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1. INTRODUCTION

Approximately 60 to 75% of professional basketball players worldwide experience
pronounced technical and tactical asymmetry, particularly in critical areas such as dribbling,
shooting, and defence (Sirnik et al., 2022). The asymmetry of technical and tactical abilities
(i.e., the imbalance in an athlete's execution of skills or tactical understanding between the
left and right sides) has emerged as a critical factor constraining basketball players’ overall
performance (Versic et al., 2021; Bishop et al., 2018). Evidence indicates that the asymmetry
level of Chinese professional basketball players is 15%—20% higher than that observed among
NBA athletes, particularly in critical domains such as dribbling and defensive play, where rapid
decision-making is essential (Fort- Vanmeerhaeghe et al., 2016). One of the key factors
contributing to the gap between Chinese and global basketball players is that Chinese athletes
primarily rely on traditional asymmetric training methods, which lack objectivity and targeted
interventions (Wang et al., 2022). Traditional asymmetric training often relies on fixed
patterns and repetitive exercises. Due to space and personnel limitations, it is difficult for
Chinese basketball players to experience dynamic changes similar to those in real game
scenarios during training.

In recent years, virtual reality technology has garnered attention due to its unique
advantages. For example, over 80% of NBA teams have integrated VR training systems, which
have significantly reduced asymmetry in athletes' non-dominant side skills by 30-40% (see
https://www.nba.com/technology/vr-report). However, the application of VR training in
Chinese basketball teams is still in its early stages, and its effectiveness and optimisation
strategies require systematic research (Wang et al., 2022). Under this background, this study
aims to investigate the effect of virtual reality training on the asymmetric levels of technical
and tactical abilities among Chinese professional basketball players. By integrating
asymmetric training methods for basketball skills and tactics into VR external devices and
embedded software, the research is expected to provide scientific evidence and practical
guidance for the innovation and optimisation of the Chinese basketball training system,
ultimately helping to improve China's standing in international basketball competitions.

2. LITERATURE REVIEW

Virtual Reality (VR), characterised as a highly immersive and interactive computer-
simulated environment, has emerged as a transformative tool in contemporary sports
training. Compared with traditional on-court practice, VR interventions offer distinct
advantages in terms of controllability and repeatability, allowing the reproduction of complex
in-game scenarios and high-pressure confrontations without exposing athletes to additional
risks of physical injury (Chang et al., 2024; Putranto et al., 2023). Within such simulated
settings, basketball players can repeatedly rehearse core technical skills such as shooting,
dribbling, and defensive switching, while simultaneously engaging in tactical decision-making
and spatial positioning tasks in structured game-like contexts (Li, 2021). Beyond the technical
dimension, VR has the capacity to integrate physiological and psychological feedback
mechanisms, providing athletes with real-time data monitoring and objective performance
assessments (Zhang et al., 2021). This integration not only facilitates the correction of
technical errors but also strengthens tactical execution, enhances neuromuscular
coordination, and reduces the risk of injury associated with fatigue or high-intensity gameplay
(Cossich et al., 2023). Consequently, VR in basketball interventions extends beyond being a
supplementary method for technical and tactical training; it represents a cutting-edge
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pedagogical strategy that fosters comprehensive cognitive development and optimises
athletes’ adaptability to competitive conditions (Abich et al., 2021).

Existing studies have demonstrated that VR training exerts a positive impact on basketball
players’ technical and tactical abilities. A four-week VR intervention effectively enhanced
emotional regulation among collegiate basketball players while significantly improving
shooting accuracy (Wei et al., 2022). Similarly, other researchers (Huang, 2019)
experimentally verified the applicability of VR training in university basketball contexts, noting
that six weeks of VR training not only improved fundamental skills, such as shooting, passing,
and tactical coordination, but also strengthened tactical awareness, reaction speed, and
decision-making accuracy under high-pressure, competitive conditions. In addition, four
weeks of VR training substantially improved tactical responsiveness and decision-making in
basic tactical scenarios involving 2-5 players among collegiate basketball players (Pagé et al.,
2019). Furthermore, the NBA Technology Report (Xie et al., 2021) emphasised that the
widespread adoption of VR within professional basketball clubs has become a growing trend,
demonstrating effectiveness in offensive tactical simulations, defensive rotation drills, and
complex tactical variation rehearsals. However, several scholars have cautioned that the
benefits of short-term VR interventions may be limited, as training outcomes are not always
internalised into long-term competitive performance. This highlights the necessity for more
extended intervention periods and more systematic training designs (Lanier et al., 2019).

