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SUMMARY STATEMENT

Serious games (SGs) are interactive and entertaining software designed primarily with an educational
purpose. This systematic review synthesizes evidence from experimental studies regarding the efficacy of
SGs for supporting engagement and improving learning outcomes in healthcare professions education.
Randomized controlled trials (RCTs) published between January 2005 and April 2019 were included.
Reference selection and data extraction were performed in duplicate, independently. Thirty-seven RCTs
were found and 29 were included in random effect meta-analyses. Compared with other educational
interventions, SGs did not lead to more time spent with the intervention (mean difference 23.21 minutes
[95% confidence interval (CI) -1.25, 47.66]), higher knowledge acquisition (standardized mean difference
(SMD) 0.16 [95%CI -0.20, 0.52]), cognitive (SMD 0.08 [95%CI -0.73, 0.89]) and procedural skills
development (SMD 0.05 [95%CI -0.78, 0.87]), attitude change (SMD -0.09 [95%CI -0.38, 0.20]) nor
behavior change (SMD 0.2 [95%CI -0.11, 0.51]). Only a small SMD o0f 0.27 [95%CI 0.01, 0.53)] was

found in favor of SGs for improving confidence in skills.

ABBREVIATED TITLE

Serious games in health professions education
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INTRODUCTION

Serious games (SGs) are interactive and entertaining software designed primarily with an educational
purpose. Popularized in the beginning of the 2000s, SGs quickly became integrated into healthcare
professions education as their entertaining factor showed the potential to engage learners and support their
learning process.' SGs are thought to fulfill the needs of adult learners, such as autonomy, control, and a
sense of achievement.”* Moreover, authors report that learners are receptive to the visual and the
interactive aspects of SGs, traditionally associated with video games.* Thus, their use by healthcare

educators is expected to rise in both initial and continuing education.’

Learning in SGs typically occurs through a gameplay experience that combines challenges with
various playful design elements, which can be seen as features or building blocks of SGs (e.g., scoring
system, content unlocking, integration of a storyline).® Challenges allow learners to be actively involved in
a decision-making process for which they can receive immediate feedback and see the results of their
decisions.” For example, an SG can challenge learners to provide the correct management plan for a
virtual patient. Points can be awarded, and learners can unlock a new game level if they provide the
correct management plan. As such, SGs are often associated with a constructivist learning perspective
where the learning progression is fueled by an interaction cycle between learners and the SG, and where
the reception of feedback allows learners to reflect on new or better ways to take on a challenge.® Thus,
one of the main objectives in designing SGs is to ensure that they support learners’ engagement to take on

the various challenges that are expected to lead to significant learning outcomes.®

Engagement can be defined as a bi-dimensional concept: a behavioral dimension (i.e., the extent of the
learners’ involvement while taking on the challenges; e.g., the total amount of time invested by learners’

in the SQG), and an experiential dimension (i.e., the subjective experience of the learners while taking on
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the challenges; e.g., learners' affect while using the SG).’ Proper integration of the challenges with the
playful design elements while designing SGs can ensure that learners remain engaged towards the

challenges they take on.'

Systematic reviews on the use of SGs in the healthcare professions report that their efficacy in
supporting engagement and improving learning outcomes varies greatly.""''""> However, reasons as to why
SGs produce heterogeneous results have been left unexplored. Heterogeneity is often the product of
diversity in the combination of studies with different research designs, populations, intervention designs,
comparators, or outcomes evaluated. '° Previous reviews of SGs combined the findings of quasi-
experimental studies with experimental ones which could have induced biases in the results reported
through the lack of a control group or randomization.'*'* Other reviews combined studies evaluating SGs
to ones evaluating gamification interventions (i.e., the application of gaming elements to non-gaming
contexts) or commercial off-the-shelf games (i.e., games designed specially for entertainment but used for
educational purpose) which could have induced heterogeneity in the results reported due to the different

design of each of these interventions.'*">

Thus, in this systematic review, we focused on identifying, appraising, and synthesizing the results of
experimental studies evaluating the efficacy of SGs on engagement and learning outcomes in healthcare
education. Since the development of an SG can be expensive and time-consuming,'* findings from this
review will thus provide guidance to educators regarding the design and the adoption of SGs, and to

researchers in the conduct of future works.

METHODS
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Protocol and registration

This systematic review was based on the Cochrane Handbook for Systematic Reviews of
Interventions.'® We report this systematic review according to the Preferred Reporting Items for
Systematic review and Meta-Analysis (PRISMA) standards.'” We prospectively registered
(#CRD42017077424) and published the detailed review protocol.'®
Eligibility criteria

We included randomized controlled trials (RCTs), cluster-RCTs, and crossover-RCTs published in
English or in French from January 1° 2005, to April 24°2019. An SG had to be assessed, as a stand-alone
intervention or as part of a multi-component intervention, among healthcare professionals or students,
from any level of education, either in an initial or a continuing education setting. For the purpose of this
review, we defined SGs as interactive and entertaining software with a primary educational purpose that
engage learners through challenges.'*** All types of comparator interventions were considered for
inclusion. Studies had to report at least one measure of a learning outcome or one measure of
engagement—behavioral (i.e., the duration of the educational intervention usage) or experiential (i.e., self-
reported measures of learners’ experience in using the educational intervention). Learning outcomes were
defined after Kirkpatrick’s model.” We considered all short-term and long-term measures of knowledge
acquisition, skill development (subdivided as confidence in skills, cognitive skills, and procedural skills),

attitude and behavior change, as well as clinical outcomes in healthcare system users.

Information sources and search

A librarian searched six bibliographical databases using keywords and MeSH terms related to:
SGs (e.g., serious game(s), game-based learning/training, applied game(s)) healthcare

professionals/healthcare students (e.g., physician(s), clinician(s), trainee(s)), and effect on engagement and
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learning outcomes (e.g., efficacy, skills development, knowledge acquisition). These bibliographical
databases were: Cumulative Index of Nursing and Allied Health (EBSCO), EMBASE (OVID), ERIC
(ProQuest), PsycINFO (APA PsycNET), PubMed (NCBI), and Web of Science — SCI and SSCI (ISI —
Thomson Scientific). We performed an initial search in these databases on December 13, 2017, and we
updated our search on April 24, 2019 (see Text, Supplementary Digital Content 1, all search strategies are
reported). To find additional articles, hand-searching was performed in scientific journals specialized in
SGs (Games for Health Journal, Games, G|A[M|E The Italian Journal of Game Studies, International
Journal of Computer Games Technology, International Journal of Serious Games, and JMIR Serious

13,24

Games), in previous systematic reviews, ~~" and in the reference lists of identified studies.

Identified references were imported and managed in EndNote (Version X8, Clarivate Analytics).
We screened all references independently and in pairs, and all disagreements were resolved through

discussion with a third author.

Data extraction process

We performed the data extraction process by using the Effective Practice and Organisation of Care
template.” The extraction form was piloted by all review authors involved in this step using a single
article. Authors then met to discuss issues they might have had while using the form. As no significant
disparity was found between forms during the piloting phase, one author performed the initial data

extraction and another one validated it.

Data items

For descriptive purposes, we extracted the following items: study aim; study design; population;

attrition rate; name of SGs evaluated; theoretical framework used for the SGs development; cost and
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duration of the SGs development; clinical topics addressed; methods of delivery of the comparator
intervention (i.e., classroom learning, written material, e-learning, another serious game, simulation/virtual
simulation); duration and frequency of use of the interventions; unit of measurement; time points

measured; instruments; validity and reliability of the instruments.

For quantitative synthesis purposes, we extracted the following items: sample size; outcome data; risk

of bias data.

Assessment of risk of bias

Two authors independently assessed the risk of bias of each included study using the Cochrane
Collaboration’s tool for assessing risk of bias?® and all disagreements were resolved with the help of a
third author. A high risk of bias diminishes the reliability of the study results. The following aspects are
considered during assessment: random sequence generation, allocation concealment, measurement of
study group characteristics and baseline outcomes, incomplete outcome data, blinding, contamination, and
selective outcome reporting. For each criterion, we judged studies at “low risk”, “high risk”, or “unclear
risk” of bias. We considered studies at high risk of bias if they were judged at high or unclear risk of bias
on either of these three criteria: randomization sequence generation, allocation concealment, or blinding of

assessors to participants’ group assignment as these criteria are likely to significantly bias the results.?’

Assessment of selective reporting of outcomes

We compared the outcomes reported in the articles with the outcomes reported in the research
protocol or, if no protocol was available, with the trial prospective registration form. If the trial was not
prospectively registered, we compared the outcomes presented in the methods section with the ones

reported in the results section.
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Assessment of reporting biases

We constructed a funnel plot in RevMan 5.3 (The Cochrane Collaboration, Copenhagen,
Denmark) and visually inspected it to assess reporting biases (e.g., due to publication, language, or
citation biases) at the body of literature level. We considered an asymmetrical funnel plot at visual

inspection as an indicator of reporting biases.
Data synthesis

Efficacy of serious games in supporting behavioral and experiential engagement

To evaluate the efficacy of SGs in supporting behavioral engagement, we used meta-analytical
methods to compare the duration of SG use versus the comparator intervention use. All meta-analyses in
this systematic review were performed in RevMan 5.3 (The Cochrane Collaboration, Copenhagen,
Denmark) using an inverse variance approach with random-effect models to combine continuous data. At
least two studies had to contribute to a single meta-analysis for it to be conducted.”® No minimal number
of participants was required. All results are expressed with 95% confidence intervals (Cls) and statistically

significant results are defined as a two-sided alpha of 0.05.

Regarding the efficacy of SGs to support behavioral engagement, the result is expressed as a mean
difference (in minutes). Moreover, we compared narratively the expected frequency and duration of SG

use, according to study authors, to the observed ones.

Regarding experiential engagement, this concept encompasses many aspects of the learners’
experience with SGs, and we expected that authors would measure a diverse set of these aspects. As such,
we employed an analysis approach where we let these aspects emerged from the data (and not from

prespecified categories). This allowed us both to identify all aspects of experiential engagement that were
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evaluated in included studies, and to compare between studies the results obtained regarding each
identified aspect. First, we extracted the items composing each instrument used to assess and to compare
the experiential engagement in learners between groups. Second, two authors independently analyzed and
categorized all items into aspects that were refined iteratively through the data analysis process. Third, the
proposition of each author was contrasted to reach a consensus on aspects of experiential engagement that

were measured. The efficacy of SGs on experiential engagement was finally evaluated for each aspect.

Efficacy of serious games in improving learning outcomes

We conducted meta-analyses to evaluate the efficacy of SGs compared to any other educational
intervention in improving learning outcomes. Meta-analyses included all studies with enough data to
compute a standardized mean difference (SMD) regarding at least one outcome (i.e., post-test means,
medians, or odds ratios; standard deviations, first and third quartiles, standard errors, p values, or t value;

number of participants in each group).

We also performed meta-analyses of studies evaluating the efficacy of SGs versus passive
comparators. However, the emphasis was kept on studies with active education comparisons as educators
usually seek to find the best educational intervention, and not if an educational intervention is better than
doing nothing. As such, results of these analyses are not reported here but online (see Figures,

Supplementary Digital Content 2, meta-analyses are presented there).

Subgroup and sensitivity analyses

Statistical heterogeneity was assessed using the I* statistic. A value superior to 50% was
considered as a high level of heterogeneity for all meta-analyses. We explored statistical heterogeneity by

performing subgroup and sensitivity analyses. Subgroup analyses were conducted regarding the study

10
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population (i.e., healthcare professionals v. healthcare students), the comparator intervention (i.e.,
classroom-learning, written material, e-learning, simulation or virtual simulation, or a non-active
comparator), and the publication year. As for this last subgroup analysis, we prospectively retained 2014
as a cut-off year (i.e., before or in 2014 v. after 2014) as the New Media Consortium declared that year
that SGs were to be greatly developed and evaluated by educational institutions in the next 2 to 3 years.”
Sensitivity analyses were performed to restrict meta-analyses to studies with larger sample sizes. Smaller
studies tend to be associated with larger standard errors and different intervention effects, which could
introduce statistical heterogeneity.'®*°*' We considered a study “small” if its sample size fell under the
first quartile when looking at the distribution of all study sample sizes included in a single meta-analysis.
The median threshold from which we considered a study sample size “small” was 46 participants and the

range varied between 28 and 74.

Assessment of the overall quality of the evidence

The overall quality of the evidence regarding the efficacy of SGs on each outcome was assessed
by using the Grading of Recommendations Assessment, Development and Evaluation (GRADE)
approach.*> GRADE formalizes the evaluation of the overall quality of evidence and the formulation of
recommendations. Quality of evidence depends on risks of bias, inconsistencies, imprecisions, and
indirectness in the results of the studies. For each outcome, there are four levels of quality of evidence
(very low, low, moderate, high) which represent our confidence in the pooled SMDs (i.e., the findings of
this review). Two authors independently assessed the quality of the evidence and all disagreements were

resolved through consensus.
RESULTS

Descriptive results of included studies

11
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From a pool of 3173 unique references, 37 studies were included in the systematic review, and 29
studies (78%; all percentages presented are out of the 37 studies included) provided enough data to be
included in a meta-analysis (see Figure 1). Descriptive data regarding included studies are reported in
Table 1 (see Text, Supplementary Digital Content 3 and 4, the lists of included studies and of excluded

studies at the full-text assessment stage are reported).

