, rather than solely symptomatic
remission [8,11,12]. There has been increased interest in
expanding mental health services in university campuses, as
well as workplace mental health programs to identify and treat
employees with depression [13]. While such programs can be
helpful in reducing depression symptom severity, they neither
necessarily result in major improvements in workplace or
academic productivity, nor in decreasesin presenteeism [14-18].
Thus, depression treatment strategies specifically targeting
academic and occupational recovery remains an unmet need.

Cognitive Deficitsin Depression

To enhance occupational functioning in MDD, cognition is an
important intermediate target [19]. Cognitive dysfunction is
often found in depressive disorders such as MDD, with deficits
in memory, attention, processing speed, and executive
functioning detectable in acutely symptomatic and remitted
patients [20,21]. Importantly, cognitive functioning has been
associated with occupational functioning in acutely depressed
and recovered individuals with MDD [22-24]. However, there
is a lack of effective treatments for cognitive deficits in
depression. Major cognitive impairments may persist in
individuals who attain symptomatic response or remission with
established depression treatments [20], and antidepressant
medications have inconsistent and sometimes negative effects
on cognitive functioning [25].

Cognitive remediation has emerged as a promising treatment
strategy for addressing cognitive deficitsin psychiatric disorders
[26,27]. This is a treatment method based on the repeated
practice of computer or paper-and-pencil exercises that target
specific cognitive skills (eg, sustained attention, verbal memory,
and working memory) with the purpose of enhancing patients
work and social functioning abilities[28]. Cognitive remediation
has strong evidence for improving cognition and functioning
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in schizophrenia, aswell as showing promisein bipolar disorder
and attention-deficit/hyperactivity disorder [26,27,29]. However,
these results are less consistent in depression—a recent
meta-analysis of cognitive remediation in depressive disorders
found moderate effects on attention and working memory, with
no major effects on executive functioning or verbal memory
[30]. It aso remains unclear if the skills practiced during
cognitive remediation in depression transfer out of thelaboratory
environment and result in substantial real-world functional
improvements [31-33].

Virtual Reality for the Training of Cognitive Skills

Immersive virtual reality (VR) has attributes which could
enhance the delivery of cognitive remediation and has
preliminary evidence for efficacy in other neurological and
psychiatric disorders[34]. Theimmersive and interactive nature
of VR facilitates greater user engagement and enjoyment
compared with computer presented tasks[35,36]. VR also allows
for the practice of skills in naturalistic settings, thereby
improving the likelihood of skill transfer to the rea world
[37-39]. Randomized controlled trials have shown that
VR-delivered cognitive and vocational remediation results in
substantial improvements in cognition and functioning in
patients with traumatic brain injury, stroke, schizophrenia, and
substance use disorders, even when compared with active control
conditions such as therapist administered remediation [40-43].
Additional advantages of using VR technology—which has
been growing in mainstream accessibility and decreasing in
expense—include its ability to reach a broader range of
individuals with minimal cost. In addition, data collected from
VR programs can potentially be integrated into digital health
services, alowing a highly personalized intervention.

Despite the burgeoning applications of VR technologies and
growing use in psychiatric populations, a sustained course of
VR cognitive remediation has not been specifically evaluated
in depression. As enthusiasm for using VR in clinical settings
has grown, so have the questions regarding how to best design
VR clinical applications to be usable and efficacious for the
target population. A working group of international experts
published thefirst consensus guidelinesfor best practicesinthe
design and testing of VR clinical applications [44]. In these
guidelines, incorporation of qualitative feedback from multiple
end usersisidentified as a critical component of VR program
content development. As lack of end-user involvement in
development is often at the root of digital intervention failure
[45], following best practices in human-centered design is
important to enhance the interventions relevance and
effectiveness. Feedback from experts and care providers can
ensure that the intervention is based on solid theoretica
foundations and is feasible for real-world use.

Building on the existing body of work relating to cognitive
remediation in clinical populations, the Nationa Research
Council Canada and the University of British Columbia have
developed the bWell Cognitive Care Platform for Depression
(“bWell-D"), aprototype immersive VR cognitive remediation
program for individuals with depression. Following best
practicesin VR clinical application design, this study collected
qualitative data from clinicians and care providers regarding
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their perceptions and experience with VR, desired outcomes
from a cognitive or functional remediation program, and
perceived barriersto use of VR cognitive remediationin clinical
settings. Later, participants provided their thoughts and opinions
specifically regarding the bWell-D program. This information
was used to guide program and protocol refinementsto bWell-D
to boost clinical efficacy and feasibility.

Methods

Ethics Approval

This research was reviewed and approved by the Behavioural
Research Ethics Board of the University of British Columbia
(Behavioural Research Ethics Board numbers H21-00028 and
H20-00746). It was also approved by the Research Ethics Board
of the National Research Council Canada (NRC 2020-122).

Participants

Patients

A sample of 15 patients who self-reported a diagnosis of
depression were recruited to participate in this study.
Recruitment was carried out on the web through the Vancouver
Coastal Health Research Institute and REACH BC websites, as
well as on a classified advertisements website. Interested
participants were screened to ensure they met the eligibility
criteria:

1. Aged 18 to 65 years

2. Self-reported diagnosis of previous or current major
depressive episodes

3. Self-reported subjective cognitive or functional deficits at
baseline, asindicated by abattery of self-report questionnaires.
All participantswereincluded in the anaysis, regardless of their
scoresin the clinical measures.

4. Engaged in full-time employment (currently or in the past),
with self-reported ongoing functional deficits resulting from
depressive symptoms, or off work or on reduced hours with
depressive symptoms reported as the primary reason.

5. Sufficient proficiency
guestionnaires and interview

in English to complete the

Patients who were €eligible and completed the entire process
were compensated for their participation with CAD $20 (US
$14.55).

Clinicians

A convenience sample of 12 clinicians participated, with
recruitment occurring through the Vancouver Coastal Health
Research I nstitute and REACH BC websites, aswell asphysical
posters displayed on-site at relevant health units. Clinicians
were also contacted through the researchers’ professional
contacts. Interested clinicianswere provided aletter of invitation
and confirmed their interest in participating viaemail. Clinicians
must have been allied health professionals (eg, psychiatrists,
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psychologists, family physicians, occupational therapists, or
nurses) with experience working with populations with
depression, and experience with cognitive or functional
remediation in psychiatric populations. Clinicians were not
offered a monetary compensation.

Procedure

This study was conducted remotely through videoconferencing.
Partici pants attended an approximately 1-hour Zoom interview,
in which they were first explained the purposes of the study,
and oral informed consent were obtained. Participants then
compl eted aweb-based Qualtrics survey asking for demographic
data. In addition, patients completed a series of psychiatric and
psychological questionnaires (see the Measures section),
whereas clinicians answered questions related to their clinical
practice. After completing the questionnaires, a semistructured
interview was conducted, in which participants were asked
regarding their perceptions and experiences with VR, their
desired outcomes from a workplace cognitive or functional
remediation program (bWell-D), and perceived barriers to use
thistype of treatment in aclinical setting. Participantswerethen
shown previously recorded video samples of the bWell-D tasks
and were asked to provide their thoughts on them, their potential
relevance to daily life, and suggestions on how to improve the
tasks to enhance engagement and real-world applicability (see
Multimedia Appendix 1 for the interview scripts).

The bWell-D Program

Overview

“bwell-D” is a prototype of immersive VR cognitive
remediation program for depression, developed by a
collaboration between the University of British Columbia and
the National Research Council Canada. The foundational
platform, bWell, was devel oped within anetwork of researchers
and clinicians across Canada, features configurable exercises
and design as a broadly applicable toolkit targeting general
aspects of cognition commonly affected across many disorders
[46]. Preliminary acceptability studies in healthy individuals
indicate that the platform is enjoyable, engaging, and well
tolerated [35,47].

bWell-D is a customized version of bWell, targeting cognitive
and real-world challenges germane to MDD depression
[20,21,46]. Two bWell taskswere modified to include real -world
environments, that is, the (1) office and (2) classroom. It
additionally uses previoudly identified common components of
successful cognitive remediation in psychiatric populations.
Theseinclude (1) “errorlesslearning,” wherein participants are
provided support in learning all task components, with supports
gradually removed as skills and confidence increase and (2)
“adaptivity,” in which tasks become increasingly complex to
match with the participant’s competence [31]. bWell-D involves
4 different tasks (Figure 1) that aim to train cognitive skillsthat
are commonly affected in MDD. Participants can interact with
thevirtual environment through aheadset and 2 hand controllers.
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Figure 1. Screenshots of the bWell-D tasks.
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Mole task

Theater task

Egg (Attention)

In this task, the patient is asked to look around in an office
environment and look for eggs. Oncelocating the egg with their
sight, they are required to fix their gaze on the egg until it
hatches.

Lab (Multitasking)

Participants must compl ete 2 recipes simultaneously by pouring
multicolored flasksinto 2 mixing bowls. The recipeswill appear
in 2 tablets placed nearby, and participantswill haveto go back
and forth between recipes.

Mole (Reaction Time and Response I nhibition)

Following similar rulesto the whack-a-mole game, participants
hold a hammer in each hand and hit the cylinders that pop out
of atable. The cylinders are multicolored, and the colors of the
hammers also change over time. Participants are asked to hit
the cylinder that matches the hammer’s color.

Theater (Visual Working Memory)

The participants are shown a sequence of shapes that will be
hidden after a set viewing time. A pool of objects will then be
presented to the participant, from which they must choose the
shapesthat wereinitially shown to them and recreate the original
sequence.

The bWell-D tasks operate in three modes: (1) tutorial, (2)
assessment, and (3) training. Tutorial has the am of
familiarizing the patient with the virtual environment and
showing them the actions they must perform in the tasks.
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Assessment mode has the purpose of identifying the patients
individual needs by assessing their task performance with a
fixed difficulty level. Inthetraining mode, thelevel of difficulty
is adaptable based on the patients performance. Rea-time
feedback is provided to the patient, showing them level or score
changes and successes and errors.

M easures

Along with the demographic questionsincluded in the Qualtrics
guestionnaire, patients also responded to the following
psychiatric and psychological measures:

Lam Employment Absence and Productivity Scale

The Lam Employment Absence Productivity Scale [48] is a
work functioning and productivity scale to be used specifically
with patientswith depression. It isa 10-item scale, in which the
first 3 questions are open-ended and ask regarding the patients

type of work, the number of working hours scheduled in the
past 2 weeks, and the number of working hours missed in those
2weeks. Thefollowing itemsarerated on a5-point Likert scale
(“None of the time” to “All the time”), scored as 0 to 4. Work
impairment rating can range between “None to minimal” to
“Very severe”

Generalized Anxiety Disorder—7 Items

The Generalized Anxiety Disorder—7 items [49] is a short
measure of anxiety. Participants are asked how often they have
been bothered by their anxiety symptoms during the past 2
weeks. The measure follows a 5-point Likert format, ranging
from “not at all” (0) to “nearly every day” (4).
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Sheehan Disability Scale

The Sheehan Disability Scale [50] is a short measure of
disability and functional impairment. The first 3 questions are
in a Likert scale format, inquiring regarding the severity of
cognitive symptoms affecting the patients' work and social and
family life from “not at all” (0) to “extremely” (10). Thelast 2
open-ended questions ask regarding the patients’ missed days
a work, and regarding the days when the patient felt
underproductive.

Perceived Deficits Questionnaire-Depression

The Perceived Deficits Questionnaire-Depression [51] is a
20-item questionnaire that assesses subjective cognitive
dysfunction in people with depression in the past 7 days. It
follows a 5-point Likert scale, with response options ranging
from “Never” (0) to “Almost always’ (4).

Beck Depression I nventory

The Beck Depression Inventory [52] isa21-question, self-report
Likert scalethat measuresthe severity of depression symptoms.
Responsesrangefrom 0to 4, in which ahigher number indicates
amore pronounced symptom severity.

Cognitive Failures Questionnaire

The Cognitive Failures Questionnaire [53] is a measure of
self-reported failuresin perception, memory, and motor function
over the past 6 months. It isaLikert scale consisting of 25 items
ranging from “Never” (0) to “Very often” (4).

Qualitative Data Analysis

Interviews were recorded and transcribed verbatim. The
transcriptions were made with Otter.ai, aweb-based service that
uses artificia intelligence to transcribe audio recordings. The
transcriptions were reviewed and corrected by hand after being
processed by Otter.ai. The initia 5 interviews (3 clinician
interviews and 2 patient interviews) were coded by the first
author to identify an emerging thematic framework [54]. Coding
was conducted separately for the clinician and patient groups.
However, members of the research team (EM, TC, and MEHH)
discussed and identified emerging patterns in the data and
determined that the coding framework between the 2 groups
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was similar; therefore, it was decided to analyze the 2 groups
together. Subsequent transcriptswere coanalyzed and discussed
based on theinitial thematic framework. Thus, thedataanalysis
began with the delivery of the first interview and proceeded
concurrently and iteratively. The NVivo (QSR International)
software was used to aid with the coding and thematic analysis
process.

