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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.
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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).

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 



47

Ramadan, G., Sumaryanti, S., & Nugroho, S. (2026). Virtual Reality and Gamification for Promoting Physical Activity in Children:  
A Systematic Review of Current Trends and Innovations

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 

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 years, 
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.

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; Suárez-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 (Ciążyńska & 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-

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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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 
(Flôres et al., 2024), and home-based telerehabilitation 
models (Köse et al., 2023) further illustrate how contextual 
constraints shape session length, supervision, and 
intervention intensity.

Fig. 2. Conceptual Model linking VR immersion, gamification 
elements, behavioural mechanisms, and physical activity 

outcomes in children

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., Menekşeoğlu 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; González-González 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 

Fig. 3. Typology of VR/Gamified Interventions
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Table 1. Typology of VR and Gamified Interventions for Children’s Physical Activity

Study (Year) Population & 
Age

Technology 
Type Primary Goal

Key VR/
Gamification 

Features
Setting Duration/ 

Frequency
PA 

Measurement

Bowling et al. 
(2025)

Youth with 
heterogeneous/
comorbid 
mental health 
disorders, 
13–17 y

mHealth app 
+ Exergaming 
+ Fitbit (non-
immersive 
AVGs)

Increase PA & 
sleep; improve 
psychosocial 
outcomes

Progressive 
exergaming plan; 
gamified step goals; 
coaching; feedback

Home/
Community 
with remote 
coaching

12 weeks; 
app-guided; 
coaching 
sessions

Actigraphy/
Fitbit steps; self-
report PA

Zhu et al. 
(2025)

Adolescents 
(not explicitly 
specified; AR 
fitness context)

AR + Wearable 
TENG sensors; 
cloud analytics

Monitor 
& enhance 
exercise 
participation

Adaptive difficulty; 
performance-based 
rewards; narrative 
AR missions

Lab/ 
Prototype 
context

Not stated 
(system 
description)

Sensor-
derived steps, 
gait, calorie 
algorithms

Fowler et al. 
(2024)

Children with 
BMI ≥85th 
percentile; 6–12 
y; caregiver 
dyads

Immersive VR 
experience 
(HMD) + 
interactive go-
kart game

Promote 
healthy lifestyle 
behaviors (incl. 
PA cognitions/
behavior)

Psychoeducation 
+ game narrative; 
high immersion; 
instant feedback

Laboratory Single 
10min 
session 
(pilot RCT)

Self-reported 
active days 
(2wk follow-up)

Lee & Jin 
(2024)

Children with 
developmental 
disability

Combined VR + 
gym-based PA

Improve PA 
levels, motor & 
social skills

Structured 
sessions; therapist 
supervision; VR 
tasks integrated 
with gym

Clinic/Gym 12 weeks; 
60 min × 2/
week

GENEA 
monitor (PA), 
standardized 
motor/social 
scales

Flôres et al. 
(2024)

School 
adolescents 
(~15.6 y)

VR exergame vs. 
tennis training 
vs. control

Compare 
reaction time 
effects

Motion-based VR 
gameplay; brief 
sessions

School Single/short 
sessions: 8 
min (VR) 
vs 30 min 
(tennis)

Reaction time 
tests (pre/post)

Köse et al. 
(2023)

Children with 
ADHD

Therapist-
Guided 
Game-Based 
Intervention 
(telerehab; VR/
game-based)

Improve motor 
skills

Structured tasks; 
therapist guidance; 
home-based 
accessible games

Home (tele) Program 
duration 
not 
specified; 
multi-
session

BOT-2 subtests 
(motor 
proficiency)

Menekşeoğlu 
et al. (2023)

Children with 
hemiplegic 
cerebral palsy

VR-mediated 
gamified upper-
limb rehab

Improve upper 
limb function 
& QoL

Supervised VR 
tasks; gamified 
feedback; graded 
challenges

Clinic Baseline; 
+1 and +3 
months 
assessments 
(program 
length NR)

Functional 
tests (AHA, 
ABILHAND-
Kids, QUEST); 
ROM measures

Hocking et al. 
(2022)

