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Abstract: This study investigated the effectiveness of virtual reality (VR) technology in table tennis
education compared to traditional training methods. A 12-week randomized controlled trial was
conducted with 120 participants divided equally between VR and traditional training groups.
Performance metrics, learning motivation, and satisfaction were assessed at regular intervals.
Results demonstrated significant advantages of VR training, with the VR group showing superior
improvements in serve accuracy (23.5% vs. 15.8%, p <0.001), rally endurance (increase of 8.2 vs. 5.7
shots, p <0.01), and overall skill scores (18.7 vs. 13.2 points improvement, p <0.001). The VR group
also exhibited higher increases in learning motivation (23.5% vs. 12.8%, p < 0.001) and satisfaction
(31.5% vs. 18.7%, p < 0.001). Subgroup analysis revealed particular benefits for novice players and
younger participants. These findings suggest that VR technology offers a promising approach to
enhance table tennis education, potentially revolutionizing sports training methodologies. Future
research should focus on long-term skill retention and the optimization of VR training protocols.

Keywords: virtual reality; table tennis; sports education; skill acquisition; learning motivation;
training effectiveness

1. Introduction

Table tennis, a sport renowned for its demand for precision, agility, and rapid decision-making,
has long presented challenges for educators in terms of effective teaching methodologies. Traditional
approaches often struggle to provide students with consistent, high-quality practice opportunities
and immediate feedback, which are crucial for skill development in this fast-paced sport. In recent
years, the integration of virtual reality (VR) technology into sports education has opened up new
possibilities for enhancing the learning experience and outcomes in various disciplines, including
table tennis [1].

The global market for VR in education is projected to reach $13.08 billion by 2026, growing at a
CAGR of 42.9% from 2019 to 2026 [34]. This rapid growth reflects the increasing recognition of VR’s
potential to revolutionize teaching methodologies across various fields. In the context of sports
education, VR offers unique advantages such as immersive environments, real-time feedback, and
the ability to simulate competitive scenarios that are difficult to recreate in traditional training
settings [37].Table tennis, with its emphasis on spatial awareness, hand-eye coordination, and split-
second decision-making, presents an ideal case for VR application. The sport’s complexity is evident
in the fact that top players can generate ball speeds exceeding 69 mph and spin rates of up to 9,000
rpm [35]. Such high-speed dynamics make it challenging for novice players to observe and learn
techniques effectively through conventional methods. VR technology has the potential to slow down
these movements, providing learners with a more detailed view of proper techniques and allowing
for repeated practice in a controlled environment.

The potential of VR in table tennis education is vividly illustrated in Figure 1, which showcases
a virtual reality table tennis training environment. This setup demonstrates how VR can create a
controlled, immersive space for players to practice their skills. In such an environment, learners can
engage with a digitally rendered table tennis setup, complete with adjustable parameters for ball
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velocity, spin, and trajectory. This level of customization allows for tailored training experiences that
can cater to various skill levels and specific learning objectives (see Figure 1).

Figure 1. Virtual Reality Table Tennis Training Environment.

Previous studies have demonstrated the efficacy of VR in sports training. For instance, Gray
(2017) found that baseball batters who trained using VR showed significant improvements in batting
average compared to those who used traditional training methods [10]. Similarly, Michalski et al.
(2019) reported that VR-based training enhanced decision-making skills in soccer players [21].
However, research specifically focusing on the application of VR in table tennis education remains
limited, presenting a gap in our understanding of how this technology can be leveraged to improve
teaching and learning outcomes in this particular sport.

The potential benefits of VR in table tennis education are numerous. It can provide a safe
environment for beginners to practice without the fear of injury or embarrassment, offer instant
feedback on technique and performance, and allow for the simulation of various play styles and
competitive scenarios. Moreover, VR can potentially increase student engagement and motivation,
factors that are crucial for effective learning. A study by Papachristos et al. (2014) found that 76% of
students reported increased motivation when using VR in educational settings [38].