The median publication year was 2017. Twenty-eight studies (76%) were conducted exclusively
among healthcare students, eight studies (22%) exclusively among healthcare professionals, and one study
(3%) among both healthcare professionals and students. Regarding the professions, many studies were
conducted in the medical profession (n=24; 65%). The median sample size was 91 participants
(interquartile range (IQR) 99). Median attrition rates were 6.61% (IQR 20.89) at post-test assessment and
20% (IQR 25.28) at a follow-up period (i.e., between 6-week and 6-month post-intervention). E-learning

interventions (n=14; 38%) were the most frequent types of comparator intervention.

Three studies (8%) compared SGs between one another. It was shown in one of the included studies
that a voluntarily poor decision-making in an SG compared to a “normal” one did not influence the
improvement of cognitive skills (SMD 0.00 [95%CI -0.31, 0.31]).** Another study showed that more
frequent, but lighter sessions of SG usage, led to higher knowledge acquisition than fewer but more
intensive sessions of SG usage (SMD 0.43 [95%CI 0.30, 0.56]).> The last one focused on the evaluation
of two similar SGs; the experimental group received a SG an educational content aligned with the
learning objectives as the control group received a SG with a similar, but irrelevant educational content, to
avoid compensatory equalization in this group.®® The group that received the SG that was aligned with the
learning objective had significantly higher procedural skills compared with the control group (SMD 1.30

[95%CI1 0.85, 1.74]).

12



246

247

248

249

250

251

252

253

254

255

256

257

258

259

260

261

262

263

264

265

266

Otherwise, in ten studies (27%), the control group received no intervention or no intervention other
than one shared with the experimental group (e.g., both experimental and control groups shared the same

classroom-learning activity).

Risk of bias, selective reporting of outcomes in included studies, and reporting biases

Seven studies (19%) were judged at low risk of bias. The risk of bias graph is presented in Figure
2 (also see Figure, Supplementary Digital Content 5, the risk of bias summary for each study is presented).
Other studies were judged at high risk of bias, mainly due to reporting or methodological issues at study
level regarding the randomization sequence generation (n=17; 46%), and the allocation concealment
(n=29; 78%). Only six studies (16%) were prospectively registered or had published a protocol before the

publication of the results.

A funnel plot was constructed for the “Knowledge” outcome (see Figure, Supplementary Digital
Content 6, the funnel plot is presented). Visual inspection of the funnel plot revealed no serious reporting

biases at the body of literature level.

Description of the serious games

Most SGs were exclusively available on a computer (n=24; 65%), seven (19%) were offered
exclusively on a portable or a handheld device, four (11%) were available on more than one platform, and
two (5%) were available on an unspecified platform. Clinical topics were diverse; cardiac resuscitation
(n=5; 14%), triaging (n=3; 8%), and anatomy (n=3; 8%) were the most frequent. About half of the
included studies reported the expected frequency of using the SG (n=19; 51%) or its duration (n=23;
62%). In those, the median expected frequency of usage was one session (IQR 3) and the median expected

duration of usage was 60 minutes (IQR 150). Data related to the cost and time of development of the SG

13
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was not reported in any study (also see Table, Supplemental Digital Content 7, key information of the SGs

assessed are presented).

Ten studies (27%) cited the theoretical framework that guided the design or the development of the
SG; no theoretical framework was cited more than once across the 37 included studies. Two (5%) studies
reported the use of a game-based learning theory to guide the design of the SG. The most frequent
challenges in SGs included the assessment and/or management of a virtual patient presenting a health-

related illness condition (n=17; 46%) and answering questions on a clinical topic (n=10; 27%)).
Efficacy of serious games in supporting behavioral and experiential engagement

Our confidence in the results of all meta-analyses is presented in Table 2. Our confidence ranges from
very low to low for almost all meta-analyses conducted due mostly to serious risks of bias in included

studies, inconsistencies, and imprecisions in results.

Five studies (14%) were included in a meta-analysis (see Figure 3) to evaluate the efficacy of SGs on
behavioral engagement (i.e., minutes spent with the interventions). A non-statistically significant result
favoring SGs was found (mean difference (in minutes) 23.21 [95%CI -1.25, 47.66; 1,= 91%)]).
Heterogeneity remained high (> 50%) when conducting planned subgroup and sensitivity analyses (see

Figures, Supplementary Digital Content 8, subgroup and sensitivity analysis graphs are presented).

Five studies (14%) reported enough data to allow a comparison between the expected behavioral
engagement in the SG and the actual one in terms of time spent using the SG. In three studies, the actual

d’36-38

time spent was shorter than expecte in one it was longer,*’ and in one it was as expected.®’

Experiential engagement was contrasted between groups in 11 studies (30%). Aspects of experiential

engagement that were assessed are the following: perceived learning efficacy (n=9; 24%), enjoyment

14



288

289

290

291

292

293

294

295

296

297

298

299

300

301

302

303

304

305

306

307

308

309

(n=7; 19%), satisfaction (n=6; 16%), usability (n=5; 14%), appropriateness (n=4; 11%), focus (n=4; 11%)),
fidelity (n=4; 11%), difficulty (n=2; 5%), perceived learning efficiency (n=2; 5%), and stress (n=1; 3%).
Results regarding the efficacy of SGs on each aspect of experiential engagement are reported in Table 3.
Results were highly heterogeneous overall; SGs were rarely regarded as systematically superior to other

educational interventions for any of the aspects identified.

Efficacy of serious games in improving learning outcomes

Knowledge

Fifteen studies (41%) assessed participants’ acquisition of knowledge and eleven (30%) were
included in meta-analysis (Figure 4). We observed a negligible and non-statistically significant SMD of
0.16 (95%CI -0.20, 0.52; I,= 86%) in favor of SGs. The number of included studies in this meta-analysis
allowed for subgroup and sensitivity analyses. Statistical heterogeneity remained high (I* > 50%) in all
subgroup analyses. However, a statistically significant difference (p=0.006) was found between the pooled
SMD of studies conducted with healthcare students (SMD -0.19 [95%CI -0.66, 0.28]; 1, 85%) compared to
the pooled SMD of studies conducted with healthcare professionals (SMD 0.80 [95%CI 0.27, 1.32],
[,=84%). When removing the studies falling under the first quartile in term of sample size (less than 48
participants) statistical heterogeneity also remained high. However, the result became statistically
significant (SMD 0.48 [95%CI 0.19, 0.78], 1,.=77%). Two studies (5%) assessed participants’ retention of
knowledge, one after a follow-up period of six weeks and the other one after six months. At six weeks, a
negligible and non-statistically significant difference between a SG and written material was found (SMD
0.05 [95%CI -0.74, 0.83]).*' At six months, a negligible and non-statistically significant difference

between a SG and an e-learning intervention was found (SMD -0.14 [95%CI -0.60, 0.32]).*

15
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Skills

Ten studies (27%) assessed participants’ cognitive skills and five of them (11%) were included in
a meta-analysis (see Figure 6). We observed a negligible and non-statistically significant SMD of 0.08
(95% CI -0.73, 0.89; L= 95%) in favor of SGs. Heterogeneity remained high (> 50%) when exploring the
potential effect of study population, and publication year. Two studies included a follow-up period. At
three months, a small and non-statistically significant difference (SMD 0.23 [95% CI -0.11, 0.57])
favoring the SG compared to a classroom learning intervention was found and, at a follow-up period of 6
months, a small and statistically significant difference (SMD 0.46 [95% CI 0.32, 0.68]) favoring the SG

compared to an e-learning intervention was reported.****

Twelve studies (32%) assessed participants’ procedural skills. Four studies (11%) were included
in this meta-analysis (see Figure 7). We observed a negligible and non-statistically significant SMD of
0.05 (95%CI -0.78, 0.87; I,= 88%). The heterogeneity remained high (>50%) when exploring the potential
effect of the comparator intervention, study population, and publication year. One study (3%) included a
four-month follow-up period and a negligible and non-statistically significant difference (SMD -0.16

[95%CI -0.62, 0.29]) favoring the e-learning intervention was found.*’

Six studies (16%) assessed participants’ confidence in their skills and four of them (11%) were
included in a meta-analysis (see Figure 5). We observed a small and statistically significant SMD of 0.27
(95% CI1 0.01, 0.53; I,= 0%) in favor of SGs. Non-significant differences between groups were found

while exploring the potential effect of study population, publication year, and the comparator intervention.
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Attitude

Five studies (14%) assessed participants’ attitude. Three studies (8%) were included in this meta-
analysis (see Figure 8). We observed a negligible and non-statistically significant SMD of -0.09 (95%CI -
0.38, 0.20; [,= 47%) in favor of comparator educational interventions. The low number of included studies

in the main meta-analysis precluded us from conducting other subgroup or sensitivity analyses.

Behavior

Three studies (8%) assessed the perception of behavior change in practice. Two studies (5%) were
included in this meta-analysis (see Figure 9). We observed a negligible and non-statistically significant

SMD of 0.2 (95%CI -0.11, 0.51; I,= 0%) in favor of SGs.

Clinical outcomes

Only one study (3%) included the assessment of a clinical outcome in healthcare system users (i.e.,
number of days to blood pressure target in the patients who were taken care by the healthcare providers
participating in the study) and the authors reported a statistically significant difference (p=0.018) favoring

the SG compared (median = 142 days) to another e-learning intervention (median = 148 days).*
DISCUSSION

This systematic review examined the efficacy of SG in healthcare professions education. Most studies
were published in the last three years, among students, in the medical profession, and compared an SG
with another e-learning intervention. We found negligible and non statistically significant differences
between SGs and other educational interventions regarding their effects on knowledge acquisition,
cognitive and procedural skill development in a test setting, behavior change in clinical practice, or

supporting engagement during the learning activities. Additionally, heterogeneous results were found

17



350

351

352

353

354

355

356

357

358

359

360

361

362

363

364

365

366

367

368

369

370

371

regarding the efficacy of SGs to support any of the identified aspects of experiential engagement. This
systematic review adds to previous reviews on SGs in healthcare professions education by synthesizing
the latest evidence of their efficacy, by evaluating the assumption that SGs are more engaging than other
educational interventions, by quantifying their efficacy, and by exploring various sources of heterogeneity

through meta-analytic methods.

Educators should be aware of the limited evidence supporting the engaging nature of SGs with
healthcare professionals and students. Mixed findings regarding engagement are surprising considering
that the decision to use an SG is often motivated by their potential to improve learners’ engagement.*’#"#
The concept of engagement has a large scope that makes it almost an umbrella term for multiple emotional
or cognitive states and numerous behaviors.” As such, we remained inclusive of all measures used by
authors that were linked either to the behavioral or experiential dimension of engagement while using the
intervention. However, these findings are impeded by the small number of studies reporting engagement
outcomes and the lack of information regarding the validity or the reliability of the assessment tools used
in half of the studies. Authors should consider assessing learners’ engagement across educational
interventions using validated and reliable assessment tools, such as the evaluation questionnaire developed

by Dankbaar et al.*” in their study, or the usability questionnaire developed by Zaharias &

Povlymenakou™.

Non-significant differences between SGs and other educational interventions were found for most
learning outcomes. Our findings are in line with the ones reported in previous reviews regarding the
efficacy of SGs in improving learning outcomes.'*'* Authors of these previous reviews underlined the
mixed efficacy of SGs to improve learning outcomes compared to other educational interventions. Our

meta-analyses showed that, for most learning outcomes and no matter what the comparator educational
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intervention was, the overall body of the evidence did not support the claim that SGs were significantly
more effective. The lack of theoretical framework to support SG design could serve as an explanation for
these results as most authors did not explicate a theoretical framework for the design of their SGs and only
two explicitly referred to a game-based learning theory.®**#**! Designing an SG through a theoretical lens
holds the potential to greatly improve learners’ engagement and learning outcomes.> Theoretical works
should be undertaken and synthesized to explain the mechanisms through which SGs are expected to lead

to learning outcomes.

Furthermore, authors of recent RCTs underlined the ongoing difficulty in identifying empirical data
to support their design choices.**”* We had initially planned in the published protocol to evaluate the
individual impact of SG design elements on engagement and learning outcomes.'® Unfortunately, scarce
data prevented us from doing so. Few included studies compared different versions of an SG between one
another which is essential to isolate the impact of individual design choices.**~*34*3* Future studies should

focus on evaluating the efficacy of different versions of a SG on engagement and learning outcomes.

