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Abstract

Background. Physical inactivity among children has risen globally, driven by sedentary behaviors and technology-
mediated lifestyles. Emerging research suggests that virtual reality (VR) and gamification may serve as effective
digital interventions for promoting physical activity (PA) and improving children’s health outcomes.

Objectives. This systematic review aimed to synthesize and critically evaluate the current evidence on VR-

and gamification-based interventions designed to promote PA among children, with a focus on intervention
characteristics, theoretical mechanisms, effectiveness, and implementation considerations.

Methods. Peer-reviewed studies were retrieved from Scopus, ERIC, and the ACM Digital Library. Eligible studies
included intervention research involving children and adolescents aged 5-18 years that applied VR, exergaming,

or gamified digital interventions to promote PA or related health outcomes. Data were extracted and synthesized
according to intervention typology, theoretical underpinnings, outcomes, and implementation features.

Results. The review included 11 intervention studies published between 2021 and 2025. Overall, VR- and
gamification-based interventions demonstrated positive effects on PA engagement, motor outcomes, and selected
psychosocial indicators. Effective designs commonly integrated goal setting, feedback, social comparison, and reward
mechanisms, often aligned with Self-Determination Theory and Social Cognitive Theory. Key implementation
barriers included cost, accessibility, and staffing requirements, while facilitators involved remote delivery models,
stakeholder engagement, and the use of consumer-level hardware.

Conclusions. VR and gamification hold significant potential for promoting children’s PA when interventions are
theoretically grounded and well implemented. However, evidence for long-term effectiveness, sustainability, and equitable
access remains limited, underscoring the need for longitudinal research and scalable, inclusive intervention models.
Keywords: virtual reality, gamification, physical activity, children, immersive technology.

Introduction

Over the past decade, there has been a notable global
increase in physical inactivity and sedentary lifestyles among
children, driven by interacting technological, environmental,
and lifestyle factors. Research indicates that sedentary
behavior has risen substantially, with children spending a
large proportion of their waking hours inactive, a pattern
associated with increasing obesity prevalence (Al-Hazzaa &
Albawardi, 2021; Godoy-Cumillaf et al., 2023; Mohieldein et
al., 2023). Contributing factors include urbanization, dietary
transitions, and increased recreational screen time (Li et al.,
2022; Mohieldein et al., 2023).
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The COVID-19 pandemic further exacerbated these
trends, as lockdowns and school closures led to substantial
reductions in physical activity opportunities and increased
screen exposure among children (Palermi et al., 2022; Park
& Lim, 2022). Consequently, engagement in moderate-
to-vigorous physical activity (MVPA) declined across
populations (Chaves et al., 2022; Fillon et al., 2021).
These disruptions have produced lasting implications for
childhood health, reinforcing the need for innovative,
adaptable strategies to promote active lifestyles in digitally
mediated contexts (Chaves et al., 2022; Lee et al., 2025).

Virtual reality (VR) and gamification have emerged as
promising digital strategies for promoting physical activity
among children and adolescents. These approaches leverage
immersive environments and game-based design elements
to enhance motivation and engagement, potentially
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counteracting sedentary behaviors. Evidence suggests that
gamification can increase PA participation, particularly
when interventions incorporate clear goals and immediate
feedback (Gkintoni et al., 2024; Xu et al., 2022; Yoluut et al.,
2024). Similarly, VR applications transform exercise into
interactive experiences that may enhance enjoyment and
short-term adherence (Xu et al., 2022).

Common VR and gamified approaches include exer-
games, augmented-reality applications, and immersive VR fit-
ness platforms that integrate physical movement with game-
play (Gkintoni et al., 2024). Many interventions incorporate
social features such as challenges, leaderboards, and coopera-
tive tasks, which may further enhance engagement through
social comparison and interaction (Xu et al., 2022). In addi-
tion to PA outcomes, these systems have been associated with
psychosocial benefits, including enjoyment and perceived
social connectedness (Gkintoni et al., 2024; Xu et al., 2022).

Compared with traditional school- or community-based
programs, VR and gamified interventions show greater po-
tential to enhance engagement and enjoyment, factors closely
linked to PA participation among children. Immersive VR
exergames can generate enthusiasm for movement by embed-
ding PA within interactive experiences, whereas traditional
programs may lack similar motivational affordances (Godfrey
et al,, 2025). Gamification elements such as competition, re-
wards, and progression systems further support involvement
and short-term adherence to PA routine (Yau et al., 2022).

However, evidence regarding the long-term effectiveness
of VR and gamified interventions remains limited. Most
studies emphasize short-term outcomes and immediate
engagement, leaving uncertainty about sustained behavior
change and habit formation over longer periods. Moreover,
few studies have examined the integration of these
technologies into routine educational or community-based
PA settings (Gkintoni et al., 2024; Vandoni et al., 2021). These
gaps highlight the need for systematic synthesis of recent
intervention evidence to inform future research and practice.

Materials and Methods

Search Strategy and Information Sources

Several academic databases and digital repositories
were systematically searched to identify intervention
studies examining virtual reality (VR) and gamification
for promoting physical activity (PA) among children.
The databases searched included Scopus, which provides
multidisciplinary coverage across health, education, and
technology research (Carcelén-Fraile et al., 2025; Mazéas et
al., 2022; Papale et al., 2025).

To maximize retrieval accuracy, structured Boolean
search strategies were applied using combinations of
controlled vocabulary and free-text terms, including
“virtual reality, “VR,” “gamification,” “physical activity;’
“exercise,” “children,” “adolescents,” and “intervention” A
representative search string was: (“virtual reality” OR “VR”)
AND gamification AND (“physical activity” OR exercise)
AND (“children” OR adolescents).

Database-specific adaptations of the search string
were applied to account for indexing differences and
disciplinary focus (Mazéas et al., 2022; Zhu et al., 2025).
Searches were limited to peer-reviewed articles published in
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English between January 2021 and March 2025. To enhance
completeness, manual reference list screening and forward
citation tracking were conducted for all included studies.