Youth with 
autism 
spectrum 
disorder; 10–17 
y

Custom VR 
game + low-cost 
motion capture

Feasibility; 
improve gross 
motor skills

Game-based motor 
tasks; whole-body 
tracking; metrics 
of efficiency/
synchrony/
symmetry

Lab/Clinic 6 sessions × 
20 min over 
2 weeks

Motion-capture 
movement 
metrics; 
standardized 
motor tests

Reis et al. 
(2022)

Adolescents 
in obesity 
prevention 
program

mHealth (web 
+ mobile) with 
gamification

Promote 
healthy 
behaviors; 
prevent obesity

Points, challenges; 
user-centered 
design; engagement 
features

School/
Community

Program 
roll-out; 
retention 
tracked

Platform usage; 
behavior logs 
(PA outcomes 
variably 
reported)

Khaledi et al. 
(2022)

Children 
with spastic 
hemiplegia 
(~6.4 y)

Virtual-assisted 
Montessori-
based games

Improve motor 
proficiency & 
self-control

Structured game 
sessions; repeated 
practice; reward/
feedback

Clinic/
Home

8 weeks; 3 × 
45min/week

Lincoln-
Oseretsky 
Motor Scale; 
self-control 
scale

González-
González et 
al. (2021)

Children with 
obesity in 
outpatient care

Kinect-based 
active games 
+ biometric 
sensors

Behavior 
change toward 
active lifestyle

Motion-sensing 
games; group 
play; feedback; 
enjoyment-focused 
design

Outpatient 
clinic

Program-
based 
(duration 
NR)

Satisfaction 
surveys; 
behavior change 
indicators (PA 
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; Ciążyńska & 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-efficacy 
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.

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; Köse 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. 

For example, Menekşeoğlu 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; González-González 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; Menekşeoğlu 
et al., 2023) to more implicit or minimally articulated 
applications (Flôres 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)

Study / Theoretical 
framing

Key VR/
Gamification 

elements

Targeted mechanisms 
(examples)

BCTs (Michie 
taxonomy 
examples)

Intermediate 
outcomes 
reported
/targeted

Mediation/ 
moderation

Theory integration 
quality

Bowling et al. 2025)

GamerFit RCT 
(2025) / SCT + 
SDT-informed 
coaching

App-based quests; 
progressive 
exergame plan; step 
goals with Fitbit; 
badges/points; 
remote coach 
feedback

Competence 
(achievable goals), 
self-efficacy (coach 
support), autonomy 
(choice of games), 
relatedness (coach 
contact); habit 
formation via daily 
prompts

Goal setting 
(behaviour); 
feedback on 
behaviour; 
self-monitoring 
(Fitbit); 
graded tasks; 
social support 
(practical); 
prompts/cues; 
action planning

Enjoyment, 
engagement 
(app usage), 
daily steps, 
sleep regularity

Possible 
moderation 
by baseline 
activity and 
mental-
health 
comorbidity; 
adherence 
mediates PA 
change

High – explicit 
features linked 
to coaching and 
tracking

Zhu et al. (2025)

AR + 
TENGwearables / 
Tech acceptance & 
flow concepts

AR missions; 
adaptive difficulty 
from sensor data; 
performance 
rewards; 
leaderboards

Flow/immersion; 
competence via 
adaptive challenge; 
social comparison; 
attentional 
distraction reducing 
perceived exertion

Graded tasks; 
rewards; social 
comparison; 
feedback on 
performance; 
gamified 
challenges

Engagement 
metrics, 
adherence 
probability, 
step counts 
(sensor-
derived)

Moderation 
by fitness 
level 
(tolerance to 
intensity); 
novelty 
effects

Moderate – 
mechanisms 
implied via 
adaptivity/
competition

Fowler et al. (2024) 

Immersive VR 
gokart pilot RCT / 
Psychoeducation + 
presence

HMD immersive 
race; narrative; 
instant performance 
feedback; short 
bouts

Presence/
immersion; 
affective valuation; 
distraction from 
exertion; autonomy 
through playful 
choice

Information 
about health 
consequences; 
feedback on 
performance; 
experiential 
learning; 
behavioural 
practice