Regarding the long-term retention of learning outcomes, only five studies included a follow-up
period and three of them reported non-significant differences between groups. It should be noted that the
median expected frequency and duration of usage is a single 60-minute session, and that learners have
been shown in some studies to use the SGs less than expected ***". It could be hypothesized that the
duration of SG use is not enough to bring greater long-term changes in learning outcomes compared to
other educational interventions. Future studies should consider assessing participants’ long-term retention
of learning outcomes, as there is insufficient evidence to support SG efficacy in the long-term compared to

other educational interventions.

19



393

394

395

396

397

398

399

400

401

402

403

404

405

406

407

408

409

410

411

412

413

As the development of an SG can be a resource-intensive endeavor and as some SGs are
commercialized following their evaluation, researchers should consider prospectively registering their trial
or publishing their research protocol to improve the transparency in the reporting of their results and to
avoid any suspicion of potential conflicts of interest.> This would facilitate the evaluation of the selective
reporting of outcomes in result papers. Moreover, regarding the reporting, most studies were judged at
high risk of bias as the reporting of the randomization sequence generation and the allocation concealment
were unclear. Future studies should make sure to report all elements necessary to their assessment. The
adoption of reporting grids, such as the CONSORT grid, by journals, and the use of them by researchers,

could greatly improve the reporting of these trials.*

Strengths of this systematic review include the prospective publication of the protocol,'® and the
reporting of the results according to the PRISMA guidelines, enhancing the transparency of the research
process.”’ Furthermore, the data extraction process was piloted, and all data extraction forms were
validated by a second review author. Limits of this review include the selection of RCTs only and their
relatively low number. Following the Cochrane guidance, we restricted this review to RCTs to minimize
threats to internal validity, and as we were aware that the efficacy of SGs had already been evaluated in
multiple RCTs.?® Another limit include a potential language bias as only studies published in English and
in French were considered. However, the visual inspection of the funnel plot did not allow for the
identification of a significant language bias or other types of reporting biases. Furthermore, as the nature
of what constitute an SG and how it differs from interventions such as virtual simulations is still a matter
of debate,’® we remained inclusive in our definition of SGs. To address potential ambiguities regarding the

nature of study interventions, we screened all references independently and in pairs, and all disagreements
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were resolved through discussion with a third author. Still, we recognize our inclusive definition of SGs as

a potential limit to our work.

Compared with other educational interventions, SGs led to neither statistically better behavioral
engagement, knowledge acquisition, cognitive and procedural skills development, attitude change, nor
behavior change. Only a statistically significant but small SMD was found in favor of SGs to improve
confidence in skills. Additionally, heterogeneous results were found regarding the efficacy of SGs to
support any of the identified aspects of experiential engagement. Our findings are impeded by high or
unclear risk of bias across studies, inconsistencies in the directions of effect, and imprecisions of study
results. As such, our confidence ranges from very low to low regarding the results of almost all meta-
analyses that were conducted. We recommend that authors base their SG design choices on a theoretical
framework and that they report their results according to the CONSORT statement. Moreover, future
research should focus on assessing if healthcare professionals’ clinical practice changes occur in post SG
training, clinical outcomes in patients under the care of healthcare professionals that used SGs, and long-

term retention of learning outcomes.
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Figure legends

Figure 1. PRISMA flow diagram

Figure 2. Risk of bias graph

Figure 3. Meta-analysis of the efficacy of serious games on supporting behavioral engagement

Note. CI: confidence interval; IV: inverse of the variance; SD: standard deviation

Figure 4. Meta-analysis of the efficacy of serious games on knowledge acquisition

Note. CI: confidence interval; IV: inverse of the variance; SD: standard deviation

Figure 5. Meta-analysis of the efficacy of serious games on improving confidence in skills

Note. CI: confidence interval; IV: inverse of the variance; SD: standard deviation

Figure 6. Meta-analysis of the efficacy of serious games on improving cognitive skills

Note. CI: confidence interval; IV: inverse of the variance; SD: standard deviation

Figure 7. Meta-analysis of the efficacy of serious games on improving procedural skills

Note. CI: confidence interval; IV: inverse of the variance; SD: standard deviation

Figure 8. Meta-analysis of the efficacy of serious games on attitude change

Note. CI: confidence interval; IV: inverse of the variance; SD: standard deviation

Figure 9. Meta-analysis of the efficacy of serious games on behavior change

Note. CI: confidence interval; IV: inverse of the variance; SD: standard deviation
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Table 1. Key information of included studies

First author- Study design
year, Country

Study participants

Outcomes '

Compared to classroom learning

Courtier-2016 Two-group cluster 48 fourth-year medical students Experiential engagement
United States randomized controlled Knowledge
trial
Diehl-2017 Two-group randomized 170 primary care physicians Attitudes®
Brazil controlled trial Behaviors®

Cognitive skills®*
Experiential engagement

Hannig-2013 Two-group randomized
Germany controlled trial

55 second-year dental students

Confidence

Knight-2010 Two-group randomized
United controlled trial
Kingdoms

91 various healthcare professionals (e.g.,
medical doctors, nurses, paramedic)

Cognitive skills*
Procedural skills

Compared to written material

Boeker-2013 Two-group randomized
Germany controlled trial

145 third-year medical students

Experiential engagement
Knowledge*

Polivka-2019 Two-group randomized

74 various healthcare professionals and

Cognitive skills

USA controlled trial students
Rondon-2013 Two-group randomized 29 second-year speech-language and hearing Knowledge®
Brazil controlled trial science students

Compared to e-learning

Adjedj-2017 Two-group randomized
France crossover trial

68 medical students

Experiential engagement*



First author-
year, Country

Study design

Study participants

Outcomes '

Berger-2018 Two-group randomized 117 second-year pharmacy students Attitude
Switzerland controlled trial Confidence
Experiential engagement
Knowledge
Buijs-Spanjers-  Three-group randomized 176 third-year medical students Attitude

2018

controlled trial

Cognitive skills*

Netherlands Experiential engagement*
Dankbaar-2017  Two-group randomized 90 fourth-year medical students Behavioral engagement™
Netherlands controlled trial Behaviors
Confidence
Experiential engagement
Knowledge
de Sena-2019 Two-group randomized 45 first-year medical students Behavioral engagement*
Brazil controlled trial Knowledge
Procedural skills
Drummond- Two-group randomized 82 second-year medical students Procedural skills®
2017 controlled trial
France
Gauthier-2015 Two-group randomized 46 first-year medical anatomy students Behavioral engagement
Canada controlled trial Knowledge

Kerfoot-2014
USA

Two-group randomized
controlled trial

111 physicians, nurse practitioners, and
physician assistants

Behavioral engagement

Clinical outcome in patients*

Knowledge*

Mohan-2017
USA

Four-group randomized
controlled trial

368 emergency medicine physicians

Behavioral engagement
Cognitive skills®*
Experiential engagement

Scales-2016
USA

Two-group randomized
controlled trial

422 resident physicians from various
training specialties

Knowledge



First author-
year, Country

Study design

Study participants

Outcomes '

Sward-2008 Two-group randomized
USA controlled trial

100 third-year medical students

Experiential engagement
Knowledge®

Compared to another serious game

Buijs-Spanjers- ~ Two-group randomized

159 third-year medical students

Attitudes

2019 controlled trial Cognitive skills
Netherlands Experiential engagement
Haubruck-2018  Two-group randomized 95 third-to-six-year medical students Experiential engagement*
Germany controlled trial Procedural skills*
Kerfoot-2012 Two-group randomized 1470 urologists from various countries Knowledge*

USA controlled trial

Compared to simulation or virtual simulation

Chee-2019 Two-group randomized 46 registered nurses Confidence*

Singapore controlled trial Procedural skills*
Chien-2013 Two-group randomized 14 medical students Procedural skills

United States controlled trial

Katz-2017 Two-group randomized
USA controlled trial

44 residents on liver transplant rotation

Procedural skills*

Compared to multiple interventions

Brull-2017 Three-group randomized
United States controlled trial

115 newly graduated nurses at an urban
community teaching hospital

Compared to classroom learning and e-
learning

Knowledge*

Dankbaar-2016
Netherlands

Three-group randomized
controlled trial

79 fourth-year medical students

Behavioral engagement
Cognitive skills
Experiential engagement



First author-
year, Country

Study design

Study participants

Outcomes '

Compared to e-learning and to no
intervention

Mohan-2018
USA

Four-group randomized
controlled trial

320 emergency medicine physicians

Compared to e-learning, serious game, and
no intervention

Behavioral engagement
Cognitive skills*
Experiential engagement

Compared to no intervention

Boada-2015 Two-group randomized 109 second-year nursing students Procedural skills*
Spain controlled trial

Cook-2012 Two-group randomized 34 third-year nursing students Procedural skills
United controlled trial

Kingdoms

Del Blanco- Two-group randomized 132 second- and third-year nursing and Behaviors*
2017 controlled trial medicine students Confidence
Spain

Foss-2014 Two-group randomized 201 first- and second-year undergraduate Cognitive skills
Norway controlled trial nursing students

Graafland-2017  Two-group randomized 31 first- or second-year residents in general ~ Cognitive skills
Netherlands controlled trial surgical training

Harrington-2018
Ireland

Two-group randomized
controlled trial

20 first-to-third-year medical students

Procedural skills*

Lagro-2014 Two-group randomized 145 fifth-year medical students Attitude
Netherlands controlled trial Knowledge
Li-2015 Two-group randomized 97 freshman medical students Procedural skills*

China

controlled trial



First author- Study design Study participants Outcomes

year, Country

Tan-2017 Two-group cluster 111 second-year nursing students Confidence*

Singapore randomized controlled Knowledge*
trial Procedural skills

Van Nuland- Three-group crossover 67 kinesiology students Knowledge*

2014 randomized controlled

Canada trial

Note. I Comparator refers to an intervention solely received by the control group (i.e., an intervention that is not shared with the
experimental group). § An outcome that was also measured at a follow-up period. * An outcome for which there was a statistically
significant difference favoring the experimental group.



Table 2. Summary of our certainty in the quantitative evidence using the Grading of
Recommendations Assessment, Development and Evaluation (GRADE) approach.

Standardized mean differences

. Ne of Certainty of
Outcomes (SMDS)( rneat; differences participants the evidence Justification
(MDs) with 95% confidence (studies) (GRADE)
interval (CI) studies
Learning time Serious risk of bias and
with the MD 23.21 (95%CI -1.25, 377 ®O0O0 very serious imprecision.
intervention 47.66) (4 RCTs) Very low  However, mostly consistent
(in minutes) results
Serious risk of bias and
1047 ®OQOQ inconsistency, and very
0 _ s
Knowledge  SMD 0.16 (95%C1-0.20, 0.52) (11 RCTs) Very low  serious imprecision of
results
: Serious risk of bias
Confidence in 235 ®000 Lo
. SMD 0.27 (95%CI 0.01, 0.53) However, consistent and
skills (4 RCTs) Moderate precise results
Serious risk of bias and
Cognitive 0 634 ®OOQ inconsistency, and very
skills SMD 0.08 (95%CT -0.73, 0.89) (5 RCTs) Very low  serious imprecision of
results
Serious risk of bias and
Procedural o 210 ®OOO inconsistency, and very
skills SMD 0.05 (95%C1-0.78, 0.87) (4 RCTs) Very low  serious imprecision of
results
. SMD -0.09 (95%CI -0.38, 352 @@OQ  Serious risk of bias and
Attitudes 0.20) L imprecision of results, and
’ (3 RCTs) ow very serious inconsistency
164 Serious risk of bias and
Behaviors  SMD 0.2 (95%CI -0.11, 0.51) EBEEOO inconsistency. However,
(2 RCTs) ow precise results

Note. CI : Confidence interval; RCT : Randomized controlled trial; SMD : Standardized mean difference



Table 3. Participants’ self-reported assessment regarding the following aspects of the experiential engagement.

Comparator
Classroom Written E-learning
learning material
= S
S g E| T |z FE I £ £ ¢
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5 S ~ [\ S S I = Do B
S 3 B = 5= 2 8 8 2 =2 3
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Appropriateness
The intervention format and its content are judged +* - +*
appropriate and credible for learning.
Difficulty
The level of knowledge and skills required to progress in + ¥
the intervention is adequate to learners’ expertise.
Enjoyment
The intervention is enjoyable or pleasant for learners. ol +* - O
Fidelity
The intervention is representative of reality, as learners - o F
perceives it.
Focus
The intervention allows learners to concentrate on the - + 4
content presented.
Learning efficacy
The intervention allows learners to feel that their learning | -* + o+ +* =+ 4+ +
has progressed.
Learning efficiency
Learners perceive positively the ratio of time and effort . N
invested in the intervention versus their learning
progression.




Satisfaction
The intervention fulfills learners’ overall expectations - - +* +* - +
and needs.
Stress
The intervention is perceived as excessively demanding -
by learners.

Usability

The intervention is perceived as easy to use by learners.

Note. +: The serious game was rated as superior to the comparator intervention; O: No difference was reported; -: The serious game
was rated as inferior to the comparator intervention; *: This difference reached statistical significance.



Figure 1 - PRISMA Flow diagram



3172 recards 1 additional

identified through recards identified
database through other
searching SOUMCES

!

