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Study of the influence of 
psychological mood on the 
performance and mental health 
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training
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The purpose of this study is to determine the influence of psychological mood 
on the performance and mental health of athletes during VR training. The study 
involved representatives of both men’s and women’s basketball teams from 
universities in China (62 girls and 65 boys, whose average age was 18.2). The 
participants were divided into 2 groups. Both groups trained regularly, except 
the experimental group used VR technology, while the control group did not. To 
study the physical performance of respondents, a complex psychophysiological 
test was used. The Warwick-Edinburgh Mental Well-Being Scale (WEMWBS) 
was used to assess the psychological mood and mental health of respondents. 
The VR training has been proven to increase the psychological attitude of 
basketball players during the training. Specifically, it has a positive effect on 
the psychophysiological performance indicators and mental health of athletes. 
Prospective research will be  aimed at a comparative study of the impact of 
VR technology in the training process on the results of basketball players and 
representatives of other team sports.
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1 Introduction

Modern education is characterized by the use of virtual learning environments (Shi et al., 
2022). Basketball requires an athlete to be tough both physically and mentally, be stress-
resistant, and to have the ability to quickly make extraordinary decisions (Shao et al., 2022). 
The relationship of physical activity with physical and mental health is an interesting topic to 
study. The importance of the problem of mental health of athletes is evidenced by the increased 
attention to this issue by the International Society of Sports Psychology. The importance of the 
athlete’s mental health is emphasized as the main resource that determines the athlete’s sports 
career and his life after the end of this career (Henriksen et al., 2020). Undoubtedly, physical 
culture has long been successfully used to treat somatic diseases and mental disorders, such 
as anxiety and depression. On the other hand, an increase in physical activity may cause the 
development of psychological abnormalities. Such abnormalities appear as syndromes of 
somatoform disorders, overtraining, or excessive physical stress (Liu et al., 2018). This is 
explained by the stressful nature of VR gaming situations (Brand et al., 2013) and underpins 
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the Mental Health Model (MHM) of sports performance (Raglin, 
2001). It is assumed that the basketball training system using VR 
technologies, ensuring an increase in the effectiveness of training, 
thereby helps to reduce their stress level, having a positive effect on the 
mental health of athletes (Ma et al., 2020; Tsai et al., 2021). Therefore, 
the task of ensuring and supporting the psychological well-being of 
basketball athletes is more relevant than ever, and it is facilitated by 
the use of VR technology (Richlan et al., 2022).

The scientific novelty of the study lies in studying the complex effect 
of VR technology on the physical endurance and mental health of 
basketball athletes. Moreover, the study justifies the use of VR 
technology to guide athletes’ psychological attitude toward achieving 
successful results.

The practical significance of the study results is filed as the 
possibility of using them to develop Chinese basketball and achieve its 
leading position in the international arena.

2 Literature review

2.1 Theoretical justification of the use of VR 
technologies for training basketball players

In the present day, basketball is an important part of students’ 
physical education. The use of VR technologies in learning to play 
basketball is an effective way to foster physical and psychological 
qualities of athletes (Bedir and Erhan, 2021; Li, 2021). Artificial 
Intelligence (AI) is seen as an auxiliary technology that can support 
athletes in the training process (Wei et al., 2021). The use of VR allows 
to reduce the cognitive anxiety of athletes (Harrison et al., 2021) and 
helps them learn to control their body, emotions and behavior (Biele, 
2022). Ultimately, this leads to better performance (di Fronso et al., 
2020) and justifies the importance of gamification both for training 
athletes (Cmentowski and Krueger, 2021; Uhm et al., 2022) and for 
solving the sports rehabilitation problems (Yan, 2022). A VR 
basketball training system allows considering many factors, providing 
feedback and, thus, improving the efficiency of training (Huang 
et al., 2019).

2.2 The importance of the psychological 
attitude of basketball players and the 
impact of VR training on their performance 
and mental health

The physical and cognitive health of athletes is a necessary 
factor in achieving sportsmanship and high performance in 
basketball (Nanda et  al., 2021). Some factors such as cohesion, 
communicative competence, confidence, attention, anxiety, 
depression, self-esteem and decision making impact athletes’ 
achievements, and are reflected by the concepts of sports 
psychology. Additionally, resilience, alertness, and sleep contribute 
to athletic success, while mental and emotional well-being reduces 
the risk of injury (Herraro et  al., 2020). Mental and physical 
traumas, as well as stress can cause the rhythm disruption of 
basketball players’ throws (Meng, 2022). For that reason, it is 
necessary to identify negative factors in order to prevent mental 
disorders (Sutcliffe and Greenberger, 2020).

The need to deal with stressful factors requires the development 
of an early monitoring system that would create strategies for 
managing stress and preventing its negative consequences (Lopes Dos 
Santos et  al., 2020). The use of Athlete Psychological Stress 
Questionnaire (APSQ) and the Warwick-Edinburgh Mental Well-
being Scale (WEMWBS) is recommended (Stewart-Brown et al., 2009; 
Rice et al., 2020). During training, it is important to consider each 
athlete’s personal psychological profile and psychological skills 
(Obminski et  al., 2020), as it has a significant impact on the 
performance (Nanda and Dimyati, 2019).

2.3 The use of VR technology in basketball 
training

Basketball industry uses AI technologies for training athletes, 
analyzing and predicting the outcome of competitions, as well as for 
preventing injuries and increasing enjoyment of the game (Li and Xu, 
2021). A highly immersive VR basketball training system allows a 
comprehensive exploration of the intended structure of natural reality. 
Hence, it improves the effectiveness of teaching basketball tactics and 
the overall quality of training (Ma et al., 2020; Jin and Zou, 2021; Tsai 
et al., 2021).

VR provides a solution to applied tactical and technical problems 
of basketball teaching and self-learning in accordance with educational 
standards (Bao and Yao, 2021). The result is the higher technical level 
of basketball training and the comprehensive development of players’ 
abilities (Qingtao, 2020; Wei et al., 2022). Furthermore, the use of VR 
contributes to fundamental changes that ensure progress in the 
Chinese basketball industry (Le, 2021; Shi, 2021).

Considering the information stated above, it can be concluded 
that the study of VR technology and its effect on the psychological 
attitude and mental health of basketball athletes is a relevant topic 
aimed at increasing the competitiveness of Chinese basketball at the 
international level (Wang and Song, 2022).

The purpose of the study is to determine the impact of 
psychological attitude on the performance and mental health of 
basketball players during VR training.

The objectives of the study are: (1) to analyze data from scientific 
literature sources regarding the problem of using VR for basketball 
development; (2) to conduct a psycho-diagnostic study of the impact 
of psychological attitude on the performance and mental health of 
basketball players during VR training.

The research hypothesis holds that the use of VR technology when 
training basketball players helps improve their psychological attitude 
to the training process, and has a positive effect on the psycho-
physiological performance and mental health of athletes.

3 Materials and methods

3.1 Research design

The study consists of four successive stages. The first stage was to 
analyze the scientific literature published in the field of basketball 
development in modern China and the use of VR technology. The 
impact of online training on the motivation and performance of 
basketball athletes, their physical and mental health was also analyzed. 
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Although many researchers are attracted to the topic of the 
psychological health of basketball players who use VR technology, it 
remains insufficiently studied. Consequently, this very fact determined 
the purpose and objectives of the study. During the next stage, the 
hypothesis of the study was formulated, a sample of respondents was 
created, and valid research methods were identified. The third stage 
consisted of conducting an empirical study, statistical processing and 
analyzing the results. The fourth and final stage concluded the study 
and determined the prospects for further research. The methodological 
basis of the study was the philosophical understanding of the person’s 
biopsychosocial nature, the priority role of personal factors in 
achieving success in sports, as well as understanding The Mental 
Health Model of sports performance (Raglin, 2001). The said model 
affirms the presence of a feedback between psychopathology and 
sports achievements.

3.2 Sample

The sample of respondents was determined by the peculiarities of 
China’s sports policy, focused on basketball development and the 
search for sports talent through promoting university basketball 
teams. Both male and female university basketball teams were selected 
randomly, which made it possible to study the gender aspect of 
athletes’ online training. The study lasted throughout the whole 
academic semester. Respondents were divided into 2 study groups: 
experimental group (32 girls and 33 boys, average age 18.7 years) and 
control group (30 girls and 32 boys, average age 18.9 years).

During the academic semester, the experimental group was taught 
using VR technologies, while the control group adhered to the 
traditional method of learning. In the experimental group, VR 
technologies were used during the training of basketball students. The 
VireFit program in basketball game mode was used to practice 
shooting technique, increase reaction speed, develop accuracy and 

concentration. Immersive training modes using special VR glasses 
allowed basketball athletes to analyze the game scenario, which 
contributed to improving their tactical training.

3.3 Study methods

In order to study the physical performance of the respondents, a 
complex psychophysiological test developed in 1985 by A. A. Nuzhny 
and R. N. Makarov was used. Since the test allowed us to assess the 
important psychophysiological parameters of the respondents, it is 
valid for use in international sports practice (Burov and Erokhina, 
2020). The equipment used for the test included 6 foam-covered mats, 
2 blue and 2 red 80 cm racks, 3 basketballs of different colors (red, 
blue, yellow), one 230 cm high gymnastic crossbar, 1 gymnastic bench, 
2 wall targets (1×1 m. each), two stopwatches and 11 nameplates with 
mathematical examples. The athletes were to run the total distance of 
57 m.; the lower edge of the targets was at a height of 2 m (Figure 1).

