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Abstract

Background: Inadequate health literacy and low engagement challenge public health education. Digital serious games show
potential to enhance health knowledge and attitudes. However, the comparative effectiveness of different game formats is
unclear.

Objective: This study aimed to evaluate and compare the effectiveness of different digital serious game formats in improving
public health knowledge and attitudes.

Methods: This systematic review and Bayesian network meta-analysis followed PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses) 2020 guidelines. Seven databases (PubMed, CINAHL, Embase, PsycINFO, Cochrane
Library, Scopus, and Web of Science) were searched from January 2000 to October 2025. An updated search in February 2026
identified no additional studies. Eligible studies were randomized controlled trials (RCTs) involving nonprofessional partici-
pants comparing digital serious games with traditional or noninteractive education. Standardized mean differences and 95%
credible intervals were pooled using Bayesian network models with random effects. Subgroup analyses examined population
characteristics, intervention duration, health topic, and delivery format. Risk of bias was assessed using the Cochrane risk-of-
bias tool, and evidence certainty was rated using the Grading of Recommendations Assessment, Development and Evaluation.

Results: Forty randomized controlled trials from 19 countries (N=8764 participants) were included. Digital serious games
significantly improved knowledge (standardized mean difference 0.66, 95% CI 0.32-0.99; I°=89.1%) and attitudes (standar-
dized mean difference 0.50, 95% CI 0.27-0.76; ’=80.7%) compared with traditional education. Multisession interventions
showed larger effects than single-session interventions for knowledge (0.76 vs 0.43) and attitudes (0.53 vs 0.30), with
greater improvements among adolescents, nonpatient populations, and Asian studies. Network meta-analysis showed low
heterogeneity (I?=8% for knowledge; 3% for attitudes). Mobile app—based, computer-offline, and web-based games ranked
highest for knowledge; computer-offline, web-based, and virtual reality games ranked highest for attitudes. Evidence certainty
was moderate for knowledge and low-to-moderate for attitudes.

Conclusions: Digital serious games improve public health knowledge and attitudes across diverse contexts. Using a Bayesian
network meta-analysis of randomized controlled trials, this review compares the relative effectiveness of different game
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formats. Mobile app-based, computer-offline, and web-based games most improved knowledge; computer-offline, web-based,
and virtual reality formats most improved attitudes. Multisession interventions were more effective than single-session ones,
particularly for adolescents and nonpatient populations. These findings guide scalable digital health education strategies.
Future research requires adequately powered trials, longer follow-up, and standardized frameworks.

Trial Registration: PROSPERO CRD420251056704; https://www .crd.york.ac.uk/PROSPERO/view/CRD420251056704

J Med Internet Res 2026,28:e89281; doi: 10.2196/89281

Keywords: digital serious games; public health education; knowledge; attitudes; Bayesian network meta-analysis; randomized
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Introduction

Inadequate health knowledge and attitudes remain a
significant barrier to achieving global health targets [1],
despite more than a century of organized public health
education through mass media campaigns, school-based
curricula, and community programs [2,3]. Health literacy
gaps are evident across settings and income levels. In the
European Union, 27% to 48% of adults have inadequate
health literacy [4]. In China, only 31.87% of residents were
health literate in 2024 [5], with substantial disparities by
residence and education. In the United States, fewer than
one-third of school-aged children met grade-level reading
standards, indicating persistent barriers to acquiring and
applying health information [6,7]. These gaps undermine
vaccination and screening, compromise chronic disease (CD)
management and medication adherence [8], and contribute to
inequities in health outcomes and avoidable health care costs
[9,10]. Addressing them requires strategies that can sustain
engagement, broaden reach, and adapt to rapidly changing
information environments.

Traditional public health education has improved
awareness and behaviors, but its impact is limited by low
long-term engagement, unequal access, and weak adaptabil-
ity to rapidly changing communication environments [11,12].
The COVID-19 pandemic magnified these weaknesses, with
school closures disrupting learning for more than 1.6 billion
learners worldwide and exposing the fragility of knowledge
dissemination systems [13]. This interruption also acceler-
ated the adoption of digital health interventions, which offer
scalable, interactive, and adaptable complements to conven-
tional programs, extending reach, promoting equitable access,
and strengthening public health knowledge, attitudes, and
behaviors [14,15].

Within digital health interventions, digital serious games
have emerged as a promising strategy to address persis-
tent gaps in participation and impact [16,17]. By combin-
ing education with interactive and immersive play, they
can sustain engagement and improve knowledge reten-
tion, supporting long-term behavioral change [18,19]. Their
formats have progressed from desktop programs to mobile
apps and online platforms and now increasingly incorporate
virtual reality, augmented reality, artificial intelligence, and
wearable devices [20-23]. This evolution has enabled broad
application in public education, including infectious disease
preparedness, CD management, and dementia awareness [24-
26]. With their promise of scalability and equitable access
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[27-29], digital serious games are increasingly regarded as
a complement to conventional approaches and digital tools,
with potential to support prevention and health promotion at
the population level.