3. METHODS

The study involved 19 professional basketball players as participants, recruited from four
basketball training centres in Jinan and Yantai, Shandong Province, China. They were
randomly assigned to the experimental group (n = 9) and the control group (n = 10).

The inclusion criteria were:

(i) Professional basketball players.

(ii) Participants must have at least one vyear of training background at the
Shandong Basketball Training Centre and have signed a legal professional athlete
contract with the Shandong Provincial Sports Bureau.

(iii) Participants must have participated in the Chinese national team selection competition
for basketball in Shandong Province.

Exclusion criteria included:

(i) Participants have high levels of asymmetry due to congenital physical dysplasia (Smith,
2020).

(ii) History of sports injuries within the past year and continuous treatment.

(iii) Participants who cannot complete the entire experimental training due to participating
in the professional competition schedule.

(iv) Electromagnetic Hypersensitivity (EHS) symptoms may occur when using electronic
devices.

The Ethics Review Committee of Yantai Ruichen Medical Equipment Company granted
ethical clearance. During the course of the intervention, participants were instructed to
abstain from any supplementary training activities and to adhere to their regular dietary
habits, which were systematically monitored and recorded by the research team. Ongoing
evaluations were conducted throughout the intervention period to assess both its feasibility
and overall effectiveness.

Essential demographic information was collected, including age, height, weight, and
training background. Height and weight are measured using an electronic measuring
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instrument with an infrared sensor. The mean age in the VRTG was 21.65 * 3.12 years, and

for the CTG, it was 21.57 + 3.20 years. The mean height in the VRTG was 189.104 + 9.233 cm,

and for CTG was 189.176 = 9.311 cm. The average weight in the VRTG was 81.376 + 10.118

kg, and for the CTG, it was 81.643 + 10.368 kg. The respective mean training background was

as follows: VRTG, 20.700 + 3.100 months; CTG, 21.100 + 2.800 months.

To determine the optimal virtual reality training program for evaluating the asymmetric
levels of technical and tactical abilities among professional basketball players, the FITT
(frequency, intensity, time, and type) principle was incorporated to maximise performance
outcomes during the virtual reality training intervention.

The accuracy and structured design of training interventions are essential for improving
athletes’ technical and tactical abilities. Virtual reality (VR) training requires the integration
of advanced cognitive and motor functions. In this study, professional coaches and technical
staff oversaw the implementation of the training programme to guarantee its uniform
application and overall effectiveness. Before the commencement of the intervention,
participants were thoroughly briefed on the training procedures. They completed a series of
baseline assessments, which included evaluations of asymmetry in technical and tactical
abilities. All preliminary data were collected and analysed before the initiation of the
intervention.

Participants were allocated into two groups: the Virtual Reality Training Group (VRTG) and
the Conventional Training Group (CTG), both of which adhered to an identical intervention
schedule. The programme extended over two weeks, consisting of three training sessions per
week, each lasting approximately 35 minutes. This amounted to a total of 105 minutes of
weekly training. Exercise intensity was set at a moderate level and was progressively adjusted
according to participants’ levels of adaptation. Adequate intervals for rest and structured
feedback were incorporated throughout to ensure the consistency and effectiveness of the
intervention.

Each training session was structured into three stages: warm-up, asymmetric skill training
focusing on basketball technical and tactical training. Throughout the intervention, both the
VRTG and the CTG were supervised by two national-level basketball coaches, two researchers
experienced in VR systems, and two doctors specialising in sports physiology. For the VRTG,
participants were required to wear designated VR equipment and remain on a fixed training
platform during the entire session. Upon completion of training, all VRTG participants
underwent follow-up monitoring to detect any potential side effects.