Eligibility Criteria

Eligibility criteria were defined a priori using a PICOS
framework. Included studies were intervention studies
involving children and adolescents aged 5-18 vyears,
including both typically developing participants and those
with conditions such as obesity, ADHD, or developmental
disabilities. Eligible interventions involved VR, exergaming,
or gamified digital technologies explicitly designed to
promote physical activity or PA-related health outcomes.
Exclusion criteria included adult-only samples, non-digital
or non-interactive interventions, observational designs
without an intervention component, and outcomes unrelated
to physical activity. Studies involving participants with
severe mobility impairments or acute medical conditions
contraindicating physical activity were excluded for safety
and methodological consistency (Spring et al., 2025).

Study Selection and Data Extraction

All retrieved records were imported into a reference
management software and duplicates were removed prior
to screening. Two reviewers independently screened titles
and abstracts, followed by full-text assessment of potentially
eligible studies. Discrepancies were resolved through
discussion and consensus. Data extraction was conducted
using a standardized extraction form, capturing publication
characteristics, study design, participant demographics,
intervention features, theoretical frameworks, outcome
measures, and key findings. Reference lists of included
studies were manually cross-checked to ensure completeness.
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Fig. 1. PRISMA Flow Diagram illustrates the literature selection
process, showing identification, screening, eligibility assessment,
and inclusion stages, following PRISMA guidelines
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Quality Assessment and Data Synthesis

Methodological quality was assessed in line with
PRISMA recommendations and study design. Randomized
controlled trials were evaluated using the Cochrane Risk
of Bias 2 (RoB-2) tool, while non-randomized intervention
studies were assessed using ROBINS-I to examine bias
due to confounding, participant selection, and outcome
measurement (Eng et al., 2023; Sudrez-Villadat et al., 2023).
Mixed-methods and qualitative components were appraised
using Joanna Briggs Institute (JBI) Critical Appraisal
Tools (Yau et al., 2022). Quality assessments were used to
contextualize findings rather than exclude studies. Given
heterogeneity in interventions and outcomes, a narrative
synthesis approach was employed, with results organized
thematically by intervention type, theoretical mechanisms,
and outcome domains.

Theoretical Background

Theories of Physical Activity Behaviour
and Motivation in Children

Behavioral and motivational theories, particularly Self-
Determination Theory (SDT) and Social Cognitive Theory
(SCT), provide essential frameworks for understanding chil-
dren’s engagement in gamified physical activity. According
to SDT, intrinsic motivation—driven by the fulfillment of
autonomy, competence, and relatedness—is fundamental for
sustained participation in physical activity (Tersa-Miralles
et al,, 2025). Within gamification contexts, design elements
that allow choice (autonomy), offer skill-based challenges
(competence), and encourage social interaction (related-
ness) foster enjoyment and enhance long-term adherence to
physical activities (Xu et al., 2022). Similarly, SCT highlights
the role of observational learning, reinforcement, and social
influence, which are central in gamified and digital environ-
ments where children learn by observing peers and emulat-
ing successful behaviors (Ciazynska & Maciaszek, 2023).

The constructs of enjoyment, autonomy, competence,
and relatedness are pivotal in shaping children’s sustained
participation in digital and VR-based interventions.
Enjoyment enhances motivation and engagement, helping
children associate physical activity with positive emotions
(Tobaiqi et al.,, 2023). Autonomy supports voluntary
participation, leading to greater intrinsic motivation (Chen
et al., 2024). Competence, achieved through mastering
progressive challenges, fosters achievement and persistence
(Elaheebocus & Grant, 2023). Relatedness, nurtured through
interaction with peers, strengthens social bonds and further
reinforces ongoing commitment (Chen et al., 2024; Xu et
al., 2022). Together, these constructs create a motivational
environment that sustains participation and promotes
healthier activity patterns among children.

Gamification and Behaviour Change Frameworks

Gamification elements such as rewards, feedback, chal-
lenges, and avatars can be systematically mapped onto estab-
lished Behaviour Change Techniques (BCTs) to effectively
promote physical activity. For instance, rewards correspond
to the BCT of incentivization, motivating desired behav-
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iors through tangible or virtual rewards (Wang et al., 2025).
Feedback mechanisms align with the BCT of self-monitor-
ing and feedback on performance, allowing participants
to track progress and adjust their efforts (Chukwu, 2024).
Challenges reflect the BCT of goal setting, encouraging us-
ers to meet specific milestones and build competence (Ferraz
et al., 2024). Avatars personalize the user experience and
promote a sense of identity and connection, resonating with
BCTs involving social support and modeling (Chan, 2024).

Evidence demonstrates that gamification-based
interventions significantly enhance children’s motivation
and self-efficacy compared to non-gamified approaches.
Meta-analytic findings reveal substantial improvements
in moderate-to-vigorous physical activity (MVPA) among
children and adolescents participating in gamified programs
(SMD = 0.39) (Wang et al., 2025). Moreover, gamification
fosters intrinsic motivation by fulfilling psychological needs
related to autonomy, competence, and relatedness (Ermina,
2024). Studies consistently show that children engaged in
gamified activities report higher enjoyment and are more
likely to maintain activity levels over time than those exposed
to traditional interventions (Ferraz et al., 2024).

Virtual Reality, Exergaming, and
Immersive Media Perspectives

The influence of immersion, presence, and embodied
interaction in VR and exergaming on children’s physical and
cognitive engagement is grounded in established theoretical
models, particularly Flow Theory and Presence Theory. Flow
Theory posits that deep immersion produces an optimal
state of enjoyment and concentration, leading to improved
physical engagement and persistence (Li et al., 2021).
When children experience flow within VR environments,
they often lose track of time and derive satisfaction from
accomplishing virtual challenges, thereby reinforcing
physical participation. Presence Theory, on the other hand,
emphasizes the psychological sensation of “being there”
within a virtual space, which can enhance motivation and
perceived realism of the experience (Kaimara et al., 2021).

