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tennis in an immersive virtual environment
depending on the game mode
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Abstract

Background It appears that active video games (AVGs) and training apps that allow for physical activity (PA) in
immersive virtual reality (VR) may be useful for sports, health-enhancing PA, and physical education (PE). Therefore,
research is needed to identify their potential.

Objective The study aimed to evaluate the intensity and attractiveness of exercise during table tennis (TT) training in
VR in arcade and simulation modes and to assess the potential for using such exercises in health-enhancing PA, sport,
and PE.

Methods The research used the Racket Fury: Table Tennis VR. Exercise intensity during TT training in VR was evaluated
by heart rate (HR) monitoring and rating of perceived exertion (RPE 6-20). The effectiveness of short-term TT training
in VR was estimated based on the user’s performance in playing against an opponent with artificial intelligence (Al),
satisfaction with playing TT was measured using the Physical Activity Enjoyment Scale (PACES), and the potential
usefulness of the tested app in PA, sport, and PE was assessed based on a questionnaire for participating PE teachers
(30 participants).

Results PA intensity during TT training in VR expressed as a percentage of maximum heart rate (HR ,,,) was moderate
but was significantly (p <0.001; d=-0.830) higher in the easier arcade mode (69.50+ 12.58%HR,,,,) than in the
simulation mode (64.10+9.67%HR,.,). Despite the greater fatigue of respondents, user satisfaction was significantly
higher in arcade mode. Users' performance when playing with Al was significantly better after 20 min of training in VR
than before training. PE teachers recognize the great potential of the app.

Conclusions The application tested is characterized by a beneficial PA intensity, with its level depending on the
game mode. Facilitating strokes during a game of virtual TT promotes increased intensity of exercise and increased
enjoyment of the PA. Short-term TT training in VR improves playing skills in a virtual environment. PE teachers spoke
highly of the app and recognized the potential for using VR technology in PA, sports, and school PE.
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Background

Immersive virtual reality (VR), in which users are cut off
from real visual external stimuli and instead can observe
artificially created images and sounds and even tactile
sensations, and move and interact with virtual objects,
is used in various areas of human life. It is increasingly
being used as a training tool [1]. VR technology is of
great interest in situations where real-world training is
difficult to organize, unsafe, or not very practical. Exam-
ples include training programs for soldiers [2], surgeons
[3], paramedics [4], welders [5], and pilots [6]. There is
also evidence that movement skills acquired in VR can
be transferred to the real world [7-9], which may have
important implications for sports training and recre-
ational physical activity (PA). In sport and PA, VR is also
increasingly being used to develop and diagnose motor
abilities [10-14], practising various forms of exercise
[15, 16], and even the assessment and analysis of certain
movement parameters [17]. The first studies are being
conducted on the effectiveness of VR exercises used in
physical education (PE) classes in schools compared
to typical forms of PA [18]. There are also reports that
exercise in VR can be beneficial in the school PE pro-
cess, resulting in improvements in health-related general
physical fitness, cardiorespiratory endurance, muscular
strength and endurance, power, and flexibility [19].

Given the above facts and being aware of the young
generation’s fascination with information technology
and knowing that users rate their satisfaction with PA
in a virtual environment highly [20, 21] it seems that the
use of VR in the school PE process needs to be seriously
considered. However, this should be preceded by fur-
ther multifaceted research. Assessments of the potential
for using VR in PE should be made first of all by experi-
enced teachers of the subject based on their experience
of exercising in VR. A review of the available literature
shows that such studies are lacking. Among the aspects
of exercises in VR, one should take into consideration the
health-enhancing nature of such a form of PA, the pos-
sibility of using it to learn sports technique and develop
motor abilities, and the attractiveness of training.

