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ABSTRACT

This study aimed to examine the effectiveness of integrating Metaverse-based Virtual Reality (VR)
and gamification in enhancing the motor and tactical abilities of junior tennis athletes. A quasi-
experimental mixed-method design was applied, involving 20 junior athletes aged 12—-18 from the
Jatayu Tennis Club in Singaraja, Bali. Participants were divided into three groups: VR training,
gamification training, and a conventional training control group. The intervention lasted four weeks
with two training sessions per week (50 minutes each). The VR system was developed using Kinect
sensors and Unity 3D, while gamification incorporated points, levels, and challenges. Pre and post
tests assessed stroke accuracy and reaction speed, while qualitative data were collected via
observation and interviews. The results showed that both VR and gamification groups achieved
significantly higher improvements compared to the control group (p<0.01). The VR group improved
stroke accuracy by 32.5% and reaction speed by 28.1%, while the gamification group improved by
24.8% and 19.6%, respectively. In contrast, the control group showed minimal improvement (<8%).
Qualitative findings revealed increased motivation, engagement, and tactical awareness among
athletes in the experimental groups. Integrating VR and gamification provides an immersive and
adaptive training environment that effectively enhances junior tennis players’ motor coordination and
strategic decision-making. These findings support the implementation of technology-enhanced

models in youth sports training programs.
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1. INTRODUCTION

The rapid evolution of digital technology has significantly influenced sports training,
particularly in enhancing the performance of young athletes. In recent years, the use of immersive
technology such as Virtual Reality (VR) and gamification has gained momentum in physical
education and competitive sports training due to its potential to provide more realistic, engaging, and
data-driven environments for skill acquisition (Lampropoulos & Kinshuk, 2024; Novak et al., 2023).
Traditional tennis training methods for junior athletes typically rely on repetitive drills and static
instruction, which often fail to simulate real match conditions or stimulate cognitive decision-making
(Wang & Bailenson, 2024). As a result, many junior tennis players experience plateaus in motor
development and lack readiness for competitive scenarios that demand quick reaction, anticipation,
and adaptive strategies (Anguera et al., 2025; Novak et al., 2023).

Motor skill development in tennis requires an integration of perceptual, cognitive, and
physical domains. The inability to create training situations that replicate competitive pressure leads
to a disconnect between practice and real match performance. Existing literature emphasizes that
early intervention using interactive and contextual training is crucial to optimizing learning during

the sensitive developmental phase of junior athletes (Richlan et al., 2023; Pastel et al., 2023).

Despite growing interest in the application of immersive technology in sports, there remains a
significant gap in how these tools are specifically tailored and empirically tested for junior tennis
training. Most studies have either explored VR or gamification in isolation, often in general motor
tasks or non-sport-specific contexts, with limited focus on their combined effects in real-time tactical
scenarios. This creates an urgent need to develop integrated training models that address both the
physical and cognitive demands of tennis, especially during the critical motor development phase in
youth athletes. Moreover, countries like Indonesia are still in the early stages of adopting digital
transformation in grassroots sports coaching, making it essential to explore context-relevant, cost-
effective, and scalable technological interventions that can elevate training quality and competitive

preparedness.

Virtual Reality provides athletes with immersive simulations where they can experience
match-like conditions repeatedly in a safe and controlled environment. VR-based training enhances
perception-action coupling, reaction time, and decision-making under pressure, contributing
significantly to skill automation (Cho et al., 2020; Kavanagh et al., 2017). Meanwhile, gamification

elements such as points, levels, and challenges have been shown to boost motivation, engagement,
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and adherence to training routines (Hamari et al., 2019; Ferriz-Valero et al., 2020). Despite its proven
benefits in general sport contexts, the integration of VR and gamification specifically in junior tennis
training remains limited. Previous studies have often focused on either VR or gamification alone, not
both simultaneously, and seldom in tennis-specific scenarios. Most tennis training technologies lack
real-time feedback or interactive elements that reflect actual gameplay decision-making
(Lampropoulos & Kinshuk, 2024; Anguera et al., 2025). This study addresses that gap by developing
and testing a dual-intervention model that combines VR simulations and gamification-based
challenges tailored to tennis. This combination is expected to not only enhance motor coordination
and stroke accuracy, but also improve athletes' tactical thinking and engagement during practice. The
novelty of this study lies in its simultaneous integration of immersive VR scenarios with gamified
progression systems designed around the cognitive and strategic demands of tennis. While previous
models have isolated these technologies, the present study implements them together to maximize
both physical and psychological development.