Prolonged engagement in VR and exergaming yields
both benefits and risks. Benefits include increased physical
activity through engaging gameplay, improved coordination,
and psychological outcomes such as reduced anxiety and
enhanced mood (Lin & Chang, 2025). However, potential
risks include cybersickness, manifested as dizziness, nausea,
and discomfort (Cardullo & Wang, 2021; Kim et al., 2021).
Overstimulation from intense visual or auditory stimuli may
cause headaches or fatigue, while accessibility barriers—
such as financial constraints or physical limitations—can
restrict participation (Pelizzo et al., 2022). Balancing these
aspects is crucial to ensuring the effective, safe, and equitable
implementation of VR and exergaming technologies for
promoting physical activity among children.

Results

1. Typologies and Design Characteristics of VR
and Gamified Physical Activity Interventions

Virtual reality (VR) and gamified interventions designed
to promote physical activity in children exhibited substan-
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Fig. 2. Conceptual Model linking VR immersion, gamification
elements, behavioural mechanisms, and physical activity
outcomes in children

tial heterogeneity across technology type, implementation
context, target population, and intended outcomes. Across
the included studies, intervention platforms ranged from
immersive VR and augmented reality (AR) systems to non-
immersive exergames, mobile applications, wearable-inte-
grated feedback tools, and motion-capture consoles. These
interventions were applied across diverse pediatric popu-
lations, including typically developing children as well as
those with obesity, neurodevelopmental conditions, physical
disabilities, and mental health comorbidities, highlighting
the broad applicability of VR and gamified approaches.

Several studies illustrate recurring design patterns
across otherwise distinct technological platforms. For ex-
ample, Bowling et al. (2025) combined non-immersive
exergaming, wearable activity tracking, and remote coach-
ing over a 12-week period, demonstrating the feasibility of
hybrid, home-based interventions. In contrast, Zhu et al.
(2025) focused on technological innovation, using AR and
TENG-based wearables to enable adaptive difficulty and
real-time feedback, although intervention duration and
behavioral outcomes were not the primary focus. Figure 3
synthesizes these interventions by grouping platforms ac-
cording to level of immersion, delivery setting, and session
structure, illustrating commonalities in design despite tech-
nological variation.

Intervention dose, supervision level, and delivery
setting varied markedly across studies, reflecting differing
program objectives. Brief, single-session interventions—
such as the 10-minute immersive VR exposure used by
Fowler et al. (2024) primarily targeted short-term cognitive
or motivational outcomes, whereas multi-session, therapist-
led programs (e.g., Lee & Jin, 2024) emphasized motor skill
development and sustained engagement. School-based
(Flores et al., 2024), and home-based telerehabilitation
models (Kose et al., 2023) further illustrate how contextual
constraints shape session length, supervision, and
intervention intensity.
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Fig. 3. Typology of VR/Gamified Interventions

Across clinical and community-based contexts, VR
and gamified interventions were applied to address motor
rehabilitation, behavior change, and PA promotion, with
program duration ranging from single-session exposures to
multi-month therapeutic protocols. Clinical rehabilitation
studies (e.g., Menekseoglu et al., 2023; Khaledi et al,
2022) generally employed structured, repetitive tasks with
clinical supervision, whereas community- and school-
based programs emphasized engagement, enjoyment,
and accessibility (Reis et al., 2022; Gonzélez-Gonzalez et
al.,, 2021). Collectively, these findings demonstrate high
contextual flexibility, with interventions implemented across
home, school, laboratory, clinic, and community settings.

The technological diversity summarized in Table
1 highlights a convergent set of design principles despite
heterogeneous platforms. Across studies, common game
mechanics—including goal progression, real-time feedback,
adaptive difficulty, and reward systems—consistently
map onto competence-building, enjoyment, and social
reinforcement mechanisms described in Self-Determination
Theory and Social Cognitive Theory, suggesting theoretical
coherence in intervention design.

Overall, the interventions summarized in Table 1
demonstrate how diverse technologies are unified by
shared behavioral design strategies. Alignment with SDT
and SCT is evident across platforms, with autonomy-
supportive choices, competence-enhancing feedback, social
reinforcement, and observational learning consistently
embedded in intervention structures, reinforcing their
relevance for promoting physical activity among children.

2. Mechanisms of Engagement, Motivation,
and Behaviour Change

Findings across studies in Table 2 indicate that VR and
gamified physical activity (PA) interventions for children
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Table 1. Typology of VR and Gamified Interventions for Children’s Physical Activity

. Key VR/ .
Study (Year) Pop ujl&atlon S T 37 Primary Goal Gami};ication Setting OLEEHTY PA
ge Type F Frequency Measurement
eatures

Bowling etal. Youth with mHealth app Increase PA &  Progressive Home/ 12 weeks;  Actigraphy/

(2025) heterogeneous/ + Exergaming  sleep; improve exergaming plan; ~ Community app-guided; Fitbit steps; self-
comorbid + Fitbit (non-  psychosocial ~ gamified step goals; with remote coaching report PA
mental health  immersive outcomes coaching; feedback coaching sessions
disorders, AVGs)
13-17y

Zhu et al. Adolescents AR + Wearable Monitor Adaptive difficulty; Lab/ Not stated ~ Sensor-

(2025) (not explicitly ~ TENG sensors; & enhance performance-based Prototype  (system derived steps,
specified; AR cloud analytics  exercise rewards; narrative  context description) gait, calorie
fitness context) participation AR missions algorithms

Fowler etal.  Children with  Immersive VR Promote Psychoeducation Laboratory  Single Self-reported

(2024) BMI >85th experience healthy lifestyle + game narrative; 10min active days
percentile; 6-12 (HMD) + behaviors (incl. high immersion; session (2wk follow-up)
y; caregiver interactive go-  PA cognitions/ instant feedback (pilot RCT)
dyads kart game behavior)

Lee & Jin Children with  Combined VR + Improve PA Structured Clinic/Gym 12 weeks; GENEA

(2024) developmental gym-based PA  levels, motor & sessions; therapist 60 min x 2/ monitor (PA),
disability social skills supervision; VR week standardized

tasks integrated motor/social
with gym scales

Flores et al. School VR exergame vs. Compare Motion-based VR School Single/short Reaction time

