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Abstract

Introduction: While vaccines are crucial for disease prevention, disparities in vaccination coverage persist among youths
aged 10 to 29 years, including within the United States. Serious games are emerging as a new strategy to address vaccine
hesitancy. This systematic review aimed to aggregate and assess the current evidence on game-based interventions to improve
youth vaccination rates, evaluating their impact and identifying factors influencing their effectiveness.

Methods: This systematic review was conducted through a meticulous search and evaluation of literature from databases
including PubMed, Cumulative Index to Nursing and Allied Health Literature database, ProQuest platform, Cochrane
Library, and Google Scholar. Studies were included if they (a) were designed with the purpose of improving youth vaccination
rates; (b) were published in English; (c) were published between January 201 | and June 2023; and (d) evaluated the effect of
game-based interventions. Search terms included Medical Subject Headings terms and keywords of the eligible articles.
Results: Out of 269 studies, || were included in the final analysis of this review. The earliest study dated back to 2013, with 5
being randomized controlled trial and 6 studies incorporating theoretical models in their design or outcome measures. The findings
indicated a generally positive effect of game-based interventions on vaccine-related knowledge. However, the impact on actual vac-
cine uptake was limited. In-game avatar customization and collaboration games were found as effective tools for player engagement.
Conclusion: The review findings indicated that serious games boost vaccine knowledge but lack strong evidence for influencing
youth vaccine uptake. More rigorous research and tailored game designs are needed to determine the effectiveness of game-based
interventions and effectively address the diverse needs of youth in vaccine decision-making.
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As per the Centers for Disease Control and Prevention
(CDC) guidelines, for ages 10 to 18, recommended vaccina-
tions include Coronavirus Disease 2019 (COVID-19)

Introduction

Vaccines are critical for disease prevention and the control of
infectious disease outbreaks. They offer a safe and effective
approach to establishing protection against a variety of

severe diseases, helping to reduce morbidity and mortality
(World Health Organization [WHO], 2021). This is particu-
larly relevant for youth, as defined by the U.S. Agency for
International Development (USAID) in its Youth in
Development Policy, which includes individuals aged 10 to
29 years (U.S. Agency for International Development
[USAID], 2021). Within this age group, it is imperative to
obtain complete vaccination coverage due to increased risk of
infections linked to more frequent social encounters and the bio-
logical changes occurring at this life stage, potentially intensify-
ing susceptibility to diseases and the likelihood of their spread.

'Edson College of Nursing and Healthcare Innovation, Arizona State
University, Phoenix, AZ, USA

2College of Nursing, Michigan State University, East Lansing, MI, USA
3College of Engineering, Informatics, and Applied Sciences, Northern
Arizona University, Flagstaff, AZ, USA

*School of Informatics, Computing, and Cyber Systems, Northern Arizona
University, Flagstaff, AZ, USA

5Depar‘tment of Psychiatry and Behavioral Sciences, Johns Hopkins School
of Medicine, Baltimore, MD, USA

Corresponding Author:

Lihong Ou, Edson College of Nursing and Healthcare Innovation, Arizona
State University, 550 N 3rd St, Phoenix, AZ, USA.
Email:lihongou@asu.edu

Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons Attribution-
Cmr  NonCommercial 4.0 License (https:/creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use, reproduction and distribution
of the work without further permission provided the original work is attributed as specified on the SAGE and Open Access page (https:/us.sagepub.com/en-

us/nam/open-access-at-sage).


https://orcid.org/0000-0002-4104-7935
mailto:lihongou@asu.edu
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://us.sagepub.com/en-us/nam/open-access-at-sage
https://us.sagepub.com/en-us/nam/open-access-at-sage
https://us.sagepub.com/en-us/nam/open-access-at-sage
https://us.sagepub.com/en-us/journals-permissions
https://journals.sagepub.com/home/son

SAGE Open Nursing

vaccines, Influenza (flu), Tetanus, Diphtheria, Pertussis
(Tdap), Human Papillomavirus (HPV), Meningococcal
Vaccines (Centers for Disease Control and Prevention
[CDC], 2023a). For those aged 19 to 29, the focus is on com-
pleting the routine series of flu and Tdap vaccines.
Additionally, the HPV vaccine is recommended for those
up to 26 years old who have not been fully vaccinated previ-
ously (CDC, 2023a).

However, despite the recognized importance of vaccines,
the coverage rates for those recommended during adoles-
cence and young adulthood often lag behind the levels
achieved for vaccines given in infancy and early childhood.
This gap was evident in the CDC’s TeenVaxView and
SchoolVaxView, which delineated discrepancies in vaccine
uptake among various age groups (CDC, 2022a; 2022b).
Specifically, TeenVaxView illustrated that coverage for vac-
cines such as HPV (with up-to-date HPV vaccination cover-
age for both females and males aged 13—17 less than 60% as
of 2022) and meningococcal disease (at 88.6% for adoles-
cents at the same age) was lower compared to the coverage
for childhood vaccinations against diseases like measles,
mumps, and rubella reported by SchoolVaxView (at 93.1%).

Data from COVIDVaxView and FluVaxView indicated
that vaccine coverage among youth also lagged behind cov-
erage among older adults. As of January 2024, only 20.6% of
individuals over 18 had received their COVID-19 vaccina-
tions, while the rate for children aged 6 months to 17 years
was even lower at 12.2%. In contrast, the vaccination rate
for seniors aged 65 and over was higher, at 28.1% (CDC,
2024a). Regarding the flu vaccine, 46.2% of young adults
aged 18 and over were vaccinated in the 2022 and 2023
season, which was less than the 54.5% vaccination rate
seen in those aged 65 and older during the same period
(CDC, 2024b). Moreover, these vaccination rates did not
meet the objectives set by Healthy People 2030, which
aims for at least a 70% immunization rate for flu among
everyone older than 6 months, and an 80% vaccination rate
for HPV in adolescents (U.S. Department of Health and
Human Services [HHS], n.d.). The comparative lag in uptake
for these vaccines highlights a critical area for public health
intervention to meet immunization goals for U.S. youth.

The challenges in vaccinating youth were complex, further
exacerbated by the COVID-19 pandemic, which posed addi-
tional hurdles for vaccination efforts and resulted in setbacks
in coverage. Vaccination rates for vaccines such as Tdap,
HPV, and MenACWY had seen decreases during the pan-
demic period. Specifically, there was an average drop of
36% in tetanus-containing vaccines for US adolescents from
January 2020 to July 2021, compared to the same months in
2019. Such declines in vaccination coverage rates raised con-
cerns about the potential resurgence of vaccine-preventable
diseases and the risk of HPV-associated cancers (Cunniff
et al., 2023).

The 2022 report by the World Health Organization
(WHO) and the United Nations International Children’s

Emergency Fund (UNICEF) also draws attention to
vaccine equity issues, especially in low- and lower-middle-
income countries. Although global coverage for the
diphtheria-tetanus-pertussis—containing vaccine (DTPcvl)
increased from 86% to 89% from 2021 to 2022, regions
like the African Region have stagnated at 80% and 72%
for the vaccine, respectively. Such enduring disparities in
vaccine coverage among different economic groups call for
dedicated efforts to rectify these inequities and improve
health outcomes in line with the objectives of the
Immunization Agenda 2030 (IA2030). This initiative aims
to reduce the count of zero-dose children (those missing
all routine immunizations) and the under-vaccinated.
Achieving these targets requires ongoing commitment and
precise initiatives that enhance education, raise awareness,
and provide equitable vaccine access (CDC, 2023b).