Enjoyment, 
intentions; 
selfreported 
active days 
(2week)

Mediation by 
enjoyment/
intentions 
hypothesised

Moderate – theory 
implicit in design

Lee & Jin (2024)

VR + gym-based 
PA / Motor 
learning + SDT

Therapistguided VR 
tasks; structured 
progression; 
cooperative play

Competence 
via progressive 
difficulty; 
relatedness 
(therapist/peer); 
motor learning 
(repetition)

Graded tasks; 
instruction 
on how to 
perform; 
social support; 
behavioural 
practice/
rehearsal

Motor skill 
gains; PA 
bouts during 
sessions; social 
interaction

Moderation 
by disability 
severity; 
therapist 
fidelity

High – structured 
alignment to 
motor/SDT

Flôres et al. (2024)

VR exergame vs 
tennis / Attention 
& arousal

Short VR play with 
rapid feedback; 
competitive 
challenge

Attentional focus; 
arousal; immediate 
competence signals

Feedback on 
performance; 
reward; 
behavioural 
practice

Reaction time 
improvement; 
perceived 
exertion

Moderation 
by prior 
gaming 
experience

Low–Moderate 
– minimal 
theoretical 
articulation

Köse et al. (2023)

ADHD telerehab 
game based / EF & 
motor control

Home tasks; 
therapist 
teleguidance; points/
progression

Executive function 
(inhibition, 
sequencing); 
competence; 
parental support

Instruction; 
graded tasks; 
feedback; 
social support 
(therapist/
parent)

Motor 
proficiency 
subtests; 
adherence logs

Moderation 
by baseline 
EF; 
mediation 
by task 
completion

Moderate–High – 
therapistanchored 
framework

Menekşeoğlu et al. 
(2023) 

CP upperlimb VR / 
Rehab theory

Gamified functional 
tasks; realtime 
kinematic feedback; 
levels

Competence; 
selfefficacy; motor 
learning via 
highrepetition

Feedback on 
performance; 
graded tasks; 
problem 
solving; 
behavioural 
practice

Upperlimb 
function 
tests; range of 
motion

Mediation by 
repetitions 
achieved; 
moderation 
by age

High – explicit 
rehab principles

Hocking et al. 
(2022)

ASD custom 
VR / Embodied 
interaction

Wholebody 
tracking; playful 
motor quests; visual/
auditory feedback

Sensorimotor 
engagement; 
competence; 
attentional focus; 
reduction of anxiety 
via predictable 
environment

Behavioural 
practice; 
feedback on 
behaviour; 
shaping; 
prompts/cues

Movement 
efficiency/
symmetry; 
feasibility/
acceptability

Moderation 
by sensory 
sensitivity

Moderate – 
mechanisms 
discussed, limited 
formal theory
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driven motivation (Kaimara et al., 2021; Li et al., 2021). 
Likewise, Flôres 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 (Köse 
et al., 2023) and hemiplegic cerebral palsy (Menekşeoğlu et 
al., 2023) with outcomes assessed using validated clinical 

Study / Theoretical 
framing

Key VR/
Gamification 

elements

Targeted mechanisms 
(examples)

BCTs (Michie 
taxonomy 
examples)

Intermediate 
outcomes 
reported
/targeted

Mediation/ 
moderation

Theory integration 
quality

Reis et al. (2022) 

mHealth gamified 
platform / 
Engagement & 
habit models

Points, challenges, 
progress 
dashboards; 
reminders; peer 
features

Habit formation; 
social motivation; 
autonomy via selfset 
goals

Selfmonitoring; 
prompts/
cues; social 
comparison; 
reward; goal 
setting

Platform 
engagement, 
challenge 
completion; 
PA logs 
(varied)

Mediation by 
engagement 
metrics

Moderate – 
explicit BCTs in 
platform design

Khaledi et al. 
(2022)
 Virtualassisted 
Montessori games 
/ Montessori + 
reinforcement