(2024) adolescents tennis training  reaction time  gameplay; brief sessions: 8 tests (pre/post)
(~15.6y) vs. control effects sessions min (VR)

vs 30 min
(tennis)
Kose et al. Children with  Therapist- Improve motor Structured tasks; Home (tele) Program BOT-2 subtests
(2023) ADHD Guided skills therapist guidance; duration (motor
Game-Based home-based not proficiency)
Intervention accessible games specified;
(telerehab; VR/ multi-
game-based) session

Menekseoglu  Children with ~ VR-mediated Improve upper Supervised VR Clinic Baseline; Functional

etal. (2023) hemiplegic gamified upper- limb function  tasks; gamified +1and +3  tests (AHA,
cerebral palsy  limb rehab & QoL feedback; graded months ABILHAND-

challenges assessments Kids, QUEST);
(program ~ ROM measures
length NR)

Hocking etal. Youth with Custom VR Feasibility; Game-based motor Lab/Clinic 6 sessions x Motion-capture

(2022) autism game + low-cost improve gross  tasks; whole-body 20 min over movement
spectrum motion capture motor skills tracking; metrics 2 weeks metrics;
disorder; 10-17 of efficiency/ standardized
y synchrony/ motor tests

symmetry

Reis et al. Adolescents mHealth (web ~ Promote Points, challenges; ~ School/ Program Platform usage;

(2022) in obesity + mobile) with  healthy user-centered Community roll-out; behavior logs
prevention gamification behaviors; design; engagement retention (PA outcomes
program prevent obesity features tracked variably

reported)

Khaledi et al.  Children Virtual-assisted Improve motor Structured game Clinic/ 8 weeks; 3 x Lincoln-

(2022) with spastic Montessori- proficiency &  sessions; repeated  Home 45min/week Oseretsky
hemiplegia based games self-control practice; reward/ Motor Scale;
(~6.4y) feedback self-control

scale

Gonzalez- Children with  Kinect-based Behavior Motion-sensing Outpatient ~ Program- Satisfaction

Gonzalez et obesity in active games change toward games; group clinic based surveys;

al. (2021) outpatient care  + biometric active lifestyle  play; feedback; (duration behavior change

sensors enjoyment-focused NR) indicators (PA

design

self-report)
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are predominantly grounded in Self-Determination Theory
(SDT) and Social Cognitive Theory (SCT) and systematically
incorporate multiple Behaviour Change Techniques
(BCTs). Across interventions, core mechanisms—including
autonomy, competence, relatedness, observational learning,
attentional engagement, and self-regulation—were
repeatedly operationalized, demonstrating conceptual
consistency in how motivation and behaviour change were
targeted (Chen et al., 2024; Ciazynska & Maciaszek, 2023;
Elaheebocus & Grant, 2023; Tersa-Miralles et al., 2025; Xu
et al., 2022).

A dominant cross-study pattern was the emphasis
on competence-building through progressive challenge
and feedback. Interventions such as Bowling et al. (2025)
combined graded exergame progression, goal setting, self-
monitoring, and social support, reinforcing self-eflicacy
and habit formation in line with SDT and SCT. Similarly,
Zhu et al. (2025) employed adaptive difficulty, performance-
based rewards, and real-time feedback to promote flow,
competence, and social comparison. Figure 4 synthesizes
these pathways, illustrating how VR immersion and
gamified features activate psychological mechanisms that
are translated into behaviour change via BCTs, ultimately
enhancing enjoyment, self-efficacy, and PA intentions.

VR/Gamification Psychological Behaviour Change
Features Mechanisms Techniques (BCTs)
[Adaptive difficulty Autonomy }——)[ Goal setting ]

[ Immersive VR

Competence ]——>[ Self-monitoring ]
Relatedness ]—>[ Graded tasks ]

I
’-—)' Prompts/cues
Narrative
missions

Attentional
focus
Reinforcement
I Immersion
Points and rewards
Social/peer
features

Therapist-
guided tasks

Daily goals and
feedback

=23

. Intermediate states
~  Self-efficacy
Enjoyment

Observational g altentons

learning

Physiological
actions

Fig. 4. Mechanisms of Engagement & Behaviour Change

Enjoyment and immersion emerged as salient
motivational drivers, particularly in immersive VR
interventions. For instance, Fowler et al. (2024),
demonstrated that a brief, highly immersive VR exposure
enhanced short-term PA intentions, consistent with Flow
Theory predictions. Across therapist-guided programs (Lee
& Jin, 2024; Kose et al., 2023) , structured repetition, guided
feedback, and social support were emphasized, creating
competence- and relatedness-supportive environments that
align closely with SDT principles.

In clinical and rehabilitation-focused interventions,
behavioural change mechanisms were primarily driven by
high repetition, graded task difficulty, and real-time feedback.
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For example, Menekseoglu et al. (2023) strengthened
competence and self-efficacy through repetitive, feedback-
rich VR tasks, while Hocking et al. (2022) emphasized
behavioural rehearsal and attentional engagement via whole-
body tracking. Across community and mHealth platforms
(Reis et al., 2022; Gonzélez-Gonzalez et al., 2021), habit
formation, social comparison, and social support emerged
as central mechanisms, whereas Montessori-based VR
intervention (Khaledi et al., 2022) emphasized autonomy
and self-regulation through structured repetition.

Across studies, interventions incorporated between four
and ten BCTs, with competence-enhancing techniques (e.g.,
feedback, graded tasks, rewards) present in all 11 studies
and social mechanisms (e.g., coaching, peer interaction,
group play) present in the majority. The quality of theory
integration varied, ranging from explicit, theory-driven
designs (Bowling et al., 2025; Lee & Jin, 2024; Menekseoglu
et al,, 2023) to more implicit or minimally articulated
applications (Flores et al., 2024). Overall, these patterns
indicate that interventions with stronger theoretical
grounding and broader BCT integration tended to
demonstrate more consistent engagement and behavioural
outcomes, reinforcing the central role of SDT- and SCT-
aligned mechanisms in digital PA interventions for children.

Overall, the evidence indicates that theoretical coherence
and multi-component BCT integration are key determinants
of engagement and behavioural effectiveness, reinforcing
the importance of explicit theory-driven design in VR and
gamified PA interventions for children.