Besides, addressing vaccine hesitancy is also crucial in
overcoming barriers to vaccination acceptance and achiev-
ing optimal immunization coverage. Vaccine hesitancy,
characterized by delay or refusal of vaccination despite
the availability of vaccination services, was also one of
the leading health threats (WHO, 2014, 2022). Factors con-
tributing to vaccine hesitancy among US parents centered
on the benefits of the vaccination, vaccine effectiveness,
side effects, and the novelty of the vaccine (Kempe et al.,
2020; Szilagyi et al., 2020). On the other hand, healthcare
professionals were acknowledged as trusted authorities on
COVID-19 vaccine information and had a pivotal role in
addressing vaccine hesitancy. Their guidance could be a
cornerstone of family vaccination decisions, offering reas-
surance and fostering vaccine confidence. By effectively
communicating the safety and benefits of vaccines, health-
care providers could influence vaccination intentions and
acceptance among both parents and adolescents (Scherer
et al., 2021).

The emergence of the serious game dated back to 1970s
and its use of it was primarily focused on education as
opposed to just entertainment (Wilkinson, 2016). The
level to which a game accomplishes its intended objectives
could serve as a criterion for determining its seriousness
(Abt, 1987). With its potential to influence learning, the
application of serious games has expanded to different plat-
forms beyond personal computers and had served a diverse
audience from children to adults (Breuer & Bente, 2010;
Wouters et al., 2013). Serious games had been found to
be particularly effective for young learners in improving
participation in learning activities and academic achieve-
ments (Nazry & Romano, 2017; Yu, 2019). In recent
decades, there has been an increasing use of serious
games in other fields of study, including healthcare.
Interventions with gaming features had been adopted as
innovative and promising tools in disease prevention and
health promotion, such as addressing the vaccination gap
in the general public (de Souza Gaspar et al., 2020; Peng
& Bai, 2021).
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Nevertheless, to our knowledge, there is a paucity of
research up to date to examine the impact of serious games
on vaccination among the young population, particularly in
US children and adolescents. There is a need to understand
the determinants of successful serious-gamed-based vaccina-
tion interventions in youth as the findings could be important
for increasing vaccine uptake and coverage in the youth pop-
ulation. Hence, this review aimed to critically appraise and
synthesize the existing evidence on how game-based inter-
ventions were implemented to improve youth’s vaccine
knowledge and behaviors, and what factors contributed to
the effectiveness of the intervention.

Methods

The conduct of this systematic review was guided by the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) statement. The search strategy
and flow chart of included and excluded studies were pre-
sented in Figure 1.

Data Sources and Search Strategy

Two authors worked independently to identify and appraise
empirical studies describing the outcomes of game-based
intervention on youth’s vaccine knowledge and behaviors.
The PubMed, Cumulative Index to Nursing and Allied
Health Literature database (CINAHL), ProQuest platform,
Cochrane Library, and Google Scholar were searched. A
broad search targeting the young population was used to
compensate for the limited number of studies on the applica-
tion of game-based intervention for increasing vaccine
knowledge and behaviors among children and adolescents.
Additional studies were also determined by hand searches
of reference citations in the studies identified.

In the search strategy, a combination of Medical Subject
Headings (MeSH) terms and keywords from eligible articles
was used to identify relevant literature. The search terms
were organized around several main concepts: games, inter-
ventions, youth, and vaccines. In exploring the various con-
cepts, terms such as ‘“games,” ‘“gamification,” “serious
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Figure 1. PRISMA Flow Diagram of Literature Search.
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games,” and others related to digital gaming were used. For
interventions, inclusion encompassed terms ‘“‘intervention,”
“programs,” and “strategies,” alongside variations related to
computerized and technology-based interventions. The vac-
cines concept entailed terms such as “vaccines,” “vaccina-
tions,” “immunizations,” and others associated with
vaccine uptake and acceptance. Finally, for youth, employed
terms “youth,” “adolescent,” and “young adult” were used to
capture literature relevant to this demographic group (see
Appendix 1).

Eligibility Criteria

The criteria (a) were to improve vaccination rates, (b) were
published in English, (c) were published between January
2011 and June 2023, and (d) evaluated the effect of game-
based interventions. Study protocols, conference abstracts,
studies published in non-English languages, and studies
that did not target the young population or evaluate the effec-
tiveness of the intervention will be excluded.

The review period was selected to highlight significant
advancements in digital health interventions, especially
technology-based strategies for increasing vaccination cover-
age. These advancements were largely driven by the wide-
spread adoption of smartphones (Pew Research Center,
2012) and continuous technological progress. The timeframe,
concluding in June 2023, also ensured the inclusion of recent
studies to assess interventions and their adaptation to the vac-
cination challenges posed by the COVID-19 pandemic.

Data Extraction, Analysis, and Synthesis

Two authors independently conducted the search and review,
scanned all the titles, and abstracts, and identified potential
studies that met the eligibility criteria for inclusion.
Disagreements over the search and interpretation results
were further discussed between the reviewers until the con-
flicts were solved.

The studies included were assessed for information on
participant characteristics, study location, study design, the
theory used for guiding the study, the game length,
content, game features or elements, game platforms, and
the effect of game-based interventions on vaccine knowledge
and behaviors. Each study was subjected to critical appraisal
based on the modified Melnyk Levels of Evidence. The
Melnyk model was used to evaluate and rank the quality of
the study design, resulting in seven levels of evidence, with
a lower number indicating a higher level of evidence
(Melnyk & Fineout-Overholt, 2015).

Additionally, the quality of evidence of studies with ran-
domized controlled trial (RCT) designs was assessed using
the Cochrane Collaboration’s risk of bias tool, a summary
rating of “high,” “low” risk of bias, or “some concerns”
was assigned to each study based on criteria related to bias
in the domain of randomization process, deviations from

intended interventions, missing outcome data, measurement
of outcomes, and selection of reported results (Cochrane,
2019). Extracted information was summarized in the litera-
ture review table (see Appendix 2). The table included the
purpose of the study, the purpose of the game-based interven-
tions, study design, theories incorporated in the research,
study samples, procedures, outcome measures, results, and
assessment findings of study quality to describe the charac-
teristics of the included studies. Meta-analysis on the
impact of the game-based interventions on young partici-
pants’ vaccine knowledge and behaviors was not performed
due to the sparse and heterogeneous data. Therefore, the find-
ings summarized and appraised in this review focused on the
use of game-based interventions and their effectiveness in
enhancing vaccine knowledge and behaviors among young
people.

Results

A total of 269 records were identified through the search.
After removing the duplicates, the remaining 171 articles
were assessed by the titles and abstracts, and 126 articles
were excluded based on the described selection criteria. As
aresult, the full text of 45 articles was assessed for eligibility,
and 11 studies were included in the final review.