Among the many apps currently available that enable
training in VR, there are some that would be more or less
useful in PE classes in schools. Particularly useful can be
those that can make training in a virtual environment
more effective, more enjoyable, and easier to implement
than the typical solutions used in conventional PE les-
sons at school. It seems that these conditions can now
be met by, among other things, applications for virtual
table tennis (TT) training [22]. Implementing this sport
in PE lessons causes many problems to teachers. This is
due to organizational reasons, such as the low availabil-
ity of equipment in the facilities, the time-consuming
nature of creating the conditions for exercises associated
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with transporting the tables from the warehouse to the
gymnasium, and having to lay them out. The small num-
ber of people who can exercise at the same time is also a
problem. Furthermore, the game of TT is technically dif-
ficult, characterised by a high complexity of movements,
and requires the player to make quick decisions related
to the type of strokes and the positioning of the racket,
which can be difficult in the initial period and can pro-
mote discouragement in the student. The high speed of
the ball and its rotation is also a challenge for beginner
tennis players. For example, in the case of fast spin shots,
the speed at which the ball spins is between 3,000 and
5,000 rpm in amateurs, while it can exceed 8,000 rpm
during professional matches [23]. Therefore, the use of
VR technology in T'T training enables a range of solutions
to potentially facilitate the teaching of technical skills and
game play. These include, among others: slowing down
the speed of the ball and making it easier to return dur-
ing the initial learning period, easier visualisation of the
movements taught at a slower pace so that the person
learning to play can better imagine these movements, the
ability to assess the correctness of the movement patterns
performed using sensors in goggles and controllers, and,
in the longer term, additional sensors, and haptic gloves
and suits. In a virtual environment, there is also the pos-
sibility of repeating the same strokes over and over again
since the ball can be continuously returned to the user
by a virtual opponent with artificial intelligence (AI) to
exactly the same place. There are currently several con-
sumer apps that allow TT training. Research is also being
undertaken to improve player interaction with the virtual
environment and improve the authenticity of the simula-
tion [24]. There are also promising research experiments
on the transfer of skills and experience gained from TT
training in VR to the real world [7, 8].

Recently, many studies have been conducted to evalu-
ate various aspects of PA in VR. First of all, they con-
cerned the intensity of physical exercise during AVGs
[15, 16, 25-28] and the attractiveness of this type of exer-
cise [21, 28-31]. However, there is a lack of research that
evaluates these aspects of PA in relation to virtual TT.
The aim of this research is to fill this gap. Therefore, the
exploratory study was planned and carried out to evalu-
ate the intensity and attractiveness of exercise during T'T
training in VR in arcade (easier) and simulation (harder)
modes and to assess the potential for using such exercises
in health-enhancing PA, sport, and PE. This study aim
allowed the following research questions to be posed:

1. What is the exercise intensity depending on the TT
training mode in VR and is it sufficient in the context
of health-enhancing PA recommendations?

2. Do arcade and simulation modes determine the level
of satisfaction of users with PA?
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3. Does a brief training session of TT in VR affect
the player’s skill level in playing against a virtual
opponent with AI?