Test execution algorithm: after hearing the “Go” command, the 
respondent must perform 2 side flips from a standing position on the 
start line, then 2 somersaults forward with eyes closed, and then 
continue running forward. During this time the respondent solves the 
proposed mathematical example. Depending on the result of the 
solved example, the respondent chooses a basketball of a certain color 
(numbers from 5 to 10 represent the blue ball, 15 and more is a red 
ball, any integer is a yellow ball). After choosing the right ball, the 
respondent dribbles it around the rack No. 1 and then performs 4 
throws at the target No. 1, turning 360° after each throw. Next, the 
respondent dribbles the ball to rack number 2, and, depending on the 
results of the next solved mathematical example (obtaining an even or 
odd number), they pass the ball around the red or blue rack. Target #2 
is hit by a ricochet off the floor. Then the respondent gives the ball to 
the researcher, climbs up the inclined gymnastic bench onto the 
crossbar and jumps feet down into the hole without touching the 

FIGURE 1

Scheme for performing a complex psychophysiological test.
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TABLE 1 Criteria for evaluating the complex psychophysiological test results.

No. Indicators Checkpoint External criteria and signs

1. Vestibular stability 1 Correct body grouping when performing somersaults, taking vertical position, no swaying of 

the body, rectilinear forward movement

2. Information perception rate, operational 

thinking under vestibular irritations

2 Fast digital information reading, correct solution of arithmetic problems

3. Working memory under vestibular 

irritations

2 Choosing a ball of the correct color according to the result of the solved arithmetic problem

4. Movement coordination and accuracy 3 Dribbling and passing around the rack without losing the ball, coordinated work of both 

hands while dribbling the ball alternately (after passing around the rack)

5. Fast space orientation under vestibular 

irritations

4 Precise turns, finding the target and the ball quickly

6. Ability to extrapolate developments 4 The ball flight time and the time of respondent’s turn around their axis are equal; the 

respondent does not lose the ball

7. The task switch ability (distributing and 

shifting attention between one task and 

another, performing additional work)

5 Passing the ball around the racks in accordance with the correct solution of the arithmetic 

problem

8. Ability to quickly change the activity 

structure

5 The respondent does not hitch and does not lose the ball when assistant coach gives the 

command to quickly change the direction of passing the ball around the racks

9. Retaining fine muscle control during 

emotional arousal and exhaustion

6 Hitting the ball on the target and catching it after the it bounces

10. Emotional stability 7 No worrying or fussiness, calm facial expressions and gestures when performing the final 

exercise

11. Determination 7 Fast non-stop movement to the crossbar and climbing up the gymnastic bench

12. Confidence 7 No hitches or delays before jumping into the finish line hole

edges with their hands. There are 7 checkpoints for capturing the 
results throughout the entire distance. The criteria for evaluating the 
test results are presented in Table  1. The respondents are given 3 
attempts to complete the test. If the test is passed, the remaining 
attempts are not used. The evaluation of the stages (in points) is 
presented in Table 2.

The psychological attitude and mental health of the respondents 
were assessed using the Warwick-Edinburgh Mental Well-Being Scale 
(WEMWBS; Tennant et al., 2007; Stewart-Brown et al., 2009). The 
methodology scale consists of 14 items that include affective-emotional 
and cognitive-evaluative aspects and psychological functioning. These 
items are assessed using a 5-point Likert scale (1 – never, 2 – rarely, 3 
– sometimes, 4 – often, 5 – always). The overall minimum score is 14 
and the maximum possible score is 70. The higher the score, the higher 
the level of mental well-being (Tennant et al., 2007).

3.4 Data processing

Statistical processing of data was carried out using Microsoft Excel 
programs (accumulation, sorting, visualization of data) and the 
Minitab program (analysis of the results obtained). Current 
calculations were made using the Social Science Statistics online 
calculator. To determine the statistical reliability and significance of 
the study results, Student’s t-test was calculated for related and 
unrelated populations and ANOVA analysis of variance was 
performed for independent and dependent samples. Cohen’s d test 

was used to assess the actual difference between scores. The 
relationship between the studied indicators and scales was assessed 
using the Pearson correlation coefficient. The significance of VR 
technology as a factor contributing to improved physical performance 
and improved mental health stability was assessed based on the χ2 
criterion, which was calculated using four-field tables.

TABLE 2 Evaluation of athletes’ psycho-physiological qualities on a 
complex psychophysiological test.

Points Number of qualities that received a 
positive mark

First 
attempt

Second 
attempt

Third 
attempt

1 - 1–2 1–2

2 1 3 3–4

3 2 4–5 6–8

4 3 6–7 10–12

5 4–5 8–9 -

6 6–7 10–11 -

7 8–9 12 -

8 10–11 - -

9 12 - -

Points are given only if the time limit of 70 s is met; otherwise, they are not given at all. The 
minimum score is 20 and the maximum score is 50.
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3.5 Ethical issues

Ethical issues were resolved by obtaining permission to conduct 
the study from the ethics commission and the administrations of the 
universities. More importantly, the written informed consent to 
participate in the experiment was obtained from each respondent, 
ensuring anonymity and confidentiality, academic integrity, and 
compliance with other bioethical norms. It is worth mentioning that 
the study did not receive any special funding and there was no 
conflict of interest. The research was conducted ethically in 
accordance with the World Medical Association Declaration of 

Helsinki. The research was approved by the local ethics committees 
of Xinxiang University (Protocol no. 4993 dated from 02/02/2022). 
Informed consent was signed by parents of the children.

4 Results

Comprehensive psychophysiological testing was carried out 
twice - at the beginning and at the end of the academic semester. The 
summarized results of the statistical analysis are presented in 
Table 3.

TABLE 3 Semester dynamics of psychophysiological indicators of female basketball students of the experimental (A—primary study, A1—repeated 
study) and control (B—primary study, B1—repeated study) groups.

Experimental group

Indicators GPA Student’s 
t-test

p ANOVA p d Cohen r

A A1

1 38.2 ± 0.2 44.3 ± 0.1 301.00 0.00 90600.10 0.00 −39.21 −0.99

2 36.4 ± 0.2 45.1 ± 0.3 275.12 0.00 75690.00 0.00 −34.12 −0.99

3 36.9 ± 0.1 45.2 ± 0.4 86.30 0.00 7447.57 0.00 =28.47 −0.99

4 41.2 ± 0.6 46.4 ± 0.2 41.11 0.00 1690.00 0.00 −11.18 −0.98

5 40.4 ± 0.2 44.1 ± 0.4 58.50 0.00 3422.50 0.00 −11.70 −0.99

6 41.5 ± 0.5 48.2 ± 0.3 105.94 0.00 11222.50 0.00 −16.25 −0.99

7 40.8 ± 0.4 46.1 ± 0.5 142.18 0.00 20216.00 0.00 −11.71 −0.99

8 38.2 ± 0.3 43.8 ± 0.2 138.5 0.00 19182.25 0.00 −21.97 −0.99

9 40.2 ± 0.2 44.5 ± 0.3 135.98 0.00 18490.00 0.00 −16.87 −0.99

10 34.3 ± 0.6 43.0 ± 0.2 67.20 0.00 4515.63 0.00 −19.45 −0.99

11 42.1 ± 0.5 45.1 ± 0.3 44.93 0.00 2018.27 0.00 −7.28 −0.96

12 39.1 ± 0.4 44.8 ± 0.2 90.12 0.00 8122.50 0.00 −18.02 −0.99

Total 39.1 ± 0.3 45.1 ± 0.4 189.74 0.00 35000.00 0.00 −16.97 −0.99

Control group

Indicators GPA Student’s t-test p ANOVA p d Cohen r

B B1

1 38.3 ± 0.1 42.0 ± 0.4 47.63 0.00 2268.39 0.00 −12.69 −0.99

2 36.8 ± 0.2 40.5 ± 0.8 19.50 0.00 380.28 0.00 −6.35 −0.95

3 36.5 ± 0.5 41.2 ± 0.3 74.31 0.00 552.50 0.00 −11.40 −0.98

4 41.4 ± 0.2 44.0 ± 0.4 41.11 0.00 1690.00 0.00 =8.22 −0.97

5 40.6 ± 0.1 41.5 ± 0.3 13.81 0.00 190.59 0.00 −4.02 −0.90

6 41.9 ± 0.1 44.0 ± 0.2 59.40 0.00 3528.00 0.00 −13.28 −0.99

7 40.6 ± 0.2 43.9 ± 0.3 104.36 0.00 10890.00 0.00 −12.94 −0.99

8 38.0 ± 0.5 41.2 ± 0.4 101.19 0.00 10240.00 0.00 −7.07 −0.96

9 40.3 ± 0.1 42.2 ± 0.3 29.14 0.00 849.41 0.00 −8.50 −0.97

10 34.6 ± 0.2 35.7 ± 0.5 11.60 0.00 134.44 0.00 −2.89 −0.82

11 42.3 ± 0.1 43.4 ± 0.2 1.62 0.18 2.62 0.18 −6.96 −0.96

12 39.0 ± 0.6 41.1 ± 0.3 22.14 0.00 490.00 0.00 −4.43 −0.91

Total 39.2 ± 0.2 41.7 ± 0.4 39.53 0.00 1562.50 0.00 −7.91 −0.97

1, Vestibular stability; 2, Information perception rate, operational thinking under vestibular irritations; 3, Working memory under vestibular irritations; 4, Movement coordination and 
accuracy; 5, Fast space orientation under vestibular irritations; 6, Ability to extrapolate developments; 7, The task switch ability (distributing and shifting attention between one task and 
another, performing additional work); 8, Ability to quickly change the activity structure; 9, Retaining fine muscle control during emotional arousal and exhaustion; 10, Emotional stability; 11, 
Determination; 12, Confidence.
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Initially, the indicators of the experimental and control groups 
were comparable; there were no statistically or actually significant 
differences between them (p > 0.05; r < 0.05). In a repeated study 
conducted at the end of the academic semester, in both groups—
experimental and control—statistically reliable and significant positive 
psychophysiological dynamics were revealed, which is confirmed by 
the results of calculating the Student’s test and conducting ANOVA 
analysis of variance (p < 0.05). Cohen’s d (r > 0.50) indicates that there 
is a real difference between the primary and repeat scores in both 
groups. However, if during the initial study, no statistically and 
actually significant differences were revealed between the indicators 
of the experimental and control groups, then the results of the 
repeated study indicate that the dynamics of the indicators of the 
experimental group were statistically and actually more significant 
compared to the control group, as can be seen from Table 4.