General Description of Included Studies

The reviewed studies, spanning from 2013 to 2023, investi-
gated game-based interventions across various demographics
and international locales, revealing a concentration of
research in recent years, particularly from 2019 to 2023.
Four studies used RCTs, which were rated as Level II evi-
dence by the Melnyk model (Cates et al., 2020; Darville
et al.,, 2018; Epstein et al., 2021; Fadda et al., 2017,
Melnyk & Fineout-Overholt, 2015). Concerns about bias
arose from the incomplete reporting of the randomization
process, particularly the details of generating the allocation
sequence and applying blinding techniques. Notably, only
one study described difference in baseline participants’ char-
acteristics across study groups for the randomization check
(Fadda et al., 2017), and another provided detailed informa-
tion on the blinding methods used during the study (Epstein
et al., 2021). Moreover, there was insufficient information on
the validity and reliability of the instruments used for
outcome assessment (Cates et al., 2020; Darville et al.,
2018; Epstein et al., 2021; Fadda et al., 2017). These were
complemented by three quasi-experimental studies, provid-
ing Level III evidence (Bertozzi et al., 2013; Mitchell
et al., 2021; Venigalla et al., 2021), and four mixed-methods
approaches, which were assigned Level II or III evidence
based on whether randomization was included (Eley et al.,
2019; Frick et al., 2023; Occa et al., 2022; Ruiz-Lépez
et al., 2019).
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Geographically diverse, the studies were conducted across
seven countries, with sample sizes ranging from 12 to 3,087
participants, including specific demographics such as
parent-preteen dyads (Cates et al., 2020), parents of young
children (Fadda et al.,, 2017), school-aged children
(Bertozzi et al., 2013; Eley et al., 2019; Epstein et al.,
2021; Occa et al., 2022), high school (Ruiz-Lépez et al.,
2019), and university students (Darville et al.,, 2018;
Mitchell et al., 2021; Venigalla et al., 2021), as well as
young adults (Frick et al., 2023). One study only included
male participants (Darville et al., 2018); no other studies
reported limiting participation by gender. Most studies did
not report the racial or ethnic composition of their partici-
pants, with two exceptions (Cates et al., 2020; Darville
et al., 2018), highlighting a significant gap in demographic
transparency.

Game-Based Interventions Characteristics

Type of Game Platforms. Most of the games were digital-
based games, such as having the game installed on mobile
devices and using desktop, smartphone, or tablet-based appli-
cations or accessing through web applications for playing
(Bertozzi et al., 2013; Cates et al., 2020; Darville et al.,
2018; Eley et al., 2019; Fadda et al., 2017; Frick et al.,
2023; Mitchell et al., 2021; Occa et al., 2022; Ruiz-Lépez
et al., 2019; Venigalla et al., 2021). Instead, Epstein et al.
(2021) used collectible vaccine card packs as the gamifica-
tion intervention in the study.

Total Game Duration. Six studies did not report the length of
the game (Bertozzi et al., 2013; Darville et al., 2018; Epstein
et al., 2021; Frick et al., 2023; Occa et al., 2022; Ruiz-Lépez
et al., 2019). Those who reported the duration of the game
playing described the time varied from a span of two
minutes to fifteen minutes (Cates et al., 2020; Eley et al.,
2019; Fadda et al., 2017; Mitchell et al., 2021; Venigalla
et al., 2021).

Game Content and Goals. The game’s content presented in the
studies was all related to vaccine-preventable diseases, vac-
cines, and vaccination. They often provided an interactive
scenario, assigned players specific roles, and made them nav-
igate through a specific path towards protecting from the
virus, fighting against the virus, solving puzzles, or achieving
particular status which was considered a success (Bertozzi
et al., 2013; Cates et al., 2018, 2020; Darville et al., 2018;
Eley et al., 2019; Frick et al., 2023; Mitchell et al., 2021;
Ruiz-Lépez et al., 2019; Venigalla et al., 2021). Players
were also exposed to messages about the diseases and their
vaccinations in the games, how the game proceeded could
rely on players’ responses to the messages. Fadda et al.
(2017), Occa et al. (2022), and Frick et al. (2023) specifically
provided quiz in combination with videos associated with
vaccination knowledge and uptake.

Epstein et al. (2021), on the other hand, used card games
as an incentive to encourage children’s return of vaccination
consent forms, The card set comprised 13 disease character
cards with each of them representing the vaccine-preventable
diseases covered by the recommended childhood immuniza-
tion schedule, it showed terminology and symptomatology of
the disease and reinforced knowledge related to global inci-
dence and mortality, symptoms, and modes of transmission
of the disease.

Despite the primary goals of the game-based vaccine
interventions in the studies being to promote the knowledge
of vaccine-preventable diseases, the preventive vaccination
against them, and vaccination initiation or completion, the
studies addressed different types of vaccines. Specifically,
two studies targeted the flu vaccine (Bertozzi et al., 2013;
Mitchell et al., 2021), one for the MMR vaccine (Fadda
et al., 2017), two for the COVID-19 vaccine (Frick et al.,
2023; Venigalla et al., 2021), four for the HPV vaccine
(Cates et al., 2020; Darville et al., 2018; Occa et al., 2022;
Ruiz-Lépez et al., 2019), one for general vaccinations
(Eley et al., 2019), and one for HPV and other vaccine-
preventable diseases, including diphtheria, tetanus, and per-
tussis (DTaP), MMR, Hemophilus B, rotavirus, pneumococ-
cal, meningococcal, hepatitis B, varicella vaccine (Epstein
et al., 2021).

Game Features or Elements. The studies highlighted several
key game features or elements to improve players’ motiva-
tion to play the game as well as engagement with the
game, including customized game characters or in-game
avatars, an immersive narrative-driven game context,
various difficulty levels, game progress bar, simulated real-
life situation, and scenarios (Bertozzi et al., 2013; Cates
et al.,, 2020; Darville et al., 2018; Occa et al., 2022;
Ruiz-Lépez et al., 2019; Venigalla et al., 2021); in-game
help system and resource links, in-game feedback such as
additional information regarding the questions the partici-
pants answered, digital rewards for correct answers, mone-
tary voucher as real-world prizes, leaderboard to track
players’ ranking or sound effects and character animations
in response to players’ completion of different levels (Cates
et al.,, 2020; Eley et al., 2019; Fadda et al., 2017; Frick
et al.,, 2023; Mitchell et al.,, 2021; Occa et al., 2022;
Ruiz-Lépez et al., 2019; Venigalla et al., 2021).

Venigalla et al. (2021) described a multiplayer-based
game. Four distinct roles were assigned in the game and
players were encouraged to work together to complete spe-
cific tasks. Three games also contained complementary
social features that direct links to social network platforms
were embedded in the game and players were provided the
option to share the game or invite others to play the game
via social media (Fadda et al., 2017; Mitchell et al., 2021;
Ruiz-Lépez et al., 2019). Additionally, the vaccine card
game served as a social tool in addition to its incentive and
educational purpose since it could improve meaningful
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interactions between children and their peers, parents, and
teachers and possibly provoke dialogues around the
vaccine and associated diseases (Epstein et al., 2021).

Theory Use in Study. In total, six studies incorporated theoret-
ical models with five of them primarily aiming at health
behavior change and one assessing players’ gaming experi-
ence and usability. Among them, the health belief model
(HBM) and the theory of planned behavior (TPB) were the
most mentioned. The HBM used in one study was to
inform the development of the game messages (Cates et al.,
2018, 2020), and another study used the model to guide the
measurement of the gaming practice outcomes (Darville
et al., 2018). Similarly, Darville et al. (2018) adopted the
TPB for assessing the behavioral intention to receive
the vaccine while Occa et al. (2022) used key constructs of
the TPB (i.e., attitudes toward the behavior, perceived
social norms, behavioral control) to create an animated
video and the game. The social cognitive theory (SCT) was
also applied in the study when designing the scenes of the
game and the animated video to increase engagement
(Occa et al., 2022).