3. Effects on Physical Activity and Health-Related Outcomes

Across the studies summarized in Table 3, VR and
gamified interventions demonstrated overall positive but
heterogeneous effects on physical activity (PA), motor
proficiency, and selected health-related outcomes. These
effects were most consistently observed in domains directly
targeted by intervention design, such as engagement, motor
performance, and short-term PA indicators, and align with
SDT- and SCT-based mechanisms including enjoyment,
competence, and self-efficacy (Chen et al., 2024; Tersa-
Miralles et al., 2025; Tobaiqi et al., 2023). Intervention
duration varied widely, from single-session exposures to
multi-week programs, and outcome measurement relied
on both objective (e.g., accelerometry, actigraphy) and
subjective or clinical tools, contributing to variability in
reported effects.

Evidence for objective PA change was strongest in
Bowling et al. (2025), where adolescents receiving the
GamerFit intervention demonstrated directional increases
in daily step counts and improvements in sleep regularity
based on actigraphy data. Although effect sizes were not
reported, the use of objective monitoring strengthens
confidence in observed trends. By contrast, (Zhu et al., 2025)
focused on technological feasibility and sensor validation,
rather than behavioral efficacy, underscoring that not all
included studies were designed to detect PA change.

Several studies reported short-term motivational or
cognitive effects rather than sustained PA change. Fowler
et al. (2024) observed increases in PA intentions and self-
reported active days following a brief immersive VR session,
supporting Flow Theory-based explanations of immersion-
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Table 2. Mapping of Gamification/VR Features to Behavioural Mechanisms and Behaviour Change Techniques (BCTs)

. . Intermediate
Study / Theoretical Ke.y VR./ Targeted mechanisms BCTs (Michie outcomes Mediation/ Theory integration
. Gamification taxonomy q c
framing (examples) reported moderation quality
elements examples)
/targeted
Bowling et al. 2025) App-based quests; ~ Competence Goal setting Enjoyment, Possible High - explicit
progressive (achievable goals),  (behaviour); engagement moderation  features linked
GamerFit RCT exergame plan; step  self-efficacy (coach ~ feedback on (app usage), by baseline  to coaching and
(2025) / SCT + goals with Fitbit; support), autonomy  behaviour; daily steps, activityand  tracking
SDT-informed badges/points; (choice of games),  self-monitoring sleep regularity mental-
coaching remote coach relatedness (coach (Fitbit); health
feedback contact); habit graded tasks; comorbidity;
formation via daily  social support adherence
prompts (practical); mediates PA
prompts/cues; change
action planning
Zhu et al. (2025) AR missions; Flow/immersion; Graded tasks;  Engagement ~ Moderation = Moderate —
adaptive difficulty competence via rewards; social metrics, by fitness mechanisms
AR+ from sensor data; adaptive challenge;  comparison; adherence level implied via
TENGwearables /  performance social comparison;  feedback on probability, (tolerance to  adaptivity/
Tech acceptance &  rewards; attentional performance;  step counts intensity); competition
flow concepts leaderboards distraction reducing gamified (sensor- novelty
perceived exertion  challenges derived) effects
Fowler et al. (2024) HMD immersive Presence/ Information Enjoyment, Mediation by Moderate - theory
race; narrative; immersion; about health intentions; enjoyment/ implicit in design
Immersive VR instant performance affective valuation; ~ consequences;  selfreported intentions
gokart pilot RCT /  feedback; short distraction from feedback on active days hypothesised
Psychoeducation + bouts exertion; autonomy  performance;  (2week)
presence through playful experiential
choice learning;
behavioural
practice
Lee & Jin (2024) Therapistguided VR Competence Graded tasks;  Motor skill Moderation  High - structured
tasks; structured via progressive instruction gains; PA by disability  alignment to
VR + gym-based  progression; difficulty; on how to bouts during  severity; motor/SDT
PA / Motor cooperative play relatedness perform; sessions; social therapist
learning + SDT (therapist/peer); social support; interaction fidelity
motor learning behavioural
(repetition) practice/
rehearsal
Flores et al. (2024)  Short VR play with  Attentional focus; Feedback on Reaction time Moderation = Low-Moderate
rapid feedback; arousal; immediate  performance;  improvement; by prior - minimal
VR exergame vs competitive competence signals  reward; perceived gaming theoretical
tennis / Attention  challenge behavioural exertion experience articulation
& arousal practice
Kose et al. (2023) Home tasks; Executive function  Instruction; Motor Moderation ~ Moderate-High —
therapist (inhibition, graded tasks;  proficiency by baseline  therapistanchored
ADHD telerehab teleguidance; points/ sequencing); feedback; subtests; EF; framework
game based / EF &  progression competence; social support  adherence logs mediation
motor control parental support (therapist/ by task
parent) completion
Menekseoglu et al.  Gamified functional Competence; Feedback on Upperlimb Mediation by High - explicit
(2023) tasks; realtime selfefficacy; motor ~ performance;  function repetitions rehab principles
kinematic feedback; learning via graded tasks;  tests; range of achieved;
CP upperlimb VR / levels highrepetition problem motion moderation
Rehab theory solving; by age
behavioural
practice
Hocking et al. Wholebody Sensorimotor Behavioural Movement Moderation ~ Moderate -
(2022) tracking; playful engagement; practice; efficiency/ by sensory ~ mechanisms
motor quests; visual/ competence; feedback on symmetry; sensitivity discussed, limited
ASD custom auditory feedback  attentional focus; behaviour; feasibility/ formal theory
VR / Embodied reduction of anxiety shaping; acceptability
interaction via predictable prompts/cues

environment
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Table 2 (continued)