Despite this promise, evidence remains insufficient to
guide large-scale implementation. A 2020 scoping review
mapped digital serious games for health education across
health care providers, patients, and the public, showing
expansion beyond disease-specific contexts but without
assessing relative effectiveness across formats or populations
[30]. Other reviews have concentrated on single conditions
or target groups, such as diabetes [31], upper limb reha-
bilitation [32], or vaccination, offering little comparative
insight [33]. Existing meta-analyses are similarly constrained,
relying on pairwise comparisons that cannot establish the
relative effectiveness of multiple intervention types [34,35].
For policymakers and educators, the central question is no
longer whether digital serious games can work, but rather
which formats are most effective, for which populations,
and under what circumstances. No systematic evaluation has
yet addressed these comparative questions, leaving a critical
gap in the evidence needed to inform equitable and scalable
public health education strategies.

To our knowledge, this systematic review and Bayesian
network meta-analysis is the first to synthesize and com-
pare the effectiveness of different formats of digital serious
games in improving public health knowledge and attitudes
and to examine how population characteristics, intervention
duration, and contextual factors may moderate their impact.

Methods

Information Sources and Search Strategy

For this systematic review and network meta-analysis, we
followed PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) 2020 and reported the search
process in accordance with PRISMA-S (Preferred Reporting
Items for Systematic Reviews and Meta-Analyses—Search
extension). The completed PRISMA 2020, PRISMA 2020
Expanded, PRISMA-S, and PRISMA for Abstract check-
lists are provided in Checklist 1. The protocol was regis-
tered in PROSPERO (International Prospective Register of
Systematic Reviews; CRD420251056704) [36]. All PRISMA
2020 items were reviewed against the manuscript to
ensure complete and transparent reporting. We systematically
searched 7 electronic databases (PubMed, CINAHL, Embase,
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PsycINFO, Cochrane Library, Scopus, and Web of Science)
for studies published between January 1, 2000, and Octo-
ber 1, 2025, to identify any newly published studies meet-
ing the eligibility criteria. Search terms combined keywords
and Medical Subject Headings terms related to serious
games, digital games, video games, public health education,
knowledge, attitudes, and diseases. The search strategy was
refined in accordance with Chapter 4.4 of the Cochrane
Handbook to maximize sensitivity, including the expansion
of controlled vocabulary and additional free-text synonyms.
An updated search was conducted in February 2026, and
no additional eligible studies were identified. Full search
strategies for each database are provided in Multimedia
Appendix 1. Reference lists of relevant systematic reviews
and meta-analyses were also screened for potentially eligible
studies (Multimedia Appendix 1). Gray literature sources and
clinical trial registries were not searched separately.

All records were imported into Covidence (Veritas
Health Innovation, Melbourne, Australia) for deduplication,
screening, and data management. Two reviewers (DH and
DW) independently screened titles, abstracts, and full texts,
resolving disagreements by consensus or through consultation
with a third reviewer (WM). Study authors were contacted
when additional clarification was required.

Eligibility Criteria

Eligibility criteria followed the population, intervention,
comparator, outcomes, and study design framework (Multi-
media Appendix 2) [37]. We included randomized controlled
trials (RCTs), cluster RCTs, and pilot RCTs of digital serious
games designed to improve health-related knowledge or
attitudes in nonprofessional populations, including children,
adolescents, adults, informal caregivers, patients, and the
general public. Interventions were required to be delivered
via digital platforms, such as web-based applications, mobile
apps, computer software, virtual reality, augmented reality,
or robot-assisted systems. Comparators included no interven-
tion, conventional education, or digital nongame tools. The
primary outcomes were changes in knowledge or attitudes,
assessed using validated instruments when reported.

We excluded studies evaluating nondigital games;
interventions targeting clinical treatment, rehabilitation, or
professional training; and studies that did not report at
least 1 primary outcome. Nonrandomized studies, qualitative
research, reviews, commentaries, protocols, and conference
abstracts were also excluded.

Data Extraction

A standardized data extraction form was initially developed
(DH) and subsequently refined (DH and DW) in accordance
with the Cochrane Handbook for Systematic Reviews of
Interventions [38]. The form was pilot-tested on a subset
of studies to ensure reliability and reproducibility before
full implementation. For each eligible trial, 2 reviewers
(DH and DW) independently extracted data and verified
the results with a third reviewer (WM). Extracted varia-
bles included study characteristics (identifier, year, country,
design, and setting); participant characteristics (population
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group, mean age, sex distribution, sample size, and patient
status); intervention details (type of digital serious game,
delivery platform, educational content, duration, and follow-
up, if reported); comparator details (type and format); and
outcome measures (assessment tools, baseline and postinter-
vention scores, and key findings related to knowledge or
attitudes).