Results

Participant Characteristics

Patients

Participants were aged between 21 and 63 years, with amedian
age of 31 (mean 34.2, SD 11.5) years. Most participants
self-identified as women (n=10), with 3 as men and 2 as
nonbinary. The most common diagnosis was MDD (n=8), and
1 patient was diagnosed with dysthymia, 1 with bipolar disorder,
4 of them reported being diagnosed with depression but did not
remember the specific diagnosis, and 1 did not have a formal
depression diagnosis, but manifested having al the clinica
symptomsfor it (thiswas|ater confirmed at the screening stage).
Patients with a forma diagnosis reported being diagnosed
between 3 and 16 years ago. At the time of the interview, none
of the patient participants were undertaking any psychological
treatment, however, 4 of them were taking medication to treat
their depression symptoms.

Patients' clinical scores are provided in Table 1. Overal,
participants surpassed the threshold for a clinical diagnosisin
all measures. All participants reported having their work or
academic performance affected by their depression symptoms,
and all of them have had to take some time off work or school,
ranging from afew sporadic days, to several years. Participants
stated working only approximately 80% of their scheduled work
hours, some of them having to quit work completely because
of the severity of their depression symptoms. Furthermore, 9
patients were either currently employed or studying, while 6 of
them were unemployed and identified depression as one of the
main causesfor their unemployment. From the participantswho
were employed at thetime of theinterview, 4 had administrative
jobs, 3 had professional jobs, and 2 worked in sales.
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Table 1. Patients clinical measures.
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Measures Values, n Values, median (range) Severity?

LEAPSP:C 9 15 (4-29) Moderate

GAD-7¢ 15 19(9-27) Severe

D 15 22 (6-30) Markedly impaired
PDQ-Df 15 46 (7-69) Risk range

BDPY 15 25 (8-47) Moderate depression
CFQh 15 62 (15-79) Above average cognitive

complaints

%0n the basis of median scores.

bThe LEAPSIis only for participants who are currently engaged in paid employment, hence the reduced sample who responded to this specific measure.

®LEAPS: Lam Employment Absence and Productivity Scale.
4GAD-7: Generalized Anxiety Disorder—7 items.

€3DS: Sheehan Disability Scale.

fPDQ-D: Perceived Deficits Questionnaire-Depression.
9BDP: Beck Depression Inventory.

hCFQ: Cognitive Failures Questionnaire.

According to the open-ended questionsin the Lam Employment
Absence Productivity Scale, employed participants had between
50 and 80 scheduled work hours in the previous 2 weeks, and
although most of them worked their full shifts, 2 participants
only worked between 15 and 20 hours. Four participants were
currently working reduced hours, and they have been in this
work modality between 2 months and 1 year. The responses to
the open-ended questions of the Sheehan Disability Scale
indicated that employed participants had lost between 1 and 20
days of work in the past month because of their depression
symptoms. Even when attending work or school, participants
reported that depression affected their performance in the last
month, ranging from 30% of the daysto 50% of the days. One
participant reported feeling these effects daily.

Clinicians

Participants self-identified as 5 women and 7 men. There were
7 psychiatrists, 2 occupational therapists, 1 psychologist, 1
clinical counselor, and 1 neuropsychologist. They had varied
years of experience as mental health practitioners, ranging from
2 to 50 years, with a median of 17.5 years. Five clinicians
reported having <5 years of experiencein clinical practice, while
6 of them reported having >20. One clinician reported having
between 5 and 10 years of experience.

Most of the clinicians worked in an outpatient setting (n=10),
either at hospital clinics or private practice. Only 1 clinician
worked at an inpatient psychiatric hospital, and another one
worked at a community health center. In total, 7 clinicians
provided aconsultation and assessment and short-term follow-up
model of care, 3 of them offered long-term follow-up, and 2 of
them did single consultation and assessment with no follow-up.
Furthermore, 4 clinicians offered primarily pharmacological
and medication treatment modality, 3 of them offered primarily
psychotherapy, 3 of them a combination of medication and
psychotherapy, and 2 focused primarily in functional
rehabilitation. Clinicians who provided psychotherapy offered
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behavioral treatments, such as cognitive behaviora therapy,
dialectical behavior therapy, and acceptance and commitment

therapy.

A total of 7 clinicians estimated <50% of their patients had a
depressive disorder, while the remaining 5 estimated that more
of the 50% of their patients had depression. Five clinicians had
experience with cognitive or functional remediation, and they
had between 0.5 and 5 years of experience with this type of
treatment. Most clinicians (n=9) had been working remotely
because the start of the COVID-19 pandemic, mostly relying
on videocalls, phone calls, and (less commonly) computer tasks
with their patients.

Thematic Analysis

Overview

Participants held mostly positive opinions regarding bWell-D,
considering it an entertaining and safe treatment modality. Five
themeswereidentified during thethematic analysis, specifically
participants’ previous knowledge regarding VR technology, its
potential for clinical uses, a desire for realistic settings and
situations, the entertaining features of VR, and the need for an
inclusive treatment. A description of each theme and
representative quotes are presented bel ow.

Familiarity and Optimism: Opennessto Trying VR for
Mental Health Symptoms

Both patients and clinicians had at least some degree of
familiarity with VR. Petients were familiar with VR mostly
from videogames and movies, while clinicians were also aware
of its use for clinical purposes, especialy for anxiety-related
conditions, psychosis, and brain injury. When participants did
not have direct experience with VR, they mentioned hearing
good things regarding it. Participants with little or no exposure
to the technology spoke of their curiosity regarding trying it.
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I mean, I'mcuriousto seeif it could, in any way, help
my own mental health issues. And, | don’t know, it's
something | haven't tried yet. And I’ m open to trying
things that might improve my wellness. [Patient 003;
woman; 43 years|

| don’t really know too much about it. But I'm very
open to learning more. | guess, like | don’t know
enough to say whether | see potential or not, so I'm
eager to learn more. [Clinician 005; woman;
occupational therapist]

Participants with a higher exposure to VR, and the ones who
enjoyed videogames, were the ones who showed higher
enthusiasm regarding this technol ogy.

VR as a Potential but Underexplored Treatment Option
for Cognitive and Functional Deficitsin Depression

Although both patients and clinicians often considered mood
symptoms as the most salient symptom in depression, they
acknowledged that cognitive symptoms are also affected. They
described cognitiveissues as particularly harmful for work life,
because they have a direct effect on job performance, which
can in turn exacerbate feelings of shame and stigma:

It was just a really hard time. | just, | couldn’t
concentrate, well, | still have a hard time
concentrating. Just my, my work ethics went down. |
don’'t know, everything became really hard. | missed
a few days here and there, like | felt, but at the same
time, like even though | was told by the doctors like,
“No, you need to take time off, | kept going because
| didn't want to be judged behind my back. But if
anything that made it worse[...] But | know that my,
my work has gone down, like, and | have areally hard
time concentrating. [Patient 001; woman; 21 years]

Several patients considered that training their cognitive skills
through VR can help them not only for work purposes but also
with their day-to-day life:

| go into a roomto get band aids, | forget what I'm
in there for, literally my house is not that big. And |
go back in the living room wondering what the hell |
was looking for. So it, | fed like it would help with
work and with my personal life, whichisjust a double
bonus. [Patient 003; woman; 43 years|

They were confident that their cognitive abilities can be
re-established after experiencing depression. When asked
regarding the potential applications of VR for depression, 2
clinicians and half of the patient sample struggled to see how
this technology could be used for this condition:

I’maware of the promise of virtual reality treatments
for anxiety disorders and thingslike that. | would be,
| don’t see the application to depression or bipolar
disorder. So you know, in that end, those are the two
disorders | treat the most. So therefore, I'm not
particularly looking at this. And I’ msurprised to hear
about a virtual reality treatment for depression
[Clinician 009; man; psychiatrist]
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Participants considered VR a safe alternative to conventional
psychiatric treatments, and most patients were willing to try it
because of its perceived lack of serious side effects. Participants
believed that more effective trestments for mood disorders are
needed, and therefore, VR can be a promising alternative.

| don’'t always enjoy the medication approach, like
the side effects can be quite frustrating at times. So |
think something without, like, a less medicalized
approach could bereally hel pful . And you could avoid
some of the negative side effects. [Patient 014;
woman; 21 years|
| think we need all the treatments we can get for mood
disorders. So I'm curious. [Clinician 009; man;
psychiatrist]
Participants believed that VR is a novel approach to treat
depression, and becauseit isbecoming increasingly popular for
clinical purposes, they would like to explore this treatment
modality further:

I think will become more common in the future. So |
think it might be like a good way to look into it and
learn about it before it like the, as is, you know,
gaining more popularity. [Clinician 005; woman;
occupational therapist]
A few participants, however, considered this “newness’ a
limitation to start using VR, because it is not standard practice
in most health care ingtitutions:

| practicein a large university hospital type setting.

The university hospital always is incredibly

bureaucratic, and never wants anything that's

innovative or different. They only want things that

are standard. So anytime you try to introduce

something new, it's very challenging. So | would say

that it would be unlikely that even if this treatment

were approved tomorrow by Health Canada or the

FDA, | would say it's very unlikely that our system

would use it for anytime in the next few years.

[Clinician 009; man; psychiatrist]
Despite the general enthusiasm regarding using VR and
cognitive remediation, both patients and clinicians had some
further reservations, and mentioned needing more evidence
before undertaking a treatment of this nature. Most clinicians
mentioned that, although this type of treatment has shown
promising results in some conditions, they would like to have
more evidence for its specific use in depression. They would
like to obtain this information from methodologically sound
research studies:

If there is going to be evidence for that, for the type

of patientsthat I’ ve seen, and the patients are willing

to participate? So yeah, for sure[...] It's not part of

the kind of the regular practice, or part of the

standard guidelines. But once the evidence is there,

for sure. [Clinician 012; man; psychiatrist]
Furthermore, approximately half of the patient sample
mentioned that the VR format might not have any particular
advantages over other modalities of cognitive remediation
delivery:

JMIR Serious Games 2023 | vol. 11 | e43904 | p.142
(page number not for citation purposes)


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

JMIR SERIOUS GAMES

| think the only like, pushback that might be received
islike, what is the difference between doing this and
playing like, a task related like, video game, | guess?
Like, 1 think that there's an, there's maybe an
opportunity for, like, people who are depressed to be
like, “ WAL, if I if I'mbasically just going to a lab to
play a game, what's the difference between me doing
that, and me just like downloading a game on my
phone where you're being asked to, like, do memory
parts?” [Patient 008; woman; 30 years]

Desire for Ecologic Validity

Several patients mentioned that they would like to understand
exactly how the tasks practiced in bwell-D work, so they do
not fedl likethey are*just playing agame.” They also mentioned
needing an explanation regarding how to extrapolate the trained
skillsto their real-life world:

My honest opinion on the games, they all seem like
kid games. They all seem very simple and
straightforward, but simple animation. And | find like,
I might think it's just a silly game, but | think once |
start actually playing them, | would realize how it's
helping. [Patient 007; woman; 28 years)
I think | would need the therapist to, like, fully explain
what this was training and helping with, because,
like, the one thing that triggered me when | wasin a
depressive state was that, like, | knew | was smart,
but then like, when | was in a depression, | wasn't
functioning, that, like, as normal, and then | would
feel really, really dumb. And like, seeing this kind of
activity makes me feel like, you know, it gives a
reaction like, I'm not a child, like, why am | putting
shapes together? [Patient 10; woman; 27 years|
Most participants mentioned that VR offers the possibility of
immersing themselves in settings and situations that resemble
real life in a highly accurate manner:

It'sveryinteresting in the way that all new technology

is very interesting. And it's remarkable, you know,

the sense of presence when you're in the VR

environment. It, you know, unless you’ ve experienced

it, it's hard to imagine, you know, it's very much like

being in the real world. [Clinician 011; man;

psychiatrist]
Most patients mentioned they would like the virtua
environments to look like their own work or school setting, as
well asincluding objects (eg, office supplies or school furniture)
and situations (eg, conversations with colleagues, following
instructions given by their boss or teacher) that emulatereal life
(eg, interactions with humans and distractions). They believed
that these naturalistic aspects can enhance skill extrapolation:

| think that it would al so require some effort rel evant
to their daily activities, or have some translational
component. [Clinician 004; man; psychiatrist]

I think if | work in an office, it would, it would be
better because I'd be able to take what I'm doing
within that virtual reality, and apply it more to the
environment that I'm hoping to improve my
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concentration in. But because it doesn’t look like

where | work it’s difficult to connect the two. [Patient

007; woman; 27 years]
Participants considered VR as “the second-best thing to real
life,” because it allows an immersion in highly realistic
environments. Partici pants desired to obtain thisrealism through
several ways, (1) by having virtua settings that emulated
patients’ own real-life environments, (2) by including distractors
in the VR world that would occur in real life, and (to a lesser
extent) (3) by having realistic-looking graphics. Patients and
cliniciansalso stated that VR environmentsallow for the practice
of skillsand exercisesin amore controlled and lessintimidating
setting:

If | were able, was able to get better at that, and
because it's a low stress environment in the game,
maybe having it, having that experience in a low
stress situation would help me in my more stressful
situations. [Patient 014; woman; 21 years]
It's like the traditional thing when you, when you're
nervous about speaking in front of a crowd is that,
you like, you practice your speech in the mirror. It
could be something similar to that but in a VR setting,
with there being more of a...I don’t quite know how
to articulate it, exactly. [Patient 005; nonbinary; 25
years]
A few patient participants mentioned that VR can allow them
tofocuson only training their skillswithout getting sidetracked.
However, they emphasized the need for improving their
cognitive symptoms overall, rather than just improving their
performance in the virtual tasks:

I’m skeptical because of the literature that’s behind

this, becausethere’sa lot of evidence saying that you

only get better at the game instead of the skill itself,

or the cognitive aspect that you' re focusing on itself.