. .. Intermediate
Study / Theoretical Ke}r VR./ Targeted mechanisms BCTs (Michie outcomes Mediation/ Theory integration
framin; CariiEn o (examples) taxonomy reported moderation uali
g € ples epo: (] o quality
elements examples)
/targeted
Reis et al. (2022) Points, challenges, Habit formation; Selfmonitoring; Platform Mediation by Moderate -
progress social motivation; prompts/ engagement,  engagement explicit BCTs in
mHealth gamified  dashboards; autonomy via selfset  cues; social challenge metrics platform design
platform / reminders; peer goals comparison; completion;
Engagement & features reward; goal PA logs
habit models setting (varied)
Khaledi et al. Structured, childled Autonomy; Graded tasks;  Motor Moderation = Moderate —
(2022) tasks; repetition; competence; feedback; proficiency; by baseline  pedagogical
Virtualassisted immediate attentional control;  reinforcement; selfcontrol selfregulation theory mapped to
Montessori games  reinforcement selfregulation behavioural BCTs
/ Montessori + practice
reinforcement
Gonzalez-Gonzalez Group play; Social support; Social Satisfaction; Moderation ~ Moderate -
etal. (2021) motion challenges;  competence; comparison; PA behaviour by group practical SCT
biometric feedback; enjoyment; social support; change dynamics alignment
Kinect clinic cooperative/ relatedness feedback; indicators
program / SCT +  competitive modes rewards; goal
enjoyment focus setting
instruments and follow-up measurements, strengthening
Physical Activity Motor Outcomes confidence in these effects.

Outcomes
¢ Increased MVPA
* More daily activity
* Greater step counts

ImmersionR\

N
N

Competence

Psychosocial
Outcomes
* Greater enjoyment
* Enhanced motivation

g

» Motor proficiency

¢ Upper-limb function
e Coordination

¢ Movement efficiency

Feedback

Social
reinforcement

—~

Cognitive
Outcomes
« Faster reaction time
* Improved

« Improved self-efficacy attentional focus
* Emotional engagement
* Better self-control
Few studies included
follow-up data

Fig. 5. Outcome Pathways for PA and Health Effects

driven motivation (Kaimara et al., 2021; Li et al., 2021).
Likewise, Flores et al. (2024) reported improvements in
reaction time, with PA volume not assessed as a primary
outcome. Figure 5 synthesizes these findings, illustrating
how VR and gamified mechanisms may influence PA, motor,
psychosocial, and cognitive outcomes, even when direct PA
change is not consistently measured.

Motor outcomes showed the most consistent
improvements, particularly in clinical and rehabilitation-
focused interventions. Lee & Jin (2024) reported increases
in sessional PA and significant motor and social skill gains
following an intensive VR-integrated program. Similar
improvements were observed in children with ADHD (Kdose
et al,, 2023) and hemiplegic cerebral palsy (Menekseoglu et
al., 2023) with outcomes assessed using validated clinical
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Youth with autism spectrum disorder also demonstrated
motor-related benefits, with Hocking et al. (2022) reporting
improvements in movement efficiency and coordination
following short-term VR exposure. In contrast, community-
and school-based interventions (e.g., Reis et al., 2022)
yielded mixed PA outcomes, likely influenced by self-
reported measures, variable engagement, and limited
objective assessment.

Interventions targeting obesity showed favourable
but primarily indirect effects, with Khaledi et al. (2022)
reporting improvements in motor proficiency and self-
control, and Gonzélez-Gonzdlez et al. (2021) documenting
positive PA behaviour indicators and high satisfaction, albeit
with limited objective PA measurement.

Quantitatively, across included studies, objective PA
change was reported in fewer than half of interventions,
whereas motor outcomes assessed using validated clinical
measures were more consistently improved. Several studies
prioritized PA intentions or behavioural indicators rather
than direct activity measurement, and follow-up periods
were generally short, ranging from immediate post-tests to
a maximum of three months, limiting conclusions regarding
long-term maintenance.

Opverall, the evidence suggests that VR and gamified in-
terventions can positively influence PA-related behaviours,
motor development, and psychosocial outcomes, particu-
larly when interventions emphasize immersion, compe-
tence-building, and feedback mechanisms. However, robust
evidence for sustained PA change and long-term habit forma-
tion remains limited, reinforcing the need for longer follow-
up periods and standardized objective outcome measures.

Overall, these findings highlight the promise of VR
and gamification for improving PA, motor function, and
psychosocial outcomes, but they also reinforce the need for
long-term data and standardized objective measurement
practices.
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4. Implementation, Equity, Safety, and
Sustainability Considerations

The studies summarized in Table 4 provide important
insightsintoimplementationfeasibility,equityconsiderations,
safety requirements, and long-term sustainability of VR and
gamified physical activity (PA) interventions for children.
Consistent with earlier theoretical discussions on autonomy;,
competence, relatedness, and environmental facilitators,
intervention effectiveness was closely linked to real-world
logistical factors, including resource availability, staffing
intensity, cost, accessibility, and participant diversity (Chen
et al., 2024; Elaheebocus & Grant, 2023; Tersa-Miralles et al.,
2025; Xu et al., 2022).

Implementation contexts varied widely, spanning clinical
rehabilitation settings, home-based telerehabilitation,
schools, laboratories, and community programs,
demonstrating substantial contextual flexibility. However,
clinical settings predominated, with nearly half of studies
implemented in therapy or rehabilitation environments.
Resource demands differed markedly across intervention
types, ranging from high-cost immersive VR and motion-
capture systems to consumer-grade devices and mobile
platforms. Staffing intensity also varied, with therapist-led
models requiring substantial human resources, whereas app-
based or remote interventions reduced staffing demands.
Figure 6 synthesizes these patterns, illustrating how setting,
cost, staffing, and infrastructure interact to influence
equity and long-term sustainability of VR and gamified PA
interventions.

Cost .
Scalabbility Device izl Sustainability
pathways EIORESS AER risks
inequities . risks
Caregiver "
Remote burden Privacy
models concerns
Facilitators Facilitators
Stakeholder buy- %’P Stakeholder
in buy-in
Therap|st Therapist
guidance guidance
Culturally Culturally
tallored tallored
design design
Low-cost Low-cost
devices devices
Remote
delivery
LABORATORY an
Staff Low-cost
training devices
Remote Space Internet High
delivery equipment

Internet connectivity costs

Fig. 6. Implementation Ecosystem

Equity and safety considerations were prominent
determinants of implementation success. Barriers related to
digital access, device affordability, connectivity, and sensory
sensitivities were reported across multiple studies. Clinical
interventions targeting vulnerable populations required
supervised environments to manage physical safety and
sensory overload, while home-based programs depended
on caregiver and therapist involvement. Engagement
patterns varied, with social support and therapist guidance
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consistently associated with higher adherence, whereas
self-directed app-based interventions exhibited declining
engagement over time, highlighting the challenge of
sustaining motivation without ongoing support (Chen et al.,
2024; Tobaiqi et al., 2023).