In addition, one study was grounded in the Health
Empowerment Model, it targeted the constructs of knowl-
edge and empowerment to improve the effects on vaccination
attitude, behavior, and recommendation (Fadda et al., 2017).
Another intervention addressed intrinsic motivation and
incorporated the self-determination theory (SDT) into the
game design to make it engaging and entertaining (Cates
etal., 2018, 2020). Epstein et al. (2021) described a multifac-
eted vaccination intervention in which the logic model of the
theory of change was presented to specify the key compo-
nents of the card game project, including resources, con-
straints,  activities, outputs, and effects. For a
comprehensive assessment of the player experience,
Venigalla et al. (2021) developed questionnaires based on
the Model for the Evaluation of Educational Games which
was adapted to fit the study context and provide detailed
information regarding pedagogy-related factors, player expe-
rience, and usability.

Primary Findings on Intervention Effects

Change in Knowledge. Eight out of the eleven studies evalu-
ated the knowledge related to the disease, disease prevention,
and the associated vaccination. Except for the study by Frick
et al. (2023), which found no change in participants’
COVID-19 knowledge after the intervention, all other
studies demonstrated statistically significant improvements
in knowledge from playing the game, with p-values
ranging from 0.03 to less than 0.001 (Bertozzi et al., 2013;
Cates et al., 2020; Eley et al., 2019; Fadda et al., 2017;
Mitchell et al., 2021; Occa et al., 2022; Ruiz-Lépez et al.,
2019). While senior school-aged pupils had greater pre-
gaming knowledge than junior students, they also exhibited

greater post-gaming knowledge, despite having similar per-
spectives on the game functions (Eley et al., 2019).
Additionally, Venigalla et al. (2021) found that the collabo-
rative game helped players better understand different profes-
sions work together to control the spread of diseases in a
community.

Behavioral Self-Efficacy. The effects of the game-based inter-
vention on self-efficacy for vaccination differed between
studies. Cates et al. (2020) discussed that the higher self-
efficacy score in the preteens who did not play the game
could be related to a lack of awareness of the vaccination
barrier. Nevertheless, Darville et al. (2018) found a positive
impact of customizable avatars resembling players’ actual
selves on their self-efficacy to receive the vaccine.
Additionally, children’s intentions and self-efficacy to
discuss vaccines with healthcare professionals or parents sig-
nificantly increased after exposure to the game-based inter-
vention (Occa et al., 2022).

Vaccination Intention and Vaccine Uptake. Two studies
reported significant increases in vaccination intention, with
one specifically attributing this effect to customizing
avatars to resemble the player’s ideal self in the game
(Darville et al., 2018; Fadda et al., 2017). Frick et al.
(2023) also reported a 20% increase in the number of partic-
ipants who indicated their willingness to receive vaccination
during the 6-week follow-up period. Self-reported vaccina-
tion behavior was measured in three studies and one of
them also evaluated the completion of the vaccine series of
3 doses. However, despite the increase in overall vaccine ini-
tiation and completion, no statistically significant differences
were reported (Bertozzi et al., 2013; Cates et al., 2020;
Mitchell et al., 2021). Epstein et al. (2021), on the other
hand, assessed return consent forms acts of secondary
school students but regardless of whether the consent was
obtained to vaccinate, the findings also revealed an insignif-
icant effect of the intervention efforts (Epstein et al., 2021).

Perceptions of Game-Based Intervention

Four studies in the review evaluated game functions and
gaming experience primarily focused on elements influenc-
ing players’ immersive experience in the game. The favor-
able gaming experience was found about the game
interface, pace and ease of the game, enjoyment of gameplay,
game esthetics, design of game characters, and clear, simple,
or pictorial game instructions to facilitate comprehension of
educational messages, incentives, and rewards in the game
(Cates et al., 2020; Eley et al., 2019; Occa et al., 2022;
Venigalla et al., 2021). Mitchell et al. (2021) also reported
that undergraduate nursing student participants were more
inclined to recommend flu vaccination to their patients after
playing the game.
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Discussion

This review is among the first to identify and evaluate the
impact of game-based vaccine interventions and core game
components contributing to effectively promoting
vaccine-related knowledge and behaviors among a diverse
population of children, adolescents, young adults, dyads of
parents and children, and parents of young children across
seven different countries. A final set of eleven studies
meeting the eligibility criteria was included after an iterative
process of literature search, review, and critical appraisal of
the findings. Despite the diversity in game design, the differ-
ence in countries in the studies had been conducted and the
types of vaccines the intervention focused on, collected evi-
dence of the studies indicated a generally favorable effect of
game-based interventions in promoting vaccine knowledge
and vaccination behaviors.

A consistent improvement in vaccine knowledge across
game-based interventions was found in the review, particu-
larly in understanding disease transmission and benefits of
prevention, with variable effects on knowledge among
school-aged students possibly due to differences in baseline
vaccination status and motivational factors. This aligns
with the study by Frick et al. (2023), which suggested that
prior health experiences could influence new learning. The
absence of an increase in knowledge among young asylum
seekers after the intervention could be attributed to their
prior vaccination and reduced motivation to learn about
disease preventive measures (Frick et al., 2023). Exploring
motivational factors among diverse groups could enable the
development of strategies to improve knowledge acquisition
and promote the adoption of preventive behaviors.

The review also highlighted a nuanced picture of vaccina-
tion self-efficacy influenced by serious games, with evidence
from two studies suggesting that games could positively
affect participants’ confidence in obtaining vaccinations
and engaging in health-related discussions (Darville et al.,
2018; Occa et al., 2022). However, findings such as those
from Cates et al. (2020), which showed no improvement in
self-efficacy outcomes for parents and preteens playing the
game compared to non-players, illustrate the variability in
research outcomes and the need for further investigation.
The validity of these findings could be further complicated
by disparities in psychometric reporting, which cast doubt
on the reliability of the measures used in studies. Such incon-
sistency in results and reporting standards underscores the
critical need for more rigorous research methodologies to
ascertain the true impact of serious games on self-efficacy
and subsequent health behaviors.

Moreover, while two studies reported increased vaccina-
tion intentions among college students and parents
(Darville et al., 2018; Fadda et al., 2017), these studies did
not extend to tracking actual vaccine uptake. Without direct
measurement of vaccination behavior, the relationship
between the intentions fostered by serious games and real-

world vaccine behavior remains to be fully understood.
Only three out of eleven studies explored post-game vaccina-
tion behavior, revealing no significant changes (Bertozzi
et al., 2013; Cates et al., 2020; Mitchell et al., 2021). Prior
studies also noted disparities between intention and uptake
in adolescent girls (Wegwarth et al., 2014). This indicates a
persistent gap between intentions and behaviors, suggesting
that while game-based interventions have the potential to
influence vaccination intentions, this does not consistently
translate into higher vaccination rates. These findings under-
score the urgent need for research that bridges the divide
between vaccine knowledge and behavior, especially
among groups that demonstrate high knowledge or aware-
ness but low vaccine uptake.