1855 recards after duplicates
remaoved

¥

1855 records
screened

1752 records
excluded

¥
103 full-text
articles assessed | —
for eligibility

66 full-text articles
excluded:

- Not a study
(n=13)

- Mot in healthcare
professionals ar
students (n=9)

- Mot a serious
game (n=26)

- No randomised
comparator group
(n=15)

- No measure of
engagement or
learning outcomes
(n=3)

¥

37 studies
included in
qualitative
synthesis

Missing data ta
compute a
standardized
mean difference
(n=8)

¥

29 studies
included in
quantitative
synthesis
(meta-analysis)




Figure 2 -
Risk of bias graph
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Figure 3 -
Meta-analysis on
time spent with
the intervention



operimental Control
Study or Subgroup SD Total Mean _SD Total Weight IV, Random, 95% CI IV, Random, 95% C1
V.clearning
Dankhaar-2016 @ 49 12 133 78 15 117% -4300[90.22,4.22]
Mohan-2018 105 3411 BB 100 4538 37 188%  500[11.78,21.78]
De Sena-2019 1857 066 23 741 043 22 207% 11.15[10.84,11.48] -
Mohan-2018 11767 5078 100 4538 36 183% 1767 (1.55,36.90] —
Dankhaar-2017 174 54 60 3¢ 156% 120.00[8951,15049] —_—
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Heterogeneity Tau*= 852.99; Ch 4(P <0.00001); F=93%
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Dankhaar-2016 @ 49 13 70 46 20 148%  2000[13.41,53.41] —
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Hetetogeneity: Not applicable
Test for overall eflect Z= 1.17 (P=
Total (95% Cl) 165 100.0%  2321[-1.25,47.66] -
Heterogeneity Tau*= 753.93; Ch (P <0.00001); F=91%

Testfor overall effect 2= 1.86 (
Testfor subaroun differences: Chi

0.03 df=1(P=087
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50 100
Favours [experimental]



Figure4 -
Meta-analysis on
knowledge
acquistion



Experimental Control d.
Study or Subgroup __Mean __SD_Total Mean _SD Total Weight IV, Random, 95% CI IV, Random, 95% CI

V.classroom learning

Couttier-2016 36 076 25 45 1 23 79%  -1.00[161,-0.40]
rull-2017 45 23 26 415 33 312 81% 1191063, 1.76]
Subtotal (95% CI) 51 55 159%  0.10[2.05,225]

Heterogeneity Tau®= 2.32; Chit= (P <0.00001); F= 96%
09 ¢

Testfor oversl effect: 2

V. written material
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Berger-2018 707 15 41 B8I 14 30 86% 019028088
Scales Jr- 2016 34 35 133 27 33 188 9%  021(0.02,0.43
Gauthier-2015 975 215 24 023 207 22 80%  0.24[0.34,087
Dankbaar-2017 601 B7 28 578 65 32 84%  033[0.18,084
Koot 214 @ 8 52 78 19 & 90% 082[042,1.22)
12017 45 23 26 411 41 3 81% 1.13[057,1.69)
Subtoal (95% C) 378 394 683%  021[0.16,058]

Heterogeneity Tau®= 0.22; Chi
Testfor overall effect Z=

Total (95% CI) 524 1000%  0.16[-020,052]

Heteogenely Taut=.0 33 i~
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Figure 4 -
Meta-analysis on
confidence
improvement



Experimental Control Std. Std.
Study or Subgroup _Mean _SD Total Mean SD Total Weight IV, Random, 95%CI IV, Random, 95% C1

v. cI lassroom learning

3228 182 30 3192 169 25 237%  020(034,073 —g

Sulylnlal(95nCI) 30 25 237%  0.20[034,0.73] ———
Hetetogeneity: Not applicable
Test for overall eflct 2= 0.73 (P = 0.47)

v.edearning
Berger-2018 461 13 41 458 128 29 207% 002045050
Dankhaar-2017 679 76 32 BA7 107 32 275% 0341015083 [
Subtotal (95% CI) 0.18[-0.17,0.52] ———_
Heterogeneity: Tau*= 0.00; Ch
Test for overall efect Z= 101 §

V. simulation or virtual simulation

. 23 3626 801 23 190%  064(0.05,1.24] E——
Subtotal (95% CI) 23 23 19.0% 0.64[0.05,1.24] —————
Hetetogeneity: Not applicable
Test for overall efect Z= 2.12 (P= 0.03)
Total (95°% CI) 100.0% 0.27[0.01,053] -
Helrogenaty Taur= 001 chr -

05 05 7
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Figure 4 -
Meta-analysis on
cognitive skill
development
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Std.
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Figure 5 -
Meta-analysis on
procedural skill
development
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Figure 6 -
Meta-analysis on
attitude change
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Figure 7 -
Meta-analysis on
behavior change
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CINAHL

1. TI ("serious gam*" OR "applied gam*" OR ((simulation OR training OR teaching OR
educational OR education OR learning OR interactive) AND (((online OR electronic OR digital
OR "overthecounter” OR commercial OR computer OR virtual OR "mobile application*" OR
"mobile app™) AND (game OR games OR gamification OR gaming)) OR (videogame* OR
"video game*")))) OR AB (“serious gam*" OR "applied gam*" OR ((simulation OR training OR
teaching OR educational OR education OR learning OR interactive) AND (((online OR
electronic OR digital OR "over-the-counter" OR commercial OR computer OR virtual OR
"mobile application*" OR "mobile app") AND (game OR games OR gamification OR gaming))
OR (videogame* OR "video game*"))))

2. (MH "Video Games+")
3.10R2

4. T1 ("Health Personnel” OR "Health professional*" OR "Health care profession*" OR
"Healthcare profession*" OR "Medical student*" OR "Medical assistant*" OR "health worker*"
OR Audiologist* OR Chiropractor* OR Dentist* OR Dietitian* OR Dermatolog* OR End
ocrinologist* OR Gastroenterolog* OR Gynecolog* OR Radiolog* OR "Medical Staff* OR
Midwife* OR neurologi* OR nutritionist* OR Nurse* OR nursing OR Optometrist* OR
"Occupational Therapist*" OR Patholog* OR Paramedic* OR Paediatric* OR pediatrician* OR
Paediatrician* OR pediatric* OR Pharmacist* OR Pharmaconomist* OR Pharmacologist* OR
"Pharmacy technician*" OR Phlebotomist* OR Physician* OR Podiatrist* OR Psychologist* OR
Psychotherapist* OR psychiatrist* OR "Physical therapist*" OR physiotherapist* OR
"Respiratory therapist*" OR Surgeon* OR surgical OR Clinician* OR Cardiologist* OR
"medical technician*" OR "emergency doctor*" OR emergentologist* OR "clinical officer*" OR
"Community health worker*" OR Radiographer* OR technologist* OR Radiotherapist* OR
Anesthetist* OR Resident* OR trainee* OR intern*) OR AB (""Health Personnel™ OR "Health
professional*" OR "Health care profession*" OR "Healthcare profession*" OR "Medical
student*" OR "Medical assistant*" OR "health worker*" OR Audiologist* OR Chiropractor* OR
Dentist* OR Dietitian* OR Dermatolog* OR endocrinologist* OR Gastroenterolog* OR
Gynecolog* OR Radiolog* OR "Medical Staff* OR Midwife* OR neurologi* OR nutritionist*
OR Nurse* OR nursing OR Optometrist* OR "Occupational Therapist*" OR Patholog* OR
Paramedic* OR Paediatric* OR pediatrician* OR Paediatrician* OR pediatric* OR Pharmacist*
OR Pharmaconomist* OR Pharmacologist* OR "Pharmacy technician*" OR Phlebotomist* OR
Physician* OR Podiatrist* OR Psychologist* OR Psychotherapist* OR psychiatrist* OR
"Physical therapist*" OR physiotherapist* OR "Respiratory therapist*" OR Surgeon* OR
surgical OR Clinician* OR Cardiologist* OR "medical technician*" OR "emergency doctor*"
OR emergentologist* OR "clinical officer*" OR "Community health worker*" OR
Radiographer* OR technologist* OR Radiotherapist* OR Anesthetist* OR Resident* OR
trainee* OR intern*)

5. (MH "Health Personnel+") OR (MH "Students, Medical") OR (MH "Students, Nursing+")

6. (MH "Education, Premedical™) OR (MH "Education, Medical+") OR (MH "Education,
Nursing+") OR (MH "Education, Pharmacy")

7.40R50R6

Gabrielle Mathieu-Dupuis
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8. Tl (Knowledge* OR Aptitude* OR accuracy OR abilit* OR capacity* OR confidence OR
competenc* OR impact* OR skill* OR performance* OR "Learning outcome*" OR "training
outcome*" OR effectiveness OR efficacy OR improvement* OR innovat* OR retention OR
"randomi?ed controlled trial™) OR AB (Knowledge* OR Aptitude* OR accuracy OR abilit* OR
capacity* OR confidence OR competenc* OR impact* OR skill* OR performance* OR
"Learning outcome*" OR "training outcome*" OR effectiveness OR efficacy OR improvement*
OR innovat* OR retention OR "randomi?ed controlled trial")

9. (MH "Knowledge+") OR (MH "Clinical Competence+") OR (MH "Quality Improvement+")
OR(MH "Learning+") OR (MH "Educational Measurement+") OR (PT "randomized controlled
trial™)

10.80R9
11. 3 AND 7 AND 10
12. 11 AND LA ( (english OR french) ) AND DT 20000101-20171231 AND PT Journal Article

Gabrielle Mathieu-Dupuis
Librarian - Consultant



EMBASE (OVID)
1. ("serious gam*" OR "applied gam*" OR ((simulation OR training OR teaching OR educational

OR education OR learning OR interactive) AND (((online OR electronic OR digital OR
"overthecounter” OR commercial OR computer OR virtual OR "mobile application*" OR
"mobile app™) AND (game OR games OR gamification OR gaming)) OR (videogame* OR
"video game*")))).ti,ab.

2. exp video game/
3.10R2

4. ("Health Personnel™ OR "Health professional$1" OR "Health care profession*" OR
"Healthcare profession*" OR "Medical student$1" OR "Medical assistant$1” OR "health
worker$1" OR Audiologist$1 OR Chiropractor$l OR Dentist$1 OR Dietitian$1 OR Dermatolog*
OR endocrinologist$l OR Gastroenterolog* OR Gynecolog* OR Radiolog* OR "Medical Staff"
OR Midwife$1 OR neurologi*OR nutritionist$1 OR Nurse$1 OR nursing OR Optometrist$1 OR
"Occupational Therapist$1" OR Patholog* OR Paramedic$1 OR Paediatric$1l OR pediatrician$1
OR Paediatrician$1 OR podiatrist$1l OR pediatric31 OR Pharmacist$1 OR Pharmaconomist$1l
OR Pharmacologist$1 OR "Pharmacy technician$1" OR Phlebotomist$1 OR Physician$1l OR
Podiatrist$1 OR Psychologist$1 OR Psychotherapist$1 OR psychiatrist$1 OR "Physical
therapist$1" OR physiotherapist$1l OR "Respiratory therapist$1” OR Surgeon$l OR Surgical OR
Clinician$1 OR Cardiologist$1 OR "medical technician$1" OR "emergency doctor$1" OR
emergentologist$1 OR "clinical officer$1” OR "Community health worker$1" OR
Radiographer$l OR technologist$1l OR Radiotherapist$1l OR Anesthetist$1 OR Resident$1 OR
trainee$l OR intern$l).ti,ab.

5. exp health care personnel/ OR exp premedical student/ OR exp medical student/ OR exp
nursing student/

6. exp medical education/ OR exp nursing education/ OR exp clinical education/
7.40R50R6

8. (Knowledge$l OR Aptitude$l OR accuracy OR abilit* OR capacity* OR confidence OR
competenc*OR impact$1 OR skill$1 OR performance$1 OR "Learning outcome$1" OR "training
outcome*" OR effectiveness OR efficacy OR improvement$1 OR innovat* OR retention OR

"randomi?ed controlled trial™).ti,ab.