[Patient 001; woman; 21 years]
Three clinicians mentioned the importance of ensuring that the
skills practiced in programs like bwWell-D are actually training
what they intend to train, and that the tasks are representative
of the actual cognitive processes that patients must perform at
their work or day-to-day life:

If there’s evidence that depressed people havetrouble

on that sort of task, it makes sense. If you're pulling

it out of thin air, because they have trouble on an

attempt and inhibition task that's not like that one,

then you better rethink how close that task mimics

the processyou'reinterested in. [Clinician 011; man;

psychiatrist]
Approximately a quarter of the participants were concerned
regarding the long-term effectiveness of the treatment. To
addressthis, apatient suggested having alengthier VR cognitive
remediation treatment, whereas a clinician suggested adding
booster sessions. Several participants expressed a desire to
obtain treatment progress data through a reliable instrument.
Although a few of participants mentioned wanting improved
graphicsin bwell-D (more realistic looking), others mentioned
that thisis not too important if the content of the tasks is well
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designed, and the objects are clear to see. Most participants
mentioned that any possible glitches and malfunctions should
be minimal or nonexistent for the treatment to be effective and
enjoyable.

A Fun and Engaging Treatment: The Advantages of a
Digital Environment

Most participants mentioned that the gamified experience of
VR adds fun, engaging, and immersive elements to the
treatment. A need for multisensory stimuli (ie, tasks that
incorporated auditory and visual components) was mentioned
by most of the participants and was considered key for the
immersion and involvement in the virtual tasks. Participants
also stressed the importance of having a difficulty progression
in the tasks, to enhance the challenging aspect of the treatment
(without it turning so difficult that it becomes discouraging). A
clinician mentioned how thisdifficulty progression can provide
a sense of accomplishment for patients:

It definitely gives you kind of that drive, while at the
same time being complicated and interesting enough
to keep your attention wanting to keep going [ ...] — |
found that onewas always a really fun task, a difficult
task. Not difficult, but it required enough energy
without being overwhelming. [Patient 015; woman;
33 years
Most clinicians and patients stressed the importance of having
asimple, user-friendly VR interface that included sometraining
period and clear instructions to practice the tasks. A few
clinicians considered important to assess patients' satisfaction
with the program session to session.

Several participants, especialy clinicians, found the versatility
of VR to be beneficia for the treatment. They noted that the
flexibility provided by VR alows a wide variety of virtua
settings, going beyond what is achievable in real life:

| think you can help us create a very realistic
environment to do some therapeutic work in and
potentially make some progress that we haven’t been
ableto outside. [Clinician 007; woman; psychologist]

A few participants considered atreatment, such asbWell-D less
emotionally draining treatment modality than medications or
talking therapy:

When | waswatching it, it occurred to meit’skind of

nice to have these videos not relating to real life

experiences, and things that are supposed to be kind

of fun, because it doesn’t fed like you' re doing work,

even though you are. And that is, at least for me, isn’t

as emotionally or cognitively draining. [Patient 015;

woman; 33 years]
Seven participants (both patients and clinicians) mentioned that
the game-like setting of VR also allows for progress tracking
(eg, score and level changes and improvements), either from
the beginning to the end of asession, or from session to session.
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One Size DoesNot Fit All: The Need for Inclusivity and
Customizability

Most patients and clinicians mentioned that they would like to
have some agency in the manner the VR treatment is conducted.
One of the most recurring comments among patients and
clinicianswas a preference for the patient to have the treatment
individually at home, either partialy or completely. Participants
believe this modality provides a sense of comfort and control:

It seemslikea niceway to doit yourself. Like, in your
owntimein, in quiet, in a quiet environment and not
have to go anywhere. [Patient 002; woman; 36 years)

I think it would be helpful for people who can’t get
there, likeremotely. Like, there are dayswhen | can’t
like, get out of bed or like, get overwhelmed by taking
the bus, and like, that might be super helpful to be
abletojoinin likethat. [Patient 10; woman; 27 years]

However, afew patients and clinicians believed a treatment of
this nature would be better performed at aclinic. In particular,
patients with limited space, or with suboptimal conditions to
carry out the treatment at home, would like to have the option
todoit at aclinic if necessary:

If | had to use it at my own home, that would be

almost impossible with three kids and, | think, life.

[Patient 012; womana; 42 years]
Participants mentioned wanting a person involved in the
treatment even if they chooseto do it remotely. Several patients
stated that the involved person should be a well-trained
facilitator who they trusted. Most of the patients and clinicians
mentioned they would like to engage in a VR treatment when
mood symptoms and other potential comorbidities are under
control, and therefore had enough motivation to undertake the
treatment:

It depends on the severity, so | think it could be quite
hard for some individuals to sustain, you know,
attention or memory;, if they’re having more severe
symptoms. But | think as a symptom, sort of subside
or set, you know, it’smore mild to moderate, we might
be able to focus a bit more and pay attention to it a
bit better. [Clinician 007; woman; psychol ogist]

| think like when you are depressed, like, it'd bereally

hard [...] if there's any sort of resistance in that

process. | think like, areally anxious person or really

depressed person would be like, ‘Nope, | can't deal

with it. It's not working. I’'m done with it. Not going

touseit today’ sort of mentality. [Patient 008; woman;

30 years|
In fact, several patients and a few clinicians mentioned the
usefulness of including an activity in bwell-D that specifically
targeted mood. After looking at the task video samples, 4
patients also mentioned that some tasks could be more useful
than others (eg, patient not currently struggling with memory
issues or wanting to focus more on multitasking). Therefore,
they would like to tailor the treatment according to their own
cognitive struggles and needs. A clinician also commented that,
although the office or school-like VR settings could be useful
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to emulate naturalistic settings, these settings can trigger
emotional responses from some people:

For people who are not working, many people with
depression are on short or long term disability from
work, | was just wondering if seeing the office
environment might trigger something. [Clinician 010;
woman; psychologist]
Despite the overall positive perceptions regarding bwWell-D,
approximately half of the clinician sample and one patient stated
they would like to do a VR treatment in parallel with other
conventional depression treatments (eg, medications or
psychotherapy):

You target that symptom, but then you work with the

clinician long termto, to use thisas sort of one of the

other interventionsthat you'reusing, and | would see

this not being a single intervention being used. | see

thisbeing used in combination. [Patient 001; woman,

21 years)
Another of the most mentioned topics among patients and
clinicians was how age could be an important factor when
undertaking aVV R cognitive remediation treatment. In particular,
participants believed that the more technologically savvy
individuals (often the younger generations) would like the
treatment better. In turn, participants believed that older patients
might need more coaching and adjustment timeto become used
to bWell-D. Several participants also believed that people prone
to sensorial issues might dislike a VR treatment, because it can
make them feel physicaly ill:

The other problem with all of this is that people go

into their depression with some of them, depression

of course worsens all of this, it can worsen this, but

some people have pre-existing audio processing

difficulties or visual processing difficulties either

genetically or by head injury or a stroke or medical

injuries, etc.. [Clinician 002; man; psychiatrist]
Participants also mentioned that the treatment should be
accommodating to people from different backgrounds and with
different needs, such as people with color blindness or visual
impairments, people whose English is their second language,
and people with limited mobility. One of the most common
concerns was the actual accessto the bwell-D program and the
necessary equipment (eg, headset, controllers, or computer).
Most participants acknowledged that these technological
devices, although they are becoming cheaper with time, may
still be inaccessible for people with more limited economical
resources:

They [VR sets] cost a little bit of money, and most
people with mental illness don’t have any money. So
yeah, just having access to it, having access to a
headset [Patient 004; man; 49 years)

The job that | work, | don’t have coverage yet, and
when | do get coverage, | don’t know how muchiit is.
And maybe, I'mnot sureif the city offersit, likeif it's
readily available. So | guess cost and availability
would bethe biggest challengesfor that. [Patient 007;
woman; 28 years|
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However, a clinician mentioned that, if the treatment shows to
be effective for patients, then every effort should be made to
open access to it.

ChangesMadeto bWell-D After Qualitative Feedback

Following the guidelines proposed by Birckhead et a [44], the
changes suggested by end usersto improve the bWell-D program
were discussed among the research team, trandated into
representative  software  functionalities during team
brainstorming sessions, and were given priority for
implementation based on (1) how frequently these changeswere
suggested by end users and (2) whether these changes were
feasible for development in aVR environment. The main areas
of improvement suggested by both clinicians and patients were
based on thethematic analysis, and mainly centeredin (1) taking
greater advantage of the potential of VR to create more
multisensorial tasks; (2) theinclusion of moreecologically valid
VR elements (to reflect more redistic VR environments), as
well as having bridging exercises to relate the skillstrained in
bWell-D to real-world situations; and (3) providing sufficient
challenge for fun and engaging tasks. In addition, end users
suggested having auser-friendly interface and tutorialsto have
an opportunity to practice the tasks, which they considered
especiadly important for an at-home treatment. Moreover,
participants recommended to include an additional VR activity
that specifically targets their mood. Participants believed that
these modifications could make bWell-D more interesting,
engaging and useful to improve cognitive deficits. The
implemented functionalities are described in Multimedia
Appendix 2, while Multimedia Appendix 3 provides a more
in-depth description of these changes, and Multimedia A ppendix
4 shows some visual examples.

Although efforts were made to cover as many of the suggested
changes as possible to bWell-D, there were some areas that the
research team determined to address with alternative strategies.
In particular, one of the suggestions made by severd participants
wasthe addition of more VR environmentsthat better emul ated
patients real-life settings, such as their own workplace or
school. However, the research team concluded that the addition
of these VR environments would be too demanding in terms of
resources required for software development. Instead, it was
decided that such need would be addressed trough bridging
exercises, which areclinician-led discussionsthat help cognitive
remediation participants to apply what istrained in the tasks to
everyday life [55].

As part of the iterative process in the design of bwell-D, the
changes made to bwWell-D were later shown to a subset of 4
patient participants, once more as prerecorded video samples.
After looking at the updated version of the program, participants
were provided with additional information regarding bWell-D
and were asked regarding their general opinions regarding the
implemented changes (see Multimedia Appendix 5 for the
reinterview script). All the participantsreacted positively to the
changes, and considered them an improvement to the initial
version of the program.
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Discussion

Principal Findings

The main aim of this study was to explore the opinions of
patientsand clinicians regarding the use of VR for the treatment
of depression-related cognitive disfunction. bWell-D, a VR
treatment specifically designed for treating cognitive symptoms
of depression, was used as the main VR treatment example for
the participants. The results indicate that VR interventions for
treating depression and its cognitive symptoms are generally
accepted by both patients and clinicians. In the particular case
of bWell-D, they considered it an innovative and fun alternative
for the treatment of mental health issues. Some suggestions
were made for the improvement of bWell-D, such asincluding
multisensorial tasks, cues, and distractors, a progression in the
difficulty of the tasks, redlistic virtual settings and activities,
having a user-friendly interface, including tutorials and an
opportunity to practice the tasks beforeinitiating the treatment,
and adding atask or VR activity that targets patients’ emotional
State.

Although the general perceptions regarding VR for clinical
purposes and bWell-D were mostly positive, participants also
expressed some reservations. In particular, clinicians needed
more evidence before implementing a treatment of this nature
intheir own clinical practice. Although thereisagrowing body
of evidence supporting cognitive remediation [56] and VR in
health care settings [57], structural obstacles within health
ingtitutions, as well as health professionas own personal
preferences (ie, an inclination for more traditional therapeutic
approaches), can prevent them from being open to use strategies
or technologies that deviate from their usual practice. This
phenomenon has been previously described as resistance to
change [58], and it is one of the main reasons why novel
approaches in the treatment of several conditions remain
underused [59].

Similarly, patients mentioned wanting a thorough explanation
regarding how the skills trained in programs such as bWell-D
can extrapolate to the real world. To this end, psychoeducation
has been identified as a key component in the treatment of
depression [60], which could address the utility of training
cognitive skills as a means to achieve recovery. This
psychoeducation component has been found useful by patients
in previous studies, such as the study by Lindner et al [61]. It
isworth mentioning that 3 of the younger partici pants considered
the VR tasks too infantile or simple to relieve cognitive
symptoms of depression, which could be an indication of a
generational preference regarding the type of tasks offered
through bWell-D. As a result, the inclusion of realistic
paraphernaliainthe VR environments, aswell astheincreasing
difficulty of the tasks, can potentially address these concerns.