Despite these potential advantages, the integration of VR technology in sports education also
faces challenges. These include the high initial costs of VR equipment, the need for specialized
technical knowledge among instructors, and potential issues related to motion sickness or discomfort
during prolonged VR use [36]. Additionally, there are concerns about whether skills learned in a
virtual environment can effectively transfer to real-world performance.

Given these considerations, there is a clear need for comprehensive, empirical research to
evaluate the effectiveness of VR technology in table tennis education. This study aims to address this
gap by conducting a multi-center controlled trial comparing VR-assisted teaching methods with
traditional approaches in table tennis education. By examining factors such as skill improvement,
learning motivation, and student satisfaction, this research seeks to provide valuable insights into the
potential of VR technology to enhance table tennis instruction and, more broadly, contribute to our
understanding of innovative approaches in sports education.
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2. Research Methodology

2.1. Research Design

The study employs a comprehensive multi-component research design to evaluate the
effectiveness of Virtual Reality Table Tennis (VRTT) training compared to traditional methods. Figure
2 illustrates the integrated approach, encompassing four key components: (a) VRTT system, (b) Real
Table Tennis training, (c) Data Analysis System (DAS), and (d) Ball Tracking System (BTS). The VRTT
system incorporates physics simulations, professional player motion capture, and trainee skeletal
information to create an immersive learning environment. Concurrently, real table tennis training
serves as a control, allowing for comparative analysis. Data collection occurs through VR sessions,
questionnaires, and video recordings, feeding into the DAS for comprehensive analysis. The BTS
utilizes computer vision to track ball movements in real play, providing objective performance
metrics. This holistic design enables a thorough examination of skill transfer, learning efficiency, and
player engagement across virtual and real environments, offering insights into the potential of VR
technology in table tennis education.

(a) VR Table Tennis (VRTT) (b) Real Table Tennis

— — — — — — — —— — — — — — — — — — — — — — —

Physics Physics Baseline Data

I Simulation Validation Collection I

I Professional Player Training

I Motion Capturing Timeline I
Trainee's Skeletal Retention Data I

I Information (Depth Camera) Collection I

Figure 2. Integrated Research Design for VR Table Tennis Study.

This research design facilitates a robust comparison between VRTT and traditional training
methods, allowing for in-depth analysis of both quantitative performance data and qualitative user
experiences.

2.2. Research Subjects

The study involved 120 participants from university table tennis clubs, equally divided between
VR and traditional training groups. As detailed in Table 1, subjects were carefully selected to ensure
demographic balance and skill homogeneity. The age range of 18-30 years represented the target
population for innovative training methods. Gender distribution was maintained at 50% for each
group to control for potential physiological differences. Prior experience levels were categorized to
ensure even distribution of novice, intermediate, and advanced players across both groups. Exclusion
criteria included VR motion sickness history, uncorrected visual impairments, and recent injuries.
This meticulous selection process facilitated a robust comparison between VR and traditional training
effectiveness.
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Table 1. Demographic and Skill Distribution of Research Subjects.

Characteristic VR Group (n=60) Traditional Group (n=60)
Age (mean + SD) 23.5+3.2 23.8+3.1
Gender
- Male 30 (50%) 30 (50%)
- Female 30 (50%) 30 (50%)
Experience Level
- Novice (0-2 years) 20 (33.3%) 20 (33.3%)
- Intermediate (3-5 years) 25 (41.7%) 25 (41.7%)
- Advanced (>5 years) 15 (25%) 15 (25%)
Handedness
- Right-handed 51 (85%) 52 (86.7%)
- Left-handed 9 (15%) 8 (13.3%)
Initial Skill Score (0-100) 62.3+15.7 61.9+16.1

Table 1 provides a comprehensive overview of the demographic and skill characteristics of the
research subjects, highlighting the balanced distribution between the VR and traditional training
groups. This detailed breakdown ensures transparency in subject selection and facilitates replication
of the study.