Outcomes

The primary outcomes were changes in health-related
knowledge, including understanding of diseases, prevention,
and health promotion, as well as changes in health-related
attitudes, beliefs, perceptions, and intentions. Both outcomes
were assessed using validated instruments when reported. No
secondary outcomes were prespecified.

Bias Risk Assessment

The risk of bias for each included study was assessed
using the revised Cochrane risk-of-bias tool for random-
ized trials tool with the appropriate version applied
to individually randomized and cluster-randomized trials
[39]. The tool evaluates potential bias in the follow-
ing domains: the randomization process, deviations from
intended interventions, missing outcome data, measurement
of the outcomes, and selection of the reported results.
Each trial was independently appraised by 2 reviewers
(DH and DW) and categorized as low risk, some concerns,
or high risk of bias. Any disagreements were resolved by
consensus, with persistent discrepancies adjudicated by a
third reviewer (WM).

Statistical Analysis

Pairwise Meta-Analysis

Pairwise meta-analyses were first performed to estimate
pooled effects. For each study, mean values and SDs of
intervention and control groups were extracted. When SDs
were not directly reported, they were imputed from SEs,
P values, t values, or 95% ClIs. Studies without sufficient
information for conversion were excluded from quantitative
pooling.

Given the expected heterogeneity across populations,
interventions, and outcome measures, pooled standardized
mean differences (SMDs) with 95% CIs were calculated
using a random-effects model with Hartung-Knapp adjust-
ment to provide more robust variance estimation under
conditions of limited study numbers and substantial between-
study variability [40].

Between-study heterogeneity was assessed using Cochran
QO test and quantified using the I? statistic [41]. Robust-
ness of pooled estimates in the pairwise meta-analyses was
evaluated through sensitivity analyses, including sequential
exclusion of individual studies, application of fixed-effect
models, and removal of trials at high risk of bias. Prespecified
subgroup analyses explored potential sources of heterogene-
ity, stratified by population group, patient status, health topic,
duration, publication decade, geographical region, and sex
distribution (Multimedia Appendix 3).
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Bayesian Network Meta-Analysis

Bayesian network meta-analysis was conducted using
random-effects models implemented via Markov chain Monte
Carlo simulation [42]. Although the included studies differed
in populations, health topics, and intervention formats, all
interventions were digital serious games targeting health
knowledge or attitudes, supporting the conceptual com-
parability required for network meta-analysis. The analy-
sis followed a predefined 8-step network meta-analysis
workflow, including network construction, Bayesian model
estimation, convergence diagnostics, inconsistency assess-
ment, treatment ranking, estimation of relative treatment
effects, calculation of prediction intervals, and robustness
analysis. Analyses were performed in R software (version
4.5.2; R Foundation for Statistical Computing) using the
gemtc and netmeta packages. Four Markov chains were
run in parallel with different initial values, each with 5000
burn-in iterations followed by 20,000 sampling iterations.
Convergence was assessed using trace plots and the Gel-
man-Rubin diagnostic, with a potential scale reduction factor
below 1.05 indicating adequate convergence. Noninformative
priors were specified for treatment effects, and vague priors
were applied to the between-study heterogeneity parameter to
minimize prior influence on the model estimates. Model fit
was evaluated using the deviance information criterion [43].

Pooled SMDs with corresponding 95% credible inter-
vals (Crls) were generated for all intervention compari-
sons. Prediction intervals were additionally calculated to
reflect the expected range of effects in future studies.
Local inconsistency was assessed using the node-splitting
method [44], and global inconsistency was evaluated by
comparing the deviance information criterion between the
consistency model and the unrelated mean effects model.
Between-study heterogeneity was accommodated using the
random-effects model and quantified using the between-study
variance parameter and overall network /2. Relative treatment
rankings were estimated using the surface under the cumula-
tive ranking curve (SUCRA), mean ranks, and rank prob-
abilities. Sensitivity analyses were conducted by applying
alternative prior distributions for the heterogeneity parameter
to assess the robustness of the model estimates. Complete
R scripts for both pairwise and network meta-analyses are
provided in Multimedia Appendix 4.
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Evaluation of Publication Bias

Publication bias and small-study effects were assessed using
the Egger regression test (P<.10) and comparison-adjusted
funnel plots within the network meta-analysis framework.
Interpretation of funnel plot asymmetry was undertaken
cautiously, as between-study variability and model complex-
ity may contribute to apparent asymmetry, independent of
publication bias.