Patients also commented regarding the need of a customizable
VR treatment in which they could decide over how, when, and
where the treatment was conducted. There was a strong
preferencefor doing the trestment individually at home, because
this was considered the most convenient modality for patients.
Although considering patients’ opinionswithin any psychiatric
or psychological intervention is essential, clinicians should be
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mindful regarding not losing key components of theintervention
when accommodating patients' preferences. By doing so,
clinicians might be drifting away from best practice, preventing
patients of receiving the best treatment available [62].

There was an overall positive perception toward VR
interventions for depression and other mental health conditions,
and toward bWell-D itself. Participantsindicated that they would
use thistype of treatment if available, and this acceptance was
mainly motivated by the fact that a VR intervention was
perceived as a treatment with no adverse long-lasting
consequences or side effects. Participants believed that, in the
worst-case scenario, the treatment may not improve their
cognitive skills but would not worsen them, which was an
advantage when compared with other more conventional
treatments, such as medication. This relative safety provided
by VR treatments can be highly beneficial by end users, given
that, besides the economical investment, there are little to no
risks associated with this treatment. However, the accessibility
concerns manifested by end users should be a consideration for
implementation and future directions in the bWell-D
development process, given that currently there are no clear
plans regarding how this treatment will be made available for
clinicians and patients.

Thisstudy shares some specific findingswith previousliterature.
In the study by Kramer et al [63], clinicians also indicated a
need for more empirical evidence to support the use of VR as
an assessment or therapeutic tool, and they also expressed a
concern regarding how the use of VR faces challengesregarding
its adoption and assimilation. In the study by Thompson et al
[64], participants were also worried regarding technological
difficulties, mentioning how they might not have access to the
necessary equipment to undertake the treatment, and how
including aVVR intervention in their routine might interfere with
patients' schedules. The lack of perceived adverse effects was
also highlighted in the study by Nason et al [65], in which
patients experienced only minimal motion sickness. Asin our
own study, Krebs et a [66] found that relatable humanoid
avatars are important in virtual environments, given that they
promotethe suspension of disbelief, whichisthekey difference
between a gamified intervention and a more traditional one.
The results of our research join the large body of studies in
which VR interventions for mental health issues are perceived
positively by end users [67-69]. However, to the best of our
knowledge, thisisthefirst study that analyses qualitatively the
use of cognitive remediation for cognitive symptoms of
depression.

Limitations and Strengths

Thisresearch had somelimitations. Further insights might have
been obtained from participants if they have had hands-on
experience with bwell-D, instead of watching prerecorded
samples. Whileit wasinitially intended that participants would
trial bWell-D before completing the qualitative interview,
COVID-19 pandemic restrictions prohibited on-site testing
during the data collection period, necessitating the change to
the virtual format used here. Related to these COVID-19
pandemic restrictions, patient participantswere recruited through
various web-based sources and self-reported their depression
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symptoms. Future studies might benefit from in-person
assessmentsin which ahealth care professional administersthe
clinical questionnaires. In addition, most of the clinician sample
did not have practical experience with cognitive remediation,
clinicianswith direct experience could have clearer expectations
of aVR cognitive remediation treatment and may havetherefore
provided more extensive feedback. The sample included both
people who were dtill working or in school but had
depression-rel ated impairments, aswell as people who were off
work—these 2 groups might conceivably have different concerns
and needs from cognitive remediation. Finally, the clinician
samplewasformed mostly by psychiatristsworking in outpatient
settings—a more diverse clinician sample might have provided
broader perspectivesregarding the use of cognitive remediation
and VR for depression. In terms of strengths, this is, to our
knowledge, the first study that focused on obtaining end-user
feedback regarding a VR intervention for cognitive symptoms
of depression with a qualitative approach. We were able to
obtain rich and extensive feedback from a varied sample that
included patients from a wide range of ages, backgrounds, and
genders, which offers an inclusive and comprehensive
perspective toward the use of VR and cognitive remediation.
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Finally, reinterviewing the participants reaffirmed the relevance
of the changes made to the program and enhanced the
user-centered design, which will continue to be central in the
iterative process of bwWell-D development until its application
in clinical populations.

Conclusions

Virtual interventions for the improvement of cognitive
symptomsin depression are generally acceptable and potentially
feasiblefor patientsand clinicians. Although VR and itsusefor
the treatment of health-related conditions is relatively new,
participants were familiar with it and open to try it, given its
perceived safety. They were curious regarding a treatment of
thisnature and saw potential in itsimplementation. Participants
considered it to be important to have realistic virtual settings,
tasks, and cuesto enhancethe extrapol ability of the skillstrained
in the VR program. The virtual format of thisintervention was
perceived as an advantage, and participants believed it offered
a versatile and fun alternative to conventional depression
treatments. Patients' own needs and preferences should be
considered when implementing a VR treatment for psychiatric
conditions, and al efforts should be made to make it more
accessible and convenient for end users.
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Abstract

Background: Compared with traditional approaches, gaming strategies are promising interventions for the treatment of
attention-deficit/hyperactivity disorder (ADHD). We developed a serious game, The Secret Trail of Moon (TSTM), for ADHD
treatment.

Objective: Themain objective of thisclinical trial wasto demonstrate the effectiveness of an add-on, either TSTM or Therapeutic
Chess (TC), in previoudly optimally drug-titrated, clinically stable patients with ADHD.

Methods: Thisstudy is a prospective, unicentric, randomized clinical trial in clinically stable patients with ADHD, aged 12 to
22 years. The TSTM (n=35) and TC groups (n=34) performed 12 weekly sessions of their respective treatments. The control
group (CG) patients (n=35) were called by phone every week, but they received no cognitive intervention. The primary end point
wasthe change from baseline to end point in the parent “ Behavior Rating Inventory of Executive Function-2” (BRIEF-2; patients
parents) in the per-protocol population (31 serious videogame: 24 TC and 34 CG).

Results: Our study failed to probe clear-cut improvements in the global score of the BRIEF-2. However, the TC group showed
improvements in measures of emotional control, emotional regulation, and inattention. The TSTM group showed improvements
in measures of emotional regulation, inattention, and school context.

Conclusions: TSTM and TC did not improve executive function symptoms, but they improved ADHD symptomatology related
to emotional regulation. Further studies with bigger samples are required to confirm these preliminary findings.

Trial Registration: Clinical Trials.gov NCT04355065; https://clinicaltrials.gov/ct2/show/NCT04355065
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Introduction

Attention-deficit/hyperactivity disorder (ADHD) is the most
frequent neurobehavioral disorder, with aworldwide prevalence
of 4% to 8% [1,2] and a relative risk of 3:1 against males [3].
ADHD is multicausal; about 70% is due to genetic factors, and
the other 30% is due to environmental factors [4]. It is
characterized by the presence of 3 core symptoms: inattention,
hyperactivity, and impulsivity. These symptoms must be present
in 2 or more contexts and interfere with daily functioning [5,6].
Furthermore, patients with ADHD experience amain deficit in
prefrontal and anterior areas [7,8], the inferior parietal lobe,
supramarginal gyrus, basal ganglia, and premotor area.
Deficiencies in both executive functions [9-13] and emotional
intelligence [4,14] are critically involved with ADHD.

Reference guides recommend multimodal treatment for ADHD:
pharmacol ogical intervention and behavioral
therapy—behavioral training (BT) for parents and organizational
training for adolescents and adults or a combination [4,15,16].
Unfortunately, multimodal treatment is not always sufficient
for the treatment of ADHD symptoms [17,18]. The literature
on the efficacy of cognitive behavioral therapy in ADHD istill
equivocal, athough some trials focused on organizational
training in adolescents and adults showed promising results
[19-21]. Cognitive behavioral therapy is not recommended in
children younger than 10 years. Accordingly, novel strategies
are warranted [22-24]. For instance, BTs are the most
recommended psychological treatments for ADHD [25]. BTs
areaimed at stimulating executive functions, among others[26].
Unfortunately, BTs are financially expensive and may be
monotonous for adolescent patients [27]. To address these
handi caps, some therapists have begun to use gaming strategies,
such as (1) traditional board games like chess [28-30] and Go
[31], (2) 2D video games[32-36], and (3) virtual reality serious
video games [37-39]. Indeed, in arecent clinical trial including
857 children with ADHD, the patients randomized to Akili
Interactive—the first videogame that can be prescribed to
patients with ADHD—improved more than those who were
randomized to the digital control intervention group [40].
Compared with traditional therapies, gaming strategies have
several advantages, such as increased engagement, lower costs
[28,41-44], and improved performance [45].

In this context, we developed The Secret Trail of Moon (TSTM),
a virtual reality chess-based serious video game aimed at
improving attention, impulse control, visuospatial capacity,
planning, self-regulation, working memory, reasoning, and
cognitive flexibility. TSTM is innovative, motivating, and
customizable; it is fun, easy to understand and play, displays
enjoyable graphics, and has adequate duration for most
participants [39].

https://games.jmir.org/2023/1/e39874

Thisstudy isamed at comparing the effectiveness of 2 cognitive
gaming strategiesin previously optimally drug-titrated, clinically
stable patients with ADHD: (1) electronic Therapeutic Chess
(TC); and (2) TSTM. Recently, we published the protocol study
of our add-onclinical trial [46]. Basically, the TC group received
chess lessons and had to solve both traditional chess exercises
(related to the video tutorial for each week) and TC exercises.
These exercises use the pieces and board but can be done
without knowing how to play chess [46]. The control group
(CG) received no specific cognitive intervention. We
hypothesized that patients randomized to either TSTM or TC,
compared to the CG group, would improve in executive
functions and ADHD core symptoms.

Methods

Study Design

The study protocol (registered on the Clinical Trials website:
NCT04355065) is published elsewhere [46], but it is basically
aprospective, unicentric, randomized, non-equality trial in 105
patients with ADHD. All participants were clinically stable
before baseline. Subjects were randomized into 3 groups: TC
group (electronic cognitive training with TC), TSTM group
(cognitive training using TSTM), and CG (patients were called
by phone every week, but they received no cognitive
intervention). The allocation ratio was equal in al 3 groups
(n=35 per branch).

Ethics Approval

The study was approved by the Ethics Committee of the Puerta
deHierro University Hospital in Majadahonda on December 2,
2019 (Pl 187/19).

Study Population

The clinical trial included children, adolescents, and young
adults between the ages of 12 and 22 years (mean age 14.38,
SD 2.26 years). The minimum participation age was 12 because
virtual reality isdiscouraged for children younger than 12 years.
The maximum age was 22 because brain maturation continues
until that age, approximately [47,48]. Furthermore, adolescent
patients admitted in Child and Adolescent Psychiatry units are
progressively referred to be followed up in Adult Psychiatry
services, which means that patients up to the age of 20 (and
occasionally 22) years are already followed up in Child and
Adolescent Psychiatry units [46]. Inclusion criteria were as
follows: adolescents or young adults between the ages of 12
and 22 years with a diagnosis of ADHD and clinically stable
on any medication related to ADHD, meaning that participants
had a consistent drug prescription and were not alowed to
change it during their participation; however, during the trial,
5 participants changed their medication, another 5 participants
increased their medication dosages, another 5 participants
decreased their medication dosages, and medication was
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removed for another participant. Exclusion criteria were the
following: comorbidities with autism or intellectual disability,
epilepsy, or another severe clinical condition; plans to begin
another clinical treatment or moving out during the following
3 months; and risk of suicide [46]. A total of 105 patients (35
per group) were recruited for the clinical trial, of which 47
(45.2%) had an inattentive ADHD subtype and 57 (54.8%) had
amixed ADHD subtype.

The participants were recruited between December 18, 2019,
and November 16, 2020. The last evaluation was performed on
February 6, 2021.

Randomization and M asking

Towarrant clinical trial randomization, AR generated asequence
of random numbers through Epidat 4.2 software (Direccion
Xeral de Salde Publica, Xunta de Galicia). The 105 patients
were randomly assigned to the 3 groups by HBF following the
randomized sequence. Each randomization number was
introduced inside a closed, opague envelope. When a patient
cameto the hospital to participate in thetrial, theinclusion and
exclusion criteria were applied to them (one participant was
excluded then); the patients and their parentsreceived and signed
informed consents, and after the first assessment (D0), each
participant received and opened the envel ope corresponding to
their inclusion number, and the group assigned to that number.

Study Interventions

Visits

The number of visits depended on the group. The TSTM group
made 15 in-person visits over 3 months: pre-inclusion visit,

inclusion visit (D0), 12 cognitive treatment visits (1 per week)
with TSTM, and one final visit (D90).

The TC and CG groups made 3 in-person visits over 3 months:
pre-inclusion visit, inclusion visit (D0), and postassessment
visit (D90). A total of 12 remote (web- or phone-based) visits
were also made during the 3 months.