2.3. Intervention Measures

The study implemented a 12-week intervention program, comparing VR-based table tennis
training with traditional methods. As outlined in Table 2, both groups underwent structured training
sessions, with the VR group utilizing a custom-developed VR table tennis simulator and the
traditional group practicing on standard tables. The VR system incorporated advanced features such
as real-time feedback, adaptive difficulty, and performance analytics. Training protocols were
designed to be equivalent in duration and intensity across both groups, focusing on key skills like
serve, return, forehand drive, backhand drive, and footwork. Periodic assessments were conducted
to track progress and adjust training difficulty. This comprehensive approach ensured a fair
comparison between VR and traditional training methodologies while leveraging the unique
capabilities of VR technology.

Table 2. Intervention Measures for VR and Traditional Table Tennis Training.

Aspect VR Training Group Traditional Training Group
Duration 12 weeks 12 weeks
Session Frequency 3 sessions/week 3 sessions/week
Session Length 90 minutes 90 minutes
Equipment VR headset, haptic controllers Standard table tennis equipment

Training Environment Virtual reality simulation Physical table tennis court

Skill Focus * Serve technique e Serve technique
® Return practice ¢ Return practice
e Forehand/backhand drives e Forehand/backhand drives
¢ Footwork drills e Footwork drills
Feedback Mechanism  Real-time visual/audio feedback Coach observation and feedback
Performance Tracking Automated data collection Manual scoring and video analysis
Adaptive Difficulty =~ Al-adjusted based on performance Coach-adjusted based on progress

Specialized Features

Progress Assessment

¢ Slow-motion replays
* Virtual opponent Al
¢ Customizable scenarios
Weekly virtual skills test

® Multi-ball training
® Sparring with partners
® Tournament-style practice
Weekly practical skills test



https://doi.org/10.20944/preprints202409.1142.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 18 September 2024

Table 2 provides a detailed comparison of the intervention measures applied to both the VR and
traditional training groups. It highlights the parallels in training structure while emphasizing the
unique aspects of each approach, ensuring a comprehensive and fair evaluation of VR technology in
table tennis education.

2.4. Data Collection

The study employed a multi-faceted approach to data collection, integrating both quantitative
and qualitative methods. Performance metrics were gathered through the VR system’s built-in
analytics for the experimental group, while high-speed cameras and motion sensors captured data
for the traditional group. Both groups underwent standardized skills assessments at baseline,
midpoint, and post-intervention, evaluating serve accuracy, return consistency, and rally endurance.
Physiological data, including heart rate and energy expenditure, were monitored during sessions.
Participants completed weekly questionnaires assessing perceived improvement, engagement levels,
and overall satisfaction. Additionally, semi-structured interviews were conducted with a subset of
participants from each group to gain deeper insights into their learning experiences. This
comprehensive data collection strategy ensured a holistic evaluation of the effectiveness and impact
of VR technology in table tennis training.

2.5. Statistical Analysis Methods

The study utilized a comprehensive statistical approach to analyze the collected data. Paired t-
tests were employed to compare pre- and post-intervention performance metrics within each group,
while independent t-tests assessed differences between the VR and traditional groups. Repeated
measures ANOVA evaluated progression over time across multiple assessment points. For non-
normally distributed data, non-parametric alternatives such as Wilcoxon signed-rank and Mann-
Whitney U tests were applied. Effect sizes were calculated using Cohen’s d to quantify the magnitude
of observed differences. Qualitative data from interviews underwent thematic analysis to identify
recurring patterns and insights. Multiple regression analyses explored relationships between training
modalities, participant characteristics, and performance outcomes. All statistical tests were
conducted using SPSS software, with a significance level set at p < 0.05. This rigorous analytical
approach ensured a thorough examination of the effectiveness of VR technology in table tennis
training.