Structured, childled 
tasks; repetition; 
immediate 
reinforcement

Autonomy; 
competence; 
attentional control; 
selfregulation

Graded tasks; 
feedback; 
reinforcement; 
behavioural 
practice

Motor 
proficiency; 
selfcontrol

Moderation 
by baseline 
selfregulation

Moderate – 
pedagogical 
theory mapped to 
BCTs

González-González 
et al. (2021)
 
Kinect clinic 
program / SCT + 
enjoyment focus

Group play; 
motion challenges; 
biometric feedback; 
cooperative/
competitive modes

Social support; 
competence; 
enjoyment; 
relatedness

Social 
comparison; 
social support; 
feedback; 
rewards; goal 
setting

Satisfaction; 
PA behaviour 
change 
indicators

Moderation 
by group 
dynamics

Moderate – 
practical SCT 
alignment

Table 2 (continued) 

Fig. 5. Outcome Pathways for PA and Health Effects

instruments and follow-up measurements, strengthening 
confidence in these effects.

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 González-González 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.

Overall, 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 
insights into implementation feasibility, equity considerations, 
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.

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 

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; Menekşeoğlu 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 
(Flôres 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 & Çoruh, 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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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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Віртуальна реальність і гейміфікація для сприяння 
фізичній активності дітей: систематичний 
огляд сучасних тенденцій та інновацій
Ґіланг Рамадан1ABCDE, Сумар’янті1ABCD, Сіґіт Нуґрохo1ABCD
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Авторський вклад: A – дизайн дослідження; B – збір даних; C – статаналіз; D – підготовка рукопису; E – збір коштів

Реферат. Стаття: 17 с., 4 табл., 6 рис., 56 джерел.

Обґрунтування. Фізична неактивність серед дітей у всьому світі зростає, що зумовлено сидячою поведінкою та спо-
собами життя, опосередкованими цифровими технологіями. Нові дослідження свідчать, що віртуальна реальність (VR) 
і гейміфікація можуть слугувати ефективними цифровими інтервенціями для сприяння фізичній активності (PA) та по-
кращення показників здоров’я дітей.

Мета. Метою цього систематичного огляду було узагальнити та критично оцінити сучасні докази щодо інтервенцій 
на основі VR і гейміфікації, спрямованих на підвищення рівня фізичної активності серед дітей, із фокусом на характерис-
тики інтервенцій, теоретичні механізми, ефективність та особливості впровадження.

Методи. Рецензовані дослідження було відібрано з баз даних Scopus, ERIC та ACM Digital Library. До аналізу вклю-
чали інтервенційні дослідження за участю дітей і підлітків віком 5–18 років, у яких застосовували VR, ексергеймінг або 
гейміфіковані цифрові інтервенції для сприяння фізичній активності чи пов’язаним із нею показникам здоров’я. Дані 
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було екстраговано та синтезовано відповідно до типології інтервенцій, теоретичних засад, результатів та особливостей 
впровадження.

Результати. До огляду було включено 11 інтервенційних досліджень, опублікованих у період з 2021 по 2025 рік. Зага-
лом інтервенції на основі VR та гейміфікації продемонстрували позитивний вплив на залучення до фізичної активності, 
моторні результати та окремі психосоціальні показники. Ефективні дизайни зазвичай інтегрували постановку цілей, 
зворотний зв’язок, соціальне порівняння та механізми винагороди, часто узгоджені з теорією самодетермінації та со-
ціально-когнітивною теорією. Ключовими бар’єрами впровадження були вартість, доступність і кадрові вимоги, тоді 
як чинниками-сприятелями виступали моделі дистанційної реалізації, залучення зацікавлених сторін і використання 
апаратного забезпечення споживчого рівня.

Висновки. VR і гейміфікація мають значний потенціал для сприяння фізичній активності дітей за умови теоретично 
обґрунтованої та якісної реалізації інтервенцій. Водночас докази щодо довгострокової ефективності, сталості та рівного 
доступу залишаються обмеженими, що підкреслює потребу в лонгітюдних дослідженнях і масштабованих, інклюзивних 
моделях інтервенцій.

Ключові слова: віртуальна реальність, гейміфікація, фізична активність, діти, імерсивні технології.
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