Scalability was primarily constrained by cost,
infrastructure, and staffing demands. Remote and low-cost
interventions demonstrated greater scalability potential,
whereas equipment-intensive or therapist-led models
posed barriers to widespread implementation. Several
interventions remained at prototype or feasibility stages,
underscoring the need for cost reduction, system refinement,
and implementation trials before large-scale deployment.

Overall, these findings indicate that although VR and
gamified PA interventions are feasible across multiple
contexts, their sustainability and equitable reach depend on
deliberate attention to cost, accessibility, safety protocols,
and human-resource requirements. This underscores the
importance of implementation-focused and equity-oriented
research alongside efficacy evaluations.

Discussion

The findings synthesized from Tables 1-4 reveal
systematic and theoretically coherent patterns in how
virtual reality (VR) and gamified physical activity (PA)
interventions influence children’s engagement, motivation,
and health-related outcomes. Across populations and
settings, interventions consistently enhanced enjoyment,
competence, and self-efficacy, mechanisms central to both
Self-Determination Theory and Social Cognitive Theory
(Tersa-Miralles et al., 2025; Tobaiqi et al., 2023; Wang et
al,, 2025). his review extends prior evidence by integrating
effectiveness outcomes with behavioural mechanisms
and implementation characteristics, demonstrating that
immersive and gamified features—such as feedback, adaptive
challenge, rewards, and social interaction—are key drivers of
engagement and motor-related gains (Bowling et al., 2025;
Lee & Jin, 2024; Menekseoglu et al., 2023). However, effect
magnitude varied considerably, with intensive, theory-
driven, and supervised interventions producing more
consistent outcomes than brief or prototype-stage programs
(Flores et al., 2024; Zhu et al., 2025)

Methodological quality and theoretical alignment
emerged as central determinants of intervention
effectiveness. Studies employing robust designs, validated
outcome measures, and explicit theoretical frameworks
reported more consistent improvements in PA-related and
motor outcomes (Korkmaz & Coruh, 2025; Lin & Chang,
2025). In contrast, interventions with limited theoretical
articulation or weaker designs yielded mixed finding (Eng
et al., 2023; Gkintoni et al., 2024). Compared with earlier
reviews that focused primarily on engagement or feasibility,
this review highlights the importance of theoretical
fidelity and measurement rigor in explaining outcome
variability. Beyond efficacy, implementation constraints—
including cost, technological access, staffing demands, and
infrastructure requirements—substantially influenced real-
world feasibility (Table 4). These barriers are particularly
salient in low-resource settings, where high equipment costs
and limited digital access may exacerbate health inequities
(Gasteiger et al., 2022).
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Table 4 (continued)

Participant

inclusion
characteristics

Resource requirements

Adherence/ drop-

Reported barriers/

Reported

(hardware, software,
staffing, training, costs if

Implementation

Study/
Country

Scalability & sustainability notes

risks out/ engagement

facilitators

(age, condition,

setting

SES/region if

reported)

reported)

Children

Scalable as an adjunct to

Session completion

feasible; good

Need for caregiver

Child-led,

VR-assisted Montessori

Clinic/home

hybrid

Khaledi et al.
(2022)

conventional therapy; sustainability
depends on caregiver training and

access to suitable devices

repetitive tasks facilitation; risk of
can be continued  fatigue or frustration attendance across

with spastic
hemiplegia

games on consumer devices;

instructor/therapist at clinic;
parent facilitation at home

/ Country

NR

8 weeks; families
generally able
to maintain

in longer tasks

at home;

(~6.4y); require

caregiver

flexibility across

clinic and home

support; SES/
region NR

participation

Scalable to clinics and community
gyms with adequate space and

Attendance

Space requirements;

Group

Children with
obesity in

Kinect/active game system;
large display; biometric

Outpatient clinic

Gonzélez-

acceptable; high
satisfaction

equipment failures;
heterogeneous

enjoyment;

(group sessions)

Gonzalez /

staff training; sustainability relies
on equipment maintenance and
ongoing program funding

peer support;
immediate

outpatient care;
group-based

sensors; facilitator/instructor;

appropriate space

Country NR

reported; objective
PA measurement

limited

motivation levels

feedback from
sensors and

games

sessions; SES/
region NR
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Several facilitators were identified that enhance
acceptability, sustainability, and scalability, including
stakeholder engagement, culturally responsive design,
caregiver and staff training, and remote or hybrid
delivery models (Hamilton et al., 2024; Lowell et al,,
2023). Interventions using low-cost or consumer-grade
technologies demonstrated greater feasibility for long-
term adoption (Hocking et al., 2022; Reis et al., 2022).
Nonetheless, important research gaps remain. Most
studies assessed outcomes only in the short term, limiting
conclusions regarding sustained behaviour change and
habit formation (Kumwenda et al., 2024). Additionally,
limited demographic diversity and inconsistent reporting
of socioeconomic characteristics constrain generalizability
(Allen et al., 2022; Tully et al., 2021). Although multiple
Behaviour Change Techniques were commonly employed,
the relative contribution of specific gamification elements
to long-term adherence remains unclear, highlighting the
need for comparative, mechanism-focused, and longitudinal
research.