3. Results

3.1. Baseline Characteristics Comparison

The study commenced with a thorough comparison of baseline characteristics between the VR
and traditional training groups to ensure comparability. Table 3 presents a comprehensive overview
of these characteristics. Statistical analysis revealed no significant differences between the groups in
terms of age (p = 0.68), gender distribution (p = 0.85), or years of table tennis experience (p = 0.72).
Initial skill assessments, including serve accuracy, forehand and backhand consistency, and rally
endurance, showed comparable levels between the groups (all p > 0.05). Notably, the mean initial
skill score for the VR group was 62.3 + 15.7, while the traditional group scored 61.9 + 16.1, indicating
a negligible difference (p = 0.89). Physiological parameters such as resting heart rate and BMI were
also similar across groups. Figure 3 illustrates the distribution of initial skill scores across both
groups, demonstrating the balanced starting point of the study cohort. The homogeneity in baseline
characteristics strengthens the validity of subsequent comparisons between the VR and traditional
training methods. These findings provide a solid foundation for attributing any observed differences
in outcomes to the intervention rather than pre-existing group disparities.
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Table 3. Baseline Characteristics of VR and Traditional Training Groups.
Characteristic VR Group (n=60) Traditional Group (n=60) p-value
Age (years), mean + SD 23.5+32 23.8+3.1 0.68
Gender (Male/Female), n 30/30 30/30 0.85
Experience (years), mean = SD 3.8+21 3.7£23 0.72
Initial Skill Score (0-100) 62.3+15.7 61.9+16.1 0.89
Serve Accuracy (%), mean + SD 68.5+8.3 67.9+8.7 0.76
Forehand Consistency (0-10) 6.8+15 6.7+1.6 0.81
Backhand Consistency (0-10) 62+17 63+1.5 0.78
Rally Endurance (shots), median (IQR) 15 (12-18) 14 (11-19) 0.65
Resting Heart Rate (bpm) 723+6.5 71.8+7.1 0.70
BMI (kg/m?) 227+24 229+23 0.66

Distribution of Initial Skill Scores
1

Group

Traditional
VR

Density

0.00+

T T T T T T
1] 20 40 60 B0 100

Initial Skill Score

Figure 3. Distribution of Initial Skill Scores in VR and Traditional Training Groups.

3.2. Skill Improvement Comparison

The analysis of skill improvement over the 12-week intervention period revealed significant
differences between the VR and traditional training groups. Table 4 presents a comprehensive
breakdown of skill improvements across various metrics. The VR group demonstrated superior
improvements in serve accuracy (23.5% vs. 15.8%, p <0.001) and rally endurance (increase of 8.2 vs.
5.7 shots, p < 0.01) compared to the traditional group. Forehand and backhand consistency showed
similar trends, with the VR group exhibiting marginally better improvements, although these
differences were not statistically significant (p = 0.06 and p = 0.08, respectively). Notably, the overall
skill score improvement was significantly higher in the VR group (18.7 points vs. 13.2 points, p <
0.001). Figure 4 illustrates the progression of overall skill scores for both groups over the intervention
period. The steeper slope for the VR group indicates a more rapid skill acquisition rate. Interestingly,
the most substantial improvements for both groups occurred during the first six weeks, with the rate
of improvement slightly tapering off in the latter half of the intervention. These findings suggest that
VR-based training may offer accelerated skill development in table tennis, particularly in areas
requiring precise motor control and spatial awareness.
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Table 4. Skill Improvement Comparison between VR and Traditional Training Groups.
Skill Metric VR Group Traditional Group Difference p-value
Serve Accuracy (%) +23.5+4.2 +15.8+£3.9 +7.7 <0.001
Forehand Consistency (0-10) +24+0.8 +2.1+0.7 +0.3 0.06
Backhand Consistency (0-10) +22+09 +1.9+0.8 +0.3 0.08
Rally Endurance (shots) +8.2+23 +5.7+21 +2.5 <0.01
Overall Skill Score (0-100) +18.7+3.5 +13.2+3.2 +5.5 <0.001
Reaction Time (ms) -45.3+10.2 -32.8+9.7 -12.5 <0.01
Shot Precision (mm) +18.6 +4.1 +13.9+3.8 +4.7 <0.05
Tactical Decision Making (%) +15.4 £ 3.7 +11.2+£3.5 +4.2 <0.05

Progression of Overall Skill Scores

Group
@ Traditional
VR

-
w
L

Qverall Skill Score

_H,
1

T T ¥ T T T U
0 2 4 6 8 10 12

Week
Figure 4. Progression of Overall Skill Scores in VR and Traditional Training Groups.