4. How do experienced PE teachers assess the potential
usefulness of the application studied in PA, sport,
and PE?

Study participants

Thirty experienced PE teachers participated in the study,
including 11 women (age 50.73+3.04 years, body mass
62.91£7.11 kg, body height 167.36£5.22 cm, work expe-
rience 27.09%3.65 years) and 19 men (age 51.00+4.36
years, body mass 84.95+11.46 kg, body height
174.37+12.81 c¢m, work experience 23.79+7.41 years).
Volunteers for the study were recruited among staff at the
Academy of Physical Education in Katowice and schools
in Katowice, Poland. All teachers had a master’s degree
in PE and nine teachers additionally had a PhD degree in
PE. The study included middle-aged people (45-59 years
old) with at least ten years of work experience, who were
professionally active and declared good health. Accord-
ing to the exclusion criteria used, people with motion
sickness, sensitivity to flashing lights, epileptic seizures,
and balance disorders were excluded from the study.
The ability to play TT was also an inclusion criterion.
All participants in the study declared experience of play-
ing TT. They rated their technical skills at an average of
4.87%1.66 points on a 10-point scale. None of the partici-
pants had previously used the app studied and had expe-
rienced TT training in VR. Participants also declared
that they did not regularly use VR technology. Before
the study, teachers were familiarized with the purpose
and conduct of the study and the safety rules. They were
also informed that they could opt out of participating in
the study at any time. They also completed a personal
questionnaire and signed a consent to participate in the
study and to process their personal data. The study was
conducted according to the guidelines of the Declaration
of Helsinki and reviewed and approved by the Research
Ethics Committee of the Academy of Physical Educa-
tion in Katowice (protocol 9/2018, annex KB/27/2022).
The research was carried out at the Jerzy Kukuczka
Academy of Physical Education in Katowice, Poland, at
a certified Laboratory of Research on Pro-Health Physi-
cal Activity (PN-EN ISO 9001:2015, certificate validity:
7.12.2021-16.12.2024).

Methods

For VR immersion, we used the Oculus Quest 2 VR
headset (Meta, CA, USA) consisting of VR glasses and
two controllers. The training program was based on the
use of the Racket Fury: Table Tennis VR app (Pixel Edge
Games, Poland). It offers the possibility to compete in a
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multiplayer or offline options with a virtual avatar in the
form of a hovering robot, consisting of a torso, arms, and
head. Users can choose between arcade and simulation
modes. In the arcade mode, the game’s mechanics make
it easier for the player to perform the strokes and hit the
table. In the simulation version, the physics of the game
are very similar to those of a real-life TT game, requir-
ing more skill from the player. The game is operated with
2 controllers. One is made visible in VR to the user as a
virtual racket, the other is used to interact with menus
and generate a virtual ball by pressing the trigger of the
controller. In addition to competition, the app also allows
training with a virtual opponent (practice option) who
makes no mistakes (hits every ball) and whose param-
eters can be modified. The controllers are tracked with a
high degree of precision, allowing accurate ball control.
There are also various sounds associated with hitting the
ball with the racket and bouncing on the table, depending
on the strength of the impact, and vibrations with each
stroke, which enhance the ball feel.

Before the study, participants were familiarized with
the app and, as a warm-up and pre-adaptation to the
VR environment, they played one set (up to 11 points)
against a virtual opponent (Al in the form of a robot
named Zen Jet) in the simulation mode, at the easiest
difficulty level (Rusty Chalenge) with the app’s default/
standard settings. They then took part, using the same
mode, in a TT match to two sets won. After the game,
the results were recorded. After a rest of 10 min, the par-
ticipants performed two 10-minute workouts (practice
option), also separated by a 10-minute rest, which con-
sisted of hitting the ball with a virtual instructor (a Zen
Jet robot) who made no mistakes. Workouts took place
at default/standard settings, with one person starting
with the arcade mode and another with the simulation
mode, and then alternating the order. During each ses-
sion, the participants’ heart rates were monitored using
a Vantage V HR monitor (Polar Electro Oy, Kempele,
Finland) coupled with a chest strap (Polar H10). The aim
of this study was to calculate the average exercise heart
rate (HR,,.), from which PA intensity was later estimated
based on the average percentage of maximum heart rate
(%HR,,,)- HR ., Was previously calculated from the for-
mula 208—-0.7x age [32] and the results were related to
PA intensity standards of the American College of Sports
Medicine (ACSM) [33]. During the rest after each train-
ing session, participants completed a questionnaire about
their satisfaction with the PA and subjectively estimated
exercise intensity. Satisfaction with PA during training in
VR was assessed using the Physical Activity Enjoyment
Scale (PACES, a short version) consisting of 8 questions
[34], which were answered after each test on a 7-point
Likert scale. The result was an average calculated from all
responses. Subjective feelings of fatigue from TT training
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in VR were assessed using the rating of perceived exer-
tion (RPE) by Borg (6-20) [35, 36]. On this scale, a score
of 10 to 11 indicates low-intensity exercise, a range of 12
to 13 indicates moderate intensity, and a score of 14—16
indicates high intensity [37]. After the training sessions,
the study participants repeated the match against a vir-
tual opponent until two sets were won. The parameters of
the game were the same as in the first match, which was
played at the beginning of the research. After its comple-
tion, the result was recorded. An illustration of the game
environment is shown in Fig. 1, and the research stand
and research participant are presented in Fig. 2. Finally,
a self-administered questionnaire was used to collect the
respondents’ opinions on the app and its usefulness in
training and school PE. The questionnaire contained 15
items as shown in Table 1. The research procedure used
is presented in the form of a diagram (Fig. 3).