Certainty of Evidence

The certainty of the evidence was appraised using
the GRADE (Grading of Recommendations, Assessment,
Development, and Evaluation) framework, following the
GRADE Working Group’s guidance. Certainty was evaluated
across the domains of study design, risk of bias, inconsis-
tency, indirectness, imprecision, and potential publication
bias [45]. All included randomized trials, including pilot and
cluster trials, were initially rated as high-certainty evidence.
Downgrading was applied when serious limitations were
identified, including high risk of bias, substantial unexplained
heterogeneity, indirectness of the evidence in relation to the
review question, imprecision of effect estimates, or poten-
tial publication bias, in accordance with GRADE guidance
[46]. Potential publication bias was also assessed. Final
ratings were categorized as high, moderate, low, or very low
certainty.

Results

Study Selection

The database search yielded 9269 records, and a further 47
records were identified through reference searches of relevant
systematic reviews and meta-analyses. After the removal of
5352 duplicates, 3917 records were screened by title and
abstract (Figure 1). Of these, 3816 records were excluded,
and 1 report could not be retrieved because the full text was
unavailable. A total of 88 full-text articles were assessed for
eligibility, of which 48 were excluded for reasons summar-
ized in Multimedia Appendix 5. In total, 40 studies were
included in the systematic review and 30 in the Bayesian
network meta-analysis (Figure 2).
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Figure 1. Forest plots showing pooled standardized mean differences (SMDs) for the effects of digital serious games on public health knowledge and
attitudes in randomized controlled trials. (A) Knowledge outcomes (27 trials; random-effects model with Knapp-Hartung adjustment: SMD 0.66, 95%
CI 0.32-0.99; prediction interval —=0.97 to 2.29; ’=89.1%). (B) Attitude outcomes (16 trials; random-effects model with Knapp-Hartung adjustment:
SMD 0.50, 95% CI 0.27-0.76; prediction interval —0.42 to 1.43; ’=80.7%). Squares represent individual study effect sizes (size proportional to study

weight); horizontal lines represent 95% Cls; diamonds indicate pooled summary estimates [47-75].
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Figure 2. PRISMA flow diagram of study identification, screening, and selection for randomized controlled trials evaluating digital serious games in
public health education. PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses.
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Study Characteristics

A total of 40 RCTs published between 2000 and 2025 were
included (Table 1). Research output increased markedly after
2020, with 5 (12.5%) studies published before 2010 [47-50,
76], 10 (22.5%) between 2010 and 2019 [51-57,77-79], and
25 (62.5%) since 2020 [58-75,80-86]. Studies were conduc-
ted across 19 countries, most frequently in the United States
(n=13, 32.5%) [47-50,54,56,60,65,74,76,78,79,83], followed
by China (n=4, 10%) [64,68,70,85], Iran (n=4, 10%) [58,
62,67,73], and the Netherlands (n=3, 7.5%) [53,63,77]. All
studies adopted a randomized controlled design, including 10
(25%) pilot trials and 5 (12.5%) cluster trials.

The design and characteristics of digital serious games
are summarized in Multimedia Appendix 6. Interventions
evolved with technological development. Early studies used
computer-offline serious games (n=7, 17.5%) [47,49-52.80,
85] and video-based serious games (n=6, 15%) [48,61,66,76,
78,79]. Later studies adopted computer or web-based online
games (n=8, 20%) [55,56,65,71,73,75,77.,83] and mobile-app
games (n=13, 32.5%) [54,57-59,62-64,67,68,72,81,82,84].
Since 2020, immersive formats such as virtual-reality serious
games (n=3, 7.5%) [69,74,86] and augmented-reality serious
games (n=2, 5%) [60,71] have become more common, and
robot-assisted serious games (n=1, 2.5%) [53] were included
from 2017. Three games, Watch, Discover, Think, and Act
[47,50], Re-Mission [76,78], and Dental Detective [51,80],
were each evaluated in 2 trials due to updated versions
or applications in different populations. All iterations were
therefore included in the synthesis.

https://www jmir.org/2026/1/e89281

A total of 8764 participants were included (interven-
tion =4374; control =4390). Twelve studies (30%) targeted
children, 11 (27.5%) adolescents, 11 (27.5%) adults, and 6
(15%) mixed populations (eg, children and adolescents or
adolescents and adults). Thirteen studies (32.5%) included
more women than men, 9 (n=9, 22.5%) were gender-bal-
anced, and 18 (45%) included a higher proportion of men.

The most frequent educational topics were CD educa-
tion (n=8, 20%), cancer education (n=6, 15%), sexual and
reproductive health education (n=6, 15%), and nutrition and
healthy lifestyle education (n=6, 15%). Other topics included
vaccination and infectious-disease prevention (n=4, 10%),
oral health education (n=4, 10%), medication and antimicro-
bial-resistance education (n=3, 7.5%), and psychological and
developmental health education (n=3, 7.5%).