3.3. Changes in Learning Motivation

The study revealed significant differences in learning motivation between the VR and traditional
training groups over the 12-week intervention period. Table 5 presents a detailed breakdown of
motivation metrics assessed at baseline, midpoint (6 weeks), and post-intervention. The VR group
demonstrated a more substantial increase in overall motivation scores (23.5% vs. 12.8%, p < 0.001)
compared to the traditional group. Notably, the VR group showed higher improvements in
engagement (28.7% vs. 15.3%, p <0.001) and enjoyment (31.2% vs. 18.9%, p <0.001). Self-efficacy and
perceived competence also increased more significantly in the VR group. Interestingly, while both
groups experienced an initial surge in motivation during the first six weeks, the VR group maintained
a steadier upward trajectory throughout the study. Figure 5 illustrates the progression of overall
motivation scores for both groups. The steeper and more consistent slope for the VR group suggests
that VR-based training may be more effective in sustaining long-term motivation in table tennis
training. Qualitative feedback from VR group participants highlighted the immersive experience and
real-time feedback as key factors contributing to their increased motivation. These findings indicate
that VR technology could play a crucial role in enhancing and maintaining learner motivation in
sports education, potentially leading to improved long-term engagement and skill development.
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Table 5. Changes in Learning Motivation Metrics for VR and Traditional Training Groups.
Motivation Metric Group Baseline Midpoint (6 weeks)Post-intervention% Changep-value
Overall Motivation VR  683+72 79.5+6.8 84.3+59 +23.5% <0.001
(0-100) Traditional67.9 + 7.5 732+71 76.6+6.8 +12.8%
Engagement VR 6.5+1.2 7.8+0.9 8.4+07 +28.7% <0.001
(1-10) Traditional 6.6 + 1.1 72+1.0 7.6+09 +15.3%
Enjoyment VR 72+13 8.7+1.0 9.4+0.8 +31.2% <0.001
(1-10) Traditional 7.1 + 1.4 79+12 84+11 +18.9%
Self-efficacy VR 6.8+1.1 79+09 8.5+0.8 +25.0% <0.01
(1-10) Traditional 6.7 +1.2 7311 78+1.0 +16.4%
Perceived Competence ~ VR 59+13 72x11 7.8+0.9 +32.2% <0.001
(1-10) Traditional 6.0 + 1.2 6.8+1.1 72+1.0 +20.0%

Progression of Overall Motivation Scores

Group

@ Traditional
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R

85+

o
1

Motivation Score

|
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Figure 5. Progression of Overall Motivation Scores in VR and Traditional Training Groups.

3.4. Learning Satisfaction Comparison

The analysis of learning satisfaction revealed significant differences between the VR and
traditional training groups throughout the 12-week intervention. Table 6 presents a comprehensive
breakdown of satisfaction metrics assessed at baseline, midpoint (6 weeks), and post-intervention.
The VR group demonstrated consistently higher satisfaction levels across all measured dimensions.
Overall satisfaction scores showed a more substantial increase in the VR group (31.5% vs. 18.7%, p <
0.001) compared to the traditional group. Notably, the VR group reported significantly higher
satisfaction in areas such as engagement (85.3% vs. 72.1%, p < 0.001), perceived effectiveness (82.7%
vs. 69.4%, p < 0.001), and enjoyment (88.9% vs. 74.2%, p < 0.001). Figure 6 illustrates the progression
of overall satisfaction scores for both groups over time. The VR group exhibited a steeper and more
consistent upward trajectory, indicating a sustained increase in satisfaction throughout the study
period. Qualitative feedback from VR participants highlighted the immersive nature of the training,
real-time feedback, and the novelty of the experience as key factors contributing to their higher
satisfaction levels. Interestingly, while both groups showed initial increases in satisfaction, the VR
group maintained this upward trend more effectively in the latter half of the intervention. These
findings suggest that VR-based training may offer a more satisfying and engaging learning
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experience in table tennis education, potentially leading to improved long-term adherence to training
programs.