Statistical methods
Statistical calculations were performed using Statistica
v.13 (TIBCO Software Inc., USA) and Jamovi v. 2.2.3.0
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(Jamovi Project, Australia) software. Basic descriptive
statistics such as arithmetic means, standard deviations,
and structure indices were calculated. The Shapiro-Wilk
test was employed to examine normality of the distri-
bution. Verification of the significance of differences
between the variables was carried out using either the
parametric Student’s t test or the non-parametric Wic-
oxon test, depending on the data distribution. The level of
statistical significance was set at a=0.05. Effect size was
estimated using Cohen’s d for the paired samples t-test
and the rank-biserial correlation coefficient (r,,) for the
Wilcoxon test. The Pearson’s linear correlation coefficient
(r) was used as a measure of the correlation between
objective and subjective measures of PA intensity.

Results

Exercise intensity during TT training in VR using racket
fury: table tennis VR app depending on the game mode
The HR,,, of study participants was significantly higher
(p<0.001; d=-0.826) for training in the arcade mode
(119.93+£22.43 bpm) compared to the simulation mode

Fig. 1 Game environment of Racket Fury: Table Tennis VR from the user’s perspective (screenshot)
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Fig. 2 Participant playing table tennis with a virtual opponent

(110.60£17.33 bpm) (Fig. 4). Similar relationships were
observed for exercise intensity. In the arcade mode, PA
intensity was 69.50£12.58%HR,, and was significantly
higher (p<0.001; d=-0.830) compared to that recorded
in the simulation mode (64.10£9.67%HR,,). Given the
ACSM classification [33], it should be concluded that in
both cases the exercise was within the range of moderate
intensity (64-76%HR,,,,), recommended for health ben-
efits by the World Health Organisation [38] (Fig. 5).

Study participants also self-rated fatigue after each
training session on the RPE scale (6-20). After train-
ing in the simulation mode, users perceived the inten-
sity of their exercise to be 12.53+2.76 points, while after
training in arcade mode, they rated it at 14.50%3.28
points. The difference found was statistically significant
(p<0.001; d=-0.82) (Fig. 6). Comparison of RPE reported
by the participants with the classification of PA intensity
[37] revealed that the teachers rated the PA in the simu-
lation mode as moderate intensity, which was similar to
that obtained from the objective measurement using HR
monitor. Furthermore, physical exercise performed in the
arcade mode was rated as vigorous by the participants,
i.e. in this case the teachers overestimated its intensity in
relation to objective measurements.

Pearson’s correlation analysis between objective and
subjective measures of PA intensity showed a statistically
significant positive relationship between intensity ratings
estimated from %HRmax and Gunnar Borg’s RPE (6-20)
scale for TT training in VR in both simulation (r=0.513;
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»<0.01) and arcade (r=0.685; p<0.001) modes. Accord-
ing to the scale proposed by [39], the correlation can be
described as moderate in the first case and high in the
second.