Furthermore, this research targets a critical demographic: junior athletes aged 12—-18, who are
in their prime motor learning phase. By embedding cognitive tasks into physical movement training
via VR and gamification, the approach aligns with modern pedagogical models of embodied
cognition and contextual learning in sport (Richlan et al., 2023; Fendrian et al., 2024). Therefore, the
aim of this study is to analyze the effectiveness of an integrated Metaverse-based VR and
gamification training program in improving motor skills, reaction time, and tactical performance in
junior tennis players, providing a foundation for technology-enhanced sports coaching models in

Indonesia and beyond.

2. METHODS
2.1. Study Design and Participants

This study employed a quasi-experimental mixed-method design to evaluate the effectiveness
of Metaverse-based Virtual Reality (VR) and gamification in enhancing motor and tactical
performance among junior tennis players. The quantitative component involved pre- and post-testing
across three different training groups, while the qualitative component incorporated interviews and

observations to explore user experiences and engagement during the intervention.

The participants consisted of 20 junior tennis athletes, aged between 12 and 18 years,
recruited from Jatayu Tennis Club in Singaraja, Bali, Indonesia. The study employed a purposive

sampling technique by selecting 20 junior tennis athletes aged 12-18 from Jatayu Tennis Club in
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Singaraja, Bali, based on specific inclusion criteria such as active training status and absence of
recent injuries or cognitive impairments. These participants were then randomly assigned into three
groups—VR-based training, gamification-based training, and a conventional control group—to
ensure balanced group composition and reduce selection bias, in line with the quasi-experimental
design of the study. Participants were randomly assigned into three groups:

e Group A: VR-based training (n=7)

e Group B: Gamification-based training (n=7)

e Group C: Conventional/control training (n=6)

Inclusion criteria required participants to be actively training at the club with no recent
injuries or cognitive impairments. Ethical approval was obtained, and informed consent was collected

from all participants and their guardians.

2.2. Instruments and Measurements
Quantitative data were collected using standardized instruments:
o Stroke Accuracy Test: Participants were evaluated based on their ability to hit designated
target zones.
e Reaction Time Test: Measured using a digital timer with randomized stimulus-response tasks.
e User Engagement Scale (UES): Administered to VR and gamification groups to assess

perceived motivation, attention, and usability.

The selection of instruments for this study was guided by the need for practical, sensitive, and
context-specific tools to evaluate the impact of immersive technology interventions on junior tennis
players. The Stroke Accuracy Test, which required participants to hit designated target zones, was
chosen for its ability to directly assess improvements in motor control and precision—two
fundamental skills targeted by the VR and gamification programs. This method aligns with validated
models of skill-specific testing in racquet sports, where target-based accuracy reflects both technical
execution and decision-making under pressure (Garcia-Gonzalez et al., 2022; Schorer et al., 2020).
The Reaction Time Test using a randomized digital stimulus-response system was selected because
reaction speed is a core component of perceptual-motor ability, especially in fast-paced sports like
tennis. Studies have shown that digital reaction tests provide reliable and repeatable results for
evaluating stimulus-response efficiency, particularly in experimental settings using virtual or
gamified environments (Maresch & Batliner, 2021; Park et al., 2023). The User Engagement Scale
(UES) was applied to measure perceived motivation, attention, and usability—Kkey factors in the

effectiveness of immersive interventions. UES has been validated in several technology-enhanced
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learning and training contexts, including sports, and captures nuanced psychological dimensions of
user experience that are often overlooked in performance-only evaluations (O'Brien & Toms, 2010;
Sailer et al., 2021). The study did not adopt the ITF’s International Tennis Number (ITN) or other
comprehensive ranking systems primarily because these tools are more appropriate for long-term
player classification and match-play evaluation, rather than measuring short-term performance
changes in a controlled experimental setting. ITN focuses heavily on game-based outcomes over
extended periods, which are not as sensitive to short-term interventions like the 4-week immersive
training used in this study. Additionally, ITN requires formal match settings and subjective coach
input, which can introduce variability and reduce objectivity in a tightly controlled experimental
design (International Tennis Federation, 2020). Therefore, the selected instruments ensured both
experimental control and sensitivity to the intervention's immediate impact, while maintaining

feasibility and relevance to the training context.

Qualitative data were collected using semi-structured interviews with participants and
coaches’ post-intervention, as well as field observations during training sessions using structured

observation sheets.

2.3. Interventions and Procedure
Each intervention group participated in two 50-minute training sessions per week for four

weeks, totaling 8 sessions.
e VR Group: Trained using a simulated match environment developed via Kinect Sports and
Unity 3D, incorporating motion tracking and real-time feedback.
o Gamification Group: Engaged in tennis drills incorporating point systems, challenges, levels,
and leaderboards to increase motivation and cognitive involvement.
e Control Group: Followed standard tennis drills focused on technique and repetition without

technological aid.