(i) Warm-up (5 minutes): The session began with a dynamic stretching routine designed to
prepare participants for the upcoming intervention. Both groups performed the same
warm-up sequence, which incorporated high knee running, lateral shuffling, basic
basketball movement drills, shoulder mobility exercises specific to basketball, hip
activation exercises, reactive footwork drills, and visual tracking exercises.

(ii) Basketball technical asymmetric training (15 minutes): Training focused on correcting
asymmetry in fundamental technical skills and strengthening the non-dominant side
techniques to perform composite techniques under defensive pressure effectively.

(iii) Basketball tactical asymmetric training (15 minutes): This encompassed training in
tactical spatial positioning, coordination of left and right balance in tactics, and exercises
with randomly varied tactical scenarios.

(iv) Side effect monitoring: Participants in the VRTG were assisted by doctors, coaches, and
researchers in completing the Simplified Virtual Reality Discomfort Self-Assessment
Scale.
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(v) Training environment control: The VRTG participants completed all training sessions in a
controlled indoor environment, where the temperature, lighting, and sound were
regulated to minimise distractions. This setup helped reduce external sensory
interference and maintained the smooth functioning of the VR equipment. Meanwhile,
the CTG participants trained in a basketball facility designed to closely resemble the VRTG
training environment in terms of size and layout, ensuring minimal differences in spatial
perception and movement flow.

Asymmetric level of technical and tactical abilities testing and evaluation is a basketball
performance evaluation method created by International Basketball Players' Tutorials (IBPT).
The testing required for this evaluation method includes the Asymmetric Basketball Technical
Ability Levels Test and the Asymmetric Basketball Tactical Ability Levels Test. Previous
research has extensively validated and established the reliability of these tools, ensuring their
credibility for use in the study (Tannoubi et al., 2023).

Statistical analyses were performed using SPSS version 23 (IBM Corp., USA), with a
significance threshold set at p < 0.05 for two-tailed tests. To verify the data quality, descriptive
statistics were computed, with continuous and categorical variables presented as means *
standard deviations and frequencies. Before conducting inferential tests, the assumptions of
normality and variance homogeneity were examined using ANOVA, the Shapiro-Wilk test, and
Levene's test. To assess the effects of the VR training intervention on the asymmetry of
basketball technical and tactical levels, a longitudinal analysis was conducted using a
generalised estimating equation (GEE) model.

4. RESULTS AND DISCUSSION
4.1. Primary Outcomes

The Content Validity Index (CVI) is widely used to evaluate the validity of measurement
content. In this study, to ensure the reliability and accuracy of the items, a panel of eight
experts specialising in the relevant research areas was formed to assess the content validity
of the intervention components. The content validity indices (CVI) for all items in this study
fell within the acceptable range (CVI = 0.875 and Kappa = 0.732—-0.871), confirming that the
intervention programme exhibited high content validity. Table 1 provides the detailed data.

Table 1. Correlation and consistency of asymmetric basketball technical and tactical levels.

Variables Measurement Method Number in Clarity
Agreement I-CVI KAPPA
Asymmetric level of Asymmetric basketball technical 7 0.875 0.732
basketball technical abilities levels test
Asymmetric level of Asymmetric basketball tactical 7 0.875 0.871
basketball tactical abilities levels test

4.2. Statistical Analysis

The review of literature on athlete training highlights that reliability is typically assessed
using three primary methods: test-retest reliability, alternate-form reliability, and internal
consistency. The latter examines how effectively the items within a tool work together as a
cohesive construct (Bolarinwa, 2015). Since the test-retest method is considered a low-risk
and straightforward approach (Kimberlin et al., 2008), this study adopted it as an effective
method to assess the reliability of the measurement tools through repeated assessments.
Based on Fleiss' guidelines, an Intraclass Correlation Coefficient (ICC) greater than 0.40
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indicates that reliability falls within a fair to good range (Koo et al., 2016). The findings
demonstrated that the ICC values for all testing methods were above 0.800, indicating that
all methods exhibited high reliability. The detailed data are shown in Table 2.