PE teachers’ satisfaction with TT training in VR according to
game mode

The PACES survey of PE teachers (scale of 1 to 7) showed
that teachers rated their satisfaction with TT train-
ing in VR highly in both simulation (6.00+1.00 points)
and arcade (6.4410.86 points) modes. Nevertheless, the
easier (arcade) mode was rated statistically significantly
better(p=0.002; r,,=-0.708) (Fig. 7).

Effect of short-term TT training in VR on the user’s level of
skill in playing against a virtual opponent

Before TT training in VR, only two participants had
managed to win a match against a virtual opponent. Both
matches were won in two sets. The other users did not
win any set. After two ten-minute training sessions in VR,
study participants won ten matches, including four times
in two sets and six times in three sets, and 12 teachers
won at least one set. In the subsequent sets, the partici-
pants achieved increasingly better results. The mean val-
ues are presented in Fig. 8. It was found that the results
obtained after training in VR were significantly better
than before training. In the first set of the first match,
the average score was 3.07+3.04 points and was signifi-
cantly worse (p=0.001; r,;=0.821) than that recorded in
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the first set of the second match (6.23+3.56 points). Sim-
ilarly, clear differences (p=0.001; r,=-0.869) occurred
between the second set of the first match, where the aver-
age score was 3.5712.93 and the second set of the match
played after TT training in VR, during which the teach-
ers scored an average of 7.53+3.58 points. The highest
scores were recorded in the third set of the second match
(10.25+3.24 points), which was played by eight study
participants (Fig. 8).

Arcade mode

of study participants according to TT training mode in VR; bpm, beats per minute; p, p-value; d, Cohen'’s d value

EP teachers’ views on the potential usefulness of TT
training in VR in PA and PE

Responses to a survey of PE teachers on their opinions
of the app and its potential usefulness in sports train-
ing and the school PE show that respondents have a
positive perception of Racket Fury: Table Tennis VR.
Almost all (93%) claimed they would be willing to prac-
tise TT in VR provided they had the right hardware and
software. The same percentage of teachers (93%) would
recommend others to practise TT in VR. Only 7% had
no opinion on these issues. However, a relatively small
percentage of teachers (27%) felt that practising Racket



Polechonski BMC Sports Science, Medicine and Rehabilitation

100

92

(2024) 16:155

Page 8 of 14

p<0.001; d=-0.830

84 I

%HR 2

68 |

60 |

52

44
Simulation mode

Fig. 5 Exercise intensity of participants according to TT training mode in VR; HR

20 r

e —

T high intensity

moderate
intensity

low intensity

Arcade mode

mae Maximum heart rate; p, p-value; d, Cohen'’s d value

p<0.001; d=-0.82

18

16

14

RPE (6-20) scale

Simulation mode

Arcade mode

Fig. 6 Rating of perceived exertion (RPE) according to TT training mode in VR; p, p-value; d, Cohen’s d value

Fury was more enjoyable than typical TT training in the
real world. The majority of respondents (59%) disagreed
with this statement and some (13%) did not have a clear
position on this issue. Furthermore, all teachers were in
agreement that practising TT in VR can offer health ben-
efits and can be a supplement to a person’s leisure-time
PA. Almost all respondents (90%) expressed the belief
that the app they tested could be a useful training tool.
Only one person (3%) disagreed with this opinion and
two (7%) did not make a clear statement. With the ques-
tion “Do you think the Racket Fury app could be a useful