I nterventions

A more detailed description of the intervention groups can be
found elsawhere [46]. Basically, theinterventionswere different
for each group, asfollows:

«  Cognitive intervention with TSTM (TSTM group): TSTM
was constructed for 5 different cognitive training
mechanisms. smasher, enigma, teka-teki, kuburi, and chess.
Each session wasdivided into 3 blocks (2 blocksfor training
into 2 different game mechanics and a chesstraining block).
Sessionswere personaized in the sensethat difficulty levels
were adjusted, taking into account individual performance.

«  Cognitive intervention with TC (TC group): in the initial
visit, each patient received a flash drive containing the 12
training sessions in TC. Every session was divided into 3
parts: video tutorials, traditional chess exercises, and TC
exercises.

« Control group intervention (CG group): each patient
received 12 phone communications (1 per week). In these
communications, they were asked about medication usage,
mood, and school performance, among other issues.

https://games.jmir.org/2023/1/e39874
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Study Outcomes

Primary Outcome

The primary end point was the change from baseline to the end
of treatment in the “Behavior Rating Inventory of Executive
Function-2" (BRIEF-2) questionnairefilled out by the patients’
parents [49,50]. This scale consists of 63 items and 4 main
indicators. emotiona regulation, cognitive regulation, behaviora
regulation, and executive function global index. The design of
TSTM is based on cognitive training and task and aimed at
improving executive functions[39]. Additionally, TC has shown
a certain effect on executive functions [28].

Secondary and Safety Outcomes

Secondary measures were the ATENTO questionnaire [51],
with versions for patients and for parents;, the emotional
intelligence inventory by the BarOn model of Emotional
Quotient Inventory (BarOn EQ-i: Youth Version), with aversion
for younger people[52]; the ADHD rating scaleV (ADHD-V);
the quantitative scale by Swanson, Nolan, and Pelham
(SNAP-1V) [53]; the Conners' Parent Rating Scale (CPRS-HI)
[54]; and the Conners’ Continuous Performance Test 3 (CPT-3)
for computers [55]. In addition, the TSTM group filled out the
Udvalg fir Kliniske Undersolgester (UKU) questionnaire
[56,57].

Statistics
Sample-Size Calculation

Sample sizes were calculated for 80% of statistical power,
assuming 2-tailed Student t testsfor compari son between groups,
with a 1:1:1 proportion, assuming a 20% loss. In each group,
35 patients were included (atotal of 105 patients).

Analyses

Analyseswere performed for two types of populations: analyses
for treatment intention (ATI) and analysis per protocol (PP). In
ATI, data were analyzed according to the assigned treatment
for each patient. In PP, data were analyzed according to the
treatment that each patient completed.

A descriptive analysis was performed for qualitative variables
using absolute and relative frequencies. For quantitative
variables, the median and the quartiles 1 and 3 were used as
descriptive statistics.

To compare the groups TSTM versus CG and TC versus CG,
2 series of analyseswere performed in parallel. To comparethe
basal and final differences, the Kruskal-Wallis test was
performed, as the normality assumption for ANOVAs and t
tests was generaly violated. The signification level was fixed
at P=.10 mainly due to the pandemic situation and the early
stage of thistrial [58]. Subsequently, for those variablesreaching
statistical  significance in Kruskal-Wallis tests, pairwise
Mann-Whitney tests were performed to compare pairs of
experimental groups. The effect sizes were estimated through
g2 for Kruskal-Wallistestsand n?for Mann-Whitney tests[59].
The statistical package SPSS 26 (IBM Corp) was used to
perform the tests. Ultimately, the study was powered to detect
an effect of Cohen d=0.52 in two-way comparisons.
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excluded for having apreviously unreported history of epilepsy.
The other 104 patients were randomized to one of 3 groups:
TSTM (n=35), TC (n=34), and CG (n=35). Figure 1 shows a
flow diagram describing in detail the number of participantsin
each trial stage.

Results

Patient I nclusion and Randomization

A total of 105 patients agreed to participate in the trial and
signed a reported consent form. Ultimately, 1 patient was

Figurel. CONSORT Flow Diagram for the number of participantsin each stage of the trial.

Aszassed for eligibility (n=150)

[ Enrollment ]

Excluded (n=48)

« Mot meeting inclusion criteria (n=1)
* + Declined to paricipate [n=45)

« Ofther reasons (n=0)

[ Allocation J Randomized [n=105)

l ., |

The Secret Trail of Moon [n= 25)

« Received allocated intervention
(=31}

« Did not receive allocated infervention
[n=4)

Therapeutic Chess (n= 34}

« Received sllocated intervention
(n=24)

« Did not receive sllocated intervention
=10

Control group (n=35)

« Received allocated infervention
[n=34}

« Did not receive allocated intervention
[n=1)

[ Analysis _]

Analyzad (n=31)
« Excluded from amalysis [n=0)

Analyzad (n=24)
« Excluded from analysis (n=0)

Analyzed (n=34)
« Excluded from analysis [(n=0])

19/24, 79.2%; and CG: 18/34, 53.1%). The mean ages for the
groups were 14.7 (SD 2.4) for TSTM, 13.8 (SD 1.9) for TC,
and 14.8 (SD 2.4) for CG. Table 1 and Table 2 show al the
sociodemographic and baseline variables.

Baseline Characteristics

In the PP population at D90, participants were male in 71.9%
(64/89) of the cases (TSTM group: 27/31, 87.1%; TC group:
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Table 1. Sociodemographic and baseline variables for analysis for treatment intention (ATI). Italicized P values are significant.

Characteristics ATI
Kruskal-Wallis
TSTM?(n=35) TC® (n=34) CG°® (n=35) Chi-square (df) (df) P value

Gender (female), n (%) 8 (22.86) 9(26.47) 16 (45.71) 4.866 (2) N/Ad .09
Age (years), mean (SD)  14.7 (2.4) 13.8(1.9) 14.6 (2.4) N/A 3.171(2) 20
Birthplace (Spain), n (%) 34 (97.14) 29 (85.29) 34(97.14) 5.188 (2) N/A .08
Adoption, n (%) 1.992 (4) N/A 74

Adopted 2(5.71) 2(5.88) 2(5.711)

Shelter home 0(0) 0(0) 1(2.86)
ADHD® diagnosed, n (%) 1771(2) N/A 41

I nattentive 19 (54.29) 14 (41.18) 14 (40)

Combined 16 (45.71) 20 (58.82) 21 (60)
M edication, n (%) 17.016 (12) N/A 15

Elvanse 24 (68.57) 24 (70.59) 26 (74.29)

Medikinet 7(20) 2(5.88) 3(857)

Equasym 3(8.57) 1(2.94) 2(5.71)

Rubricon 1(2.86) 2(5.88) 2(5.70)

Stratera 0(0) 3(8.82) 0(0)

Intuniv 0(0) 1(2.94) 0(0)

Concerta 0(0) 0(0) 2(5.711)

8TSTM: The Secret Trail of Moon.
bre: Therapeutic Chess.

¢CG: control group.

dN/A: not applicable.

EADHD: attention-deficit/hyperactivity disorder.
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Table 2. Sociodemographic and baseline variables for analysis per protocol (PP). Italicized P values are significant.

Characteristics PP
TSTM?(n=31) TCP (n=24) CG* (n=34) Chi-square (df) Kruska-Wallis (df) P value

Gender(female), n (%) 4(12.9) 5(20.8) 16 (47.1) 10.222 (2) N/A .006
Age (years), mean (SD) 14.3 (2.246) 13.81(1.939)  14.83 (2.479) N/A 2.310 (2) 31
Birthplace (Spain), n (%) 30 (96.8) 21(87.5) 33(97.1) 2.938(2) N/A 23
Adoption, n (%) 2.316 (4) N/A .68

Adopted 1(3.2) 2(8.3) 2(5.9

Shelter home 0(0) 0(0) 1(2.9
ADHD® diagnosed, n (%) 1.800(2) N/A 41

I nattentive 17 (54.8) 11 (45.8) 13(38.2)

Combined 14 (45.2) 13 (54.2) 21(61.8)
Medication, n (%) 16.8 (10) N/A .08

Elvanse 21 (67.74) 15 (62.5) 26 (76.47)

Medikinet 6 (19.35) 2(8.33) 3(8.82)

Equasym 3(9.68) 1(4.17) 2(5.89)

Rubricon 0(0) 2(8.33) 2(5.88)

Stratera 0(0) 3(12.5) 0(0)

Concerta 0(0) 0(0) 2(5.88)

8TSTM: The Secret Trail of Moon.

bre: Therapeutic Chess.

¢CG: control group.

IN/A: not applicable.

€ADHD: attention-deficit/hyperactivity disorder.

The BRIEF-2 questionnaire shows that the TSTM group
performed better than the TC and CG groups in “working
memory,” “planification and organization,” and “cognitive
regulation" scales, the groups being approximately equal in the
rest of the BRIEF-2 scales (Tables S1 and S2 in Multimedia
Appendix 1 present descriptive baseline characteristics).

For both primary and secondary outcomes, we calculated
individual pre-post differences and used these differences as
the dependent variables in our tests.

Primary Outcomes

The goal of this study was ultimately to compare the changes
between DO and D90 in every group as well as the differences

https://games.jmir.org/2023/1/e39874

among groups. The main measurement for testing the differences
were the BRIEF-2 scores, according to the indications aready
presented elsewhere [46]. The groups were compared through
Kruskal-Wallis tests.

ATI showed improvements for the TC group compared to the
CG group in “emotional control” and “emotional regulation”
(P<.10) scores. PP aso showed a significant difference in
“emotional control” between the TC and CG groups (P<.10).
None of the rest of the comparisons reached a statistical
significance. All tests and significance levels are shown in
Tables 3 and Table 4.
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Table 3. Kruskal-Wallistests for primary outcomes (Behavior Rating Inventory of Executive Function-2 [BRIEF-2] scales).

Characteristics ATI (n=100) PP (n=89)
Kruskal-Wallis €2 P value Kruskal-Wallis g2 P value

Inhibition 0.693 0.007 71 1.039 0.012 .60
Self-supervision 0.255 0.003 .88 0.201 0.002 .90
Flexibility 1.425 0.014 49 1.891 0.021 .39
Emotional control 4.388 0.044 A1 4.417 0.050 A1
Initiative 0.114 0.001 .95 0.053 0.001 .97
Working memory 0.610 0.006 74 0.025 <0.001 .99
Planning and organization 0.617 0.006 .73 0.233 0.003 .89
Task supervision 3.055 0.031 22 2.953 0.034 .23
Materia organization 0.301 0.003 .86 0.026 <0.001 .99

3ATI: analyses for treatment intention.
bpp; per protocol.

Table 4. Kruskal-Wallistests for BRIEF-2 Indexes.

Characteristics ATI? (n=100) PP° (n=89)

Kruskal-Wallis 2 P value Kruskal-Wallis 2 P value
Behavioral regulation 0.496 0.005 .78 1.286 0.015 .53
Emotional regulation 3.090 0.031 21 2.920 0.033 .23
Cognitive regulation 1.808 0.018 41 0.718 0.008 .70
Global executive function 1.435 0.014 49 0.926 0.011 .63

8ATI: analyses for treatment intention.
bpp: per protocol.

Second out for the secondary outcomes. Table 5 highlights those variables
ondary Lutcomes that reached significance in Kruska-Walis tests and the

Analyses for secondary outcomes were performed in the PP pairwise comparisons between the three trial groups.
population. Table 5 shows al the tests and significance levels
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Table 5. Kruska-Wallistests for secondary outcomes (only for PP). The italicized P values are significant.