9. exp clinical competence/ OR *total quality management/ OR exp learning curve/ OR exp
knowledge/ OR exp Randomized Controlled Trials as Topic/

10.80R 9

11. 3 AND 7 AND 10

12.2000:2017.dp. AND (english OR french).la. AND Journal: Article.pt.
13.11 AND 12

Gabrielle Mathieu-Dupuis
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ERIC (ProQuest)

1. TI,AB("serious gam*" OR "applied gam*" OR ((simulation OR training OR teaching OR
educational OR education OR learning OR interactive) AND (((online OR electronic OR digital
OR "over-the-counter” OR commercial OR computer OR virtual OR "mobile application*" OR
"mobile app™) AND (game OR games OR gamification OR gaming)) OR (videogame* OR
"video game*"))))

2. SU.EXACT("Video Games")
3.10R2

4. TI,AB("Health Personnel” OR "Health professional$1" OR "Health care profession*" OR
"Healthcare profession*" OR "Medical student$1” OR "Medical assistant$1" OR "health
worker$1" OR Audiologist$1 OR Chiropractor$l OR Dentist$1l OR Dietitian$1l OR Dermatolog*
OR endocrinologist$l OR Gastroenterolog* OR Gynecolog* OR Radiolog* OR "Medical Staff"
OR Midwife$1 OR neurologi*OR nutritionist$1 OR Nurse$1 OR nursing OR Optometrist$1 OR
"Occupational Therapist$1" OR Patholog* OR Paramedic$1 OR Paediatric$1 OR pediatrician$1
OR Paediatrician$1 OR podiatrist$1l OR pediatric31 OR Pharmacist$1 OR Pharmaconomist$1
OR Pharmacologist$1 OR "Pharmacy technician$1" OR Phlebotomist$1 OR Physician$1l OR
Podiatrist$1 OR Psychologist$1 OR Psychotherapist$1 OR psychiatrist$1 OR "Physical
therapist$1” OR physiotherapist$1l OR "Respiratory therapist$1” OR Surgeon$1l OR Surgical OR
Clinician$1 OR Cardiologist$1 OR "medical technician$1" OR "emergency doctor$1" OR
emergentologist$1l OR "clinical officer$1” OR "Community health worker$1" OR
Radiographer$l OR technologist$1l OR Radiotherapist$1 OR Anesthetist$1 OR Resident$1l OR
OR trainee$l OR intern$l)

5. SU.EXACT.EXPLODE("Health Personnel™) OR SU.EXACT("Premedical Students")OR
SU.EXACT.EXPLODE("Medical Students") OR SU.EXACT.EXPLODE("Nursing Students")

6. SU.EXACT.EXPLODE("Pharmaceutical Education™) OR SU.EXACT.EXPLODE("Medical
Education") OR SU.EXACT.EXPLODE("Nursing Education™) OR
SU.EXACT.EXPLODE("Clinical Experience™)

7.40R50R6

8. TI,AB(Knowledge$1 OR Aptitude$1 OR accuracy OR abilit* OR capacity* OR confidence
OR competenc*OR impact$1 OR skill$1 OR performance$l OR "Learning outcome$1" OR
"training outcome*" OR effectiveness OR efficacy OR improvement$1 OR innovat* OR
retention OR "randomi?ed controlled trial™)

9. SU.EXACT.EXPLODE("Learning Processes") OR SU.EXACT.EXPLODE("Knowledge
Level") OR SU.EXACT.EXPLODE("Skill Development™) OR
SU.EXACT.EXPLODE("Outcomes of Education™)

10.80R 9

11. 3 AND 7 AND 10

12. PD(2000-2017) AND LA(english OR french) AND DTYPE( journal articles)
13. 11 AND 12

Gabrielle Mathieu-Dupuis
Librarian - Consultant



PsychINFO (APA PsychNet)

1. Title : ("serious gam*" OR "applied gam*" OR ((simulation OR training OR teaching OR
educational OR education OR learning OR interactive) AND (((online OR electronic OR digital
OR "over-the-counter” OR commercial OR computer OR virtual OR "mobile application*" OR
"mobile app™) AND (game OR games OR gamification OR gaming)) OR (videogame* OR
"video game*")))) OR Abstract : ("serious gam*" OR "applied gam*" OR ((simulation OR
training OR teaching OR educational OR education OR learning OR interactive) AND (((online
OR electronic OR digital OR "over-the-counter" OR commercial OR computer OR virtual OR
"mobile application*" OR "mobile app") AND (game OR games OR gamification OR gaming))
OR (videogame* OR "video game*")))) OR Index terms: {Computer Games}

2. Title : ("Health Personnel” OR "Health professional*" OR "Health care profession*" OR
"Healthcare profession*" OR "Medical student*" OR "Medical assistant*" OR "health worker*"
OR Audiologist* OR Chiropractor* OR Dentist* OR Dietitian* OR Dermatolog* OR
endocrinologist* OR Gastroenterolog* OR Gynecolog* OR Radiolog* OR "Medical Staff* OR
Midwife* OR neurologi* OR nutritionist* OR Nurse* OR nursing OR Optometrist* OR
"Occupational Therapist*" OR Patholog* OR Paramedic* OR Paediatric* OR pediatrician* OR
Paediatrician* OR pediatric* OR Pharmacist* OR Pharmaconomist* OR Pharmacologist* OR
"Pharmacy technician*" OR Phlebotomist* OR Physician* OR Podiatrist* OR Psychologist* OR
Psychotherapist* OR psychiatrist* OR "Physical therapist*" OR physiotherapist* OR
"Respiratory therapist*" OR Surgeon* OR surgical OR Clinician* OR Cardiologist* OR
"medical technician*" OR "emergency doctor*" OR emergentologist* OR "clinical officer*" OR
"Community health worker*" OR Radiographer* OR technologist* OR Radiotherapist* OR
Anesthetist* OR Resident* OR trainee* OR intern*) OR Abstract: ("Health Personnel” OR
"Health professional*" OR "Health care profession*" OR "Healthcare profession*" OR "Medical
student*" OR "Medical assistant*" OR "health worker*" OR Audiologist* OR Chiropractor* OR
Dentist* OR Dietitian* OR Dermatolog* OR endocrinologist* OR Gastroenterolog* OR
Gynecolog* OR Radiolog* OR "Medical Staff" OR Midwife* OR neurologi* OR nutritionist*
OR Nurse* OR nursing OR Optometrist* OR "Occupational Therapist*" OR Patholog* OR
Paramedic* OR Paediatric* OR pediatrician* OR Paediatrician* OR pediatric* OR Pharmacist*
OR Pharmaconomist* OR Pharmacologist* OR "Pharmacy technician*" OR Phlebotomist* OR
Physician* OR Podiatrist* OR Psychologist* OR Psychotherapist* OR psychiatrist* OR
"Physical therapist*" OR physiotherapist* OR "Respiratory therapist*"" OR Surgeon* OR
surgical OR Clinician* OR Cardiologist* OR "medical technician*" OR "emergency doctor*"
OR emergentologist* OR "clinical officer*" OR "Community health worker*" OR
Radiographer* OR technologist* OR Radiotherapist* OR Anesthetist* OR Resident* OR
trainee* OR intern*) OR Index terms: {Allied Health Personne} OR {Health Personne} OR
{Medical Personnel} OR {Mental Health Personnel} OR {Medical Students{ OR {Nursing
Students} OR Index terms: {Medical Education} OR {Nursing Education} OR {Medical
Internship} OR {Medical Residency} OR {Psychiatric Training}

3. Title : (Knowledge* OR Aptitude* OR accuracy OR abilit* OR capacity* OR confidence OR
competenc* OR impact* OR skill* OR performance* OR "Learning outcome*" OR "training
outcome*" OR effectiveness OR efficacy OR improvement* OR innovat* OR retention OR
"randomi?ed controlled trial") OR Abstract : (Knowledge* OR Aptitude* OR accuracy OR
abilit* OR capacity* OR confidence OR competenc* OR impact* OR skill* OR performance*
OR "Learning outcome*" OR "training outcome*" OR effectiveness OR efficacy OR
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improvement* OR innovat* OR retention OR "randomi?ed controlled trial™) OR Index Terms:
{Declarative Knowledge} OR {Health Knowledge} OR {Job Knowledge} OR {Knowledge
(General)} OR {Learning} OR {Procedural Knowledge} OR {Professional Competence} OR
{Skill Learning} OR {Educational Measurement}

4.1 AND 2 AND 3

5. Language:(english OR french) AND Document type: Journal Article AND Year: 2000 to
2017

6.4 AND 5

Gabrielle Mathieu-Dupuis
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PubMed

. serious gam*[TIAB] OR applied gam*[TIAB] OR ((simulation[TIAB] OR training [TIAB] OR
teaching[TIAB] OR educational[TIAB] OR education[TIAB] OR learning[TIAB] OR
interactive[ TIAB]) AND (((online[TIAB] OR electronic[TIAB] OR digital[ TIAB] OR "over-the-
counter"[TIAB] OR commercial[TIAB] OR computer[TIAB OR virtual[TIAB] OR mobile
application*[TIAB] OR mobile app[TIAB]) AND (game[TIAB] OR games[TIAB] OR
gamification[TIAB] OR gaming[TIAB] OR game-based[TIAB])) OR (videogame*[TIAB] OR
video game*[TIAB)))

2. "Video Games"[MH]
. #1 OR #2

. Health Personnel*[TIAB] OR Health professional*[TIAB] OR Health care profession*[TIAB]
OR Healthcare profession*[ TIAB] OR Medical student*[ TIAB] OR Medical assistant*[ TIAB]
OR health worker*[TIAB] OR Audiologist*[TIAB] OR Chiropractor*[TIAB] OR Dentist[TIAB]
OR Dentists[TIAB] OR Dietitian*[ TIAB] OR Dermatolog*[TIAB] OR endocrinologist*[TIAB]

OR Gastroenterolog*[TIAB]OR Gynecolog*[TIAB]OR Radiolog*[TIAB] OR Medical
Staff[TIAB] OR Midwife*[TIAB] OR neurologi*[TIAB] OR nutritionist*[ TIAB] OR
Nurse[TIAB] OR Nurses[TIAB] OR nursing[TIAB] OR Optometrist*[ TIAB] OR Occupational
Therapist*[ TIAB] OR Patholog*[TIAB] OR Paramedic[TIAB] OR Paediatric[TIAB] OR
pediatrician*[TIAB] OR Paediatrician*[TIAB] OR pediatrist*[TIAB] OR pediatric[TIAB] OR
Pharmacist*[ TIAB] OR Pharmaconomist*[TIAB] OR Pharmacologist*[TIAB] OR Pharmacy
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residents[TIAB] OR trainee[TIAB] OR trainees[TIAB] OR intern[TIAB] OR interns[TIAB]

. "Health Personnel"[MH] OR "Students, Premedical”[MH] OR "Students, Medical"[MH] OR
"Students, Nursing"[Mesh]

. "Education, Premedical"[MH] OR "Education, Medical*[MH] OR "Education, Nursing"[MH]
OR "Education, Pharmacy"[MH] OR "Education, Public Health Professional"[MH] OR "Clinical
Clerkship“[MH]

7. #AOR#50R 6

. knowledge*[TIAB] OR aptitude*[TIAB] OR accuracy[TIAB] OR ability[TIAB] OR

abilities| TIAB] OR capacity [TIAB] OR capacities[TIAB] OR confidence[ TIAB] OR
compentency[TIAB] OR competencies[TIAB] OR impact*[TIAB] OR skill*[TIAB] OR
performance*[TIAB] OR learning outcome*[TIAB] OR training outcome*[TIAB] OR
effectiveness[TIAB] OR efficacy[TIAB] OR improvement*[TIAB] OR innovative*[TIAB] OR
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Midwife$ OR neurologi* OR nutritionist$ OR Nurse$ OR nursing OR Optometrist$ OR
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1 Serious games v. passive comparators
1.1 Knowledge

Experimental
Study orSubgroup Mean SD Total Mean

Control

SD Total Weight

Std. Mean Difference

IV, Random, 95% CI

Std. Mean Difference
1V, Random, 95% CI

Risk of Bias
ABCDETFGH.I

1.1.1v.none

Lagro-2014 -13.4 46 67 -154 3.6 54 34.1%
Van Nuland-2014 82.69 10.3 42 75.75 12.52 27  33.0%
Tan-2017 16.46 1.86 57 11.76 2.26 46 32.9%
Subtotal (95% CI) 166 127 100.0%

Heterogeneity: Tau? = 0.88; Chi* = 35.26, df = 2 (P < 0.00001); I> = 94%

Test for overall effect: Z = 2.00 (P = 0.05)

Total (95% Cl) 166

127 100.0%

Heterogeneity: Tau? = 0.88; Chi? = 35.26, df = 2 (P < 0.00001); I> = 94%

Test for overall effect: Z = 2.00 (P = 0.05)

Test for subgroup differences: Not applicable

Risk of bias legen

(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)

(C) Similarity of baseline outcome measurements
(D) Baseline characteristics similar

(E) Incomplete outcome data (attrition bias)

(F) Knowledge of the allocated interventions

(G) Protection against contamination

(H) Selective reporting (reporting bias)
(I) Other bias

Review Manager 5.3

0.47 [0.11, 0.84]
0.61[0.12, 1.11]

2.28[1.78, 2.78]
1.11 [0.02, 2.21]

1.11 [0.02, 2.21]

- 270000000
—a— 770000000
—= 00000000~

2 -
Favours [control]

0 1 2
Favours [experimental]

18-Dec-2019
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1.2 Confidence in skills

Experimental Control

Study or Subgroup Mean SD Total Mean

SD Total Weight

Std. Mean Difference

IV,Random, 95% CI

Risk of Bias
ABCDETFGHI

Std. Mean Difference
1V, Random, 95% CI

1.2.1v.none

del Blanco-2017 19.14 5.39 58 17.43 5.96 56 50.5%
Tan-2017 31.56 8.77 57 19.39 7.57 46 49.5%
Subtotal (95% CI) 115 102 100.0%