training tool?”, teachers were asked to justify their posi-
tion. Those answering in the affirmative most frequently
cited arguments such as that the application develops
skills and motor abilities, motivates to train, allows the
game to be played in a small space, anywhere and without
specialised equipment, guarantees repetition, adds vari-
ety to the activity, allows the difficulty to be adjusted to
the user’s ability, can be useful for people who have dif-
ficulty functioning in a group, and allows them to train
independently. All of respondents also believed that the
use of the Racket Fury app could help improve users’
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motor skills. PE teachers were also of the opinion that
the use of the Racket Fury app could help improve the
technique of TT players practising the sport at different
skill levels. Almost all respondents (90%) were convinced
that the app could be useful in this respect with beginner
athletes, while its usefulness among intermediate athletes
was indicated by 77% of respondents. A considerable per-
centage of teachers (40%) even see the potential of Racket
Fury in training the playing technique of advanced TT
players. Another question concerned the possible use of
the multiplayer mode of the app in inter-school compe-
titions. This idea was welcomed by all the teachers sur-
veyed. Also, all respondents stated that playing AVRGs
such as Racket Fury in the multiplayer mode (described
as active VR sport) could be a beneficial alternative to
sedentary e-sports. Subsequent responses from respon-
dents showed that almost all PE teachers had a negative
perception of e-sports, as 96% of them did not think this
form of leisure-time activity should be promoted. A com-
pletely different opinion was held by the respondents
with regard to active VR sports, as they all believed that
this form of activity should be promoted. Also, all inter-
viewed teachers declared that if they had the appropriate
equipment and software for active VR sport, they would
use this form of PA in PE lessons or extracurricular activ-
ities (Table 1).

Discussion

According to objective tests (HR monitoring), the par-
ticipants’ exercise intensity during virtual TT training
in both arcade and simulation modes was at a moder-
ate level. Therefore, it can be concluded that practicing
TT in VR should offer users health benefits, provided
regular training is undertaken as WHO classifies mod-
erate-intensity PA exercise as health-enhancing [38]. The
subjective perceptions of the participants assessed on
the Borg’s RPE (6—20) scale correlated significantly with
the objective measurements, although the teachers per-
ceived exercise as intense in the arcade mode and moder-
ate in the simulation mode. In terms of PA intensity, the
results of the present study are in line with those of previ-
ous studies. Previous authors evaluating PA in VR dur-
ing various forms of exercise also found moderate to even
high-intensity exercise and indicated its health-enhanc-
ing nature [16, 40—43]. However, a review of the available
literature shows that the level of intensity of virtual TT
training has not been assessed to date. However, when
comparing the intensity of PA while playing virtual and
real TT based on the HR,,, it can be concluded that both
efforts are similar. According to a systematic review that
analyzed the physiological demands of various racket
sports, HR,,, values while playing TT range between
103.9+£15.09 and 146+5.9 bpm [44]. The authors reached
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these conclusions after analyzing the results of seven
studies [45-51].

The significantly higher exercise intensity found in
the easier arcade mode compared to the more realistic
and more difficult simulation mode in our study is puz-
zling. It is difficult to compare this with other studies as
there are no studies in which the authors evaluated the
intensity of VR exercise according to the level of realism
of the application. Leaving aside the sense of realism, it
is possible to analyse the results obtained in the context
of the difficulty of the exercises, assuming that arcade
mode is easier than simulation mode. Studies by Naugle
et al. [41] showed that a higher level of difficulty of move-
ment tasks in VR favours an increase in exercise inten-
sity, which seems logical. The authors evaluated an AVRG
called Holopoint in which participants used controllers
as a bow and arrow to hit targets. When a target was hit,
players had to dodge the projectiles that were thrown in
their direction. The number of targets and the speed at
which they appeared increased with higher levels. How-
ever, an inverse relationship emerged from the present
research. The easier training mode (arcade) caused users
to exercise at a higher intensity than the more demand-
ing simulation mode, as confirmed by both objective
and subjective measurements. This can be explained by
the nature of playing TT, which is perceived as a techni-
cally difficult form of PA. The facilitation of strokes in the
arcade mode meant that it took longer for the ball to be
exchanged between the user and the virtual tennis player,
and therefore there were fewer interruptions in the game
that would reduce the intensity of PA. In the simulation
mode, there were more breaks and ball exchange time
was shorter. This observation may have important impli-
cations for the development of VR and AVRG training
applications such as Racket Fury based on technically
challenging movement activities. Indeed, the implemen-
tation of the arcade mode in these cases may contribute
to increasing the exercise intensity in VR, and thus inten-
sify its health-enhancing nature. The game mechanics
characteristic of the arcade mode, which facilitate the use
of the application, may also be useful for people who are
less physically fit, especially those with reduced motor
coordination. Forms of movement that are difficult to
perform may discourage users from exercising, so in the
initial phase of training, methods that make it easier to
perform movement tasks should be used.