The intervention in this study was designed to include two 50-minute training sessions per
week for a duration of four weeks, totaling eight sessions. This structure was based on prior research
indicating that moderate training frequency (2—3 sessions per week) is effective for motor learning
and performance improvement in youth athletes without causing cognitive overload or physical
fatigue (Faigenbaum et al., 2009; Lloyd et al., 2016). The 50-minute session length aligns with best
practices in youth sport training, allowing sufficient time for warm-up, core activities, and cooldown
while maintaining focus and engagement (Myer et al., 2011). Furthermore, the four-week duration

was selected to allow measurable short-term improvements in motor and cognitive performance, as
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supported by studies on VR and gamification interventions in sports contexts (Heilbron et al., 2022;
Bedek et al., 2020). This timeframe is commonly used in pilot and exploratory research to assess
feasibility and initial effectiveness before scaling to longer interventions. All sessions were
supervised by professional coaches and monitored by the research team. Observational data were
recorded throughout the intervention period.

2.4. Data Analyses
e Quantitative Analysis: Pre- and post-test scores were analyzed using paired sample t-tests and
Multivariate Analysis of VVariance (MANOVA) to determine statistical significance between

groups. All analyses were conducted using SPSS version 25, with significance set at p < 0.05.

e Qualitative Analysis: Interview transcripts and observation notes were analyzed using
thematic analysis to identify key themes related to athlete engagement, motivation, and

perceived learning outcomes.

3. RESULTS

This section presents the findings of the study from both the quantitative and qualitative
analyses. The effectiveness of the integrated Metaverse Virtual Reality (VR) and gamification
training was evaluated based on improvements in stroke accuracy and reaction time, compared across

the three training groups: VR, Gamification, and Control.

3.1. Quantitative Results
Stroke Accuracy Improvement

The stroke accuracy test measured the number of successful hits to target zones in a
standardized forehand and backhand drill. Table 1 summarizes the pre-test and post-test mean scores

for each group.

Table 1. Stroke accuracy scores (pre-test vs post-test)

Pre-test Post-test

Group Mean + SD Mean + SD Improvement (%) p value
VR Group 58.3+54 77.3+6.1 +32.5% 0.001
Gamification 60.1+6.0 75.0+5.8 +24.8% 0.003
Control Group 57.5+58 62.1+5.9 +8.0% 0.078

The VR group showed the highest improvement in stroke accuracy (32.5%, p = 0.001),
followed by the Gamification group (24.8%, p = 0.003). The control group showed only marginal,

statistically non-significant improvement (p = 0.078).
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Reaction Time Improvement

Reaction time was measured using a visual stimulus test, where participants had to respond to

randomly appearing signals on a digital interface.

Table 2. Reaction time scores (in milliseconds)

Group Pre-test Post-test  Improvement o value
Mean +SD Mean +SD (%)
VR Group 712.4+48.7 512.3+36.5 —28.1% 0.001
Gamification 690.1 +55.3 555.0 +40.1 -19.6% 0.004
Control Group 705.3+49.9 648.6 +51.4 -8.0% 0.085

Reaction time decreased significantly in the VR group by 28.1% (p = 0.001), and in the
Gamification group by 19.6% (p = 0.004). The control group showed minimal improvement, which

was not statistically significant (p = 0.085).

A one-way MANOVA was conducted to assess group differences across both dependent
variables (stroke accuracy and reaction time). The multivariate test was significant:
Wilks’ Lambda = 0.326, F(4, 32) = 7.65, p < 0.001, indicating significant differences between the

groups across both outcomes.
3.2. Qualitative Results

Analysis of interview transcripts and observational data revealed three key themes:

1. Enhanced Engagement and Motivation: athletes in both the VR and gamification groups
reported higher enthusiasm and focus during training. The game-like elements and immersive
scenarios were repeatedly cited as "more fun" and “less boring” than traditional drills.

2. Improved Tactical Awareness: VR users noted increased confidence in anticipating opponent
movements and executing stroke placement under pressure. Coaches confirmed better
situational awareness during live practice matches.

3. Increased Consistency and Discipline: The structured feedback loops (scores, levels, badges)
in the gamified training led to increased consistency and reduced dropout during sessions.

Athletes were more eager to “level up” and complete challenges.
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4. DISCUSSION

The results clearly indicate that both VR and gamification-based training significantly
outperformed conventional training in improving stroke accuracy and reaction speed in junior tennis
players. The VR group consistently showed the highest gains, supported by both statistical outcomes
and user feedback.