Characteristics Kruskal-Wallis g2 P value
SNAP-IVZ inattention 2.859 0032 .24
SNAP-1V: hyperactivity 0.231 0.003 .89
SNAP-1V: total 1.218 0.014 54
ATENTO (self-report): inattention 2.262 0.026 32
ATENTO (self-report): hyperactivity 1.300 0.015 .52
ATENTO (self-report): attentional control 1.785 0.020 41
ATENTO (self-report): behavioral regulation 0.975 0.011 .61
ATENTO (self-report): emotional regulation 3.507 0.040 A7
ATENTO (self-report): working memory 0.439 0.005 .80
ATENTO (self-report): flexibility 2.137 0024 34
ATENTO (self-report): planning and organization 2.776 0.032 .25
ATENTO (self-report): time orientation 7.170 0.081 .03
ATENTO (self-report): behavioral problems 1.942 0.022 .38
ATENTO (self-report): sleeping problems 0.741 0.008 .69
ATENTO (self-report): family context 0.750 0.009 .69
ATENTO (self-report): school context 5.283 0.060 .07
ATENTO (self-report): social context 0.431 0.005 .81
ATENTO (family): inattention 0.219 0.002 .90
ATENTO (family): hyperactivity 0.272 0.003 .87
ATENTO (family): attentional control 1.236 0.014 54
ATENTO (family): behavioral regulation 0.380 0.004 .83
ATENTO (family): emotional regulation 0.799 0.009 .67
ATENTO (family): working memory 1.337 0.015 51
ATENTO (family): flexibility 2.902 0033 .23
ATENTO (family): planning and organization 2.563 0.029 .28
ATENTO (family): time orientation 3.521 0.040 A7
ATENTO (family): behavioral problems 3.097 0.035 21
ATENTO (family): sleeping problems 1.146 0.013 .56
ATENTO (family): family context 2.640 0.030 27
ATENTO (family): socia context 2.230 0.025 .33
EQ-i:YVb: positive impression 5.826 0.066 05
EQ-i:YV: mood 2.307 0.026 .32
EQ-i:YV: tota emotional intelligence 3.827 0.043 15
EQ-i:YV: intrapersonal 0.696 0.008 71
EQ-i:YV: interpersonal 5.002 0.057 .08
EQ-i:YV: adaptability 1.909 0.022 .39
EQ-i:YV: stress management 2.772 0.032 .25
CPT-3° response style 2.905 0.033 .23
CPT-3 detectability 5.483 0062 .06
CPT-3 omissions 2,552 0029 .28
CPT-3 commissions 2.369 0027 31
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Characteristics Kruskal-Wallis &2 P value
CPT-3 perseverations 5.207 0.059 .07
CPT-3 reaction times (hits) 4.139 0.047 A3
CPT-3 reaction time variability (hits) 6.465 0.073 .04
CPT-3 variability 3.340 0.038 19
CPT-3 block change 7.605 0.086 .02
CPT-3 inter stimulus change 9.007 0.102 .01
cPRY 0.884 0010 .64

33NAP: Swanson, Nolan, and Pelham.

bEQ-i YV Emotional Quotient Inventory: Youth Version.
€CPT-3: Continuous Performance Test 3.

dCPRS: Conners Parents Rati ng Scale.

Table 6. Pairwise Mann-Whitney tests for those variables that reached significance in Tables 3to 5. The italicized P values are significant.

Characteristics TSTM3vs TCP TSTM vs CGE TCvsCG
Mann- 2 Pval- Directionof  Mann- r|2 P Directionof Mann- 2 Pval- Direction
Whitney ue difference Whit- val- difference Whitney ue of differ-
test ney test ue test ence
ATENTO (self-re- 219 0068 .01 TC>TSTM 519 <0001 .94 _d 273 0058 .02 TC>CG
port): time orienta-
tion
ATENTO (self-re- 315 0007 .43 — 3575 0.055 .03 TSTM>CG 3285 0023 .16 —
port): school con-
text
EQ-i:YV®: positive 261 0034 .08 TC>TSTM 351 0060 .02 CG>TSTM 402 0001 .78 —
impression
EQ-i:YV:interper- 340 0001 .73 — 3975 0032 .09 CG>TSTM 2865 0048 .04 —
sonal
Conners CPT-3f 219 0068 .01 TC>TSTM 428.5 0018 20 — 356.5 0011 .33 —
detectability
Conners' CPT-3 234 0056 .03 TC>TSTM 4275 0019 19 — 3485 0015 .25 —
perseverations
Conners' CPT-3 224 0063 .02 TC>TSTM 402.5 0029 11 — 335 0019 .19 —
reaction time vari-
ability (hits)
Conners CPT-3 290 0017 .22 — 370.5 0.047 .04 CG>TSTM 2655 0064 .02 CG>TC
block change
Conners CPT-3 2155 0071 .01 TC>TSTM 334 0071 .01 CG>TSTM 359 0010 .35 —
inter stimulus
change

8TSTM: The Secret Trail of Moon.

bre: Therapeutic Chess.

¢CG: control group.

INot applicable.

®EQ-i:YV Emotional Quotient Inventory: Youth Version.
fCPT-3: Continuous Performance Test 3.

According to the protocol study of our add-on clinical trial [46],
scores on ADHD-5, CPRS, SNAP-1V, ATENTO, BarOn
EQ-i:YV, and CPT-3 tests are considered secondary end point
analyses. The groups were compared by means of
Kruskal-Wallis tests and, subsequently, Mann-Whitney tests.
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differences between CG and any of the other groups. ATENTO
(parents’ reports) showed no significant differences between
the CG and the other groups.
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ATENTO (self-report) scores showed a significant difference
between the TSTM and CG groupsin “ school context” (P<.10).
Additionally, the TC group showed a statistically significant
difference with the CG in “time orientation” measures. None
of the other comparisons reached statistical significance.

BarOn EQ-i:YV scores showed dtatistically significant
differences between the TSTM and CG groups in “positive
impression” on the interpersonal scales (P<.10). None of the
remaining comparisons reached statistical significance.

CPT-3 scores showed differential improvements in “block
change” and “inter stimulus change’ in the TSTM group
compared with the control group and differences in
improvements in “block change” between the TC and control
groups (P<.10). None of the other comparisons reached
statistical significance.

Discussion

Principal Findings

This prospective, unicentric, randomized study in clinically
drug-stable children with ADHD did not confirm our hypothesis
that using an augmentation strategy (either TSTM or TC) may
improve executive functions as measured by the BRIEF-2 total
scores. An exception was theimprovement in emotional control
and regulation as measured by the BRIEF-2 in the TC group.
Furthermore, significant pre-post symptom reductions were
found for several scales measuring secondary end points, and
they differ depending on the type of intervention (as explained
in the following sections).

TSTM

We found no improvementsin executive functioning after using
TSTM. This finding is consistent with literature using other
serious video games such as ACTIVATE [60] or Plan-It
Commander [61]. However, thislast video game demonstrated
improvements in working memory and planification skills,
which have not been observed in our study. In addition, arecent
review found that some video games may be beneficial for
executive function training in patients with ADHD [62].

However, we found that the TSTM group showed better
posttreatment scores in core ADHD symptoms, in particular
inattentive symptoms, compared to the CG, mainly in
self-reported tests. Moreover, parents reported improvements
in socia and school skills, consistent with results coming from
studies using other seriousvideo gameslike Plan-1t Commander
[61] and ThinkRx [63].

But the most relevant finding isthat the TSTM group, compared
to the CG, showed some improvement in some emotional
domains. Both self-reports and parent reports provided better
scores on scales related to emotiona intelligence, emotional
regulation, and performance in school context compared to the
CG, which is in keeping with some other literature [64-67].
Better than a purely cognitive tool, the TSTM video game may
serve as away to train and improve self-regulation and social
skills through facing challenging problems and competitions
with asocial component.
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TC

Aswasthe case with TSTM, we did not find any improvement
in the TC group when compared with the CG, with the
remarkabl e exception of emotional control and regulation. This
negative finding isin contradiction with severd studiesreporting
improvements in executive functioning using a therapy based
on board games (eg, chess and Go) [31]. Demily et al [68]
reported that patients with schizophreniawho played chess for
just 10 sessions improved executive functioning (z=—3.41).
Finally, arecent systematic review and meta-anaysis suggested
that some of these board games may improve self-efficacy,
attitudes, social functioning, and executive functions [69]. Our
negative findings might be explained either by differences in
the studied populations (the studies were devoted to patients
with diagnoses apart from ADHD) or that TC wasimplemented
electronically.

However, core ADHD symptoms benefited from TC. In
particular, inattentive symptomsimproved most in the TC group
when compared with the CG. Thisresult is consistent with that
obtained in a pilot study using chess in children with ADHD
[28]. Furthermore, as was the case with TSTM, the greatest
improvements obtained by TC training were in the emotional
and interpersona spheres. Significantly better improvements
were shown in emotional intelligence, emotional regulation and
control, as well as interpersona scales, as measured by the
BRIEF-2 and BarOn EQ-i:YV scores. Our findings are in
keeping with previous studies reporting that chess training has
shown good results in emotional intelligence devel opment
[30,70].

Strengths and Limitations

The main strength of this study isthe use of 2 gaming strategies
for treating ADHD, following an add-on strategy with clinically
stable patients; one of them was disruptive—the use of a serious
video game (TSTM)—and the other (TC) was moretraditional,
thus allowing for testing the effectiveness of each tool in
executivefunctionsand ADHD core symptoms. In contrast, the
main limitation was the irruption of the COVID-19 pandemic,
which impacted the clinical trial, as some patients randomized
tothe TSTM group had more difficulty completing the cognitive
training sessions. Another limitation was the use of just one
TSTM session per week in the TSTM group, which may have
limited the effectiveness of this cognitive training. Accordingly,
we plan to include a 2-3 session-per-week strategy in the next
clinical trial using TSTM, scheduled to begin in April 2023.
Furthermore, the evaluation was not blind and was based on
clinical judgment and either self-report or parental reports.
However, previouswork statesthat teachers, rather than parents,
tend to be the most reliable external observers of ADHD
symptomsin children [71]. Furthermore, we used the CPT-3 to
have an objective measure of our results. Another limitation
was the difference between the ATl and the PP populations.
Samples sizes for the groups were not very different, but a
potential survival bias may have conditioned our results. It is
possible that adherence to treatment was conditioned by the
differential attractiveness of the video game and TC, that is,
children who like video games or chess were more likely to
complete the trial, and that could bias the results for the PP
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population. Indeed, in the PP analyses, fewer patients finished
the TC intervention in the TC group. It is possible that only
those patients with ADHD who were motivated or who liked
chess finished the treatment, thus biasing our resultsin the TC
arm. Another difference is the aternate location of the TSTM
treatment, administered in our hospital, compared to the TC
treatment, self-administered at the patients homes. Moreover,
apossible limitation is the use of drug-stable samples; perhaps
the effects of playing serious video games or TC may be more
prominent in patients without a stable pharmacological
treatment. Furthermore, to have clinicad samples as
representative and general as possible, werecruited participants
in awide age range, but our samples were not large enough to

Rodrigo-Yanguas et al

allow for analyses across devel opmental stages; future research
should study in depth the differential effectsacrossages. Finaly,
the lack of a long-term follow-up approach kept us from
studying the maintenance of any beneficial effect over time.

Conclusions

Neither TSTM nor TC produced a significant improvement in
the executive functioning of patients with ADHD who were
clinicaly stable on ADHD drugs. However, both TSTM and
TC produced a significant improvement in some ADHD
symptoms, particularly in emotional regulation areas. Further
studies are warranted to extend these preliminary but motivating
findings.
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Abstract

Background: Currently, many central auditory processing disorder screening tests are available for children, and serious games
(SGs) are frequently used as atool for the diagnosis of different neural deficits and disordersin health care. However, it has not
been possible to find a proposal that unifies both ideas. In addition, the validation and improvement of SGs, in general, does not
take into account the player-game interaction, thus omitting val uable information about the playability and usability of the game.

Objective: This study presented Amalia’s Planet, a game conceived for use in school environments, which alows a first
assessment of a child through their performance of the proposed tasks related to different aspects of auditory performance. In
addition, the game defines a series of eventsin relation to the execution of the tasks, which were evaluated for the subsequent
optimization of its performance and the improvement of its usability.

Methods: Using screening tools based on the use of SG technologies, atotal of 87 school-age children were evaluated to test
the various hypotheses proposed in this study. By grouping users according to whether they had personal history of hearing
pathologies, the discriminant power, playability, and usability of the final solution were examined using traditional statistical
techniques and process mining (PM) algorithms.

Results: With aconfidence level of 80% for test 2 (P=.19), there was no statistical evidenceto reject the null hypothesis that a
player's performance is affected by whether the player had a previous auditory pathology. Furthermore, the tool alowed the
screening of 2 playersinitially categorized as healthy because of their low level of performancein the tests and the similarity of
their behavior with that of the group of children with a previous pathology. With regard to the validation of the proposed solution,
the use of PM techniques made it possible to detect the existence of eventsthat lasted too long, which can lead to player frustration,
and to discover small structural flawsin the game.

Conclusions: SGs seem to be an appropriate tool for the screening of children at risk of central auditory processing disorder.
Moreover, the set of PM techniques provides areliable source of information regarding the playability and usability of the solution
to the development team, allowing its continuous optimization.

(JMIR Serious Games 2023;11:e40284) doi:10.2196/40284
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Introduction

Goal of This Study

Owing to their high degree of neuroplasticity, children and
young people can be highly influenced by the stimuli they
receive from the environment around them. Given the nature
of central auditory processing disorder (CAPD), it is believed
that theinclusion of auditory stimulation may lead to functional
changesin theindividual’s central auditory nervous system [1].
More specifically, “children come to experience greater and
more complex demands on central auditory processing as they
face more academicaly, intellectually and linguisticaly
demanding challenges’ [2].

Before the therapeutic treatment of CAPD, it is necessary to
carry out adiagnostic or screening process so that the presence
of the pathology can be detected, thus facilitating a prognosis
and the suppression or reduction of the limitations that it may
cause in the patient. Among the diagnostic and rehabilitation
toolsfor different pathol ogies are the well-known serious games
(SGs). According to Piaget [ 3], “ gamesform apart of thechild's
intelligence, because they represent the functional or
reproductive assimilation of the reality.” However, despite the
existence of numerous screening tests for CAPD [4] and the
more than palpable efficacy of SGsin multiple settings [5], it
has not been possible to find a project in which these 2
techniques are unified to support the screening of individuals
who may have the disorder in question.