Study participants rated their satisfaction with TT
training in VR highly, which is consistent with research
by other authors assessing the attractiveness of various
forms of exercise in a virtual environment [15, 16, 20, 21,
26, 27, 41, 42]. There are even reports that PA in VR can
induce greater flow than a similar form of training in the
real world [21]. When analysing the results obtained with
the PACES, it is worth noting that the teachers rated their
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satisfaction with the easier form of TT training in VR
(arcade mode) significantly higher compared to the more
difficult simulation mode. This is probably due to the fact
that the arcade mode favoured longer ball exchanges with
the virtual tennis player and was probably better suited
to the TT playing skills of the study participants. For
the level of exercise intensity estimated for both game
modes, it also appears that the higher participants’ sat-
isfaction rating occurs for training characterized by
higher exercise intensity and greater fatigue for the users.
Facilitating training in VR through the introduction of an
arcade mode can therefore both promote the intensity of
exercise in a virtual environment and improve its appeal.
This is undoubtedly a valuable tip for training application
developers in VR and AVRGs. My findings may, to some
extent, be confirmed by a study by Lemmens and von
Miinchhausen [52], which showed that matching users’
skills to the difficulty level of the popular rhythmic Beat
Saber AVRG increases the perceived level of satisfaction
and flow. On the other hand, a game option that is too dif-
ficult has the opposite effect. Frustration causes satisfac-
tion and the level of perceived flow during PA to reduce.
Interestingly, the overly easy form of the game did not
lead to the expected decrease in satisfaction and flow as a
result of boredom. A stronger sense of flow while playing
the game was also associated with higher physiological
arousal. Identification of the factors that influence satis-
faction with exercise in VR can be helpful in developing
software that users will enjoy using in the long term. It
should be born in mind that satisfaction is an important
motive for undertaking regular health-enhancing PA.
How people feel during exercise determines their future
training commitment [53]. The high level of satisfaction
of the study participants could also result from the inter-
action with the controller, which when playing virtual TT
is very realistic and resembles using a typical racket. In
addition, when the ball contacts the virtual racket, there
is a vibration that allows you to feel the ball, which gives
you the feeling of a real game. It should also be borne in
mind that the high rating of the attractiveness of virtual
training may have been influenced by the novelty of the
technology. Therefore, it would be worth conducting a
similar study in the future among people who use VR for
a longer period of time.

An important aspect of the study was the assessment of
the effect of short-term TT training in VR on the user’s
level of playing skills against a virtual opponent. It was
shown that a training session of just 20 min can signifi-
cantly affect a user’s performance and score in a virtual
match. This is likely to be because the user is quickly
adapting to the VR environment and taking their skills
to the next level in VR. Of course, research showing the
effect of TT training in VR on real-life playing perfor-
mance is of greater practical relevance and should be
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the subject of further research. The transfer of TT play-
ing skills from VR to the real world was investigated by
Michalski et al. [7]. The authors studied young adult TT
athletes (experimental group) and non-athletes (control
group) in VR using the Eleven: Table Tennis VR app. The
study included qualitative (expert assessment) and quan-
titative (target reflections) assessments in the real world
before and after a session of seven training sessions in VR
with a total duration of 3.5 h. VR training significantly
improved participants’ real-world TT performance com-
pared to a non-athlete control group in both quantitative
and qualitative assessments of skills. A similar study was
carried out by another group of researchers [8] using a
system they developed for TT training in VR. The study
found that after several training sessions in a virtual envi-
ronment, participants in the experimental group showed
significant improvements in the quality of TT strokes
in the real world, which was manifested in a significant
increase in the ball speed and a decrease in the height of
the balls hit over the net. No changes were observed in
the control group that did not participate in TT training
in VR. Given the rapid improvement of TT playing skills
in VR found during our study and the possible transfer
of skills acquired in the virtual environment to the real
world found in the studies mentioned above, the poten-
tial use of VR technology in the teaching of movement
skills should be taken seriously. This applies not only to
TT but also to other sports.