Among the 40 studies, 35 (87.5%) reported knowledge
outcomes, of which 28 (80%) showed significant improve-
ment and 7 (20%) found no between-group difference [51,54,
60,72.,75,77,80]. A total of 22 (55%) studies assessed attitude
outcomes, with 15 (68.2%) showing positive changes and
7 (31.8%) showing no improvement [51,54,55,57,63,75,80].
A total of 30 (75%) studies were included in the Bayesian
network meta-analysis [47-75,80], including those reporting
knowledge outcomes (n=27, 67.5%) [47-55,57-62,64-73,75,
80] and attitude outcomes (n=16, 40%) [47,50,54-57,63-67,
69,70,73-75].
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Risk-of-Bias Results

Among the 40 included RCTs, methodological quality was
generally moderate to high (Multimedia Appendix 7). For
the 35 individually randomized trials, low risk of bias
was most frequently observed in the randomization proc-
ess (25/35, 71.4%), deviations from intended interventions
(31/35, 88.6%), and measurement of outcomes (33/35,
94.3%). “Some concerns” were mainly identified in the
selection of reported results (14/35, 40%) and overall bias
judgment (24/35, 68.6%), mainly due to the absence of
preregistered protocols or incomplete reporting of secondary
outcomes. One trial was rated as high risk of bias in the
domain of deviations from intended interventions because
participants and facilitators were not blinded during gameplay
[51], and another trial was judged as high risk for the same
reason, with substantial researcher involvement potentially
influencing participant responses [68]. No other study was
rated as high risk in any domain. Among the 5 cluster-
randomized trials, methodological quality was similarly high;
all studies were rated as low risk for the randomization
process and missing outcome data, with only minor concerns
regarding the selection of the reported result. Taken together,
31.4% (11/35) of studies were judged as low risk, 68.6%
(24/35) as having some concerns, and none as high risk.

Results of the Meta-Analyses

Across the 40 included studies, 27 reported data on knowl-
edge outcomes, and 16 on attitude outcomes [47-75], with 21
trials contributing to both outcome categories. Compared with
controls, digital serious games significantly improved public
health knowledge (SMD=0.66; 95% CI 0.32-0.99; P<.001;
P’=89.1%) and showed a moderate positive effect on health
attitudes (SMD=0.50; 95% CI 0.27-0.76; P<.001; >=80.7%)
(Figure 1). Considerable heterogeneity was observed across
studies (knowledge: 0=239.23; P<.001; attitude: Q=77.75;
P<.001). Funnel plots showed mild asymmetry for both
outcomes (Multimedia Appendix 8). Egger’s regression
test indicated potential small-study effects for knowledge
(P=.006) but not for attitude (P=.05).

The overall certainty of evidence, assessed using the
GRADE framework, was moderate for both knowledge
and attitude outcomes. Although substantial heterogeneity
was present, the direction of effects remained consistent
across studies, and subgroup analyses explained much of
the observed variation by intervention duration, population
type, and health topic. Minor methodological concerns related
to randomization, allocation concealment, and small-study
effects contributed to downgrading from high to moderate
certainty. Indirectness and imprecision did not materially
affect the certainty ratings, as all included trials directly
addressed the review question and yielded precise pooled
estimates (Multimedia Appendix 9).

Subgroup and Moderator Analyses

Subgroup analyses were undertaken to explore potential
sources of heterogeneity across intervention duration, study
region, patient status, health topic, publication year, popu-
lation type, and sex. Across both knowledge and attitude
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outcomes, multisession interventions consistently yielded
larger effects than single-session exposure (knowledge:
x21=4.04; P=.04; attitude: y?1=4.97; P=.03), indicating that
repeated game participation reinforced learning and atti-
tude internalization. Effect sizes were also greater among
nonpatient populations than among patients (knowledge:
x21=7.13; P=.008; attitude: x21=9.97; P=.002), suggesting
that individuals without disease burden may be more
receptive to health information. Considerable variation was
observed across health topics (knowledge: x26=120.32;
P<001; attitude: yx%=176.14; P<.001), with cancer- and
CD-focused games achieving the highest impact, whereas
effects were smaller for vaccination and oral health educa-
tion. Regional differences were modest but favored studies
conducted in Asia (¥24=10.18; P=.04). Publication year, age
group, and sex composition did not consistently influence
effect estimates (Multimedia Appendix 10).