As can be seen from this table, as a result of training conducted 
during the academic semester, the positive dynamics of 
psychophysiological indicators of student-athletes in the experimental 
group who used virtual reality technologies was statistically and 
actually more significant than that of student-athletes in the control 
group, which is confirmed by the calculation results Student’s t-test 
(p < 0.05), ANOVA analysis of variance (p < 0.05), as well as Cohen’s d 
test (r > 0.50).

Further, in the course of the study, the features of the dynamics of 
physical performance of respondents in the experimental and control 
groups were analyzed depending on the gender factor. Comparative 
results of the influence of the training method on the 
psychophysiological indicators of male student-athletes of the 
experimental and control groups are presented in Table 5.

As can be  seen from this table, in both groups—in the 
experimental group, where virtual reality technologies were used 
during the training of student-athletes on basketball teams, and in the 
control group, where virtual reality technologies were not used during 
the study—the dynamics of male athletes’ performance was positive. 

The advantage of VR training is evidenced by the overall average score 
of male basketball students, which in the experimental group 
increased from 40.5 ± 0.4 to 46.2 ± 0.2 points, while in the control 
group it increased from 40.5 ± 0 0.3 to 43.1 ± 0.2 points. This difference 
between the results of the primary and repeated measurements was 
significant and significant both statistically (p < 0.05) and factually 
(r > 0.50). However, a comparison of the results of a repeated study of 
the psychophysiological indicators of male basketball students showed 
that the observed positive semester dynamics were both statistically 
and actually more pronounced in the experimental group that used 
virtual reality technologies for training. The statistical reliability and 
significance of the identified difference is confirmed by the calculation 
of Student’s t-test (p < 0.05), the results of ANOVA analysis of variance 
(p < 0.05) and the values of Cohen’s d test (r > 0.50).

Comparison of those presented in Table 5 psychophysiological 
indicators of male basketball students with data from female basketball 
players showed that the psychophysiological performance of women 
is slightly lower than that of men. This fact is explained by anatomical 
and physiological differences between men and women. At the initial 
assessment, it was 39.1 ± 0.3 points for female basketball students in 
the experimental group and 40.5 ± 0.4 points for female basketball 
students in the control group (p > 0.05; r < 0.50). In a repeated study, 
the psychophysiological indicators of female basketball players 
statistically and actually reliably and significantly increased (p < 0.05; 
r > 0.50), amounting to 45.1 ± 0.4 points in the experimental group and 
42.8 ± 0.6  in the control group. The gender characteristics of the 
dynamics of psychophysiological indicators of respondents in the 
experimental group are evidenced by the results of the study presented 
in Table 6.

Most of the psychophysiological indicators of both male and 
female basketball students during the initial measurement 
corresponded to the average level. With repeated measurements, in 
the control group of basketball athletes who trained in the traditional 
way, psychophysiological indicators statistically and actually reliably 

TABLE 4 Comparative analysis of the dynamics of indicators of the experimental (A1) and control (B1) groups during repeated research.

Indicators GPA Student’s 
t-test

p ANOVA p d Cohen r

A1 В1

1 44.3 ± 0.1 42.0 ± 0.4 17.03 0.00 289.86 0.00 7.89 0.97

2 45.1 ± 0.3 40.5 ± 0.8 16.80 0.00 282.13 0.00 7.61 0.97

3 45.2 ± 0.4 41.2 ± 0.3 24.34 0.00 592.59 0.00 11.31 0.98

4 46.4 ± 0.2 44.0 ± 0.4 16.18 0.00 261.82 0.00 7.59 0.97

5 44.1 ± 0.4 41.5 ± 0.3 15.82 0.00 250.37 0.00 7.35 0.96

6 48.2 ± 0.3 44.0 ± 0.2 34.29 0.00 1176.00 0.00 16.47 0.99

7 46.1 ± 0.5 43.9 ± 0.3 10.98 0.00 120.62 0.00 5.34 0.94

8 43.8 ± 0.2 41.2 ± 0.4 17.53 0.00 307.27 0.00 8.22 0.97

9 44.5 ± 0.3 42.2 ± 0.3 16.26 0.00 264.50 0.00 7.67 0.98

10 43.0 ± 0.2 35.7 ± 0.5 41.46 0.00 1719.03 0.00 19.17 0.99

11 45.1 ± 0.3 43.4 ± 0.2 13.88 0.00 192.67 0.00 6.67 0.96

12 44.8 ± 0.2 41.1 ± 0.3 30.21 0.00 912.67 0.00 14.51 0.99

Total 45.1 ± 0.4 41.7 ± 0.4 18.44 0.00 340.00 0.00 8.5 0.97

1, Vestibular stability; 2, Information perception rate, operational thinking under vestibular irritations; 3, Working memory under vestibular irritations; 4, Movement coordination and 
accuracy; 5, Fast space orientation under vestibular irritations; 6, Ability to extrapolate developments; 7, The task switch ability (distributing and shifting attention between one task and 
another, performing additional work); 8, Ability to quickly change the activity structure; 9, Retaining fine muscle control during emotional arousal and exhaustion; 10, Emotional stability; 11, 
Determination; 12, Confidence.
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TABLE 5 Semester dynamics of psychophysiological indicators of male basketball students in the experimental group (Am—primary study, Am1—repeat 
study) and the control group (Bm—primary study, Bm1—repeat study).