In addition, the lack of impact on vaccine coverage
observed in studies could be attributable to the gap
between the knowledge, attitudes, and intentions of youth
and their actual vaccination behavior, which is often influ-
enced by parental control. This highlights the challenge of
translating educational interventions into tangible health
behaviors in real-world settings, especially when the young
audience lacks the autonomy to act on their intentions. The
reliance of young individuals on parental decision-making
could create a disconnection between what youth learn and
feel empowered by through game-based interventions and
the actions taken regarding their health. To bridge this gap,
future research could explore parental education and involve-
ment in game-based interventions to align the intentions of
youth with the health behaviors facilitated by their caregivers
or guardians.

Regarding the game design, In-game avatar customization
could be a key element of game design that significantly
boosted engagement with serious games. This feature
enabled personalization, fostering player identification,
which could lead to improved learning outcomes for a
variety of cognitive styles and gaming experiences (Birk
et al., 2016; Chen et al., 2019). This personal connection
not only promoted emotional engagement but also appeared
to strengthen the intent to engage in health behaviors, such as
vaccination, among children and young adults (Bertozzi
et al., 2013; Darville et al., 2018; Kim & Sundar, 2012).

Additionally, serious games were found effective in cata-
lyzing discussions about health between children, their
parents, and healthcare professionals, offering a platform to
address topics that may otherwise be challenging to
approach. The communicative power of these games not
only extended to facilitating conversations on sensitive
health topics such as sexual health, which were often met
with reluctance (Cates et al., 2018, 2020; Occa et al., 2022)
but could also be vital in empowering youth to engage in
informed discussions with their parents, potentially influenc-
ing parental attitudes and decisions about vaccinations.
Beyond communication, the social elements of gaming,
including in-game networking features and multiplayer col-
laboration, have been acknowledged for their capacity to
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nudge behavior and enhance team-based learning, resulting
in favorable health outcomes (Pasupuleti et al., 2022;
Ruiz-Loépez et al., 2019; Venigalla et al., 2021). These find-
ings collectively underline the multifaceted role of serious
games in not just learning but also in influencing health
behaviors and providing innovative avenues for health edu-
cation and behavioral change among adolescents and
young adults.

Serious games have also shown potential to impact health
behaviors other than vaccination, serving as transformative
tools that influenced a broad range of health behaviors, span-
ning from managing chronic diseases to improving mental
health and encouraging physical activity, across various
age groups (Bossen et al., 2020; Dewhirst et al., 2022;
Holtz et al., 2018). The effectiveness of the intervention
relied on aligning the game’s objectives with the user’s
autonomy and their social environment. The youth’s sur-
rounding environment, including the involvement of key
influencers such as parents and guardians, could be impera-
tive to ensure that the intentions fostered by serious games
translate into tangible health behaviors, thereby effectively
bridging the gap between intention and action in health
behaviors facilitated by serious games.

Implications for Practice

The review highlights the value of serious games in youth
health education, especially for promoting vaccinations.
This can guide efforts to boost youth vaccination rates.
Healthcare providers and nurse educators can partner with
game developers to craft engaging campaigns that educate
youths about vaccines and address myths.

Conclusion

Overall, the review sheds light on the efficacy of serious games
as a tool for improving vaccine knowledge among youths and
parent-youth dyads. While the results indicated that such
games could be effective in increasing knowledge about vacci-
nations, the evidence did not conclusively show that this trans-
lated into improved vaccine uptake and completion behaviors.
This gap highlights the complex nature of converting educa-
tional engagement into actionable health behaviors, particularly
in a population that does not typically have autonomous control
over health decisions. Future research is imperative to substan-
tiate the impact of serious gaming on actual vaccination behav-
ior, with a focus on designing interventions that resonate with
the varied decision-making dynamics of young individuals,
considering age, gender, and the pivotal role of parental influ-
ence in the vaccination process.

Declaration of Conflicting Interests

The authors declared no potential conflicts of interest with respect to
the research, authorship, and/or publication of this article.

Funding

The authors received no financial support for the research, author-
ship, and/or publication of this article.

ORCID iD

Lihong Ou https:/orcid.org/0000-0002-4104-7935

References

Abt, C. C. (1987). Serious games. University Press of America.

Bertozzi, E., Krilov, L. R., & Walker, D. (2013). Successful game
development partnerships between academics and physicians:
Two case studies. International Journal of Gaming and
Computer-Mediated Simulations, 5(3), 97-107. https:/doi.org/
10.4018/jgcms.2013070107

Birk, M. V., Atkins, C., Bowey, J. T., & Mandryk, R. L. (2016).
Fostering intrinsic motivation through avatar identification in
digital games. Conference on Human Factors in Computing
Systems—Proceedings, 2982-2995. https:/doi.org/10.1145/
2858036.2858062

Bossen, D., Broekema, A., Visser, B., Brons, A., Timmerman, A.,
van Etten-Jamaludin, F., Braam, K., & Engelbert, R. (2020).
Effectiveness of serious games to increase physical activity in
children with a chronic disease: Systematic review with meta-
analysis. Journal of Medical Internet Research, 22(4),
e14549-e14549. https://doi.org/10.2196/14549

Breuer, J., & Bente, G. (2010). Why so serious? On the relation of
serious games and learning. Journal for Computer Game
Culture, 4(1), 7-24. https://doi.org/10.7557/23.6111

Cates, J. R., Fuemmeler, B. F., Diehl, S. J., Stockton, L. L., Porter,
J., Ihekweazu, C., Gurbani, A. S., & Coyne-Beasley, T. (2018).
Developing a serious videogame for preteens to motivate HPV
vaccination decision making: Land of Secret Gardens. Games
for Health, 7(1), 51-66. https:/doi.org/10.1089/g4h.2017.0002

Cates, J. R., Fuemmeler, B. F., Stockton, L. L., Diehl, S. J.,
Crandell, J. L., & Coyne-Beasley, T. (2020). Evaluation of a
serious video game to facilitate conversations about human pap-
illomavirus vaccination for preteens: Pilot randomized con-
trolled trial. JMIR Serious Games, 8(4), e16883—e16883.
https:/doi.org/10.2196/16883

Center for Disease Control and Prevention. (2022a). Vaccination
coverage among adolescents (13—17 years). https://www.cdc.
gov/vaccines/imz-managers/coverage/teenvaxview/data-reports/
index.html.

Center for Disease Control and Prevention. (2022b). Vaccination
coverage and exemptions among kindergartners. https://www.
cdc.gov/vaccines/imz-managers/coverage/schoolvaxview/data-
reports/index.html.

Center for Disease Control and Prevention. (2023a, February 10).
Recommended vaccines by age. https:/www.cdc.gov/vaccines/
vpd/vaccines-age.html.

Center for Disease Control and Prevention. (2023b, October 27).
Routine vaccination coverage—Worldwide, 2022. https://www.
cdc.gov/mmwr/volumes/72/wr/mm?7243al.htm.