Heterogeneity: Tau? = 0.63; Chi* = 15.82, df = 1 (P < 0.0001); I* = 94%

Test for overall effect: Z = 1.50 (P = 0.13)

Total (95% Cl) 115

102 100.0%

Heterogeneity: Tau? = 0.63; Chi* = 15.82, df = 1 (P < 0.0001); I*> = 94%

Test for overall effect: Z = 1.50 (P = 0.13)

Test for subgroup differences: Not applicable

Risk of bias legen

(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)

(C) Similarity of baseline outcome measurements
(D) Baseline characteristics similar

(E) Incomplete outcome data (attrition bias)

(F) Knowledge of the allocated interventions

(G) Protection against contamination
(H) Selective reporting (reporting bias)
(I) Other bias

Review Manager 5.3

0.30 [-0.07, 0.67]

1.46 [1.02, 1.90]
0.87 [-0.27, 2.02]

0.87 [-0.27, 2.02]

T 22720027200
—— 000006066 -
e
2 -1 0 1 2

Favours [control] Favours [experimental]

18-Dec-2019
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1.3 Cognitive skills

Experimental Control Std. Mean Difference Std. Mean Difference Risk of Bias
Study or Subgroup Std. Mean Difference SE Total Total Weight 1V,Random,95%CI 1V, Random, 95% CI ABCDETFGH.II
1.3.1v.none
Dankbaar-2016 0.2 0.2823 13 20 16.1% 0.20 [-0.35, 0.75] -1 272000200
Foss-2014 0.26 0.1616 82 73 312% 0.26 [-0.06, 0.58] T 2720727200
Mohan-2018 063 0.218 66 33 22.7% 0.63 [0.20, 1.06] — e 000000
Mohan-2018 0.7 0.221 63 33 22.3% 0.70 [0.27, 1.13] — ®02000000
Graafland-2017 1.0933 0.4432 12 12 7.8% 1.09 [0.22, 1.96] — 0070007200
Subtotal (95% CI) 236 171 100.0% 0.50 [0.24, 0.76] <o
Heterogeneity: Tau? = 0.03; Chi? = 6.20, df = 4 (P = 0.18); I> = 36%
Test for overall effect: Z = 3.73 (P = 0.0002)
Total (95% Cl) 236 171 100.0% 0.50 [0.24, 0.76] <o
Heterogeneity: Tau? = 0.03; Chiz = 6.20, df = 4 (P = 0.18); I = 36% 2 1 S 1 2

Test for overall effect: Z = 3.73 (P = 0.0002)

Test for subgroup differences: Not applicable

Risk of bias legend

(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)

(C) Similarity of baseline outcome measurements
(D) Baseline characteristics similar

(E) Incomplete outcome data (attrition bias)

(F) Knowledge of the allocated interventions

(G) Protection against contamination
(H) Selective reporting (reporting bias)
(I) Other bias

Review Manager 5.3

Favours [control] Favours [experimental]

18-Dec-2019



Efficacy of serious games in healthcare professions education 18-Dec-2019

1.4 Procedural skills

Experimental Control Std. Mean Difference Std. Mean Difference Risk of Bias
Study or Subgroup Mean SD Total Mean SD Total Weight IV,Random,95%CI 1V, Random, 95% CI ABCDETFGHII
1.4.1v.none
Boada-2015 475 28.6 51 35.67 28.6 42  47.5% 0.41 [-0.00, 0.82] — ?? ?. ?22 "..
Tan-2017 2491 504 57 228 514 46 52.5% 0.41 [0.02, 0.80] —— CLT LT T T T T Ol
Subtotal (95% Cl) 108 88 100.0% 0.41 [0.13, 0.70] <o

Heterogeneity: Tau? = 0.00; Chi? = 0.00, df =1 (P = 1.00); I>= 0%
Test for overall effect: Z = 2.83 (P = 0.005)

Total (95% Cl) 108 88 100.0% 0.41 [0.13, 0.70] <o
Heterogeneity: Tau? = 0.00; Chiz = 0.00, df = 1 (P = 1.00); 1> = 0% 2 1 S 1 2
Test for overall effect: Z = 2.83 (P = 0.005) Favours [control] Favours [experimental]
Test for subgroup differences: Not applicable

Risk of bias legen

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Similarity of baseline outcome measurements

(D) Baseline characteristics similar

(E) Incomplete outcome data (attrition bias)

(

(

(

(

F) Knowledge of the allocated interventions
) Protection against contamination

H) Selective reporting (reporting bias)

1) Other bias

Review Manager 5.3 4
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Risk of bias summary
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Figure. Funnel plot of the knowledge acquisition outcome.
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Table. Key information of the serious games assessed

First author-
year

Name of the serious
game, platform

Clinical topic

Theoretical
framework for
the design or
the
development
process of the
serious game

Planned
frequency (# of
session) and
duration (# of
minutes) of usage

Challenge

Adjedj-2017 Name non-reported, Atrial fibrillation Not reported A single 30-minute  To correctly examine
computer and tablets management session various patients and
provide them with
the correct treatment
in a medical office.
Berger-2018 Name non-reported, Pharmacist triage Not reported A single session, To perform an
platform non-reported duration not adequate pharmacist
reported triage and to provide
a correct intervention
in response.
Boada-2015 Life Support Simulation  Cardiopulmonary Not reported Not reported To save a character
Activities (LISSA), resuscitation from sudden cardiac
computer arrest by performing
cardiopulmonary
resuscitation.
Boeker-2013 Uro-Island, computer Phase contrast Not reported Not reported To free a character

microscopic
urinalysis

from an island by
formulating clear
diagnosis regarding
various urine
pathologies.

Brull-2017

World of Salus,
computer

Pain management,
wound management,
and fall prevention
and management.

Not reported

Frequency not
reported, two to
four hours of usage

Not reported



First author-  Name of the serious Clinical topic Theoretical Planned Challenge
year game, platform framework for  frequency (# of
the design or session) and
the duration (# of
development minutes) of usage
process of the
serious game
Buijs- Delirium Experience, Delirium Not reported Not reported To provide
Spangers-2019  computer management inadequate
management of a
patient diagnosed
with delirium
Buijs- Delirium Experience, Delirium Not reported A single 20-minute  To take proper care
Spangers-2018 computer management session of a patient
diagnosed with
delirium
Chien-2013 Name non-reported, Bimanual carrying Not reported A single 40-minute  Not reported
computer and peg transfer session
Chee-2019 Play-learn inhalation Administration of Technology, A single 10-minute  To answer the most
game, computer and inhaled medication pedagogy, and session questions and to
i0S content match the most
knowledge pictures correctly.
framework
Cook-2012 PULSE, computer, Cardiopulmonary Not reported Unlimited access To solve various
PlayStation Portable resuscitation for two weeks clinical scenarios by
using clinical
equipment.
Courtier-2016  Tic-tac-toe, computer Imaging study Not reported A single one-hour  To form a tic-tac-toe

session

before the other
competing team by
answering questions
correctly.



First author-
year

Name of the serious
game, platform

Clinical topic

Theoretical
framework for
the design or
the
development
process of the
serious game

Planned
frequency (# of
session) and
duration (# of
minutes) of usage

Challenge

Dankbaar-2016

abcdeSIM, computer

Acutely-ill patients
(e.g., bleeding)

Not reported

Frequency not
reported, two to
four hours of usage

To stabilize within
15 minutes patients
presenting to an

emergency
department.
Dankbaar-2017  Air Medic Sky-1, Patient safety Not reported Frequency not To watch videos, to
computer awareness and reported, three to perform breathing
personal stress four hours of usage exercises, and to
management diagnose and treat
patients in a virtual
flying hospital over
the globe.
Del Blanco- Operating Theater Functioning of an Not reported Not reported. Not reported
2017 Game, computer operating theater However,
participants had
access to the game
for a day.
de Sena-2019  Name non-reported, iOS Cardiopulmonary Not reported A single 20-minute  To identify a victim
resuscitation session of cardiac arrest and
to perform
cardiopulmonary
resuscitation.
Diehl-2017 InsuOnline, computer Diabetes management  Adult- and Freguency not To improve blood

problem-based
learning

reported, four
hours of usage

sugar management in
patients diagnosed
with diabetes



First author-
year

Name of the serious
game, platform

Clinical topic

Theoretical
framework for
the design or
the
development
process of the
serious game

Planned
frequency (# of
session) and
duration (# of
minutes) of usage

Challenge

Drummond- Staying Alive, computer, Sudden cardiac arrest  Not reported Two sessions, 12 To save a character
2017 electronic tablet minutes of usage from sudden cardiac
arrest by performing
cardiopulmonary
resuscitation
Foss-2014 The Medication Game,  Basic mathematical Multiple Not reported To perform various
computer concepts in intelligence mathematical
medication theory calculations
calculation
Gauthier-2015  Vascular Invaders, Human vascular Evidence- Not reported. Totravel ina
computer anatomy centered design ~ However, 35days  nanobot through
framework of free use. various vascular

vessels to destroy
invaders.

Graafland- Dr. Game, Surgeon Equipment problems  Non-reported Two 30-minute To align three similar
2017 Trouble, iOS and of the laparoscopic sessions titles (in a title-
Android platforms tower matching design)
while solving
laparoscopic
equipment-related
ISSues.
Hannig-2013 Skills-O-Mat, computer ~ Alginate mixing in Peyton’s method Not reported To mix alginate at
dentistry the correct speed.
Harrington- Underground, Nintendo  Laparoscopic Not reported Frequency not To build paths by
2018 Wiiu technical skills reported, 20 hours  moving objects in a

of usage

maze.



First author-
year

Name of the serious
game, platform

Clinical topic

Theoretical
framework for
the design or
the
development
process of the
serious game

Planned
frequency (# of
session) and
duration (# of
minutes) of usage

Challenge

Haubruck-2019

Touch Surgery, i10S

Chest tube insertion

Not reported

A single 120-
minute session

To answer the most
questions correctly.

Katz-2017 Orthotopic liver Management of Not reported At least once per To properly assess
transplant Trainer, iOS  orthotopic liver week for amonth,  and manage a patient
and Android platforms  transplant duration of usage during the peri- and

non-reported the per-operative
periods to gain
credits.

Kerfoot-2012 Name non-reported, Urology clinical Spaced Two to four To answer the most
computer (through e- practice guidelines education questions sent per  questions correctly.
mails) e-mail every two to

four days for 34
weeks

Kerfoot-2014 ~ Name non-reported, Hypertension Salen and One to two To answer the most
computer (through e- management Zimmerman questions sent questions correctly.
mails) game design every three days

fundamentals for 52 weeks
Spaced
education
Knight-2010 Triage trainer, computer Basic incident triage  Not reported A single 60-minute  As a first-respondent

sieve skills

session

at a major incident
scene, to assign the
right priority to each
casualty.



First author-
year

Name of the serious
game, platform

Clinical topic

Theoretical
framework for
the design or
the
development
process of the
serious game

Planned
frequency (# of
session) and
duration (# of
minutes) of usage

Challenge

Lagro-2014 GeriatriX, computer Geriatric medical Not reported Frequency not To provide proper
decision-making and reported; 60to 90  assessment and
cost consciousness minutes of usage management to
elderly patients.
Li-2015 3D CPR game, platform Cardiopulmonary Not reported Not reported To save a character
non-reported resuscitation from sudden cardiac
arrest by performing
cardiopulmonary
resuscitation.
Mohan-2018 Shift: The Next Trauma triage Unspecified Frequency not To triage a
Generation, i0S behavioral reported, two hours prespecified number
learning theories  of usage of patients in the
emergency
department under
time pressure.
Mohan-2017, Night Shift, electronic Trauma triage Narrative Mohan, 2017: A To provide proper
2018 tablet engagement and  single one-hour assessment and
unspecified session management to
behavioral Mohan-2018: patients with severe

learning theories

Frequency not
reported, two hours
of usage

injuries in the
emergency
department while
solving an in-game
mystery.



First author-
year

Name of the serious
game, platform

Clinical topic

Theoretical
framework for
the design or
the
development
process of the
serious game

Planned
frequency (# of
session) and
duration (# of
minutes) of usage

Challenge

Polivka-2018

HH-VSTS, computer

Health and safety
hazards

Not reported

Not reported

To identify potential
health and safety
hazards in a home.