Table 2. Results of the reliability of measurement tools.

Variables Items Intra-class Correlation
Coefficient
Asymmetric basketball technical abilities levels CTABWSL 0.905
test
Asymmetric basketball tactical abilities levels test CTABWSPOD 0.895

Note. CTABWSL, comparison of technical abilities between weak and strong limbs; CTABWSPOD,
comparison of tactical abilities between weak and strong positions in offence and defence.

This study employed the Generalised Estimating Equation (GEE) approach to evaluate the
effects of VR training on the asymmetric level of technical and tactical abilities among
professional basketball players in China. GEE analysis was performed on the pre-test and post-
test data to examine differences in asymmetric technical and tactical levels both between and
within groups. Descriptive statistics for the asymmetric basketball technical and tactical levels
are presented in Table 3 (marginal means and standard errors).

Table 3. Descriptive statistics of the asymmetric level of basketball technical and tactical
abilities of each group in different periods.

Variables Time VRTG CTG
Mean (Standard) Mean (Standard)
Asymmetric basketball technical abilities Pre-test 13.236 (0.297) 13.307 (0.312)
levels test Post-test 12.566 (0.316) 13.112 (0.323)
Asymmetric basketball tactical abilities Pre-test 14.156 (0.382) 13.869 (0.365)
levels test Post-test 13.631 (0.401) 13.817 (0.379)

Note. VRTG, virtual reality training group; CTG, traditional training group.

In this study, the GEE model stepped in as a statistical companion to examine group and
time effects. The results of the GEE analysis indicated that the main effects of the group on
asymmetric basketball technical levels (Wald x? = 2.400, p < 0.001) and asymmetric basketball
tactical levels (Wald x? = 4.320, p < 0.001) were statistically significant. The findings of this
study also showed that both asymmetric basketball technical levels (Wald x* = 760.531, p <
0.001) and asymmetric basketball tactical levels (Wald x? = 1685.615, p < 0.001) were found
to be significant over time. Additionally, the statistical analysis revealed a significant
interaction effect of asymmetric basketball technical levels (Wald x> = 120.893, p < 0.001) and
asymmetric basketball tactical levels (Wald x> = 151.746, p < 0.001) between group and time.
Results indicated significant improvements across all groups from pre-test to post-test. The
details are presented in Table 4.

Regarding the asymmetric basketball technical abilities levels test, analysis revealed a
statistically significant difference between the pre-test and post-test intervention
measurement (p < 0.001) in VRTG. In CTG, the differences in asymmetric basketball technical
abilities levels test between the pre-test and post-test were found to be significant (p = 0.033).
The findings of this study indicated that, although two weeks of VR training and traditional
training can both significantly reduce the asymmetric level of professional basketball players'
technical abilities, the effect of VR training (VRTG) is superior to that of traditional asymmetric
training (CTG). Table 5 shows the more detailed data.
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Table 4. Results of GEE on the asymmetric basketball technical and tactical abilities levels

test.

Variables Source Wald-Chi Square df p-value

Asymmetric basketball technical abilities Group 2.400* 1 <0.001
levels test Time 760.531* 2 <0.001

Group*Time 120.893* 2 <0.001

Asymmetric basketball tactical abilities Group 4.320* 1 <0.001
levels test Time 1685.615* 2 <0.001

Group*Time 151.746* 2 <0.001

Note. df: degree of freedom; *p<0.05 level of significance.

Table 5. Within-Group Comparison of Asymmetric Basketball Technical Abilities Levels Test
Scores Across Time for Both Groups.

Group (n () Mean Difference SE p-value  95% CI for Difference
Test Test (1-J) Lower Upper
VRTG Pre-test Post-test -0.525" 0.085 <0.001 -0.692 -0.358
CTG Pre-test Post-test -0.052" 0.078 0.033 -0.205 0.101

Note: * Mean difference is significant at the 0.05 level.