Center for Disease Control and Prevention. (2024a). Weekly
COVID-19  vaccination dashboard. https:/www.cdc.gov/
vaccines/imz-managers/coverage/covidvaxview/interactive/vac
cination-dashboard.html.


https://orcid.org/0000-0002-4104-7935
https://orcid.org/0000-0002-4104-7935
https://doi.org/10.4018/jgcms.2013070107
https://doi.org/10.4018/jgcms.2013070107
https://doi.org/10.4018/jgcms.2013070107
https://doi.org/10.1145/2858036.2858062
https://doi.org/10.1145/2858036.2858062
https://doi.org/10.1145/2858036.2858062
https://doi.org/10.2196/14549
https://doi.org/10.2196/14549
https://doi.org/10.1089/g4h.2017.0002
https://doi.org/10.1089/g4h.2017.0002
https://doi.org/10.2196/16883
https://doi.org/10.2196/16883
https://www.cdc.gov/vaccines/imz-managers/coverage/teenvaxview/data-reports/index.html
https://www.cdc.gov/vaccines/imz-managers/coverage/teenvaxview/data-reports/index.html
https://www.cdc.gov/vaccines/imz-managers/coverage/teenvaxview/data-reports/index.html
https://www.cdc.gov/vaccines/imz-managers/coverage/teenvaxview/data-reports/index.html
https://www.cdc.gov/vaccines/imz-managers/coverage/schoolvaxview/data-reports/index.html
https://www.cdc.gov/vaccines/imz-managers/coverage/schoolvaxview/data-reports/index.html
https://www.cdc.gov/vaccines/imz-managers/coverage/schoolvaxview/data-reports/index.html
https://www.cdc.gov/vaccines/imz-managers/coverage/schoolvaxview/data-reports/index.html
https://www.cdc.gov/vaccines/vpd/vaccines-age.html
https://www.cdc.gov/vaccines/vpd/vaccines-age.html
https://www.cdc.gov/vaccines/vpd/vaccines-age.html
https://www.cdc.gov/mmwr/volumes/72/wr/mm7243a1.htm
https://www.cdc.gov/mmwr/volumes/72/wr/mm7243a1.htm
https://www.cdc.gov/mmwr/volumes/72/wr/mm7243a1.htm
https://www.cdc.gov/vaccines/imz-managers/coverage/covidvaxview/interactive/vaccination-dashboard.html
https://www.cdc.gov/vaccines/imz-managers/coverage/covidvaxview/interactive/vaccination-dashboard.html
https://www.cdc.gov/vaccines/imz-managers/coverage/covidvaxview/interactive/vaccination-dashboard.html
https://www.cdc.gov/vaccines/imz-managers/coverage/covidvaxview/interactive/vaccination-dashboard.html

Ou et al.

Center for Disease Control and Prevention. (2024b). Weekly flu vac-
cination  dashboard.  https://www.cdc.gov/flu/fluvaxview/
dashboard/vaccination-dashboard.html.

Chen, Z.-H., Lu, H.-D., & Lu, C.-H. (2019). The effects of human
factors on the use of avatars in game-based learning:
Customization vs. Non-customization. International Journal of
Human-Computer Interaction, 35(4-5), 384-394. https:/doi.
org/10.1080/10447318.2018.1543090

Cochrane. (2019). Cochrane methods bias. https:/methods.
cochrane.org/bias/resources/rob-2-revised-cochrane-risk-bias-
tool-randomized-trials.

Cunniff, L., Alyanak, E., Fix, A., Novak, M., Peterson, M., Mevis,
K., Eiden, A. L., & Bhatti, A. (2023). The impact of the
COVID-19 pandemic on vaccination uptake in the United States
and strategies to recover and improve vaccination rates: A review.
Human Vaccines & Immunotherapeutics, 19(2), 2246502-
2246502. https:/doi.org/10.1080/21645515.2023.2246502

Darville, G., Anderson-Lewis, C., Stellefson, M., Lee, Y.-H.,
Maclnnes, J., Pigg, R. M., Gilbert, J. E., & Thomas, S. (2018).
Customization of avatars in a HPV digital gaming intervention
for college-age males: An experimental study. Simulation &
Gaming, 49(5), 515-537. https:/doi.org/10.1177/10468781187
99472

de Souza Gaspar, J., Lage, E. M., da Silva, F. J., Mineiro, E, Ramos
De Oliveira, I. J., Oliveira, 1., de Souza, R. G., Oliveira Gusmao,
J. R., de Souza, C. F. D., & Nogueira Reis, Z. S. (2020). A
mobile serious game about the pandemic (COVID-19—Did
you know?): Design and evaluation study. JMIR Serious
Games, 8(4), €25226-e25226. https:/doi.org/10.2196/25226

Dewhirst, A., Laugharne, R., & Shankar, R. (2022). Therapeutic use
of serious games in mental health: Scoping review. BJPsych
Open, 8(2), e37-e37. https://doi.org/10.1192/bjo.2022.4

Eley, C. V., Young, V. L., Hayes, C. V., Verlander, N. Q., &
McNulty, C. A. M. (2019). Young people’s knowledge of anti-
biotics and vaccinations and increasing this knowledge through
gaming: Mixed-methods study using e-BUG. JMIR Serious
Games, 7(1), e10915-e10915. https:/doi.org/10.2196/10915

Epstein, D., Enticott, J., Larson, H., & Barton, C. (2021). Pragmatic
cluster randomised control trial using Vaxcards as an
age-appropriate tool to incentivise and educate school students
about vaccination. BMJ Open, 11(9), e049562-e049562.
https:/doi.org/10.1136/bmjopen-2021-049562

Fadda, M., Galimberti, E., Fiordelli, M., Romano, L., Zanetti, A., &
Schulz, P. J. (2017). Effectiveness of a smartphone app to
increase parents’ knowledge and empowerment in the MMR
vaccination decision: A randomized controlled trial. Human
Vaccines & Immunotherapeutics, 13(11), 2512-2521. https:/
doi.org/10.1080/21645515.2017.1360456

Frick, U., Sipar, D., Biicheler, L., Haug, F., Haug, J., Almegbaali,
K. M., Pryss, R., Rosner, R., & Comtesse, H. (2023). A mobile-
based preventive intervention for young, Arabic-speaking
asylum seekers during the COVID-19 pandemic in Germany:
Design and implementation. JMIR Formative Research, 7,
e44551-e44551. https://doi.org/10.2196/44551

Holtz, B. E., Murray, K., & Park, T. (2018). Serious games for chil-
dren with chronic diseases: A systematic review. Games for
Health  Journal, 7(5), 291-301. https:/doi.org/10.1089/
g4https:/doi.org/ h.2018.0024

Kempe, A., Saville, A. W., Albertin, C., Zimet, G., Breck, A,
Helmkamp, L., Vangala, S., Dickinson, L. M., Rand, C.,

Humiston, S., & Szilagyi, P. G. (2020). Parental hesitancy
about routine childhood and influenza vaccinations: A national
survey. Pediatrics (Evanston), 146(1), 1. https:/doi.org/10.
1542/peds.2019-3852

Kim, Y., & Sundar, S. S. (2012). Visualizing ideal self vs. actual self
through avatars: Impact on preventive health outcomes.
Computers in Human Behavior, 28(4), 1356-1364. https:/doi.
org/10.1016/j.chb.2012.02.021

Melnyk, B. M., & Fineout-Overholt, E. (2015). Evidence-based
practice in nursing & healthcare: A guide to best practice (3rd
ed.). Wolters Kluwer Health.