Table 6. Learning Satisfaction Metrics Comparison between VR and Traditional Training Groups.

Satisfaction Metric Group Baseline Midpoint (6 weeks)Post-intervention % Changep-value
Overall Satisfaction VR 65.2+8.1 79.8+73 85.7+6.5 +31.5% <0.001
(0-100) Traditional 64.8 + 8.3 725+79 769+74 +18.7%
Engagement VR 68.7+9.2 81.5+7.8 85.3+7.1 +24.2% <0.001
(0-100) Traditional 67.9 + 9.5 73.8+8.6 72.1+82 +6.2%
Perceived Effectiveness ~ VR 63.5+8.7 772+75 82.7+6.9 +30.2% <0.001
(0-100) Traditional 62.8 + 8.9 69.1+82 69.4+7.8 +10.5%
Enjoyment VR 70.1+9.8 84.6 +8.2 88.9+75 +26.8% <0.001
(0-100) Traditional 69.5+9.9 75.7+9.1 742 +8.8 +6.8%
Ease of Use VR  61.8+102 76.9+87 83.5+7.9 +35.1% <0.001
(0-100) Traditional 72.3 + 8.5 758 8.1 772+7.8 +6.8%

Progression of Overall Satisfaction Scores

90

Group

@ Traditional
Vi

R

Satisfaction Score

! T T
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Week
Figure 6. Progression of Overall Satisfaction Scores in VR and Traditional Training Groups.

3.5. Subgroup Analysis

The subgroup analysis revealed intriguing patterns in the effectiveness of VR training across
different demographic and skill-level categories. Table 7 presents a comprehensive breakdown of
improvement metrics for various subgroups. Notably, the VR training method showed particularly
pronounced benefits for novice players (0-2 years experience), with a 28.5% improvement in overall
skill score compared to 18.7% for traditional training (p < 0.001). Age-wise, the 18-24 year group
demonstrated the most significant advantage from VR training, with a 25.3% improvement versus
16.9% in traditional training (p < 0.01). Interestingly, while both genders benefited more from VR
training, females showed a marginally higher relative improvement (VR: 24.1%, Traditional: 15.8%,
p < 0.01) compared to males (VR: 22.7%, Traditional: 15.2%, p < 0.01). Figure 7 illustrates the
comparative improvements across these subgroups. The data suggest that VR training may be
particularly effective for younger, less experienced players, potentially due to their greater
adaptability to new technologies and the immersive nature of VR enhancing their spatial awareness
and reaction times. However, it's worth noting that all subgroups showed some degree of additional
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benefit from VR training, indicating its broad applicability across different player profiles in table
tennis education.

Table 7. Subgroup Analysis of Improvement Metrics in VR vs Traditional Training.

Subgroup Metric VR Traditional Difference p-value
Improvement Improvement
Novice (0-2 years) Overall Skill Score (%) 28.5+4.2 18.7+3.8 9.8 <0.001
Serve Accuracy (%) 32.1+5.1 223+4.7 9.8 <0.001
Intermediate (3-5 years) Overall Skill Score (%) 21.3+3.7 14935 6.4 <0.01
Serve Accuracy (%) 247+43 18.1+4.0 6.6 <0.01
Advanced (>5 years) = Overall Skill Score (%) 15.8+3.2 12.1+£3.0 3.7 <0.05
Serve Accuracy (%) 18.2+£3.8 145+£3.5 3.7 <0.05
Age 18-24 Overall Skill Score (%) 25.3+3.9 169+ 3.6 8.4 <0.01
Age 25-30 Overall Skill Score (%) 20.8+3.5 147 +3.3 6.1 <0.01
Female Overall Skill Score (%) 24.1+3.8 15.8+3.5 8.3 <0.01
Male Opverall Skill Score (%) 22.7+3.7 152+34 7.5 <0.01
Comparative Improvements Across Subgroups
" Training
. Traditionai
3y VR
.;:Q: " 20,69 21.3% ;
E 16.9% e
E 5 - 14.7% 14.8% 5.2%

Subgroup

Figure 7. Comparative Improvements Across Subgroups in VR vs Traditional Training.