The findings of this study demonstrate the significant impact of integrating Metaverse-based
Virtual Reality (VR) and gamification into junior tennis training programs. Both experimental
groups—VR and gamification—achieved substantial improvements in stroke accuracy and reaction
time compared to the control group, with the VR group exhibiting the highest performance gains.
These results validate the hypothesis that immersive and interactive technologies enhance both motor
execution and cognitive responsiveness in youth athletes. The 32.5% improvement in stroke accuracy
observed in the VR group aligns with previous research showing that VR training allows athletes to
simulate high-pressure match scenarios, reinforcing motor pathways and enabling better technical
precision (Heilbron et al., 2022). The visual and kinesthetic immersion offered by VR systems helps
optimize perceptual-motor coupling, which is crucial in racquet sports like tennis where timing and
spatial orientation determine success (Park et al., 2023). Similarly, the significant reduction in
reaction time (28.1%) further confirms that immersive environments train rapid stimulus-response
patterns more effectively than traditional drills. According to Maresch & Batliner (2021), VR
facilitates anticipatory skill acquisition by presenting athletes with dynamic, real-time decision-
making challenges, which in turn accelerates neural processing speed and behavioral execution. This

is especially beneficial for junior players who are still developing their sensorimotor integration.

In terms of gamification, the study found a 24.8% improvement in accuracy and a 19.6%
improvement in reaction time, indicating that motivational elements embedded in practice routines
can drive performance enhancement. The incorporation of game mechanics such as points, levels,
and real-time feedback promotes autonomy and sustained engagement, as previously discussed by
Sailer et al. (2021) in the context of sport motivation and self-determination theory. An important
qualitative observation was the increase in athlete engagement and consistency among those in the
gamification group. This supports claims by Bedek et al. (2020) that gamified environments enhance
effort, focus, and perseverance through structured reward systems. This is critical for junior athletes,

whose attention spans and motivational levels may fluctuate during repetitive training routines.
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These findings not only reinforce the growing body of evidence supporting immersive
learning in sports training but also provide specific insights into how contextualized simulation
through VR can enhance anticipatory skills, especially in sports that require rapid decision-making
and visual tracking like tennis. Previous research has shown that situational training improves
perceptual-cognitive functions (Schorer et al., 2020), and our results extend this by confirming that
virtual environments with embedded tactical elements can replicate match-like intensity and
variability, thereby improving players' in-game responsiveness. Moreover, the effectiveness of
gamification in this study highlights the value of intrinsic motivational design in youth training
programs. In contrast to traditional drills, which often lack progression and feedback, gamified
environments leverage competition, reward, and challenge to promote athlete engagement over time.
This aligns with studies by Chiu & Chiang (2022), who found that gamification improves task
persistence and emotional investment in physical tasks. As junior athletes are particularly susceptible
to boredom and demotivation, such systems could play a key role in increasing retention and
adherence in long-term sport development pathways.

The combined cognitive and physical training enabled by VR and gamification provides an
embodied learning experience that aligns with recent neurocognitive theories in sports science. The
current findings also suggest practical implications for coaches and sport development programs,
especially in developing regions where innovation in training methods is limited. The modular nature
of VR and gamification systems allows for scalable implementation, and the data generated (e.g.,
performance scores, reaction metrics) provide objective indicators for individualized coaching plans
(Milgram et al., 2019; Garcia-Gonzalez et al., 2022).

Despite its positive outcomes, this study acknowledges certain limitations. The intervention
lasted only four weeks with a limited number of training sessions, which may not fully capture long-
term skill retention or performance under competitive conditions. Additionally, the sample size was
relatively small and drawn from a single training club, which may limit generalizability. Future
studies should incorporate longer intervention periods, competitive performance metrics, and larger,
more diverse participant pools. In conclusion, this study provides empirical support for the
integration of VR and gamification in youth tennis training. These technologies not only improve
motor execution and decision-making speed but also increase engagement, consistency, and
motivation, making them valuable tools in modern sport pedagogy. As technology becomes more
accessible, its role in grassroots athlete development is likely to expand, especially when designed to

meet the specific needs of junior learners.
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5. CONCLUSIONS

This study provides empirical evidence that the integration of Metaverse-based Virtual
Reality and gamification significantly enhances motor skills, reaction time, and tactical awareness in
junior tennis players. Among the three groups, athletes trained using immersive VR environments
demonstrated the greatest improvements, followed closely by those in gamification-based training.
These findings underscore the potential of technology-enhanced training to bridge the gap between
conventional practice and real match conditions, especially in developing young athletes’ cognitive
and physical readiness. By combining real-time feedback, scenario-based decision-making, and
motivational design elements, the VR and gamification interventions not only improved technical
performance but also increased engagement and learning efficiency. This integrated approach aligns
with modern sport pedagogy, emphasizing contextualized and interactive learning experiences.
Coaches and sport development institutions are encouraged to adopt such digital methods to optimize
training quality, particularly in youth programs where motivation, feedback, and adaptability are
crucial. Future studies should expand on these findings by exploring long-term impacts, broader

sample populations, and integration into competitive tournament preparation.
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