Indicators GPA Student’s 
t-test

p ANOVA p d Cohen r

Am Am1

1 40.2 ± 0.2 45.4 ± 0.1 147.08 0.00 21632.00 0.00 −32.89 −0.99

2 38.6 ± 0.4 44.3 ± 0.2 90.12 0.00 8122.50 0.00 −18.02 −0.99

3 38.7 ± 0.3 44.8 ± 0.6 64.30 0.00 4134.44 0.00 −12.86 −0.99

4 42.1 ± 0.3 46.9 ± 0.1 73.63 0.00 5421.18 0.00 −21.47 −0.99

5 41.3 ± 0.2 45.2 ± 0.3 123.33 0.00 15210.00 0.00 −15.30 −0.99

6 40.1 ± 0.3 48.8 ± 0.2 50.55 0.00 2555.16 0.00 −34.12 −0.99

7 41.9 ± 0.1 47.3 ± 0.2 152.74 0.00 23328.00 0.00 −34.15 −0.99

8 36.9 ± 0.4 44.2 ± 0.2 149.41 0.00 22326.00 0.00 −23.08 −0.99

9 39.4 ± 0.6 44.6 ± 0.4 82.22 0.00 6760.00 0.00 −10.19 −0.98

10 38.2 ± 0.4 45.3 ± 0.2 112.26 0.00 12602.50 0.00 −22.45 −0.99

11 44.2 ± 0.3 48.6 ± 0.2 139.14 0.00 19360.00 0.00 −17.26 −0.99

12 44.4 ± 0.1 48.5 ± 0.1 324.13 0.00 105062.50 0.00 −41.00 −0.99

Total 40.5 ± 0.4 46.2 ± 0.2 90.12 0.00 8122.50 0.00 −18.02 −0.99

Indicators GPA Student’s t-test p ANOVA p d Cohen r

Bm Bm1

1 40.3 ± 0.1 42.2 ± 0.2 53.74 0.00 2888.00 0.00 −12.12 −0.99

2 38.4 ± 0.2 41.4 ± 0.1 84.85 0.00 7200.00 0.00 −18.97 −0.99

3 38.1 ± 0.4 42.5 ± 0.3 139.14 0.00 19360.00 0.00 −12.44 −0.99

4 41.0 ± 0.2 44.8 ± 0.2 4.80 0.00 23.04 0.01 −19.00 −0.99

5 41.6 ± 0.4 42.0 ± 0.2 11.00 0.00 121.00 0.00 −1.26 −0.53

6 40.6 ± 0.2 45.1 ± 0.3 142.30 0.00 20250.00 0.00 −17.65 −0.99

7 41.6 ± 0.4 44.2 ± 0.1 27.03 0.00 730.81 0.00 −8.92 −0.98

8 37.1 ± 0.3 42.0 ± 0.6 51.65 0.00 2667.78 0.00 −10.33 −0.98

9 39.5 ± 0.1 42.0 ± 0.2 70.71 0.00 5000.00 0.00 −15.81 −0.99

10 38.5 ± 0.3 41.2 ± 0.1 41.42 0.00 1715.29 0.00 −12.07 −0.99

11 44.1 ± 0.5 45.0 ± 0.3 14.23 0.00 202.50 0.00 −2.18 −0.74

12 44.6 ± 0.2 45.3 ± 0.2 49.33 0.00 2433.68 0.00 −3.5 −0.87

Total 40.5 ± 0.3 43.1 ± 0.2 82.22 0.00 6760.00 0.00 −10.20 −0.98

Indicators GPA Student’s t-test p ANOVA p d Cohen r

Am1 Bm1

1 45.4 ± 0.1 42.2 ± 0.2 41.26 0.00 1701.98 0.00 20.24 0.99

2 44.3 ± 0.2 41.4 ± 0.1 3.02 0.01 9.11 0.02 18.34 0.99

3 44.8 ± 0.6 42.5 ± 0.3 14.70 0.00 216.00 0.00 4.85 0.92

4 46.9 ± 0.1 44.8 ± 0.2 26.56 0.00 705.60 0.00 13.28 0.99

5 45.2 ± 0.3 42.0 ± 0.2 26.13 0.00 682.67 0.00 2.55 0.99

6 48.8 ± 0.2 45.1 ± 0.3 30.21 0.00 912.67 0.00 12.16 0.98

7 47.3 ± 0.2 44.2 ± 0.1 39.99 0.00 1599.00 0.00 19.61 0.99

8 44.2 ± 0.2 42.0 ± 0.6 10.73 0.00 115.24 0.00 4.92 0.93

9 44.6 ± 0.4 42.0 ± 0.2 16.86 0.00 284.09 0.00 8.22 0.97

10 45.3 ± 0.2 41.2 ± 0.1 52.89 0.00 2797.00 0.00 25.93 0.99

11 48.6 ± 0.2 45.0 ± 0.3 29.39 0.00 864.00 0.00 14.12 0.99

12 48.5 ± 0.1 45.3 ± 0.2 41.28 0.00 1703.83 0.00 20.24 0.99

Total 46.2 ± 0.2 43.1 ± 0.2 32.23 0.00 1038.89 0.00 15.50 0.99

1, Vestibular stability; 2, Information perception rate, operational thinking under vestibular irritations; 3, Working memory under vestibular irritations; 4, Movement coordination and 
accuracy; 5, Fast space orientation under vestibular irritations; 6, Ability to extrapolate developments; 7, The task switch ability (distributing and shifting attention between one task and 
another, performing additional work); 8, Ability to quickly change the activity structure; 9, Retaining fine muscle control during emotional arousal and exhaustion; 10, Emotional stability; 11, 
Determination; 12, Confidence.
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and significantly improved (p < 0.05; r > 0.50), but continued to remain 
in the range of average values. At the same time, it was revealed that 
in most psychophysiological parameters, male basketball athletes were 
superior to female basketball players. This difference was statistically 
and factually significant and significant (p < 0.05; r > 0.50). At the same 
time, female basketball players were superior to male basketball 
players in the ability to quickly change the structure of activity 
(38.2 ± 0.3, 38.2 ± 0.3 and 36.9 ± 0.4 points; p < 0.05; r = −0.88).

Upon repeated research, the level of psychophysiological 
indicators of both male and female student-athletes increased 
significantly and reached a range above average. At the same time, 
female basketball players outperformed male basketball players in 
psychophysiological indicators related to the functioning of the 
vestibular apparatus. However, if the indicators of changes in the 

speed of information perception, operational thinking during 
vestibular irritations of female basketball players exceeded the similar 
indicators of male basketball players statistically and in fact reliably 
and significantly (45.1 ± 0.3 points vs. 44.3 ± 0.2 points, p < 0.05; 
r = −0.84), then the statistical and actual difference in working 
memory indicators during vestibular stimulation in female basketball 
players and male basketball players was insignificant (45.2 ± 0.4 points 
vs. 44.8 ± 0.6 points; p > 0.05; r = −0.37). VR training resulted in higher 
development of most psychophysiological qualities in male basketball 
students than in female basketball students. However, female 
basketball students had better working memory during vestibular 
stimulation (45.1 ± 0.3 and 44.8 ± 0.6 points).

Also during this study, the influence of the traditional training 
method and the training method using virtual reality technologies on 

TABLE 6 Comparison of psychophysiological indicators of student basketball teams depending on the gender factor (student basketball players: Am—
primary study; Am1—repeated study; female basketball students: Af—primary study, Af1—repeated study).

Indicators GPA Student’s 
t-test

p ANOVA p d Cohen r

Am Af

1 40.2 ± 0.2 38.2 ± 0.2 23.10 0.00 533.39 0.00 10.00 0.98

2 38.6 ± 0.4 36.4 ± 0.2 14.83 0.00 220.00 0.00 6.96 0.96

3 38.7 ± 0.3 36.9 ± 0.1 1.97 0.04 3.88 0.08 8.05 0.97

4 42.1 ± 0.3 41.2 ± 0.6 2.93 0.01 8.60 0.02 0.00 0.00

5 41.3 ± 0.2 40.4 ± 0.2 8.06 0.00 64.97 0.00 4.5 0.91

6 40.1 ± 0.3 41.5 ± 0.5 −7.38 0.00 54.44 0.00 −3.40 −0.86

7 41.9 ± 0.1 40.8 ± 0.4 8.14 0.00 66.30 0.00 3.77 0.88

8 36.9 ± 0.4 38.2 ± 0.3 −7.91 0.00 62.59 0.00 −3.68 −0.88

9 39.4 ± 0.6 40.2 ± 0.2 −3.90 0.00 15.24 0.00 −1.79 −0.67

10 38.2 ± 0.4 34.3 ± 0.6 16.78 0.00 281.67 0.00 7.65 0.97

11 44.2 ± 0.3 42.1 ± 0.5 10.25 0.00 105.04 0.00 7.00 0.96

12 44.4 ± 0.1 39.1 ± 0.4 29.61 0.00 877.00 0.00 18.18 0.99

Total 40.5 ± 0.4 39.1 ± 0.3 8.52 0.00 72.59 0.00 3.96 0.89

Indicators GPA Student’s t-test p ANOVA p d Cohen r

Am1 Af1

1 45.4 ± 0.1 44.3 ± 0.1 5.57 0.00 30.97 0.00 11.00 0.98

2 44.3 ± 0.2 45.1 ± 0.3 −6.53 0.00 42.67 0.00 −3.14 −0.84

3 44.8 ± 0.6 45.2 ± 0.4 −1.72 0.06 2.96 0.12 −0.78 −0.37

4 46.9 ± 0.1 46.4 ± 0.2 6.32 0.00 40.00 0.00 1.71 0.65

5 45.2 ± 0.3 44.1 ± 0.4 6.69 0.00 44.81 0.00 3.11 0.84

6 48.8 ± 0.2 48.2 ± 0.3 4.90 0.00 24.00 0.00 2.35 0.76

7 47.3 ± 0.2 46.1 ± 0.5 1.14 0.14 1.29 0.29 3.15 0.84

8 44.2 ± 0.2 43.8 ± 0.2 4.40 0.00 19.37 0.00 2.00 0.71

9 44.6 ± 0.4 44.5 ± 0.3 0.60 0.29 0.37 0.56 0.28 0.14

10 45.3 ± 0.2 43.0 ± 0.2 3.24 0.01 4.41 0.07 11.50 0.99

11 48.6 ± 0.2 45.1 ± 0.3 28.58 0.00 816.67 0.00 13.73 0.99

12 48.5 ± 0.1 44.8 ± 0.2 46.80 0.00 2190.40 0.00 23.40 0.99

Total 46.2 ± 0.2 45.1 ± 0.4 7.42 0.00 55.00 0.00 3.48 0.87

1, Vestibular stability; 2, Information perception rate, operational thinking under vestibular irritations; 3, Working memory under vestibular irritations; 4, Movement coordination and 
accuracy; 5, Fast space orientation under vestibular irritations; 6, Ability to extrapolate developments; 7, The task switch ability (distributing and shifting attention between one task and 
another, performing additional work); 8, Ability to quickly change the activity structure; 9, Retaining fine muscle control during emotional arousal and exhaustion; 10, Emotional stability; 11, 
Determination; 12, Confidence.
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the mental health indicators of male and female basketball students was 
compared. In the next Table  7 shows the results of a study of the 
semester dynamics of the mental health of male basketball students in 
the experimental group who used VR technology in training, and male 
basketball students in the control group who trained without using VR 
technology during the experimental semester. VR technologies.

Comparative statistical analysis presented in Table 7 shows the 
advantage of training male basketball students using VR technology 
compared to traditional training. The positive dynamics of mental 
health are more pronounced in the experimental group (33.2 ± 0.3 and 

45.4 ± 0.4 points, p < 0.05, r > 0.50) compared to the control group 
(33.6 ± 0.3 and 36.2 ± 0.4 points, p < 0.05, r > 0.50).

The results of the study of the dynamics of mental health 
indicators of female basketball students in the experimental group and 
female basketball students in the control group are presented in 
Table 8.

The mental health indicators of female student basketball players 
in the primary study were statistically comparable (34.3 ± 0.4 and 
34.3 ± 0.4 points, p > 0.05, r < 0.50). The second study revealed a 
statistically and actually significant increase in indicators in the 

TABLE 7 Semester dynamics of mental health indicators of male basketball students in the experimental group (Am—primary study, Am1—re-study), 
and male basketball students in the control group (Bm—primary study, Bm1—re-study).