4. Discussion

This study provides compelling evidence for the efficacy of virtual reality (VR) technology in
table tennis education, demonstrating significant advantages over traditional training methods
across multiple dimensions. The superior improvements in serve accuracy (23.5% vs. 15.8%, p <0.001)
and rally endurance (increase of 8.2 vs. 5.7 shots, p < 0.01) in the VR group align with previous
findings by Michalski et al. [21], who reported enhanced decision-making skills in VR-trained
athletes. The overall skill score improvement (18.7 points vs. 13.2 points, p < 0.001) in the VR group
further corroborates the potential of VR in sports training, echoing the results of Gray’s study on
baseball batting [10].

Interestingly, the VR group exhibited more substantial increases in learning motivation (23.5%
vs. 12.8%, p < 0.001) and satisfaction (31.5% vs. 18.7%, p < 0.001) compared to the traditional group.
This heightened engagement aligns with Papachristos et al.’s findings [38], suggesting that VR’s
immersive nature may foster increased motivation in educational settings. The sustained upward
trajectory of motivation and satisfaction scores in the VR group indicates that the novelty effect of VR
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technology persists over time, potentially leading to improved long-term adherence to training
programs.

The subgroup analysis revealed that VR training was particularly beneficial for novice players
(28.5% vs. 18.7% improvement, p < 0.001) and younger participants (25.3% vs. 16.9% improvement,
p <0.01). This finding suggests that VR may be especially effective in accelerating skill acquisition in
early stages of learning, possibly due to its ability to provide consistent, repeatable practice scenarios
and immediate feedback. However, the observed benefits across all subgroups indicate VR’s broad
applicability in table tennis education.

Despite these promising results, it's crucial to consider potential limitations. The study’s
duration of 12 weeks, while substantial, may not fully capture long-term effects or skill retention.
Future research should explore the sustainability of VR-induced improvements over extended
periods. Additionally, the transfer of skills from virtual to real environments remains a critical
question, as highlighted by Tirp et al. [39] in their study on visual perception training in sports.

The integration of VR in table tennis education also raises practical considerations. The initial
cost of VR equipment and the need for technical expertise, as noted by Jensen and Konradsen [36],
may pose challenges for widespread adoption. However, the potential for accelerated skill
development and increased learner engagement could justify these investments in the long run.

In conclusion, this study demonstrates the significant potential of VR technology in enhancing
table tennis education. The observed improvements in skills, motivation, and satisfaction across
various subgroups suggest that VR could revolutionize sports training methodologies. Future
research should focus on long-term skill retention, the optimization of VR training protocols, and the
development of cost-effective VR solutions for broader implementation in sports education.

5. Conclusion

This comprehensive study on the application of virtual reality (VR) technology in table tennis
education has yielded promising results, demonstrating significant advantages over traditional
training methods. The VR group exhibited superior improvements in key performance metrics,
including serve accuracy, rally endurance, and overall skill scores. Notably, the study revealed
substantial increases in learning motivation and satisfaction among VR participants, suggesting that
the immersive nature of VR technology can enhance engagement and potentially improve long-term
adherence to training programs. The subgroup analysis highlighted VR'’s particular effectiveness for
novice players and younger participants, indicating its potential to accelerate skill acquisition in early
learning stages. However, the benefits were observed across all subgroups, underscoring VR’s broad
applicability in table tennis education. While challenges such as equipment costs and the need for
technical expertise exist, the potential for accelerated skill development and increased learner
engagement presents a compelling case for the integration of VR in sports training. As we move
forward, it is crucial to conduct further research on long-term skill retention, optimize VR training
protocols, and develop cost-effective solutions to facilitate widespread adoption of this innovative
approach in sports education.
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