In the field of SGs, there is a wide variety of methodologies
that guide the development and validation of such tools
according to their purpose [6-8]. Despite this, most game
evaluation and optimization processes focus on game
performance, omitting a complete analysis of the player-game
interaction, which includes other relevant aspects such as
playability, usability, and game understanding. At this point, it
is important to highlight the fact that the term usability refers
to “the extent to which a system (product or service) can be
used to achieve the goals with effectiveness, efficiency, and
satisfaction in a specified use context” [9].

Process mining (PM) techniques can be used to deepen our
knowledge about this player-game interaction. PM alows for
the discovery of patterns and tendencies, even without previous
models, enabling and improving the comprehension of real
processes by recording events. “Process Mining aims to
discover, monitor, and improve real processes by extracting
knowledge from event logs readily available in today’s
information systems’ [10].

In view of this, the main objective of this research was to
develop and validate a screening tool for CAPD based on the
SGs technology, supporting the diagnosis of the disorder in
school-age children. Amalia's Planet was conceived as agame
for usein school environments, which allows afirst assessment
of achild through their achievement of the different proposed
tasks related to auditory discrimination, lateralization and

https://games.jmir.org/2023/1/e40284

localization of sounds, and different aspects of auditory
performance. In addition, the game defines a series of events
in relation to the execution of the tasks, which were evaluated
using PM techniques for the subsequent optimization of its
performance and improvement of its usability [11].

It isimportant to note that throughout this paper, SG is defined
according to the study by Tarja et al [12], which stated that an
SG is “any game whose main purpose goes beyond the mere
entertainment.”

Background

The American Speech-L anguage-Hearing A ssociation usesthe
term CAPD to refer to deficits in the neural processing of
auditory information in the central auditory nervous system not
due to higher-order language or cognition, as demonstrated by
poor performance in one or more of the skills used to preserve,
refing, analyze, modify, organize, and interpret information
from the auditory periphery [13].

Asindicated in the technical reports published by the Working
Group on Auditory Processing Disorders, the process of training
the abilities affected by CAPD should be implemented as early
as possible, taking advantage of the plasticity and cortical
reorganization characteristics of the human brain [13,14]. This
principle of action could have a much more positive impact on
children because the maturation of the cerebral cortex and
creation of neural interconnections occur during childhood.
Therefore, from the perspective of the consequent therapeutic
process, diagnostic testing or screening for CAPD in school-age
childrenishighly desirable. Undiagnosed children often present
with learning disabilities, occasionally mistaken for other
pathol ogies simply because auditory processing problemswere
not considered.

Currently, there are different tools that allow the observation
and subsequent screening and diagnosisof CAPD inindividuals.
Focusing on children, the Hearing in Noise Test for Children
[15] lists atotal of 130 sentences to determine the quality of
information received by an individual in a noise context.
Similarly, the Pediatric Speech Intelligibility test proposes a
context of overlapping sounds, with relevant and distracting
information being uttered in the same or opposite ears [16,17].
The Test Everyday Attention for Children [18] focuses on the
assessment of different aspects of an individual that determine
their attention levels [19]. Despite their proven efficacy, all
these tests tend to be time-consuming and depend on a high
degree of specialization on the part of professionals, which
restricts their accessibility for the general child population.

Through the use of SGs, a greater number of children can
simultaneously take different screening tests, requiring only the
company of their relatives or educators and being able to carry
out the activity in a familiar environment. Added to these
facilitiesis the fact that because evaluation is performed using
a game, the child is stimulated during the process. Finally,
another notable advantage of the use of these technologies is
that they allow for their evaluation and consequent evolution,
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making it possibleto add different criteriaor informative factors
in the future as well as to optimize the existing ones. Despite
these advantages and the existence of some games focused on
the therapeutic process of CAPD, it has not been possible to
find a game with these characteristics for the screening of
children with CAPD [20-23].

The self-evaluation feature and potential evolution of the games
are made possible by the validation process carried out after the
use of the games by the end users. During this process, the
characteristics of the tool, such asits playability, usability, and
discriminating power, must be evaluated. Owing to the lack of
publications related to the generation of CAPD-screening SGs
for children, different methodologies proposed for the
development and validation of this type of technology in the
health field have been reviewed. However, most of them base
the validation of the tool on performance indicators without
assessing aspects of theindividual or the tool that may alter the
value of these parameters. In the first place, Verschueren et a
[24] generated aframework for the conception of SGsfor health.
This framework was created to ensure that the final product is
relevant, theoretically driven, and evidence based through 5
stages. More centered on auditory impairments, Cano et a [25]
carried out an exhaustive study of different methodologies for
the conception of SGs. According to the authors, all
methodologies lacked a register of the player’s learning in a
guantitative manner. After learning about the successes and
failures of these methodologies, they created the metodol ogia
para la concepcién de juegos serios para nifios con
discapacidad auditiva (MECONESIS) methodology.
MECONESIS isamethodology consisting of 4 stages, namely
analysis, preproduction, production, postproduction, and is
based on 6 models, namely the analysis, user, pedagogical
objective, task, scenario, and validation models.

Among the methodologies that take into account the
player-game interaction, the one proposed by Serrano et al [26]
in 2014 stands out. The authors proposed a “framework to
improve evaluation in educational games.” On the basis of
learning analytics and game analytics techniques, the authors
suggest a Learning Analytic Model and Learning Analytic
System, in which the authors point to some events carried out
by playerson agraphical interface, the evolution of game stages,
and even some logic events. Despite al these sources of
information, no tool or model capable of analyzing the collected
information was provided.

PM, asaset of techniques designed to extract information from
existing datain activity log files, draws on the so-called event
logs or game events from different systems, allows them to be
cleaned, establishes contextual relationships, and presentsthem
graphically to facilitate decision-making [27]. Thistool provides
great advantages to those who useit, among which 3 are worth
highlighting in this study [9,28]:

1 PM is based on real events; therefore, the information
collected and analyzed isareflection of reality. It isobvious
that, in general, when extracting information for reaching
aseriesof conclusions, theaimisto gather information that
is as representative of reality as possible. However,
traditional statistical techniques, for example, try to extract
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such information from a sample of a specific population
(sampling techniques). That is, a sampling behavior is
generalized to the entire population. In addition, statistics
have techniques for the elimination of so-called missing
values and outliers so that their presence does not affect
the final conclusions that can be reached. For its part, PM
works with all the information collected in the event logs,
thanks to its high degree of automation. Thus, behaviors
are neither generalized nor modified. Atypical behaviors
are taken into account and compared with standard or
normal behaviors.

2. Itincludesaset of defined algorithms, which allow complex
events to be analyzed and conclusions to be drawn to
improve the system. That is, PM provides the capability to
analyze and optimize the system. Every system, tool, and
environment in its first phase of development and
throughout its use must be evaluated and updated for its
correct functioning. The aim is not only to optimize the
systeminterms of performance but also to adapt the system
to the end user so that it provides the desired usability.

3. It presents the analyzed information in a visual manner,
making it easily understandable by any user, to facilitate
the decision-making process.

All these advantages make PM the ideal tool for the future
optimization and improvement of the SG proposed in this study.

Methods

Overview

Amalia's Planet was conceived as an SG for use in the school
environment, which alows afirst detection of children at risk
of CAPD through their completion of the different tasks
proposed. Therefore, through the game and the proposed
activities, schoolswill be able to perform screening in casesin
which thereisno suspicion of CAPD or in which such suspicion
is not entirely clear. In addition, the game defines a series of
events in relation to the execution of the tasks, which were
evaluated using PM techniquesfor the subsequent optimization
of its performance and improvement of its usability.

From the aforementioned statement, 2 conclusions regarding
the approach to the solution are evident. First, amultidisciplinary
team must be assembled to cover the wide variety of fields of
expertise required for the correct deployment of the solution.
In this regard, the team was composed of 3 engineers;, 1 PM
expert; 1 occupational therapist; 2 audiologists, and 1 ear, nose,
and throat specialist. Second, the development of the solution
must be approached from 2 points of view: in terms of the health
field, there is a need to develop a screening tool with
discriminant power for children at risk of CAPD and, in terms
of new technologiesand dataanalysis, thereisaneed to devel op
of agamethat providesrelevant information related to different
aspects of playability and usability to alow for its evaluation
and subsequent optimization.

Nonetheless, although the existence of the aforementioned 2
approaches (health and technologica or analytical) is clear, it
should not be forgotten that the proposed solution is one and
hasto cover all the requirementsthat have been imposed in each
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of the 2 approaches. This is why, later in this paper, both
approaches are mentioned simultaneously.

Ethics Approval

This study was approved by the Ethics Committee of the Rey
Juan Carlos University (reference 1203201805218). The trial
was conducted in accordance with the Declaration of Helsinki,
as amended in October 2013 by the 64th World Medical
Association General Assembly [29].

Amalia’s Planet for Screening Children at Risk of
CAPD

As there is no unified screening method for CAPD, current
standard screening methods for CAPD include observing the
listening process, recording the patient’'s behavior, and
performing a series of tests that examine the patient’s auditory
function performance [30]. In general, individuals with CAPD

Gabaldon-Pérez et al

have difficulty discriminating sounds, impaired ability to
determine the stimulated ear and location of the sound source,
and problems processing nonverbal acoustic signals and
recognizing the order or pattern of presentation of certain stimuli
[31]. These and other conditions experienced by affected
individuals should serve as indicators for the tool so that it can
detect the presence of the pathol ogy.

In addition, the proposed solution is oriented toward its use
among school-age children. As children are the end users for
whom the solution is devel oped, it should take into account not
only the characteristics of the disorder to be studied but also
the characteristics of the age range of the users. In other words,
the game should present an attractive and a motivating
environment for children, making them increase their
commitment when interacting with the tool. Figure 1 presents
an outline of the process of devel oping the game as a screening
tool.

Figure 1. Phase 1: deployment of a screening tool for school-aged children from a health care perspective. PM: process mining; SG: serious game.
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Amadlia's Planet is set, as the name suggests, on a planet
consisting of multiple modules (“habitats’ or “idands’) of
different types. Each “habitat” is home to a different type of
animal and incorporates multiple mini-games, al created with
a simple cartoon design, making them easily accessible to
primary-school children. The animals chosen are those that
normally form herds or flocks, and they emit different sounds
that are collectively handled as “noise” This makesit possible
to establish noisy backgrounds that produce sound and visual
distractions for the child and thus forces them to train listening
skills where they have difficulties.

Located in Antarctica, the habitat presented in this paper focuses
on the assessment of certain skills affected by various
CAPD-related pathologies. M ore specifically, the skills assessed
in the first module are auditory discrimination, sound

https://games.jmir.org/2023/1/e40284

RenderX

Selection of PM tools

Definition of game events

e

) | | Interaction with
| | the game

-~ y S

localization, auditory memory, and auditory separation in noise.
For this, the habitat has a series of mini-games, which
sequentially assess the mentioned skills. Each of these
mini-games provides aseries of stimuli and rewards throughout
the game so that the player’s motivation is maintained.

Asthefirst mini-game in the Antarctic habitat, the child hasto
find a stray baby penguin of aherd in awide area guided only
by the sound generated by the animal (auditory localization).
The original positions assigned to both the penguin and player
are randomly chosen by the game each time the game starts
(Figure 2). Asameasure of theindividual’s performancein this
test, the time taken to find the little penguin is collected. Once
the child finds the little penguin, this achievement is celebrated
by the herd through an applause given to the player.
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Figure 2. Semirandom distribution of start points and locations of the group of penguins. The yellow lines mark the unreachable areas. The blue line
isaslopein the terrain. The green and violet dots are the possible positions of the player and the flock.

Oncethe player passesthefirst test, the second mini-game starts
automatically (Figure 3). This is an auditory memory game.
Playing with the head penguin, the child must be able to
memorize the sequences of sounds produced by the penguin.
Each of the sequences emitted by the head penguin can comprise
a series of sounds that the player would have to remember:
clapping the wings, twinkling an eye, rattling the beak, and
stomping a foot. For the player to become familiar with the
af orementioned sounds, the penguin first exposes them together
with an animated movement (visual aid). Once the child is
deemed to have the necessary information to play the game
independently, the penguin hides within its huddle
(disappearance of thevisual aid) and proceedsto emit sequences
of soundsin agiven order. The player must remember both the
sounds heard and the order in which they were produced to
reproduce them once the penguin finishes emitting the sounds.

With regard to the length of the sequences, they become more
complex asthe child passes the tests. The number of soundsto
be distinguished and the length of the sequence emitted by the
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animal gradually increasein 3 different levels of difficulty, each
of which consists of 3 sublevels (Figure 4). In addition, each
sublevel provides the individual with 3 opportunities to pass,
and if all 3 opportunities are exhausted without success, the
sublevel and its corresponding level shall be considered as not
passed. If the player managesto pass any of thelevels, applause
starts to ring out, and the penguin congratul ates the player so
that they feel motivated and satisfied with the task performed.
If the player does not manage to complete any of the tasks
correctly, the penguin encourages them to continue playing
(thereby trying to avoid frustration and abandonment) and
repeats the sequence of sounds that the child hasto recreate.