Indicators GPA Student’s 
t-test

p ANOVA p d Cohen r

Am Am1

1 34.4 ± 0.6 44.6 ± 0.4 103.70 0.00 10752.67 0.00 20.00 −0.99

2 35.2 ± 0.3 48.7 ± 0.6 142.30 0.00 20250.00 0.00 −22.5 −0.99

3 26.5 ± 0.3 38.4 ± 0.2 376.31 0.00 141610.00 0.00 −46.68 −0.99

4 30.2 ± 0.4 39.4 ± 0.2 37.16 0.00 1380.63 0.00 −29.09 −0.99

5 40.1 ± 0.3 45.2 ± 0.6 53.76 0.00 2890.00 0.00 −10.75 −0.98

6 35.4 ± 0.2 48.1 ± 0.3 86.00 0.00 7395.16 0.00 −49.81 −0.99

7 33.6 ± 0.4 46.3 ± 0.5 401.61 0.00 161290.00 0.00 −28.05 −0.99

8 34.7 ± 0.3 43.8 ± 0.4 287.77 0.00 82810.00 0.00 −25.74 −0.99

9 31.0 ± 0.2 42.5 ± 0.1 325.27 0.00 105800.00 0.00 −72.73 −0.99

10 33.1 ± 0.5 38.6 ± 0.7 86.96 0.00 7562.50 0.00 −9.04 −0.98

11 36.9 ± 0.1 45.3 ± 0.1 332.04 0.00 110250.00 0.00 −84.00 −0.99

12 42.1 ± 0.3 49.5 ± 0.4 243.01 0.00 54760.00 0.00 −20.93 −0.99

13 43.1 ± 0.2 52.4 ± 0.2 107.59 0.00 11575.12 0.00 −46.50 −0.99

14 38.6 ± 0.4 53.2 ± 0.2 223.95 0.00 50155.29 0.00 −46.17 −0.99

Total 33.2 ± 0.3 45.4 ± 0.4 385.80 0.00 148840.00 0.00 −34.51 −0.99

Indicators GPA Student’s t-test p ANOVA p d Cohen r

Bm Bm1

1 34.3 ± 0.5 36.3 ± 0.2 20.31 0.00 412.63 0.00 −5.25 −0.93

2 35.4 ± 0.1 38.2 ± 0.4 28.94 0.00 837.61 0.00 −9.60 −0.98

3 26.4 ± 0.6 32.1 ± 0.5 180.25 0.00 32490.00 0.00 −10.32 −0.98

4 30.6 ± 0.2 33.5 ± 0.1 82.02 0.00 6728.00 0.00 −18.34 −0.99

5 41.0 ± 0.4 42.8 ± 0.2 28.46 0.00 810.00 0.00 −5.69 −0.94

6 35.6 ± 0.4 42.3 ± 0.1 70.00 0.00 4900.66 0.00 −22.98 −0.99

7 33.2 ± 0.6 39.2 ± 0.4 43.89 0.00 1926.67 0.00 −11.77 −0.99

8 34.9 ± 0.1 38.2 ± 0.5 25.45 0.00 647.83 0.00 −9.15 −0.98

9 31.1 ± 0.4 35.7 ± 0.5 145.46 0.00 21160.00 0.00 −10.16 −0.98

10 33.4 ± 0.2 36.2 ± 0.4 44.27 0.00 1960.00 0.00 −8.85 −0.98

11 37.1 ± 0.3 40.0 ± 0.2 91.72 0.00 8410.00 0.00 −11.37 −0.98

12 42.2 ± 0.1 44.5 ± 0.3 35.28 0.00 1244.71 0.00 −10.29 −0.98

13 43.4 ± 0.1 48.5 ± 0.1 274.74 0.00 75484.57 0.00 −51.00 −0.99

14 38.8 ± 0.2 42.1 ± 0.5 29.64 0.00 2247.62 0.00 −8.67 −0.97

Total 33.6 ± 0.3 36.2 ± 0.4 129.00 0.00 16641.00 0.00 −7.35 −0.96

1, I have been feeling optimistic about the future; 2, I have been feeling useful; 3, I have been feeling relaxed; 4, I have been feeling interested in other people; 5, I have had energy to spare; 6, 
I have been dealing with problems well; 7, I have been thinking clearly; 8, I have been feeling good about myself; 9, I have been feeling close to other people; 10, I have been feeling confident; 
11, I have been able to make up my own mind about things; 12, I have been feeling loved; 13, I have been interested in new things; 14, I have been feeling cheerful.
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experimental group (42.4 ± 0.3 points vs. 36.5 ± 0.3  in the control 
group, p < 0.05, r > 0.50; Table 9).

The primary study revealed that the mental health indicators of 
female basketball students are statistically and actually reliably and 
significantly higher than those of male basketball students (34.3 ± 0.4 
and 33.2 ± 0.3 points, p < 0.05, r > 0.50). Training using VR technologies 
significantly improved mental health indicators of student-athletes of 
both sexes (p < 0.05, r > 0.50). However, the mental health indicators 
of male basketball students increased more significantly, exceeding the 
same indicators of female basketball students (45.4 ± 0.4 and 42.4 ± 0.3 
points, p < 0.05, r > 0.50).

A direct close correlation was found between the positive 
psychophysiological dynamics of athletes and their mental health 
improvement during VR training (Pearson’s correlation coefficient for 
female basketball teams is 0.9994, for male teams—0.9976). A 
chi-square (χ2) value in female basketball teams is 6.5971, and in male 
teams, it equals 5.3455, at p < 0.05. When it comes to the mental health 
of athletes, the χ2 value equals 11.1604 and 11.2612 at p < 0.05. This 
confirms the assumption that training using virtual reality 
technologies helps to increase the performance and mental endurance 
of male and female basketball athletes. After examining these values, 
we can conclude that the hypothesis of the study is true.

TABLE 8 Comparative dynamics of mental health indicators of female basketball students in the experimental group (Af—primary study, Af1—re-study), 
and female basketball students in the control group (Bf—primary study, Bf1—re-study).

Indicators GPA Student’s 
t-test

p ANOVA p d Cohen r

Af Af1

1 34.6 ± 0.2 42.4 ± 0.1 220.62 0.00 48672.00 0.00 −49.33 −0.99

2 32.1 ± 0.3 46.5 ± 0.5 227.68 0.00 51840.00 0.00 −34.93 −0.99

3 28.4 ± 0.6 37.3 ± 0.1 56.01 0.00 3137.03 0.00 −20.69 −0.99

4 33.5 ± 0.3 41.6 ± 0.4 256.14 0.00 65610.00 0.00 −22.91 −0.99

5 38.2 ± 0.4 40.0 ± 0.2 28.46 0.00 810.00 0.00 −5.69 −0.94

6 33.1 ± 0.3 39.3 ± 0.1 120.83 0.00 14599.40 0.00 −27.73 −0.99

7 32.2 ± 0.6 43.2 ± 0.4 40.32 0.00 1625.63 0.00 −21.57 −0.99

8 35.9 ± 0.5 46.0 ± 0.2 126.00 0.00 15876.00 0.00 −26.52 −0.99

9 32.5 ± 0.5 41.4 ± 0.2 93.81 0.00 8801.11 0.00 −23.37 −0.99

10 28.4 ± 0.6 36.9 ± 0.5 268.79 0.00 72250.00 0.00 −15.39 −0.99

11 34.8 ± 0.4 37.1 ± 0.3 72.73 0.00 5290.00 0.00 −6.51 −0.96

12 38.5 ± 0.1 44.3 ± 0.2 183.41 0.00 33640.00 0.00 −36.68 −0.99

13 42.2 ± 0.3 48.6 ± 0.4 202.39 0.00 40960.00 0.00 −18.10 −0.99

14 35.7 ± 0.6 49.2 ± 0.1 84.96 0.00 7217.82 0.00 −31.39 −0.99

Total 34.3 ± 0.4 42.4 ± 0.3 256.14 0.00 65610.00 0.00 −22.91 −0.99

Indicators GPA Student’s t-test p ANOVA p d Cohen r

Bf Bf1

1 34.8 ± 0.4 35.2 ± 0.5 12.65 0.00 160.00 0.00 −0.88 −0.40

2 31.9 ± 0.1 32.0 ± 0.2 2.71 0.05 7.37 0.05 −0.63 −0.30

3 29.1 ± 0.5 30.2 ± 0.3 17.39 0.00 302.50 0.00 −2.67 −0.80

4 33.8 ± 0.4 35.1 ± 0.3 41.11 0.00 1690.00 0.00 −3.68 −0.88

5 38.4 ± 0.1 38.6 ± 0.2 1.26 0.27 1.60 0.27 −1.26 −0.53

6 33.0 ± 0.5 36.1 ± 0.2 32.68 0.00 1067.78 0.00 −8.14 −0.97

7 32.4 ± 0.2 38.3 ± 0.5 62.19 0.00 3867.78 0.00 −15.49 −0.99

8 36.2 ± 0.3 37.4 ± 0.2 61.00 0.00 3721.00 0.00 −4.71 −0.92

9 32.8 ± 0.2 36.9 ± 0.6 47.72 0.00 22777.05 0.00 −9.17 −0.98

10 29.1 ± 0.4 32.6 ± 0.2 86.50 0.00 7482.25 0.00 −11.07 −0.98

11 34.6 ± 0.5 35.8 ± 0.2 12.65 0.00 160.00 0.00 −3.15 −0.84

12 38.2 ± 0.6 40.0 ± 0.4 28.46 0.00 810.00 0.00 −3.53 −0.87

13 42.4 ± 0.1 44.5 ± 0.2 59.40 0.00 3528.00 0.00 −13.28 −0.99

14 35.9 ± 0.5 38.2 ± 0.3 31.03 0.00 962.67 0.00 −5.58 −0.94

Total 34.5 ± 0.3 36.5 ± 0.3 114.73 0.00 13162.58 0.00 −6.67 −0.96

1, I have been feeling optimistic about the future; 2, I have been feeling useful; 3, I have been feeling relaxed; 4, I have been feeling interested in other people; 5, I have had energy to spare; 6, 
I have been dealing with problems well; 7, I have been thinking clearly; 8, I have been feeling good about myself; 9, I have been feeling close to other people; 10, I have been feeling confident; 
11, I have been able to make up my own mind about things; 12, I have been feeling loved; 13, I have been interested in new things; 14, I have been feeling cheerful.
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5 Discussion