Mitchell, G., Leonard, L., Carter, G., Santin, O., & Brown Wilson,
C. (2021). Evaluation of a “serious game” on nursing student
knowledge and uptake of influenza vaccination. PLoS One,
16(1), e0245389—-e0245389. https:/doi.org/10.1371/journal.
pone.0245389

Nazry, M. N. N., & Romano, D. M. (2017). Mood and learning in
navigation-based serious games. Computers in Human
Behavior, 73, 596-604. https:/doi.org/10.1016/j.chb.2017.03.
040

Occa, A., Stahl, H. M., & Julien-Bell, S. (2022). Helping children to
participate in human papillomavirus-related discussions: Mixed
methods study of multimedia messages. JMIR Formative
Research, 6(4), €28676—e28676. https:/doi.org/10.2196/28676

Pasupuleti, D., Sasidharan, S., Sharma, R., & Manikutty, G. (2022).
Exploring collaborative game play with robots to encourage
good hand hygiene: Practices among children. Retrieved June
21, 2022, from the arXiv database.

Peng, L.-H., & Bai, M.-H. (2021). How gameful experience affects
public knowledge, attitudes, and practices regarding COVID-19
among the Taiwanese public: Cross-sectional study. JMIR Serious
Games, 9(2), €26216—e26216. https:/doi.org/10.2196/26216

Pew Research Center (2012, September 11). Smartphone ownership
update: September 2012. https:/www.pewresearch.org/internet/
2012/09/11/smartphone-ownership-update-september-2012/.

Ruiz-Loépez, T., Sen, S., Jakobsen, E., Tropé, A., Castle, P. E.,
Hansen, B. T., & Nygard, M. (2019). FightHPV: Design and
evaluation of a mobile game to raise awareness about human
papillomavirus and nudge people to take action against cervical
cancer. JMIR Serious Games, 7(2), e8540—e8540. https:/doi.org/
10.2196/games.8540

Scherer, A. M., Gedlinske, A. M., Parker, A. M., Gidengil, C. A.,
Askelson, N. M., Petersen, C. A., Woodworth, K. R., &
Lindley, M. C. (2021). Acceptability of adolescent COVID-19
vaccination among adolescents and parents of adolescents—
United States, April 15-23, 2021. MMWR. Morbidity and
Mortality Weekly Report, 70(28), 997-1003. https:/doi.org/10.
15585/mmwr.mm7028e1

Szilagyi, P. G., Albertin, C. S., Gurfinkel, D., Saville, A. W.,
Vangala, S., Rice, J. D., Helmkamp, L., Zimet, G. D.,
Valderrama, R., Breck, A., Rand, C. M., Humiston, S. G., &
Kempe, A. (2020). Prevalence and characteristics of HPV
vaccine hesitancy among parents of adolescents across the US.
Vaccine, 38(38), 6027-6037. https:/doi.org/10.1016/j.vaccine.
2020.06.074

U.S. Agency for International Development (2021, September).
USAID Youth in Development Policy: Data source and defini-
tion: Youth global and country population. https:/www.usaid.
gov/document/usaid-youth-development-policy-data-source-and-
definition-youth-global-and-country-population#:~:text=USAID


https://www.cdc.gov/flu/fluvaxview/dashboard/vaccination-dashboard.html
https://www.cdc.gov/flu/fluvaxview/dashboard/vaccination-dashboard.html
https://www.cdc.gov/flu/fluvaxview/dashboard/vaccination-dashboard.html
https://doi.org/10.1080/10447318.2018.1543090
https://doi.org/10.1080/10447318.2018.1543090
https://doi.org/10.1080/10447318.2018.1543090
https://methods.cochrane.org/bias/resources/rob-2-revised-cochrane-risk-bias-tool-randomized-trials
https://methods.cochrane.org/bias/resources/rob-2-revised-cochrane-risk-bias-tool-randomized-trials
https://methods.cochrane.org/bias/resources/rob-2-revised-cochrane-risk-bias-tool-randomized-trials
https://methods.cochrane.org/bias/resources/rob-2-revised-cochrane-risk-bias-tool-randomized-trials
https://doi.org/10.1080/21645515.2023.2246502
https://doi.org/10.1080/21645515.2023.2246502
https://doi.org/10.1177/1046878118799472
https://doi.org/10.1177/1046878118799472
https://doi.org/10.1177/1046878118799472
https://doi.org/10.2196/25226
https://doi.org/10.2196/25226
https://doi.org/10.1192/bjo.2022.4
https://doi.org/10.1192/bjo.2022.4
https://doi.org/10.2196/10915
https://doi.org/10.2196/10915
https://doi.org/10.1136/bmjopen-2021-049562
https://doi.org/10.1136/bmjopen-2021-049562
https://doi.org/10.1080/21645515.2017.1360456
https://doi.org/10.1080/21645515.2017.1360456
https://doi.org/10.1080/21645515.2017.1360456
https://doi.org/10.2196/44551
https://doi.org/10.2196/44551
https://doi.org/10.1089/g4https://doi.org/ h.2018.0024
https://doi.org/10.1089/g4https://doi.org/ h.2018.0024
https://doi.org/10.1089/g4https://doi.org/ h.2018.0024
https://doi.org/10.1089/g4https://doi.org/ h.2018.0024
https://doi.org/10.1542/peds.2019-3852
https://doi.org/10.1542/peds.2019-3852
https://doi.org/10.1542/peds.2019-3852
https://doi.org/10.1016/j.chb.2012.02.021
https://doi.org/10.1016/j.chb.2012.02.021
https://doi.org/10.1016/j.chb.2012.02.021
https://doi.org/10.1371/journal.pone.0245389
https://doi.org/10.1371/journal.pone.0245389
https://doi.org/10.1371/journal.pone.0245389
https://doi.org/10.1016/j.chb.2017.03.040
https://doi.org/10.1016/j.chb.2017.03.040
https://doi.org/10.1016/j.chb.2017.03.040
https://doi.org/10.2196/28676
https://doi.org/10.2196/28676
https://doi.org/10.2196/26216
https://doi.org/10.2196/26216
https://www.pewresearch.org/internet/2012/09/11/smartphone-ownership-update-september-2012/
https://www.pewresearch.org/internet/2012/09/11/smartphone-ownership-update-september-2012/
https://www.pewresearch.org/internet/2012/09/11/smartphone-ownership-update-september-2012/
https://doi.org/10.2196/games.8540
https://doi.org/10.2196/games.8540
https://doi.org/10.2196/games.8540
https://doi.org/10.15585/mmwr.mm7028e1
https://doi.org/10.15585/mmwr.mm7028e1
https://doi.org/10.15585/mmwr.mm7028e1
https://doi.org/10.1016/j.vaccine.2020.06.074
https://doi.org/10.1016/j.vaccine.2020.06.074
https://doi.org/10.1016/j.vaccine.2020.06.074
https://www.usaid.gov/document/usaid-youth-development-policy-data-source-and-definition-youth-global-and-country-population#:~:text=USAID%CA%BCs%202012%20Youth%20in%20Development,country%2Dlevel%20youth%20population%20numbers
https://www.usaid.gov/document/usaid-youth-development-policy-data-source-and-definition-youth-global-and-country-population#:~:text=USAID%CA%BCs%202012%20Youth%20in%20Development,country%2Dlevel%20youth%20population%20numbers
https://www.usaid.gov/document/usaid-youth-development-policy-data-source-and-definition-youth-global-and-country-population#:~:text=USAID%CA%BCs%202012%20Youth%20in%20Development,country%2Dlevel%20youth%20population%20numbers
https://www.usaid.gov/document/usaid-youth-development-policy-data-source-and-definition-youth-global-and-country-population#:~:text=USAID%CA%BCs%202012%20Youth%20in%20Development,country%2Dlevel%20youth%20population%20numbers
https://www.usaid.gov/document/usaid-youth-development-policy-data-source-and-definition-youth-global-and-country-population#:~:text=USAID%CA%BCs%202012%20Youth%20in%20Development,country%2Dlevel%20youth%20population%20numbers
https://www.usaid.gov/document/usaid-youth-development-policy-data-source-and-definition-youth-global-and-country-population#:~:text=USAID%CA%BCs%202012%20Youth%20in%20Development,country%2Dlevel%20youth%20population%20numbers
https://www.usaid.gov/document/usaid-youth-development-policy-data-source-and-definition-youth-global-and-country-population#:~:text=USAID%CA%BCs%202012%20Youth%20in%20Development,country%2Dlevel%20youth%20population%20numbers
https://www.usaid.gov/document/usaid-youth-development-policy-data-source-and-definition-youth-global-and-country-population#:~:text=USAID%CA%BCs%202012%20Youth%20in%20Development,country%2Dlevel%20youth%20population%20numbers
https://www.usaid.gov/document/usaid-youth-development-policy-data-source-and-definition-youth-global-and-country-population#:~:text=USAID%CA%BCs%202012%20Youth%20in%20Development,country%2Dlevel%20youth%20population%20numbers
https://www.usaid.gov/document/usaid-youth-development-policy-data-source-and-definition-youth-global-and-country-population#:~:text=USAID%CA%BCs%202012%20Youth%20in%20Development,country%2Dlevel%20youth%20population%20numbers
https://www.usaid.gov/document/usaid-youth-development-policy-data-source-and-definition-youth-global-and-country-population#:~:text=USAID%CA%BCs%202012%20Youth%20in%20Development,country%2Dlevel%20youth%20population%20numbers
https://www.usaid.gov/document/usaid-youth-development-policy-data-source-and-definition-youth-global-and-country-population#:~:text=USAID%CA%BCs%202012%20Youth%20in%20Development,country%2Dlevel%20youth%20population%20numbers
https://www.usaid.gov/document/usaid-youth-development-policy-data-source-and-definition-youth-global-and-country-population#:~:text=USAID%CA%BCs%202012%20Youth%20in%20Development,country%2Dlevel%20youth%20population%20numbers
https://www.usaid.gov/document/usaid-youth-development-policy-data-source-and-definition-youth-global-and-country-population#:~:text=USAID%CA%BCs%202012%20Youth%20in%20Development,country%2Dlevel%20youth%20population%20numbers
https://www.usaid.gov/document/usaid-youth-development-policy-data-source-and-definition-youth-global-and-country-population#:~:text=USAID%CA%BCs%202012%20Youth%20in%20Development,country%2Dlevel%20youth%20population%20numbers