Rondon-2013

Anatesse 2.0, computer

Anatomy and

Not reported

Nine sessions

To answer the most

physiology of the (once per week), questions correctly.
speech, language, duration of usage
hearing, and not reported
swallowing
mechanisms
Scales-2016 Name non-reported, Quality improvement  Content retrieval Two questions To answer the most
computer (through e- and patient safety twice a week questions correctly.
mails)
Sward-2008 Name non-reported, Pediatric Not reported Four one-hour To answer the most
computer sessions questions correctly to
progress through an
electronic game
board.
Tan-2017 Name non-reported, Blood transfusion Experiential A single 30-minute  Various challenges

computer

gaming model ©

session

related to blood
transfusion (e.g.,
choosing the correct
material, checking if
the blood product is
right)




First author-
year

Name of the serious
game, platform

Clinical topic

Theoretical
framework for
the design or
the
development
process of the
serious game

Planned Challenge
frequency (# of

session) and

duration (# of

minutes) of usage

Van Nuland-
2014

Online Competitive
Anatomy Tournament,
computer

Functional anatomy

Not reported

A single 20-minute  To answer the most
session questions correctly.
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1.1 Knowledge

Experimental Control Std. Mean Difference Std. Mean Difference Risk of Bias
Study or Subgroup Mean SD Total Mean SD Total Weight 1V,Random,95%ClI 1V, Random, 95% CI ABCDETFGHII
1.1.1 Healthcare professionals
Scales Jr - 2016 34 35 133 27 33 166 9.7% 0.21 [-0.02, 0.43] — 2000000
Kerfoot-2014 90 8 52 78 19 52  9.0% 0.82[0.42, 1.22] — 277000000060
Brull-2017 45 23 26 411 41 31 81% 1.13[0.57, 1.69] —_— @O0+ + + 4+ 4+ 4+ 4+
Brull-2017 45 23 26 415 33 32  81% 1.19 [0.63, 1.76] — (I LT 11T 1T 1)
Subtotal (95% CI) 237 281  34.8% 0.80 [0.27, 1.32] -
Heterogeneity: Tau? = 0.23; Chiz = 19.31, df = 3 (P = 0.0002); I2 = 84%
Test for overall effect: Z = 2.98 (P = 0.003)
1.1.2 Healthcare students
De Sena-2019 6.51 1 23 756 1 22 77% -1.03 [-1.66, -0.41] —_— @ 2272007200
Courtier-2016 36 076 25 45 1 23  79%  -1.00[-1.61,-0.40] —_— 227200000
Rondon-2013 33.2 3 13 361 278 12  65%  -0.97[-1.81,-0.13] e 272000006060
Sward-2008 77.8 17.08 51 826 17.08 39 8.9% -0.28 [-0.70, 0.14] — 2770000000
Berger-2018 707 15 41 681 11 30 86% 0.19 [-0.28, 0.66] e 720006060
Gauthier-2015 975 215 24 923 207 22 80% 0.24 [-0.34, 0.82] B @ 0000000
Dankbaar-2017 601 67 28 579 65 32 84% 0.33 [-0.18, 0.84] — 27000700
Boeker-2013 286 353 81 26 399 63 9.3% 0.69 [0.35, 1.03] — 2720007200
Subtotal (95% CI) 286 243 652%  -0.19 [-0.66, 0.28] o
Heterogeneity: Tau? = 0.38; Chi? = 46.73, df = 7 (P < 0.00001); I> = 85%
Test for overall effect: Z = 0.78 (P = 0.44)

Total (95% Cl)

523

524 100.0%

Heterogeneity: Tau? = 0.33; Chi® = 81.46, df = 11 (P < 0.00001); I> = 86%

Test for overall effect: Z = 0.88 (P = 0.38)

Test for subgroup differences: Chi? = 7.50, df = 1 (P = 0.006), I> = 86.7%

Risk of bias |

A) Random sequence generation (selection bias)
B) Allocation concealment (selection bias)
C) Similarity of baseline outcome measurements
D) Baseline characteristics similar

F) Knowledge of the allocated interventions

1) Other bias

) Protection against contamination
H) Selective reporting (reporting bias)

Review Manager 5.3

(
(
(
(
(E) Incomplete outcome data (attrition bias)
(
(
(
(

0.16 [-0.20, 0.52]

_*

2

40 1
Favours [control] Favours [experimental]

2

18-Dec-2019
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1.2 Confidence in skills

Experimental Control Std. Mean Difference Std. Mean Difference Risk of Bias
Study or Subgroup Mean SD Total Mean SD Total Weight 1V,Random,95%CI 1V, Random, 95% CI ABCDETFGHII
1.2.1 Healthcare professionals
Chee-2019 4013 6.84 23 3526 801 23 19.0% 0.64 [0.05, 1.24] — 0000200
Subtotal (95% Cl) 23 23 19.0% 0.64 [0.05, 1.24] e

Heterogeneity: Not applicable
Test for overall effect: Z = 2.12 (P = 0.03)

1.2.2 Healthcare students

Berger-2018 461 13 41 458 128 29 297% 0.02 [-0.45, 0.50] —— 2000000
Hannig-2013 3228 1.89 30 31.92 169 25 237% 0.20 [-0.34, 0.73] B Lo 220020000
Dankbaar-2017 679 7.6 32 647 107 32 27.5% 0.34 [-0.15, 0.83] T 022000200
Subtotal (95% CI) 103 86 81.0% 0.18 [-0.11, 0.47] <

Heterogeneity: Tau? = 0.00; Chi*> = 0.83, df = 2 (P = 0.66); 1> = 0%
Test for overall effect: Z = 1.24 (P = 0.22)

Total (95% Cl) 126 109 100.0% 0.27 [0.01, 0.53] <&
Heterogeneity: Tau? = 0.00; Chi? =2.70, df = 3 (P = 0.44); I?= 0%

Test for overall effect: Z = 2.04 (P = 0.04)

Test for subgroup differences: Chiz = 1.87, df =1 (P = 0.17), 1> = 46.5%
Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Similarity of baseline outcome measurements

(D) Baseline characteristics similar

(E) Incomplete outcome data (attrition bias)

(

(

(

(

2 4 0 1 2
Favours [control] Favours [experimental]

ooOow

F) Knowledge of the allocated interventions
G) Protection against contamination

H) Selective reporting (reporting bias)

1) Other bias

Review Manager 5.3 3
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1.3 Cognitive skills

Std. Mean Difference Std. Mean Difference Risk of Bias
Study or Subgroup Std. Mean Difference SE_Weight  IV,Random, 95% CI 1V, Random, 95% CI ABCDEFGHI
1.3.1 Healthcare professionals
Diehl-2017 0.55 0.1762 20.7% 0.55 [0.20, 0.90] - (I 11111113
Mohan-2017 0.25 0.1165 21.2% 0.25 [0.02, 0.48] - 0206002600
Subtotal (95% Cl) 41.9% 0.37 [0.08, 0.66] ‘
Heterogeneity: Tau? = 0.02; Chi2 =2.02, df =1 (P = 0.16); 1> = 50%
Test for overall effect: Z = 2.52 (P = 0.01)
1.3.2 Healthcare students
Buijs Spanjers-2018 147 0.2253 20.2% 1.47 [1.03, 1.91] —= @27200000
Dankbaar-2016 041 0.3864 18.1% -0.41[-1.17, 0.35] — @2720002600
Subtotal (95% CI) 38.4% 0.56 [-1.29, 2.40] ‘

Heterogeneity: Tau? = 1.67; Chi> = 17.67, df = 1 (P < 0.0001); I = 94%
Test for overall effect: Z = 0.59 (P = 0.55)

1.3.3 Healthcare professionals and students

Polivka-2019 -1.57 0.2677 19.7% -1.57 [-2.09, -1.05]
Subtotal (95% CI) 19.7% -1.57 [-2.09, -1.05]
Heterogeneity: Not applicable

Test for overall effect: Z = 5.86 (P < 0.00001)

Total (95% Cl) 100.0% 0.08 [-0.73, 0.89]
Heterogeneity: Tau? = 0.79; Chi? = 81.26, df = 4 (P < 0.00001); I = 95%
Test for overall effect: Z=0.19 (P = 0.85)

Test for subgroup differences: Chi? = 40.82, df = 2 (P < 0.00001), I> = 95.1%
Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Similarity of baseline outcome measurements

(D) Baseline characteristics similar

(E) Incomplete outcome data (attrition bias)

(

(

(

(

oow

F) Knowledge of the allocated interventions
G) Protection against contamination

H) Selective reporting (reporting bias)

1) Other bias

Review Manager 5.3

-

2 1 0 1
Favours [experimental] Favours [control]
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2272000000
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1.4 Procedural skills

Experimental Control Std. Mean Difference Std. Mean Difference Risk of Bias
Study or Subgroup Mean SD Total Mean SD Total Weight 1V,Random,95%CI 1V, Random, 95% CI ABCDETFGHII
1.4.1 Healthcare professionals
Chee-2019 239 099 23 165 0.83 23 24.8% 0.80 [0.19, 1.40] — 0000200
Subtotal (95% CI) 23 23 24.8% 0.80 [0.19, 1.40] e

Heterogeneity: Not applicable
Test for overall effect: Z = 2.59 (P = 0.010)

1.4.2 Healthcare students

De Sena-2019 84 1 23 967 1 22 243%  -1.25[-1.89,-0.60] — @27272007200
Drummond-2017 6 308 40 6 154 39 26.4% 0.00 [-0.44, 0.44] (I T T TT T T T
Katz-2017 287 545 20 2518 561 20 24.4% 0.62 [-0.01, 1.26] 200007200
Subtotal (95% CI) 83 81 752%  -0.20 [-1.17, 0.76]

Heterogeneity: Tau? = 0.64; Chi? = 17.29, df = 2 (P = 0.0002); I> = 88%
Test for overall effect: Z = 0.41 (P = 0.68)

Total (95% Cl) 106 104 100.0% 0.05 [-0.78, 0.87]
Heterogeneity: Tau? = 0.61; Chi? = 24.67, df = 3 (P < 0.0001); I> = 88%
Test for overall effect: Z=0.11 (P = 0.91)

Test for subgroup differences: Chiz = 2.95, df =1 (P = 0.09), 1> = 66.1%
Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Similarity of baseline outcome measurements

(D) Baseline characteristics similar

(E) Incomplete outcome data (attrition bias)

(

(

(

(

2 4 0 1 2
Favours [control] Favours [experimental]

ooOow

F) Knowledge of the allocated interventions
G) Protection against contamination

H) Selective reporting (reporting bias)

1) Other bias
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1.5 Learning time with the intervention

Experimental Control Std. Mean Difference Std. Mean Difference Risk of Bias
Study or Subgroup Mean SD Total Mean SD Total Weight 1V,Random,95%ClI 1V, Random, 95% CI ABCDEFGHII
1.5.1 Healthcare professionals
Mohan-2018 105 3411 66 100 4538 37 19.3% 0.13 [-0.27, 0.53] —— 02000000
Mohan-2018 117,67 5078 66 100 4538 36 19.3% 0.36 [-0.05, 0.77] = 00606060606
Subtotal (95% Cl) 132 73  38.6% 0.24 [-0.05, 0.53] ‘
Heterogeneity: Tau? = 0.00; Chi? =0.61, df =1 (P =0.43); I?= 0%
Test for overall effect: Z = 1.65 (P = 0.10)
1.5.2 Healthcare students
Dankbaar-2016 90 49 12 133 78 16 18.3% -0.62 [-1.39, 0.15] = 2720002600
Dankbaar-2016 90 49 13 70 46 20 185% 0.41[-0.29, 1.12] = 272000200
Dankbaar-2017 174 66 32 54 60 34 18.9% 1.88[1.30, 2.47] — ®272000°200
De Sena-2019 1857 066 23 7.41 043 22 57% 19.59[15.31, 23.87] » @227200200
Subtotal (95% CI) 80 92 61.4% 3.57 [1.03, 6.11] e
Heterogeneity: Tau? = 5.85; Chi? = 100.97, df = 3 (P < 0.00001); I = 97%
Test for overall effect: Z = 2.76 (P = 0.006)
Total (95% CI) 212 165 100.0% 1.53 [0.32, 2.75] ‘

Heterogeneity: Tau? = 1.94; Chi? = 109.90, df = 5 (P < 0.00001); I> = 95%
Test for overall effect: Z = 2.48 (P = 0.01)

Test for subgroup differences: Chi? = 6.52, df =1 (P = 0.01), I = 84.7%
Risk of bias legen

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Similarity of baseline outcome measurements

(D) Baseline characteristics similar

(E) Incomplete outcome data (attrition bias)

(F) Knowledge of the allocated interventions

(G) Protection against contamination

(H) Selective reporting (reporting bias)

(I) Other bias

2 Publisher before or in 2014 v. published after 2014

Review Manager 5.3

2 1 0 1 2
Favours [control] Favours [experimental]
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Efficacy of serious games in healthcare professions education

2.1 Knowledge

Experimental Control
Study or Subgroup Mean

SD Total Mean SD Total Weight

Std. Mean Difference

1V, Random, 95% CI

Std. Mean Difference
1IV,Random, 95% CI

Risk of Bias
ABCDETFGH.II

2.1.1 Published before or in 2014
Rondon-2013 33.2 3 13 36.1 278 12

Sward-2008 77.8 17.08 51 82.6 17.08 39
Boeker-2013 28.6 3.53 81 26 3.99 63
Kerfoot-2014 90 8 52 78 19 52
Subtotal (95% CI) 197 166