In addition, the game allows the configuration of this auditory
memory test for the evaluation of auditory discrimination skills
and sound separation in noise. If desired, the penguin colony
hiding the main penguin will emit noise to distract the player,
demanding higher auditory abilities. This background sound is
adjustable for each player and can vary between 0 dB and 30
dB.
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Figure 3. Sequence exposure in the second mini-game.

Gabaldon-Pérez et al

Figure 4. Structure of levels and sublevels to pass in the second mini-game.
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Amalia’s Planet as | ts Self-evaluator

The postproduction stage “ corresponds to the evaluation of the
serious game, where an evaluation model is proposed, taking
into account 2 roles of evaluators, the end user and the expert”
[25]. It is at this stage that the previously mentioned PM
techniques were introduced as anovel tool for the validation of
the proposed solution. However, asreflected in Figure 1, it was
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at the preproduction stage that the event logs that would be
analyzed later have to be determined.

Becauseinformation was collected in the system logs, it allowed
the definition of events by the team, which provided flexibility
when addressing problems. Looking at the structure of the game
(Figure 4) and with the idea of knowing the behavior of the
players throughout the game, the team defined the events
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according to the result that the player had obtained in each
sublevel. At this point, 3 possible outcomes were defined:

1. Passing the sublevel: the player reproduces al the sounds
of the sequence in the correct order.

2. Omitting the sublevel: the player does not reproduce all the
soundsin the sequence. Thisresult was considered afailure.

3. Failing the sublevel: the player either does not reproduce

al the sounds of the sequence correctly or does not
reproduce the sounds in the correct order.

Gabaldon-Pérez et al

Thus, the traces of the event logs consisted of eventsthat report
the path followed by each player throughout their progressin
the game. Thisdefinition of eventsallowed usto know the basic
behaviors of the players, such asthe number of attemptsaplayer
needed to pass a level and the nature of the level (omission or
failure). In addition, it allowed us to recognize patterns of
interest that could occur, such as more frequent cycles, traces,
or paths among players that are not easily perceived using
conventional statistical tools. Figure 5 schematically showsthe
tool validation process proposed by the devel opment team.

Figure5. Phase 2: Proposed Amalia's Planet validation process. SG: serious game.
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Theinformation provided by PM about the system’sfunctioning,
performance, and use as atool for achieving specific objectives
can serve as a source of input for various purposes, which
highlights PM’s capacity in this regard. Not only can
conclusions be drawn about the achievement of the objectives
by users, but hypotheses that could not be validated or were
poorly formulated at the outset can also be modified because
of the new information obtained. In fact, new hypotheses can
be put forward on the basis of behaviors collected in the event
logs, which had previously not been taken into account because
of alack of knowledge.

Asshown in Figure 5, the validation process of the hypotheses
raised affects previous steps, such asthe definition of the game
events or the very conception and design of the game. This
iterative and dynamic process is what allows the solution to be
fine-tuned. The ultimate goal of thisloop processis that, based
on theinformation self-generated by the game, the system itself
is nourished, updated, and adapted to the demands and
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characteristics of the player, aswell asto the process of analysis
of thisinformation presented to the team of experts.

Experiment and Hypothesis

Amalia's Planet was tested twice in aschool in the Community
of Madrid, Spain.

Information was collected through interviews with parents about
their children’'s medical history related to previous hearing
pathologies, such as previous hearing infections (otitis, drains,
and secretions) and ear surgeries, and whether their children
had a diagnosis of attention-deficit/hyperactivity disorder
(ADHD) or learning difficulties [32,33]. Hereafter, this group
of conditionswill bereferred to as previous hearing pathol ogies.

To evaluate the achievement of the discriminating objective of
the game (screening tool), the interdisciplinary team proposed
the following hypotheses:

1. There is a difference in gameplay performance between
children with previous hearing pathologies and children

without previous hearing pathologies.
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2. “Healthy” playerslearn faster. Children who have not had
any of the aforementioned conditions are expected to
improve their gameplay performance faster than children
with a diagnosed pathol ogy.

3. Children learn while they play. Regardless of whether
children have had a hearing condition, it is interesting to
know whether the game improves their trained skills.

To test the formulated hypotheses, a statistical study of the
difference in means between the 2 groups of children (with and
without previous hearing difficulties) was conducted. In
addition, different scatter plots were studied with respect to
measures of central tendency with the aim of finding atypical
behaviors that reveal the presence of individuals at risk. These
hypotheses are assessed later in this paper.

Results

Sample Summary

The sample size was determined in such away that, according
to the central limit theorem, the statistical distribution of each
of the populations considered for the study (children with
previous hearing pathol ogies, children without previous hearing
pathologies, distribution of children by sex, etc) was correctly
reflected in the collected data[34]. Thus, theoretically, asample
size of 50 children was determined for each sample group
(n>30), with a total sample of 100 children in the study.
Nevertheless, owing to the limited availability of users of
interest for the study and some problemsin data collection using
the tool (3 players were excluded), the final size of the sample
used for this study was 87 children.

The sample consisted of children of both sexes (50 female and
37 male children) aged between 5 and 14 (mean 8.87, SD 1.74;
median 9) years. Most of the players (76/87, 87%) were aged
between 7 and 11 years, of whom 55% (42/76) werefemale and
45% (34/76) were male, maintaining approximately the initial
distribution of the sample.

Regarding the pathology line, without taking into account sex
or age, 45% (39/87) of the players had or used to have at |east
1 pathology among those contemplated in the study, resulting
in 55% (48/87) of “healthy” participants. The sex ratio was as
follows: 57% (50/87) female and 43% (37/87) male. Hedlth
information obtai ned through the parent questionnaire revealed
thefollowing classification by previously identified pathology:
(1) 55% (48/87) of the sample had a history of otitis, of whom
33% (16/48) had major complications, although only 28%
(24/87) had undergone a surgery for drainage; (2) 3% (3/87)
were diagnosed with ADHD; and (3) a similar percentage 3%
(3/87) had learning disorders.

The sample included children with a history of hearing
pathologies and children without a history of hearing
pathol ogies. Hence, focusing on the players with some previous
pathology (39/87, 45%), there were 49% (19/39) of playerswith
just 1 pathology, 31% (12/39) of players with 2 different
pathologies, and 21% (8/39) of players with up to 3 types of
pathologies. Overall, 92% (36/39) of the players with at least
1 pathology had or used to have otitis.

https://games.jmir.org/2023/1/e40284
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Among the 19 children with just 1 affliction, 84% (n=16) had
otitis (a percentage close to the prevalence of otitisin the total
population of 87 children, which is estimated at 80% [35]), and
11% (n=2) had ADHD, making it the second most frequent
pathology appearing individually. Generally, suppurations and
learning disorders appeared to be accompanied by at least 1
other type of pathology in al cases. The most common
combination of afflicions was made up of otitis and
suppurations, which was present in 11 children (55% of the
players with at least 2 pathologies). In terms of sex, the
percentage of female players with some kind of affliction was
close to the percentage of male players with some kind of
affliction: of the 50 female players, 22 (44%) had a pathol ogy,
and of the 37 male players, 17 (46%) had a pathol ogy.

Overview of the Obtained Health Results

Results Obtained in Test 1

For thisfirst test, asample of 59 children was available. Among
the 59 children, 29 (49%) had previous hearing pathologies,
with atotal of 14 (48%) male and 15 (52%) female children.
On the other hand, atotal of 51% (30/59) children were part of
the group of children who were not diagnosed with hearing
pathologies, with atotal of 50% (15/30) male and 50% (15/30)
female children.

The percentage of players with afflictions who managed to
finish the game successfully was lower than the percentage of
“healthy” players (11/29, 38% of players with some affliction
against 16/30, 53% of “healthy” players). To determine whether
this difference in the level of playing between the different
groups was statistically significant, a chi-square test was
performed, obtaining a P value of .24. Therefore, whether the
child had or used to have a hearing pathology did not seem to
affect their ability to successfully complete the game. However,
it wasinteresting for the team to answer the following question:
is it possible that some of the children initially classified as
“healthy” players may in fact have one of the pathologies
considered in the study or a different one and have not been
diagnosed? Taking the following variables as references,
throughout the collection of the information, it was observed
that there were certain playersinitially cataloged as “healthy”
whose level of gaming stood out compared with the level of
playing of their peers:

«  TOTAL_ATTEMPTS: the number of attempts the player
has made throughout their game

«  TOTAL_ACCURACIES: the number of successes the
player has produced throughout the game

+ FAILURE_TOTAL.: thetotal number of failuresthe player
has faced during the game

«  TOTAL_SUBS: the number of soundsomitted by the player
throughout the game

Figures 6A to 6D show (from left to right) the existence of
players initially classified as “healthy” who, compared with
their group, showed atypical behaviors in their results,
particularly, the players who did not manage to pass the game,
presenting a large number of errors or omissions throughout
their game (ID 30 and ID 74).
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Figure6. Test 1: (A) total number of attempts for healthy players who did not complete the game, (B) total accuracies for healthy players who did not
complete the game, (C) total number of failures for healthy players who did not complete the game, and (D) total number of omissions for healthy

players who did not complete the game.
A)

)

Results Obtained in Test 2

For the second test, a sample of 70 children was available.
Among the 70 children, 28 (40%) had previous hearing
pathologies, with atotal of 13 (46%) maleand 15 (54%) female
children. On the other hand, a total of 60% (42/70) children
were part of the group of children who were not diagnosed with
hearing pathologies, with atotal of 45% (19/42) male and 55%
(21/42) female children.

In this second test, most players managed to pass all the levels
of the game. There was a clear difference between the
percentage of children with previous pathol ogies who managed
to finish the game completely and the percentage of children
without previous pathol ogies who managed to finish the game
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completely (26/42, 62% of the playerswithout pathol ogy against
12/28, 40% of the players with some type of diagnosed
pathology). To determine whether this difference was
statistically significant, a chi-square test was performed,
obtaining a P value of .19. Therefore, at a confidence level of
80%, there was no statistical evidence to reject the hypothesis
that having the afflictions in question affects the ability to
complete the game successfully.

To determine whether the players who stood out in test 1
maintained thetrend in the second test, the variables mentioned
earlier were analyzed again to study their distribution in the
sample. Figure 7 shows that these players maintained the same
tendencies along the second trial.
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Figure7. Test 2: (A) total number of attempts for healthy players who did not complete the game, (B) total accuracies for “healthy” players who did
not complete the game, (C) total number of failures for healthy players who did not complete the game, and (D) total number of omissions for healthy

players who did not complete the game.
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Q)

Overview of the Obtained Game Validation Results

As noted earlier, the achievement of the test objectives should
not be the only measure of the test’s fitness for purpose, but
aspects such as the time required to pass each of the tasks and
the different event traces constituted by each player can be
sources of information to be considered. To this end, the team
used the ProM (Prom Software Inc) software, which is an
extensible framework that supports a wide variety of PM
techniques in the form of plug-ins [27]. By evauating the
different event logs defined in the previous stages, the

Figure 8. Duration of events.

100% rendered
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Furthermore, the study of event traces and the frequency with
which they appear in the collected sample serves as amirror of
the correct functioning of the game (Figure 9). Thus, it is
possible to detect structural faults in the tool, such as jumps
between level sthat are not consecutive, backtracking that isnot
allowed, and advancing to anew level without having completed
the previous one. All these constituent faults can be corrected
by the technical part of the development team, ensuring the
correct functioning of the tool in future tests.
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abovementioned features can be evaluated and, if necessary,
modified further by adapting the tool to its final objective.

Figure 8 depicts the duration of each of the events that were
defined in theinitial stage. Based on the understanding that the
duration of an event isthe time that elapses from the time when
the“faster” player initializesit until thetimewhen the*slower”
player finishes it, this graph can reveal the existence of events
that pose a greater challenge to the individual. To avoid the
feeling of frustration that the player may experience, and the
consequent decrease in performance, this particular feature of
PM techniques allows the team to modify such game events.

SSeevesd

Finally, another graph of interest that can be obtained using the
ProM softwareisthe so-called Business ProcessModel Notation
[27]. This graph provides information about the route that
different playersfollowed to passthe game, identifying themain
events that each player went through. Furthermore, loops and
cycles can be detected using this graph; thus, the team can
deduce the possible learning resources of the players (Figure
10).
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Figure 9. Obtained traces and their frequency.
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Figure 10. Business Process Model Notation with inductive visual miner
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Discussion
Principal Findings

together these 2 ideologies to minimize, or even eliminate, the

afflictions that this disorder causesin th'ose who have it
development and improvement of skills in individuas of

On the basis of the conception and development of an SG
SGs are increasingly being used as support tools for the Amalias Planet, and its usein areal school environment, the
different age ranges in areas such as education and health. In

forward in previous sections regarding the suitability of the use
point of view of the consequent therapeutic process [36]. In

research team was able to contrast the different hypotheses put
addition, it is nowadays demonstrated that an early diagnosis Of SGs as screening tools for CAPD. More specifically,