For the asymmetric basketball tactical abilities levels test, the VRTG test showed significant
differences between the pre-test and post-test (p = 0.021). Meanwhile, there were substantial
differences between the pre-test and post-test (p = 0.035) in CTG. Therefore, the results of
this study showed that two weeks of VR training (VRTG) and traditional asymmetric training
(CTG) can significantly reduce the asymmetric level of tactical abilities among professional
basketball players (See Table 6).

Table 6. Within-Groups Comparison of Asymmetric Basketball Tactical Abilities Levels Test
Scores Across Time for Both Groups.

Group )] (J) Mean Difference SE p-value  95% CI for Difference
Test Test (1-)) Lower Upper
VRTG Pre-test Post-test 0.673" 0.136 0.021 0.259 0.791
CTG Pre-test Post-test 0.439" 0.122 0.035 0.187 0.563

Note: * Mean difference is significant at the 0.05 level.

To explore differences in asymmetric basketball technical ability levels between the two
groups over time (pre-test and post-test), a post hoc test (Bonferroni) comparison was
conducted. The results of this study showed that there were no differences in the asymmetric
level of basketball technical abilities between VRTG and CTG at the pre-test (p = 0.622).
However, there were significant differences between VRTG and CTG at post-test (p = 0.002)
in the asymmetric basketball technical abilities levels test. Therefore, compared to traditional
training, 2 weeks of VR training had more significant effects on reducing the asymmetric level
of technical abilities among Chinese professional basketball players. Table 8 provides the
details.

The results of the asymmetric basketball tactical abilities levels test indicated that there
were no differences between VRTG and CTG in the asymmetric level of basketball tactical
abilities at pre-test (p = 0.185). Meanwhile, there was also no statistically significant
difference between VRTG and CTG at post-test (p = 0.392) in the asymmetric basketball
tactical abilities levels test. The findings of this study showed that there was no significant
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difference in the comparison between groups of the effects of two weeks of VR training and
traditional training on reducing the asymmetric level of tactical abilities among Chinese
professional basketball players. Table 9 shows more detailed information.

Table 8. Between-Groups Comparison of Mean Score for the Asymmetric Basketball
Technical Abilities Levels Test at Two Times.

Variable Time Mean SE p-value 95% ClI for Difference
Difference Lower Upper
(VRTG-CTG)
Asymmetric Basketball Pre-test -0.071 0.143 0.622 -0.351 0.209
Technical Abilities Levels i
Test Post-test -0.546 0.151 0.002 -0.842 -0.251

Note. * Mean difference is significant at the 0.05 level.

Table 9. Between-Groups Comparison of Mean Score for Asymmetric Basketball Tactical
Abilities Levels Test at Two Times.

Variable Time Mean SE p-value 95% Cl for Difference
Difference Lower Upper
(VRTG-CTG)
Asymmetric Basketball ~ Pre-test 0.287 0.216 0.185 0.137 0.711
Tactical Abilities Levels
Test Post-test 0.186 0.217 0.392 0.612 0.240

Note. * Mean difference is significant at the 0.05 level.
4.3. Discussion

The findings of this study indicate that after 2 weeks of training intervention, both the
VRTG and CTG groups showed significant improvements in basketball technical and tactical
performance. However, compared to traditional asymmetric training, the effect of virtual
reality training on reducing the asymmetric level of technical abilities among professional
basketball players was more significant. In addition, in the between-group comparison, there
was no significant difference in the effect of 2 weeks of VR training and traditional training on
reducing the asymmetric level of tactical abilities among professional basketball players.
Existing studies have suggested that VR training can activate the mirror neuron system of the
bilateral motor cortex, accelerating the development of neural plasticity control in the non-
dominant side muscles. The findings of this study further support the results of the previous
research.