6.5%
8.9%
9.3%
9.0%
33.6%

Heterogeneity: Tau? = 0.41; Chi* = 27.26, df = 3 (P < 0.00001); I> = 89%

Test for overall effect: Z = 0.39 (P = 0.70)

2.1.2 Published after 2014

De Sena-2019 6.51 1 23 7.56 1 22
Courtier-2016 3.6 0.76 25 4.5 1 23
Berger-2018 7.07 15 41  6.81 1.1 30
Scales Jr - 2016 34 35 133 27 33 166
Gauthier-2015 9.75 215 24 923 207 22
Dankbaar-2017 60.1 6.7 28 579 6.5 32
Brull-2017 45 2.3 26 411 41 31
Brull-2017 45 2.3 26 415 3.3 32
Subtotal (95% CI) 326 358

7.7%
7.9%
8.6%
9.7%
8.0%
8.4%
8.1%

8.1%
66.4%

Heterogeneity: Tau? = 0.38; Chi? = 52.73, df = 7 (P < 0.00001); I> = 87%

Test for overall effect: Z = 0.71 (P = 0.48)

Total (95% Cl) 523

524 100.0%

Heterogeneity: Tau? = 0.33; Chi® = 81.46, df = 11 (P < 0.00001); I> = 86%

Test for overall effect: Z = 0.88 (P = 0.38)

Test for subgroup differences: Chi? = 0.01, df =1 (P = 0.94), I?= 0%
Risk of bias legen

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Similarity of baseline outcome measurements

(D) Baseline characteristics similar

(E) Incomplete outcome data (attrition bias)

(F) Knowledge of the allocated interventions

(G) Protection against contamination
(H) Selective reporting (reporting bias)
(I) Other bias

Review Manager 5.3

-0.97 [-1.81, -0.13]
-0.28 [-0.70, 0.14]
0.69 [0.35, 1.03]
0.82 [0.42, 1.22]
0.14 [-0.54, 0.82]

-1.03 [-1.66, -0.41]
-1.00 [-1.61, -0.40]
0.19 [-0.28, 0.66]
0.21 [-0.02, 0.43]
0.24 [-0.34, 0.82]
0.33 [-0.18, 0.84]
1.13[0.57, 1.69]

1.19[0.63, 1.76]
0.17 [-0.30, 0.63]

0.16 [-0.20, 0.52]

272000006060
— 2720000000
— 2720007200
—_ 2700000600

-
— @27272007200
—_— 227200000
- 200000206
—— 2000000
B e 20000000
— 2720007200
—_— @O+ + + 4+ 4+ + 4
— @O+ + + 4+ 4+ 4+ 4

-

N <

2 1 0 1 2
Favours [control] Favours [experimental]
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Efficacy of serious games in healthcare professions education

2.2 Confidence in skills

Experimental Control
Study or Subgroup Mean SD Total Mean SD Total Weight

Std. Mean Difference
1V,Random, 95% CI

Std. Mean Difference
1V, Random, 95% CI

ABCDEFGH

2.2.1 Published before or in 2014

Hannig-2013 32.28 1.89 30 31.92 1.69 25 23.7%
Subtotal (95% CI) 30 25 23.7%

Heterogeneity: Not applicable
Test for overall effect: Z=0.73 (P = 0.47)

2.2.2 Published after 2014

Berger-2018 461 13 41 458 128 29 29.7%
Dankbaar-2017 679 76 32 647 107 32 27.5%
Chee-2019 4013 684 23 3526 801 23 19.0%
Subtotal (95% CI) 96 84 76.3%

Heterogeneity: Tau? = 0.02; Chi = 2.61, df = 2 (P = 0.27); 1= 23%
Test for overall effect: Z = 1.74 (P = 0.08)

Total (95% Cl) 126 109 100.0%
Heterogeneity: Tau? = 0.00; Chi? =2.70, df = 3 (P = 0.44); I?= 0%
Test for overall effect: Z = 2.04 (P = 0.04)
Test for subgroup differences: Chiz = 0.11, df =1 (P = 0.75), I? = 0%
Risk of bias legend
) Random sequence generation (selection bias)
) Allocation concealment (selection bias)
) Similarity of baseline outcome measurements
) Baseline characteristics similar
E) Incomplete outcome data (attrition bias)
F) Knowledge of the allocated interventions
G) Protection against contamination
H) Selective reporting (reporting bias)
1) Other bias

moow>»

(A
(
(
(
(
(
(
(
(

3 Sample size

Review Manager 5.3

0.20 [-0.34, 0.73]
0.20 [-0.34, 0.73]

0.02 [-0.45, 0.50]
0.34 [-0.15, 0.83]

0.64 [0.05, 1.24]
0.30 [-0.04, 0.64]

0.27 [0.01, 0.53]

_—

-

&

-2 -1 0 1 2
Favours [control] Favours [experimental]

27700720000
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Efficacy of serious games in healthcare professions education

3.1 Knowledge

Experimental Control Std. Mean Difference Std. Mean Difference Risk of Bias

Study or Subgroup Mean SD Total Mean SD Total Weight 1V,Random,95%CI 1V, Random, 95% CI ABCDEFGHII
Courtier-2016 36 076 25 45 123 Not estimable 227200000
Rondon-2013 33.2 3 13 361 278 12 Not estimable 270000006
De Sena-2019 6.51 1 23 756 1 2 Not estimable @27272007200
Gauthier-2015 975 215 24 923 207 22 95% 0.24 [-0.34, 0.82] —1 @ 0000000
Brull-2017 45 23 26 415 33 32 97% 1.19 [0.63, 1.76] — @O+ + + 4+ 4+ 4
Brull-2017 45 23 26 411 41 31  97% 1.13[0.57, 1.69] — (I I T T 1T 11T
Dankbaar-2017 601 67 28 579 65 32 104% 0.33 [-0.18, 0.84] T 2720007200
Berger-2018 707 15 41 681 11 30 109% 0.19 [-0.28, 0.66] I 2000000
Sward-2008 778 17.08 51 826 1708 39 116% -0.28 [-0.70, 0.14] — 2770000000
Kerfoot-2014 ) 8 52 78 19 52 11.8% 0.82[0.42, 1.22] — 220000000
Boeker-2013 286 353 81 26 399 63 126% 0.69 [0.35, 1.03] —_ 2720007200
Scales Jr - 2016 34 35 133 27 33 166 13.9% 0.21 [-0.02, 0.43] — 00007200
Total (95% CI) 462 467 100.0% 0.48 [0.19, 0.78] <o

Heterogeneity: Tau? = 0.15; Chi? = 34.96, df = 8 (P < 0.0001); > =77%
Test for overall effect: Z = 3.23 (P = 0.001)

Risk of bias legend

A) Random sequence generation (selection bias)
B) Allocation concealment (selection bias)

C) Similarity of baseline outcome measurements
D) Baseline characteristics similar

F) Knowledge of the allocated interventions

1) Other bias

Review Manager 5.3

) Protection against contamination
H) Selective reporting (reporting bias)

(
(
(
(
(E) Incomplete outcome data (attrition bias)
(
(
(
(
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K 0 1

Favours [control] Favours [experimental]
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Efficacy of serious games in healthcare professions education

3.2 Confidence in skills

Experimental Control Std. Mean Difference Std. Mean Difference Risk of Bias
Study or Subgroup Mean SD Total Mean SD Total Weight IV,Random,95%CI 1V, Random, 95% CI ABCDETFGH.II
Chee-2019 4013 6.84 23 3526 801 23 Not estimable 72000072600
Hannig-2013 3228 1.89 30 31.92 169 25 29.3% 0.20 [-0.34, 0.73] B 27700720000
Dankbaar-2017 679 7.6 32 647 107 32 34.0% 0.34 [-0.15, 0.83] e ®@27000°2006
Berger-2018 461 13 41 458 128 29 36.7% 0.02 [-0.45, 0.50] 72000000
Total (95% Cl) 103 86 100.0% 0.18 [-0.11, 0.47]

Heterogeneity: Tau? = 0.00; Chi* = 0.83, df =2 (P = 0.66); I’ = 0%

Test for overall effect: Z = 1.24 (P = 0.22)

Risk of bias legend
A) Random sequence generation (selection bias)

(
(B) Allocation concealment (selection bias)

(C) Similarity of baseline outcome measurements
(D) Baseline characteristics similar

(E) Incomplete outcome data (attrition bias)

(

(

(

(

oow

F) Knowledge of the allocated interventions
G) Protection against contamination

H) Selective reporting (reporting bias)

1) Other bias

Review Manager 5.3

4 05 0 05

Favours [control] Favours [experimental]
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Efficacy of serious games in healthcare professions education

3.3 Cognitive skills

Std. Mean Difference Std. Mean Difference Risk of Bias

Study or Subgroup Std. Mean Difference SE Weight IV,Random,95% CI 1IV,Random, 95% CI CDEFGH.II
Polivka-2019 .57 0.2677 Not estimable 2000000
Dankbaar-2016 041 0.3864 20.0% -0.41[-1.17, 0.35] — 200000
Buijs Spanjers-2018 147 02253 25.3% 1.47 [1.03, 1.91] — 200000 -
Diehl-2017 0.55 0.1762 26.7% 0.55 [0.20, 0.90] —— R
Mohan-2017 0.25 0.1165 28.1% 0.25 [0.02, 0.48] = 2000200
Total (95% Cl) 100.0% 0.51 [-0.09, 1.11] +

Heterogeneity: Tau? = 0.32; Chi? = 28.66, df = 3 (P < 0.00001); I2 = 90% 1 5 1 2

Test for overall effect: Z = 1.65 (P = 0.10)

Risk of bias legend

) Random sequence generation (selection bias)

A
B) Allocation concealment (selection bias)
Cc

) Similarity of baseline outcome measurements

(
(
(
(D) Baseline characteristics similar
(E) Incomplete outcome data (attrition bias)
(F) Knowledge of the allocated interventions
(G) Protection against contamination
(H) Selective reporting (reporting bias)
(

1) Other bias

Review Manager 5.3

Favours [control] Favours [experimental]

18-Dec-2019
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3.4 Procedural skills

Experimental Control Std. Mean Difference Std. Mean Difference Risk of Bias

Study or Subgroup Mean SD Total Mean SD Total Weight IV,Random,95%CI 1V, Random, 95% CI ABCDETFGH.II
De Sena-2019 84 1 23 967 1 22 Not estimable 2272007200
Katz-2017 287 545 20 2518 561 20 29.8% 0.62 [-0.01, 1.26] — 02000072600
Chee-2019 239 099 23 165 083 23 31.3% 0.80 [0.19, 1.40] — 200002006
Drummond-2017 6 3.08 40 6 154 39 389% 0.00 [-0.44, 0.44] —— R I A A
Total (95% ClI) 83 82 100.0% 0.44 [-0.08, 0.95] >

Heterogeneity: Tau? = 0.13; Chiz = 5.23, df = 2 (P = 0.07); I2 = 62% 2 1 5 1 2

Test for overall effect: Z = 1.64 (P = 0.10)

Risk of bias legend
A) Random sequence generation (selection bias)

(
(B) Allocation concealment (selection bias)

(C) Similarity of baseline outcome measurements
(D) Baseline characteristics similar

(E) Incomplete outcome data (attrition bias)

(

(

(

(

oow

F) Knowledge of the allocated interventions
G) Protection against contamination

H) Selective reporting (reporting bias)

1) Other bias

Review Manager 5.3

Favours [control] Favours [experimental]

18-Dec-2019
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3.5 Learning time with the intervention

Experimental Control Mean Difference Mean Difference Risk of Bias

Study or Subgroup Mean SD Total Mean SD Total Weight 1IV,Random, 95% CI 1V,Random, 95% CI ABCDETFGH.II
Dankbaar-2016 9 49 12 133 78 16 Not estimable 2720007200
Mohan-2018 105 3411 66 100 4538 37 21.3%  5.00 [-11.78, 21.78] - 0000000
De Sena-2019 1857 0.66 23 7.41 043 22 235%  11.16 [10.84, 11.48] n @27272007200
Mohan-2018 11767 5078 66 100 4538 36 20.7%  17.67 [-1.56, 36.90] —— e 000000
Dankbaar-2016 90 49 13 70 46 20 16.8%  20.00 [-13.41, 53.41] -+ ®@272000°200
Dankbaar-2017 174 66 32 54 60 34 17.6% 120.00[89.51, 150.49] — @®7272000:200
Total (95% Cl) 200 149 100.0%  31.88 [6.20, 57.55] <o

Heterogeneity: Tau? = 730.81; Chi? = 50.17, df = 4 (P < 0.00001); I* = 92%

Test for overall effect: Z = 2.43 (P = 0.01) 100 -850 0 S0 - 100

Favours [control] Favours [experimental]

Risk of bias legen

(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)

(C) Similarity of baseline outcome measurements
(D) Baseline characteristics similar

(E) Incomplete outcome data (attrition bias)

(F) Knowledge of the allocated interventions

(G) Protection against contamination
(H) Selective reporting (reporting bias)
(I) Other bias

Review Manager 5.3 13
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