Bayesian Network Meta-Analysis

The knowledge network comprised 14 interventions,
including 7 types of digital serious games and 7 traditional
or nongame comparators, forming 26 direct comparisons and
5 closed loops (Figure 3A). Between-study heterogeneity
in the network meta-analysis was low (7=2.75; 95% Cirl
1.58-4.69; 12=7.57; network PP=8%). Digital serious games
produced the greatest improvements in knowledge outcomes
(Figure 4). Mobile app-based games showed significantly
higher effects than traditional education (mean difference
5.46; 95% Crl 2.00-9.39), treatment as usual (4.87; 95% Crl
1.06-9.37), and no intervention (2.82; 95% Crl 0.09-5.79).
Computer-offline and web-based serious games also achieved
superior gains compared with traditional education (4.87;
95% Crl 0.65-7.95 and 4.12; 95% Crl 0.79-6.05, respec-
tively), whereas robot-assisted, virtual reality, and video-
based games showed weaker comparative effects. Bayesian
ranking analyses indicated that mobile app—based, computer-
offline, and web-based serious games consistently ranked
highest for improving knowledge outcomes (Figure 5A).
Prediction intervals were calculated to reflect the expected
range of treatment effects in future studies (Multimedia
Appendix 11). No significant inconsistency between direct
and indirect evidence was detected in node-splitting analyses
(all P>.05; Multimedia Appendix 12), and the consistency
and unrelated mean effects models showed nearly identical
model fit (Deviance Information Criterion; DIC=109.899 vs
109.894; ADIC=0.005). Sensitivity analyses using alternative
prior distributions produced nearly identical SUCRA values
and treatment rankings, indicating robust results (Multimedia
Appendix 13).

The attitude network comprised 11 interventions,
including 6 types of digital serious games and 5 traditional
or nongame comparators, forming 16 direct comparisons and
3 closed loops (Figure 3B). Between-study heterogeneity
in the network meta-analysis was low (7=3.19; 95% Cirl
1.42-6.53; 12=10.20; network ’=3%). Digital serious games
produced greater improvements in health attitudes compared
with traditional or nongame education (Figure 4). Computer-
offline, web-based, and virtual reality serious games showed
the largest improvements in attitude outcomes compared
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with traditional education (13.28; 95% Crl 3.30-22.92;
11.30; 95% Crl 1.53-21.00; and 11.61; 95% Crl 1.33-
21.74, respectively), whereas video-based, face-to-face, and
no-intervention conditions showed weaker or inconsistent
effects. Bayesian ranking analyses indicated that computer-
offline, web-based, and virtual reality serious games ranked
highest for improving health attitudes (Figure 5B). Predic-
tion intervals were calculated to reflect the expected range

Huang et al

11). No significant inconsistency between direct and indirect
evidence was detected in node-splitting analyses (all P>.05;
Multimedia Appendix 12), and the consistency and unrelated
mean effects models showed similar model fit (DIC=58.47
vs 60.12; ADIC=1.65). Sensitivity analyses using alternative
prior distributions produced nearly identical SUCRA values
and treatment rankings, indicating that the results were robust
(Multimedia Appendix 13).

of treatment effects in future studies (Multimedia Appendix

Figure 3. Network structures of digital serious game interventions included in the network meta-analysis for knowledge and attitude outcomes.
Panels A and B illustrate the network structures of digital serious game interventions for knowledge and attitude outcomes, respectively. Each node
represents an intervention, and each connecting line indicates a direct comparison between interventions in the included randomized controlled
trials. The size of each node is proportional to the number of participants receiving that intervention, and the thickness of the connecting lines
reflects the number of direct comparisons. AP: mobile app serious games; AR: augmented reality serious games; CF: computer offline serious games
delivered via PC, tablet, or DVD; CO: computer or web-based online serious game; EM: educational materials (leaflets, booklets, or pamphlets);
FE: face-to-face education; NI: no intervention; RB: robot-assisted serious games; TA: treatment as usual; TE: traditional classroom or lecture-based
education; VE: educational videos without gamified elements; VI: video-based serious games; VR: virtual reality serious games; WN: web-based

nongame education.
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Figure 4. Heatmap of pairwise comparisons from the network meta-analysis of digital serious game interventions for knowledge and attitude
outcomes. The heatmap summarizes pairwise mean differences with corresponding 95% credible intervals between interventions. Values below the
diagonal represent knowledge outcomes, whereas values above the diagonal represent attitude outcomes. Positive values favor the column-defining
intervention, whereas negative values favor the row-defining intervention. Darker shading represents larger absolute mean differences. Statistically
significant comparisons are indicated by *(P<.05). AP: mobile app serious games; AR: augmented reality serious games; CF: computer offline
serious games delivered via PC, tablet, or DVD; CO: computer or web-based online serious game; EM: educational materials (leaflets, booklets, or
pamphlets); FE: face-to-face education; NI: no intervention; RB: robot-assisted serious games; TA: treatment as usual; TE: traditional classroom or
lecture-based education; VE: educational videos without gamified elements; VI: video-based serious games; VR: virtual reality serious games; WN:

web-based nongame education.
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Figure 5. Bayesian ranking probabilities of digital serious game interventions for improving knowledge and attitude outcomes. Panels A and B
present the Bayesian ranking probabilities for knowledge and attitude outcomes, respectively. Each stacked bar represents the probability that a given
intervention ranks at each possible position among all interventions included in the network meta-analysis. Darker shading indicates higher ranking
probabilities. Higher rankings indicate greater effectiveness. AP: mobile app serious games; AR: augmented reality serious games; CF: computer
offline serious games delivered via PC, tablet, or DVD; CO: computer or web-based online serious game; EM: educational materials (leaflets,
booklets, or pamphlets); FE: face-to-face education; NI: no intervention; RB: robot-assisted serious games; TA: treatment as usual; TE: traditional
classroom or lecture-based education; VE: educational videos without gamified elements; VI: video-based serious games; VR: virtual reality serious
games; WN: web-based nongame education.
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Discussion