Previous research had shown that traditional asymmetric training is limited by fixed
patterns and subjective coach interventions, making it challenging to provide athletes with
immediate feedback and personalised adjustments. This lower training efficiency leads to a
lack of precise correction in technical details (Delextrat et al., 2014). Research on virtual
reality training indicated that through immersive experiences and real-time multisensory
feedback, athletes can precisely adjust their technical movements and quickly master skills
on the non-dominant side in high-pressure simulated environments (Zeng et al., 2022).
Meanwhile, the more specific studies have also shown that the high-fidelity environment of
virtual reality training, by simulating the pressures of real-game scenarios, allows athletes to
become aware of the asymmetries between their dominant and non-dominant side
movements in a shorter period compared to traditional training (Zhang et al., 2024; Moro et
al., 2017). Therefore, these findings further support the conclusion of this study,
demonstrating that 2 weeks of VR training can significantly reduce the asymmetric level of
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technical abilities among professional basketball players when compared to traditional
asymmetric training.

The improvement of tactical abilities involves a complex process of integrating cognition
and action, requiring athletes to quickly recognise, decide, and execute tactical coordination
in dynamic environments (Niu et al., 2023). Although VR training can provide highly realistic
tactical implementation scenarios, a systematic review indicated that short-term tactical
training lasting less than 4 weeks can only affect declarative memory, meaning it allows
athletes to understand how to implement tactics, but does not fully transform this into
procedural memory that enables the automation of tactical execution (Xie et al., 2021).
Traditional basketball tactical training and field practice can effectively enhance tactical
cognition in the short term. Unlike technical abilities, tactical execution in basketball requires
dynamic coordination among multiple players (Fox et al., 2023). While the 3D perspectives
simulated by VR technology can enhance spatial awareness, athletes require some time to
adjust from the real-world perspectives of traditional tactical training to the simulated ones.
This adjustment typically requires a training period of more than 4 weeks to stabilise.
Consequently, this also lengthens the time required for VR training to influence basketball
players' tactical decision-making and judgment effectively (Warnier et al., 2020).

Furthermore, the "stereotyped effect" of traditional training methods remains notably
significant in the short term. Traditional training continues to effectively maintain tactical
learning outcomes through tactical board exercises and real-world practice (Arede et al,,
2018). This further supports the notion that static explanations on the tactical board can
effectively consolidate short-term memory, while fundamental interactions with actual
athletes compensate for the short-term lack of social presence in VR training (Warnier et al.,
2020). These findings align with the conclusion of this study, which showed that, after 2 weeks
of training intervention, VR training did not significantly reduce the asymmetric level of
tactical abilities among professional basketball players compared to traditional asymmetric
training.

The small sample size limited the ability to detect significant effects of the training when
comparing pre-test and post-test results. However, the main objective of this pilot study was
to provide preliminary data that can serve as a foundation for more structured and
standardised research in the future.

This pilot study only involved 19 participants (VRTG: n =9; CTG: n = 10), which is a relatively
small sample size and could have reduced the statistical power. This limitation may affect the
generalisability of the findings. However, future research should aim for a larger cohort to
improve statistical power and reduce potential inconsistencies in the data.

The virtual reality training program used in this study was limited to two weeks, primarily
due to time limitations and the demanding schedules of professional athletes. Nonetheless,
the study found that even a brief period of VR training has a significant impact on reducing
the asymmetric technical and tactical abilities levels of professional basketball players. Future
studies should consider extending the intervention period (e.g., 4—8 weeks) to explore more
sustained and robust training outcomes.

5. CONCLUSION
The results of this study indicated that after 2 weeks of training intervention, there was a
significant reduction in the asymmetric level of basketball technical and tactical abilities in

both VRTG and CTG during the post-test. However, compared to traditional asymmetric
training, VR training had a more significant effect on reducing the asymmetric level of
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technical abilities among professional basketball players. In addition, in the between-group
comparison, there was no significant difference in the effect of 2 weeks of VR training and
traditional training on reducing the asymmetric level of tactical abilities among professional
basketball players. These findings indicate that although VR training demonstrates significant
advantages in the asymmetric level of basketball technical, further research is needed to
explore the effect of varying durations of VR training interventions on the asymmetric level
of technical and tactical abilities among basketball players. Additionally, VR training programs
should be optimised to address specific training objectives.
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