SAGE Open Nursing

9%0CA%BCs%202012%20Y outh%?20in%20Development,country
%?2Dlevel %20youth%20population %20numbers

U.S. Department of Health and Human Services (n.d.). Healthy
people 2030. Vaccination. https:/health.gov/healthypeople/
objectives-and-data/browse-objectives/vaccination.

Venigalla, A. S. M., Vagavolu, D., & Chimalakonda, S. (2021).
SurviveCovid-19++: A collaborative healthcare game towards
educating people about safety measures and vaccination for
Covid-19. 1-17. Retrieved January 16, 2022, from the arXiv
database.

Wegwarth, O., Kurzenhduser-Carstens, S., & Gigerenzer, G. (2014).
Overcoming the knowledge-behavior gap: The effect of
evidence-based HPV vaccination leaflets on understanding,
intention, and actual vaccination decision. Vaccine, 32(12),
1388-1393. https:/doi.org/10.1016/j.vaccine.2013.12.038

Wilkinson, P. (2016). A brief history of serious games.
Entertainment Computing and Serious Games, 9970, 17-41.
https:/doi.org/10.1007/978-3-319-46152-6_2

World Health Organization (2014, November 12). Report of the
sage working group on vaccine hesitancy. https://www.asset-
scienceinsociety.eu/sites/default/files/sage_working_group_
revised_report_vaccine_hesitancy.pdf.

World Health Organization (2021). Vaccines and immunization:
What is  vaccination?  https:/www.who.int/news-room/
questions-and-answers/item/vaccines-and-immunization-what-
is-vaccination.

World Health Organization (2022). Ten threats to global health in
2019. https:/www.who.int/news-room/spotlight/ten-threats-to-
global-health-in-2019.

Wouters, P., van Nimwegen, C., van Oostendorp, H., & van der
Spek, E. D. (2013). A meta-analysis of the cognitive and motiva-
tional effects of serious games. Journal of Educational
Psychology, 105(2), 249-265. https://doi.org/10.1037/a0031311

Yu, Z. (2019). A meta-analysis of use of serious games in education
over a decade. International Journal of Computer Games
Technology, 2019, 1-8. https:/doi.org/10.1155/2019/4797032

Appendix |. Search Terms for Searched Databases.

Databases

Searching Terms

Number of

Studies Searching Period

PubMed

(“games” OR “gamification” OR “serious games” OR “digital games” 47
OR “gaming” OR “digital gaming” [All Fields]) AND (“intervention”

From January 201 |
to June 2023

OR “programs” OR “strategies” OR “practices” OR “computerized
intervention” OR “technology-based intervention” OR “tech-based
intervention” [All Fields]) AND (“vaccines” [MeSH Terms] OR
“vaccination” [MeSH Terms] OR “immunizations” [MeSH Terms] OR
“vaccine uptake” OR “vaccine acceptance” OR *“vaccine hesitancy”
[MeSH Terms] OR “vaccine refusal” [All Fields]) AND
(“adolescent"[MeSH Terms] OR “youth” OR “young people” OR
“young adult” [MeSH Terms] OR “teenager” OR “teen” [All Fields])

CINAHL

“games” or “gaming” or “ gamification” AND “interventions” or 26

“strategies” or “best practices” or “program” AND “youth” or
“adolescents” or “young people” or “teen” or “young adults” AND
“vaccines” or “vaccinations” or “immunizations” or “vaccine

hesitancy” or “vaccine refusal”
ProQuest

“games” or “gaming” or “gamification” AND *“youth” or “adolescents” 9

or “young adults” or “young people” or “teenagers” or “teen” AND
“vaccines” or ‘“vaccinations” or “immunizations”

Cochrane Library

“games” or “gaming” or *“ gamification” AND “youth” or “adolescents” 26

or “teen” or “teenager” or “young adult” AND “vaccinate” or
“vaccines” or “vaccination” or “immunization”

Google Scholar

“games” and “gamification” and “serious games” and “serious gaming” 161

and “digital game” and “intervention” and “programs” and
“strategies” and “vaccine” and “vaccination” and “immunizations” and
“youth” and “adolescent” and “young people” and “young adult” and

“teenager”
Total searched articles
Total articles that fulfill the
eligibility criteria for review

269
Il
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