The development of digital technologies is characterized by their 
penetration into all spheres of human life. The possibilities of virtual 
and augmented reality make it possible to create conditions for 
learning, acquiring and improving the necessary skills. One of the 
current and promising areas is the use of virtual and augmented 
reality for training athletes. Despite the fact that the creation of 
virtual training simulators of sports games is a new direction in the 

sports industry, their use is becoming increasingly in demand. 
However, the evidence base for the advantages of VR technologies 
over traditional training is insufficient, which motivates research in 
this direction.

One of the factors that determines an athlete’s ability to achieve 
success is performance, which is based on psychological and 
psychophysiological mechanisms. The sports environment is 
characterized by increased stress, which also places increased 
demands on the mental health of athletes.

TABLE 9 Comparison of gender characteristics of the dynamics of mental health of basketball students in the experimental group who trained using VR 
technologies (student basketball players: Am—primary study; Am1—repeated study; female basketball students: Af—primary study, Af1—repeated 
study).

Indicators GPA Student’s 
t-test

p ANOVA p d Cohen r

Am Af

1 34.4 ± 0.6 34.6 ± 0.2 −0.98 0.18 0.95 0.36 −0.45 −0.22

2 35.2 ± 0.3 32.1 ± 0.3 10.73 0.00 334.26 0.00 10.33 0.98

3 26.5 ± 0.3 28.4 ± 0.6 −8.76 0.00 76.81 0.00 −4.01 −0.89

4 30.2 ± 0.4 33.5 ± 0.3 −20.08 0.00 403.33 0.00 −9.33 −0.98

5 40.1 ± 0.3 38.2 ± 0.4 11.56 0.00 133.70 0.00 5.37 0.94

6 35.4 ± 0.2 33.1 ± 0.3 20.83 0.00 434.06 0.00 9.02 0.98

7 33.6 ± 0.4 32.2 ± 0.6 6.02 0.00 36.30 0.00 2.75 0.81

8 34.7 ± 0.3 35.9 ± 0.5 −6.32 0.00 40.00 0.00 −2.91 −0.82

9 31.0 ± 0.2 32.5 ± 0.5 −8.52 0.00 72.58 0.00 −3.94 −0.89

10 33.1 ± 0.5 28.4 ± 0.6 18.73 0.00 350.63 0.00 8.51 0.97

11 36.9 ± 0.1 34.8 ± 0.4 15.54 0.00 241.64 0.00 7.20 0.96

12 42.1 ± 0.3 38.5 ± 0.1 23.92 0.00 572.30 0.00 16.10 0.99

13 43.1 ± 0.2 42.2 ± 0.3 7.35 0.00 54.00 0.00 3.53 0.87

14 38.6 ± 0.4 35.7 ± 0.6 12.48 0.00 155.74 0.00 5.69 0.94

Total 33.2 ± 0.3 34.3 ± 0.4 −6.69 0.00 44.81 0.00 −3.11 −0.84

Indicators GPA Student’s t-test p ANOVA p d Cohen r

Am1 Af1

1 44.6 ± 0.4 42.4 ± 0.1 16.29 0.00 265.21 0.00 7.55 0.97

2 48.7 ± 0.6 46.5 ± 0.5 8.77 0.00 76.83 0.00 3.98 0.89

3 38.4 ± 0.2 37.3 ± 0.1 13.91 0.00 193.60 0.00 6.96 0.96

4 39.4 ± 0.2 41.6 ± 0.4 −14.83 0.00 220.00 0.00 −6.96 −0.96

5 45.2 ± 0.6 40.0 ± 0.2 24.30 0.00 540.41 0.00 11.63 0.99

6 48.1 ± 0.3 39.3 ± 0.1 48.79 0.00 2380.49 0.00 39.35 0.99

7 46.3 ± 0.5 43.2 ± 0.4 14.95 0.00 223.49 0.00 6.85 0.96

8 43.8 ± 0.4 46.0 ± 0.2 −14.83 0.00 220.00 0.00 −6.96 −0.96

9 42.5 ± 0.1 41.4 ± 0.2 13.91 0.00 193.60 0.00 6.96 0.96

10 38.6 ± 0.7 36.9 ± 0.5 6.17 0.00 38.03 0.00 2.79 0.81

11 45.3 ± 0.1 37.1 ± 0.3 77.31 0.00 5976.89 0.00 36.67 0.99

12 49.5 ± 0.4 44.3 ± 0.2 35.06 0.00 1229.09 0.00 16.44 0.99

13 52.4 ± 0.2 48.6 ± 0.4 25.62 0.00 656.36 0.00 12.02 0.99

14 53.2 ± 0.2 49.2 ± 0.1 50.60 0.00 2560.00 0.00 25.30 0.99

Total 45.4 ± 0.4 42.4 ± 0.3 18.26 0.00 333.33 0.00 8.49 0.97

1, I have been feeling optimistic about the future; 2, I have been feeling useful; 3, I have been feeling relaxed; 4, I have been feeling interested in other people; 5, I have had energy to spare; 6, 
I have been dealing with problems well; 7, I have been thinking clearly; 8, I have been feeling good about myself; 9, I have been feeling close to other people; 10, I have been feeling confident; 
11, I have been able to make up my own mind about things; 12, I have been feeling loved; 13, I have been interested in new things; 14, I have been feeling cheerful.
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The popularity of university sports is growing all over the world. 
In China, this process is characterized by increased attention to the 
development of basketball, which is spectacular and contributes to the 
development of communicative competence, stress resistance and 
other qualities that make basketball an attractive university sport. The 
active introduction of VR technologies into the training program of 
basketball athletes raises the problem of their influence on the 
psychological and physical state of athletes, their performance and 
mental health.

The use of innovative information technologies and the positive 
experiences they entail for basketball players in physical training, 
stress management and psychological adaptation (Post et al., 2020; 
Morales Téllez et  al., 2021; Talha, 2022) make virtual sports an 
important part of healthy lifestyle (Bum et al., 2018; Chen and Zhu, 
2022; Hamad and Jia, 2022). Moreover, such an approach improves 
the mental health of athletes (Hurley, 2021), trains their perceptual-
cognitive skills (Walton et al., 2018) and optimizes performance 
(Bertollo and Terry, 2021; Siekańska et  al., 2021; Richlan et  al., 
2022). Scientific literature suggests that students experience equal 
satisfaction from real-life and virtual basketball training (Bum 
et al., 2018), but AI-assisted training improves the mental health of 
athletes to a greater extent than traditional gym training 
(Zhang, 2022).

The results of our study confirm that basketball training using VR 
technologies contributes to a more significant improvement in the 
psychophysiological indicators of athletes than traditional training. 
Also, the use of VR technologies, as shown by the results of our study, 
has a positive effect on the mental health of basketball athletes.

In addition, the study revealed features of the dynamics of 
psychophysical indicators and mental health indicators of basketball 
students depending on the gender factor. It was shown that most 
psychophysiological qualities were more developed in male basketball 
students, but female basketball students had better working memory 
during vestibular stimulation. In addition, training using VR 
technologies contributed to improvements in mental health indicators, 
which were more pronounced in male basketball students.

Thus, the evidence presented in our study shows that VR training 
has more benefits than traditional training and therefore confirms its 
effectiveness. The results obtained in the study regarding a direct 
correlation between psychological factors and athlete injuries coincide 
with the data of scientific literature sources (Leguizamo et al., 2021). 
Therefore, there is a need for monitoring and analyzing the 
psychological attitude of athletes in order to improve their future 
performance (Lochbaum et  al., 2021, 2022; Zhou, 2021). Virtual 
basketball training is more interactive, visual, targeted and effective 
(Jiang et al., 2022), which is also confirmed by the results of this study.

5.1 Limitations of the study

The limitations of the study include the limited amount of time 
for conducting the study and a relatively small sample size. These 
limitations arose because of the peculiarities of forming the university 
student basketball teams, as well as the complexity of organizing a 
psychophysiological test. However, due to the randomization 
procedure and the use of valid research methods, the sample can 
be considered relevant, and the obtained results are typical for the 
general population of basketball students.

6 Conclusion

To summarize, this study justifies the use of VR technology as a 
tool to shape a positive attitude among basketball players and help 
them achieve success. In addition, the impact of VR training on the 
psychophysiological indicators and mental health was revealed to vary 
depending on gender. The study also showed the complex effect of VR 
technology on the physical endurance and mental health of basketball 
players. VR technologies managed to increase the psychophysiological 
indicators to an above-average level, which rarely happened during 
traditional training.