Conclusions

This systematic review demonstrates that virtual reality
(VR) and gamification represent promising, theory-aligned
approaches for promoting physical activity (PA) among
children across diverse settings and populations. Synthesized
evidence indicates that these interventions can enhance
engagement, motivation, motor outcomes, and selected
psychosocial indicators, particularly when designs explicitly
support autonomy, competence, and social interaction.
However, evidence for sustained PA behaviour change
remains limited, and effectiveness is strongly influenced
by methodological rigor, theoretical grounding, and
implementation context. Persistent challenges—including
cost, digital inequities, staffing demands, and limited long-
term evaluation—constrain scalability and equitable reach.
Addressing these gaps will require longitudinal, theory-
driven trials; standardized objective PA measures; and
inclusive implementation strategies. With these advances,
VR and gamification have the potential to become scalable
and equitable tools for supporting active lifestyles and child
health worldwide.
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BipTyanbHa peanbHicTb i reimidikauia gna cnpnaHHA
$i3nyHiIN aKTUBHOCTI AiTen: cuctemaTnyHNN
ornap cydacHUX TeHAEeHLin Ta iHHoBaLin

Tinanr Pamagan'A5CPE, Cymap’auti'A5<P, Cirit Hyrpoxo!ABCP

' lep>xaBHmit yHiBepcutet JHKOK sikapTa, IH0He3is
ABTOpCHKNMIT BKIAM: A — fU3aiiH ZOCTmKeHHs; B — 36ip ganux; C - crarananis; D - migrotoska pykomucy; E - 36ip xomTis

Pedepar. Crarrst: 17 c., 4 Tabu., 6 puc., 56 mxeper.

O6I‘py}ITYBaHH}I. PisyyHa HeaKTUBHICTb cepef fliTell y BCbOMY CBITi 3pOCTag, 1110 3yMOBJIEHO CUJAYOI0 MOBENiHKOIO Ta CII0-
cobaMm SKUTTA, OIIOCepeIKOBaHNMY IMGpPOBUMY TexHonmoriamy. HoBi jocmimpkeHHa cBifuath, o BipTyanbHa peanbHicTh (VR)
i reiimicikariis MOXyTb cyryBaTu epeKTUBHUMM LU(PPOBYMY iHTEPBEHIIAMY LA CIpUsAHHA (isnuHiit akTusHoCcTi (PA) Ta 10-
KpalljeHHsI TIOKa3HNUKIB 3J0POB’sI iTeil.

Mera. MeTo0 [[bOr0 CHCTEMATIYHOTO OIVIIAY OY/IO y3arabHUTHU Ta KPUTUMYHO OLIHUTH CY9acHi TOKa3M IOfj0 iHTepPBEeHIIii
Ha ocHOBi VR i reiimidikariii, cipsMoBaHMX Ha IiBUIeHHA piBHA Pi3N4HOI aKTUBHOCTI cepef AiiTeil, i3 pOKycoM Ha XapaKTepuc-
THKV iHTepBEHIIiil, TEOPETNYHI MeXaHi3MM, e(i)eKTI/[BHiCTb Ta 0cOOMMBOCTI BIIPOBAJ>KEHHA.

Meropu. PeniensoBaHi focrimpkenHa 6yno Bigibpano 3 6a3 manux Scopus, ERIC ra ACM Digital Library. [To anasnisy Bxto-
Ya/IM iHTepBEHIIHI JOCI/KEHHA 3a YJacTIO IiTel i MiI/TKiB BikoM 5-18 pokKiB, y AKux 3actocoByBamm VR, excepreiiMinr a6o
refimidikoBaHi 11poBi iHTepBeHIil A1 cipuAHHA (iSUYHIN aKTUBHOCTI YU MOB’A3aHUM i3 HEl0 MMOKa3HUKaM 3[0poB’s. aui
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0yJ/10 eKCTparoBaHO Ta CUHTE30BaHO BINIIOBIAHO [{O TUIIOJIOTII iHTepBEHIIill, TEOPETUYHMX 3acall, Pe3y/IbTaTiB Ta 0COONMMBOCTEI
BIIPOBaJI)KEHHA.

Pesynprarm. [lo ormany 6y710 BK/II0OYEHO 11 iHTepBEHLITHUX JOCTi/IKEHD, 0Hy6niKOBaHMX y nepiog 3 2021 mo 2025 pik. 3ara-
7oM iHTepBeHLii Ha 0ocHOBI VR Ta reiiMidikarii mpogeMOHCTpyBaIn MO3UTUBHMI BIUIMB Ha 3a/Iy4eHHA 40 (Pi3N4HOI aKTMBHOCTI,
MOTOPHI pe3y/bTaTi Ta OKpeMi ICHMXOcolianbHi mokasHukn. EdekTuBHi AusaiiHy 3a3BUYail iHTErpyBaIM MIOCTAHOBKY LiijIei,
3BOPOTHMUIT 3B’30K, COLlia/IbHe MOPIBHAHHSA Ta MEXaHi3MM BMHATOPOJY, YaCTO Y3TOMXKEHi 3 Teopi€lo caMopeTepMiHaIil Ta co-
1ia/IbHO-KOTHITHBHOIO Teopieto. KiouoBuMu 6ap’epaMu BIpOBapKeHHs Oyl BapTiCTh, JOCTYIHICTD i KafpoBi BUMOIHM, TOAI
AK YMHHUKAMU-COPUATENAMY BUCTYIIA/IM MOJE/ IUCTaHLINHOL peaisalii, 3a/1y4eHHs 3alliKaBlI€eHUX CTODIH i BUKOPUCTAHHA
araparHoro 3abe3eveHHs CIIOKUBYOTO PiBHA.

Bucnosku. VR i reitmicikariis MarOTh SHAYHWIT TOTEHIA AJIs1 CIIPUSHH (isUYHIN aKTMBHOCTI AiTell 32 YMOBU TEOPETUIHO
06IpYHTOBAHOI Ta AKiCHOI peasisalii iHTepBeH1ill. BogHOYac ;0Ka3M 1I0JO HOBIOCTPOKOBOI e(peKTUBHOCTI, CTa/IOCTi Ta PiBHOTO
NOCTYIY 3a/IMIIAI0THCA 0OMEXXEHNMI, 1[0 MiIKPEeCToe HOTpe6y B JIOHTITIOFHUX NOC/IiPKEHHAX i MacIITab0BaHNX, IHKIIO3MBHUX
MOJIe/IAX IHTepBeHIIill.

KirouoBi coBa: BipryasnbHa peanbHIiCTb, refimidikariis, ¢isndHa akTUBHICTD, JiTH, iMepCHBHI TEXHOIOTII.
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