Principal Findings

In this systematic review and Bayesian network meta-analy-
sis of 40 RCTs involving 8764 participants, digital seri-
ous games were associated with improvements in public
health knowledge and attitudes compared with traditional
or noninteractive education. Greater effects were observed
with multisession interventions. Subgroup analyses indica-
ted stronger responses among adolescents and nonpatient
populations, particularly in studies conducted in Asia and
in interventions addressing psychological or developmen-
tal health topics. Network meta-analysis further demonstra-
ted differences across delivery formats: mobile app-based
games ranked highest for knowledge outcomes, whereas
computer-offline and web-based formats showed greater
relative effectiveness for attitude change, while video-based
and traditional education formats consistently ranked lower.
By integrating pairwise and network meta-analysis within
a cross-disease framework, this study enables comparative
evaluation across formats and population contexts, addressing
limitations of prior reviews restricted to single conditions or
pairwise comparisons [87-89].

Despite substantial heterogeneity observed in the pairwise
meta-analysis, sensitivity analyses confirmed the stability
of pooled estimates, indicating that the variability pri-
marily reflects contextual and population-level differences
rather than methodological bias. Differences across health
topics highlight the influence of content relevance and
narrative structure in shaping learning outcomes. Inter-
ventions targeting psychological or developmental health
often incorporate self-management scenarios and emotionally
salient components that may enhance perceived relevance
and retention [90]. The advantage of repeated exposure
is consistent with reinforcement and memory consolidation
processes, whereas single-session interventions may offer
insufficient opportunities for feedback and integration. Larger
improvements among nonpatient populations may relate to
lower baseline knowledge and reduced ceiling effects [91].
The heterogeneity observed, therefore, reflects meaningful
contextual differentiation rather than instability of effect
estimates.

These findings should also be interpreted considering
methodological factors, including the risk of bias and the
certainty of evidence. Risk-of-bias assessment using the
revised Cochrane risk-of-bias tool for randomized trial tool
indicated that several studies had methodological limitations
that may have influenced effect estimates. The overall
certainty of evidence assessed using the GRADE framework
was rated as moderate for knowledge outcomes and low-
to-moderate for attitudes. In addition, while Cls represent
the average effect across studies, prediction intervals reflect
the potential variation in effects across different implementa-
tion settings, indicating that intervention effects may vary
depending on population characteristics and context.

Beyond these methodological considerations, the findings
also suggest several interpretive mechanisms underlying the
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educational effects of serious games. Although the network
meta-analysis suggested relatively consistent comparative
effects across formats, the pooled estimates and ranking
probabilities should still be interpreted with caution because
the included studies varied in populations, health topics, and
intervention characteristics. From a structural perspective,
the network findings further suggest that the educational
impact of serious games may operate along complementary
cognitive and affective pathways. Interventions incorporating
adaptive feedback, progressive challenge, and opportunities
for repeated engagement are more likely to activate sus-
tained cognitive processing, thereby facilitating the consol-
idation and integration of information [92]. In contrast,
formats characterized by low interactivity and fixed content
delivery may limit learner control and cognitive activa-
tion [93]. With respect to attitudinal outcomes, narrative-
driven and role-playing designs appear more conducive to
attitude change through mechanisms of perspective-taking
and emotional engagement [94], while immersive simula-
tions may intensify affective involvement through first-per-
son experiential framing. Together, these findings indicate
that knowledge gains are primarily supported by cognitive
reinforcement processes, whereas attitudinal change is more
closely linked to emotional immersion and social resonance.
The integration of both pathways may, therefore, strengthen
the overall educational impact of serious games in public
health contexts.

Importantly, the relative balance between cognitive
structure and experiential immersion is not only a theoretical
distinction but also a practical one. Designs that prioritize
deep affective engagement often require greater technological
resources and infrastructural investment, whereas cognitively
structured, feedback-oriented formats may be more feasible
for large-scale dissemination [95]. This interplay between
experiential intensity and implementation feasibility becomes
particularly salient in population-level public health education
[96].