The positive effect of VR training is proven by the overall average 
psychophysiological score: 46.2 ± 0.2 points for boys and 45.1 ± 0.4 
points for girls in the experimental group; 43.1 ± 0.2 and 41.7 ± 0.4 
points, respectively, in the control group. The research hypothesis was 
confirmed. Such a conclusion is extremely valuable for the development 
of Chinese basketball industry and it is a huge step toward achieving 
the leading position of Chinese teams in the international arena.

Future research could compare the performance of basketball 
players and other team sports representatives when using VR 
technology in the training process.

Data availability statement

The raw data supporting the conclusions of this article will 
be made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by Xinxiang 
University (Protocol no. 4993 dated from 02/02/2022). The studies 
were conducted in accordance with the local legislation and 
institutional requirements. Written informed consent for participation 
in this study was provided by the participants’ legal guardians/
next of kin.

Author contributions

HW: Writing – review & editing, Writing – original draft, 
Visualization, Validation, Supervision, Software, Resources, Project 
administration, Methodology, Investigation, Funding acquisition, 
Formal analysis, Data curation, Conceptualization.

Funding

The author(s) declare that no financial support was received for 
the research, authorship, and/or publication of this article.

Conflict of interest

The author declares that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

https://doi.org/10.3389/fpsyg.2024.1334111
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org


Wang 10.3389/fpsyg.2024.1334111

Frontiers in Psychology 13 frontiersin.org

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated 

organizations, or those of the publisher, the editors and the 
reviewers. Any product that may be evaluated in this article, or claim 
that may be made by its manufacturer, is not guaranteed or endorsed 
by the publisher.

References
Bao, H., and Yao, X. (2021). Dynamic 3D image simulation of basketball movement 

based on embedded system and computer vision. Microprocess. Microsyst. 81:103655. 
doi: 10.1016/j.micpro.2020.103655

Bedir, D., and Erhan, S. E. (2021). The effect of virtual reality technology on the 
imagery skills and performance of target-based sports athletes. Front. Psychol. 11:2073. 
doi: 10.3389/fpsyg.2020.02073

Bertollo, M., and Terry, P.C. (2021). Advancements in mental skills training. London: 
Routledge.

Biele, C. (2022). “Movement in virtual reality” in Human movements in human-
computer interaction (HCI). ed. C. Biele (Cham: Springer), 75–87.

Brand, R., Wolff, W., and Hoyer, J. (2013). Psychological symptoms and chronic mood 
in representative samples of elite student-athletes, deselected student-athletes and 
comparison students. Sch. Ment. Heal. 5, 166–174. doi: 10.1007/s12310-012-9095-8

Bum, C. H., Mahoney, T. Q., and Choi, C. (2018). A comparative analysis of 
satisfaction and sustainable participation in actual leisure sports and virtual reality 
leisure sports. Sustain. For. 10:3475. doi: 10.3390/su10103475

Burov, A.E., and Erokhina, O.A. (2020). Diagnostics and assessment of professionally 
important qualities in the practice of professionally applied physical culture: A scientific 
and practical guide. Moscow: Sreda Publishing House.

Chen, L., and Zhu, H. (2022). Importance of national fitness sports relying on virtual 
reality technology in the development of sports economy. Comput. Intell. Neurosci. 
2022:4128981. doi: 10.1155/2022/4128981

Cmentowski, S., and Krueger, J. (2021). “Exploring the potential of vertical jump 
training in virtual reality” in Extended abstracts of the 2021 annual symposium on 
computer-human interaction in play. eds. G. Wallner, A. Meschtscherjakov, M. Birk, J. 
Iacovides and M. McEwan (New York, NY: Association for Computing Machinery), 
179–185.

di Fronso, S., Werthner, P., Christie, S., and Bertollo, M. (2020). “Using technology for 
self-regulation in sport” in Feelings in sport. eds. M. C. Ruiz and C. Robaz (New York: 
Routledge), 178–186.

Hamad, A., and Jia, B. (2022). How virtual reality technology has changed our lives: 
an overview of the current and potential applications and limitations. Int. J. Environ. Res. 
Public Health 19:11278. doi: 10.3390/ijerph191811278

Harrison, K., Potts, E., King, A. C., and Braun-Trocchio, R. (2021). The effectiveness 
of virtual reality on anxiety and performance in female soccer players. Sports 9:167. doi: 
10.3390/sports9120167

Henriksen, K., Schinke, R., Moesch, K., McCann, S., Parham, W. D., Larsen, C. H., 
et al. (2020). Consensus statement on improving the mental health of high performance 
athletes. Int. J. Sport Exerc. Psychol. 18, 553–560. doi: 10.1080/1612197X.2019.1570473

Herraro, C. P., Jejurikar, N., and Carter, C. W. (2020). The psychology of the female 
athlete: how mental health and wellness mediate sports performance, injury and 
recovery. Ann. Jt. 6:38. doi: 10.21037/aoj-20-53

Huang, C., Zhang, Y., Zhu, C., Zhang, C., and Meng, H. (2019). Chinese sports 
basketball teaching tactics training system combined with multimedia interactive model 
and virtual reality technology. Multimed. Tools Appl. 82:25491. doi: 10.1007/
s11042-019-7298-9

Hurley, O. A. (2021). Sport cyberpsychology in action during the COVID-19 
pandemic (opportunities, challenges, and future possibilities): a narrative review. Front. 
Psychol. 12:621283. doi: 10.3389/fpsyg.2021.621283

Jiang, J., Wu, S., and Zhang, S. (2022). Design and research of VR basketball teaching 
system based on embedded intelligent sensor. J. Environ. Public Health 2022:3688596. 
doi: 10.1155/2022/3688596

Jin, Z., and Zou, W. (2021). Research on the design of online teaching system of basketball 
basic technology. J. Phys. Conf. Ser. 1992:032080. doi: 10.1088/1742-6596/1992/3/032080

Le, Z. (2021). Research on the application of computer virtual technology in basketball 
sports training. J. Phys. Conf. Ser. 1915:032071. doi: 10.1088/1742-6596/1915/3/032071

Leguizamo, F., Olmedilla, A., Núñez, A., Verdaguer, F. J. P., Gómez-Espejo, V., 
Ruiz-Barquín, R., et al. (2021). Personality, coping strategies, and mental health in high-
performance athletes during confinement derived from the COVID-19 pandemic. Front. 
Public Health 8:561198. doi: 10.3389/fpubh.2020.561198

Li, H. (2021). Research on basketball sports training based on virtual reality 
technology. J. Phys. Conf. Ser. 1992:032047. doi: 10.1088/1742-6596/1992/3/032047

Li, B., and Xu, X. (2021). Application of artificial intelligence in basketball sport. J. 
Educ. Health Sport 11, 54–67. doi: 10.12775/jehs.2021.11.07.005

Liu, H., Li, Y., Zhao, S., Jiao, M., Lu, Y., Liu, J., et al. (2018). Perceptions of patient 
safety culture among medical students: a cross-sectional investigation in Heilongjiang 
Province, China. BMJ Open 8:e020200. doi: 10.1136/bmjopen-2017-020200

Lochbaum, M., Stoner, E., Hefner, T., Cooper, S., Lane, A. M., and Terry, P. C. (2022). 
Sport psychology and performance meta-analyses: a systematic review of the literature. 
PLoS One 17:e0263408. doi: 10.1371/journal.pone.0263408

Lochbaum, M., Zanatta, T., Kirschling, D., and May, E. (2021). The profile of moods 
states and athletic performance: a meta-analysis of published studies. Eur. J. Investig. 
Health Psychol. Educ. 11, 50–70. doi: 10.3390/ejihpe11010005

Lopes Dos Santos, M., Uftring, M., Stahl, C. A., Lockie, R. G., Alvar, B., Mann, J. B., 
et al. (2020). Stress in academic and athletic performance in collegiate athletes: a 
narrative review of sources and monitoring strategies. Front. Sports Act. Living 2:42. doi: 
10.3389/fspor.2020.00042

Ma, Z., Wang, F., and Liu, S. (2020). Feasibility analysis of VR technology in basketball 
training. IEEE Access. doi: 10.1109/ACCESS.2020.3019810

Meng, Q. (2022). Psychological analysis of athletes during basketball games from the 
perspective of deep learning. Mob. Inf. Syst. 2022, 1–9. doi: 10.1155/2022/4319437

Morales Téllez, A., Tentori, M. E., and Castro, L. A. (2021). “Stress management 
training in athletes: design considerations for VR biofeedback systems” in In 8th 
Mexican conference on human-computer interaction. eds. V. Meza, O. Mayora, K. Caro 
and D. Cruz-Sandoval (New York, NY: Association for Computing Machinery), 1–3.

Nanda, F. A., and Dimyati, D. (2019). The psychological skills of basketball athletes: 
are there any differences based on the playing position? J. Keolahragaan 7, 74–82. doi: 
10.21831/jk.v7i1.26360

Nanda, F. A., Novriansyah, N., Nugroho, M. D., Fajaruddin, S., Utama, M. B. R., 
Burhaein, E., et al. (2021). Psychological skills of basketball athletes by perspektive 
gender: study Indonesian athletes in Asian games XVIII. Sport Sci. 15, 158–167.

Obminski, Z., Mroczkowska, H., Jagiello, M., and Litwiniuk, A. (2020). Sex-and sport 
related differences in the personality traits students in volleyball, basketball and judo 
athletes. Phys. Educ. Stud. 24, 304–311. doi: 10.15561/20755279.2020.0601

Post, E. G., Biese, K. M., Schaefer, D. A., Watson, A. M., McGuine, T. A., Brooks, M. A., 
et al. (2020). Sport-specific associations of specialization and sex with overuse injury in 
youth athletes. Sports Health 12, 36–42. doi: 10.1177/1941738119886855

Qingtao, Z. (2020). Analysis and research on the combination of virtual reality 
technology (VR) and college sports training. J. Phys. Conf. Ser. 1486:052011. doi: 
10.1088/1742-6596/1486/5/052011

Raglin, J. S. (2001). Psychological factors in sport performance. Sports Med. 31, 
875–890. doi: 10.2165/00007256-200131120-00004

Rice, S. M., Parker, A. G., Mawren, D., Clifton, P., Harcourt, P., Lloyd, M., et al. (2020). 
Preliminary psychometric validation of a brief screening tool for athlete mental health 
among male elite athletes: the athlete psychological strain questionnaire. Int. J. Sport 
Exerc. Psychol. 18, 850–865. doi: 10.1080/1612197X.2019.1611900

Richlan, F., Weiß, M., Braid, J., and Kastner, P. (2022). Virtual training, real effects: a 
systematic literature review on sports performance enhancement through interventions 
in virtual reality. PsyArXiv. doi: 10.31234/osf.io/ckgm2

Shao, Z., Bezmylov, M. M., and Shynkaruk, O. A. (2022). Individual characteristics of 
physical and mental development and their connection with regular physical exercises 
when playing basketball. Curr. Psychol. 42, 1–10. doi: 10.1007/s12144-022-03692-w

Shi, F. (2021). Research on the application of computer virtual technology in basketball 
teaching. J. Phys. Conf. Ser. 1915:032070. doi: 10.1088/1742-6596/1915/3/032070

Shi, A., Wang, Y., and Ding, N. (2022). The effect of game–based immersive virtual 
reality learning environment on learning outcomes: designing an intrinsic integrated 
educational game for pre–class learning. Interact. Learn. Environ. 30, 721–734. doi: 
10.1080/10494820.2019.1681467

Siekańska, M., Bondár, R. Z., di Fronso, S., Blecharz, J., and Bertollo, M. (2021). 
Integrating technology in psychological skills training for performance optimization in 
elite athletes: a systematic review. Psychol. Sport Exerc. 57:102008. doi: 10.1016/j.
psychsport.2021.102008

Stewart-Brown, S., Tennant, A., Tennant, R., Platt, S., Parkinson, J., and Weich, S. 
(2009). Internal construct validity of the Warwick-Edinburgh mental well-being scale 
(WEMWBS): a Rasch analysis using data from the Scottish health education population 
survey. Health Qual. Life Outcomes 7:15. doi: 10.1186/1477-7525-7-15

Sutcliffe, J. H., and Greenberger, P. A. (2020). Identifying psychological difficulties in 
college athletes. J Allergy Clin Immunol Pract 8, 2216–2219. doi: 10.1016/j.
jaip.2020.03.006

https://doi.org/10.3389/fpsyg.2024.1334111
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://doi.org/10.1016/j.micpro.2020.103655
https://doi.org/10.3389/fpsyg.2020.02073
https://doi.org/10.1007/s12310-012-9095-8
https://doi.org/10.3390/su10103475
https://doi.org/10.1155/2022/4128981
https://doi.org/10.3390/ijerph191811278
https://doi.org/10.3390/sports9120167
https://doi.org/10.1080/1612197X.2019.1570473
https://doi.org/10.21037/aoj-20-53
https://doi.org/10.1007/s11042-019-7298-9
https://doi.org/10.1007/s11042-019-7298-9
https://doi.org/10.3389/fpsyg.2021.621283
https://doi.org/10.1155/2022/3688596
https://doi.org/10.1088/1742-6596/1992/3/032080
https://doi.org/10.1088/1742-6596/1915/3/032071
https://doi.org/10.3389/fpubh.2020.561198
https://doi.org/10.1088/1742-6596/1992/3/032047
https://doi.org/10.12775/jehs.2021.11.07.005
https://doi.org/10.1136/bmjopen-2017-020200
https://doi.org/10.1371/journal.pone.0263408
https://doi.org/10.3390/ejihpe11010005
https://doi.org/10.3389/fspor.2020.00042
https://doi.org/10.1109/ACCESS.2020.3019810
https://doi.org/10.1155/2022/4319437
https://doi.org/10.21831/jk.v7i1.26360
https://doi.org/10.15561/20755279.2020.0601
https://doi.org/10.1177/1941738119886855
https://doi.org/10.1088/1742-6596/1486/5/052011
https://doi.org/10.2165/00007256-200131120-00004
https://doi.org/10.1080/1612197X.2019.1611900
https://doi.org/10.31234/osf.io/ckgm2
https://doi.org/10.1007/s12144-022-03692-w
https://doi.org/10.1088/1742-6596/1915/3/032070
https://doi.org/10.1080/10494820.2019.1681467
https://doi.org/10.1016/j.psychsport.2021.102008
https://doi.org/10.1016/j.psychsport.2021.102008
https://doi.org/10.1186/1477-7525-7-15
https://doi.org/10.1016/j.jaip.2020.03.006
https://doi.org/10.1016/j.jaip.2020.03.006


Wang 10.3389/fpsyg.2024.1334111

Frontiers in Psychology 14 frontiersin.org

Talha, M. (2022). Research methods and information technology applications in 
movement science and sport psychology. Rev. de Psicol. del Deporte 31, 123–131.

Tennant, R., Hiller, L., Fishwick, R., Platt, S., Joseph, S., Weich, S., et al. (2007). The 
Warwick-Edinburgh mental well-being scale (WEMWBS): development and UK 
validation. WEMWBS 5:63. doi: 10.1186/1477-7525-5-63

Tsai, W. L., Su, L. W., Ko, T. Y., Pan, T. Y., and Hu, M. C. (2021). Feasibility study on 
using AI and VR for decision-making training of basketball players. IEEE Trans. Learn. 
Technol. 14, 754–762. doi: 10.1109/TLT.2022.3145093

Uhm, J. P., Kim, S., and Lee, H. W. (2022). Stimulating suspense in gamified virtual 
reality sports: effect on flow, fun, and behavioral intention. Int. J. Hum.-Comput. Interact. 
39, 3846–3858. doi: 10.1080/10447318.2022.2107782

Walton, C. C., Keegan, R. J., Martin, M., and Hallock, H. (2018). The potential role for 
cognitive training in sport: more research needed. Front. Psychol. 9:1121. doi: 10.3389/
fpsyg.2018.01121

Wang, J., and Song, X. (2022). Development status and influencing factors of 
competitive basketball management system under the background of deep 

learning. Comput. Intell. Neurosci. 2022:5659467. doi: 10.1155/2022/ 
5659467

Wei, S., Huang, P., Li, R., Liu, Z., and Zou, Y. (2021). Exploring the application of 
artificial intelligence in sports training: a case study approach. Complexity 2021, 1–8. 
doi: 10.1155/2021/4658937

Wei, W., Qin, Z., Yan, B., and Wang, Q. (2022). Application effect of motion capture 
technology in basketball resistance training and shooting hit rate in immersive virtual 
reality environment. Comput. Intell. Neurosci. 2022:4584980. doi: 10.1155/2022/4584980

Yan, H. (2022). Construction and application of virtual reality-based sports rehabilitation 
training program. Occup. Ther. Int. 2022:4364360. doi: 10.1155/2022/4364360

Zhang, R. (2022). Impact analysis of basketball exercise strength based on machine 
learning in the mental health of college students. Comput. Intell. Neurosci. 2022:9628446. 
doi: 10.1155/2022/9628446

Zhou, L. (2021). Research on basketball basic technology design based on computer 
online teaching system. J. Phys. Conf. Ser. 1992:032034. doi: 
10.1088/1742-6596/1992/3/032034

https://doi.org/10.3389/fpsyg.2024.1334111
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://doi.org/10.1186/1477-7525-5-63
https://doi.org/10.1109/TLT.2022.3145093
https://doi.org/10.1080/10447318.2022.2107782
https://doi.org/10.3389/fpsyg.2018.01121
https://doi.org/10.3389/fpsyg.2018.01121
https://doi.org/10.1155/2022/5659467
https://doi.org/10.1155/2022/5659467
https://doi.org/10.1155/2021/4658937
https://doi.org/10.1155/2022/4584980
https://doi.org/10.1155/2022/4364360
https://doi.org/10.1155/2022/9628446
https://doi.org/10.1088/1742-6596/1992/3/032034

	Study of the influence of psychological mood on the performance and mental health of athletes in VR-aided basketball training
	1 Introduction
	2 Literature review
	2.1 Theoretical justification of the use of VR technologies for training basketball players
	2.2 The importance of the psychological attitude of basketball players and the impact of VR training on their performance and mental health
	2.3 The use of VR technology in basketball training

	3 Materials and methods
	3.1 Research design
	3.2 Sample
	3.3 Study methods
	3.4 Data processing
	3.5 Ethical issues

	4 Results
	5 Discussion
	5.1 Limitations of the study

	6 Conclusion
	Data availability statement
	Ethics statement
	Author contributions

	References