Consistent with this structural tension, the network
analysis highlights trade-offs between experiential depth and
scalability. Virtual-reality and robot-assisted formats may
achieve high experiential fidelity yet face barriers related to
cost and accessibility, while mobile and web-based interven-
tions enable broader reach, albeit sometimes with reduced
experiential richness [97]. These findings suggest that
innovation should not focus solely on increasing technical
sophistication but rather on developing adaptive architec-
tures capable of preserving feedback, learner autonomy, and
emotional resonance across diverse delivery contexts [98,
99]. Achieving equilibrium between structural fidelity and
affective relevance may be essential for translating short-
term knowledge improvements into sustained behavioral and
attitudinal change in population health education.

Implications for Practice and Research

Evidence from this review suggests that digital serious
games can extend the reach of public health education in
settings where conventional programs face limitations in
coverage or engagement. The consistent advantages of mobile
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and web-based formats over resource-intensive technologies
indicate that scalability depends more on accessibility and
design efficiency than on technical sophistication [22,100].
In practice, prioritizing adaptive, feedback-driven mobile
platforms may yield greater population impact than invest-
ing in high-fidelity but low-reach systems, such as virtual
reality or robotics [21,101]. At the same time, stronger effects
observed among adolescents and women highlight both the
potential for targeted implementation and the need to address
equity gaps among patients and older adults who demon-
strate lower engagement. Inclusive design, tailored difficulty
adjustment, and integration within existing community or
school-based programs may help reduce digital exclusion and
sustain long-term participation [102,103].

Beyond implementation considerations, the current
evidence base remains fragmented, with substantial variation
in populations, intervention formats, and outcome measures.
Most randomized trials are small and exploratory, often
limited to school-aged or student samples. Future research
should prioritize adequately powered trials involving adult
and older populations and incorporate medium- and long-term
follow-up to determine whether gains in knowledge and
attitudes translate into sustained behavioral change [30].

A structured implementation framework is also needed
to define minimal effective exposure, establish evaluation
benchmarks, and clarify ethical standards for educational
gaming [104,105]. Standardization represents a critical next
step. Although thematic diversity in public health educa-
tion is expected, a unified evaluation framework should
be developed to assess usability, implementation quality,
and core design attributes—such as interactivity, feedback
mechanisms, immersion, and accessibility —using validated
instruments [97,98]. Establishing shared data infrastructures
that systematically document intervention characteristics,
engagement metrics, and outcome measures would fur-
ther enhance comparability and enable cumulative synthe-
sis across studies. Strengthening these methodological and
infrastructural foundations will be essential for advancing
serious game research from isolated trials toward a coherent
and reproducible scientific field.

Limitations

The interpretation of this synthesis should take into account
the methodological and conceptual variability among the
included trials, which likely contributed to the substantial
heterogeneity observed in the pairwise meta-analysis. Health
education topics, measurement instruments, and feedback
structures differed widely, complicating direct comparison of
effect sizes across studies [30]. Although subgroup analyses
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identified several sources of heterogeneity, the diversity
in outcome definitions and analytical strategies inevitably
limited the precision of pooled estimates.

In several recent studies, particularly those published after
2020, technological advancements have led serious games,
such as Food Adventure Quest and Amoo, to evolve beyond
stand-alone formats, increasingly integrating complemen-
tary educational components, such as video segments and
classroom instruction [62,85]. Although this convergence
complicates the identification of the game’s independent
effects, it reflects the growing trend toward multimodal
approaches in health education. It indicates that serious
games are becoming embedded components of broader digital
learning ecosystems that combine interactive games, web-
based modules, and instructor-led components.

Reporting transparency also varied across studies. Protocol
preregistration and complete reporting of secondary outcomes
were often absent, resulting in the overall methodological
quality being rated as moderate, despite generally low risks
of bias in randomization, intervention delivery, and outcome
measurement [106]. These limitations indicate that the main
threat to internal validity stems from incomplete documen-
tation rather than flawed trial conduct, underscoring the
need for preregistered protocols and comprehensive reporting
standards in future evaluations of serious games.

Conclusions

This systematic review and Bayesian network meta-analy-
sis of RCTs provides a comprehensive evaluation of the
educational impact of digital serious games in public health.
Unlike earlier reviews that focused on individual interven-
tions or specific health topics, this study compares multi-
ple digital serious game formats within a unified analytical
framework. Across 40 trials, mobile-, computer-, and
web-based formats generally produced the greatest improve-
ments in knowledge outcomes, while computer-, web-, and
virtual reality—based formats showed stronger effects for
attitude change. Multisession interventions sustained learning
and attitudinal change more effectively than single-session
exposure, highlighting the importance of reinforcement and
continued engagement. The overall certainty of evidence
was moderate, reflecting methodological heterogeneity across
trials. These findings contribute comparative evidence to the
field of digital health education and offer practical guidance
for selecting scalable serious game interventions in real-
world public health programs. Strengthening implementation
strategies, standardizing outcome evaluation, and extending
trials to underrepresented adult and older populations are
important next steps.
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