PE teachers that participated in the survey expressed a
positive attitude towards Racket Fury: Table Tennis VR
app and indicated its potential usefulness in PA and PE in
schools. Almost all of them expressed a desire to practise
TT in VR or would recommend others to practise this
form of PA, although the majority preferred typical TT
training in the real world. Teachers, on the other hand,
were convinced that practising TT in VR could provide
health benefits, supplement leisure-time PA and improve
users’ motor skills. It is worth noting that similar opin-
ions on the aforementioned issues were also expressed
by future PE teachers and promoters of health-enhanc-
ing PA, who evaluated another AVRG in our previous
study [16]. The PE teachers were mostly convinced that
the Racket Fury app could be a useful training tool, and
that using it could improve TT technique, especially in
beginner and intermediate TT players. They supported
this view with a number of convincing arguments, which
are presented in detail in the Results section. All teach-
ers were in agreement that AVRGs in multiplayer mode
should be promoted and used for inter-school sports
competitions as part of what is known active VR sports,
which is a beneficial alternative to the badly perceived
sedentary e-sports [54]. It is also worth noting the dec-
laration of all teachers that, given the right equipment
base, they would use active VR sports in PE lessons or
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extra-curricular activities. Analysis of the results of the
survey reveals that experienced PE teachers were very
complimentary about the application studied and the
possibility to use VR technology in training and PE in
school. This is quite surprising given that the respondents
declared that they had never played virtual TT and did
not use VR on a daily basis. It is likely that the experience
of VR training made a big impression on the teachers,
and their positive feedback may herald the use of modern
technologies such as VR in PA and PE in the near future,
especially as VR has been undergoing rapid development
in recent years.

Finally, it is worth mentioning other qualities of the
Racket Fury: Table Tennis VR app, which were not high-
lighted by the PE teachers. The exclusion of the human
factor can be considered beneficial in the initial phase of
teaching TT skills. At the beginning of the TT learning
process, athletes often do not know how to hit the ball
well, making it extremely difficult to exchange the ball
with an opponent during their first attempts to play with
athletes of similar skill, which can lead to frustration and
discontinuation of training. By contrast, playing against a
virtual opponent who is not wrong and can return every
ball, does not complain, does not get tired, and is patient,
the user can train comfortably, without stress or fear of
criticism. If, on the other hand, someone prefers to play
against a real opponent, they can use the multiplayer
mode and train or play against opponents from all over
the world.

Limitations

Undoubtedly, the present study has several limitations.
Among them, one can point to the method of assess-
ing intensity of PA, which was based on HR monitoring.
Optimally, a more precise indirect calorimetry method
could be used for this purpose. HR monitoring was cho-
sen because the study involved assessing different aspects
of exercise in VR. Not only was an objective measure-
ment of PA intensity made, but the severity of perceived
exertion was also assessed. The research also looked at
the effectiveness of training in VR, its attractiveness and
the respondents’ opinions on the usefulness of this form
of exercise in health-enhancing PA and PE. Therefore,
there was a risk that the masks used in calorimetry could
affect the subjective assessment of the participants as
wearing them is unpleasant and may even cause consid-
erable discomfort in some people. While pointing out the
limitations, one should also refer to the assessment of the
effects of short-term TT training in VR on performance
in playing against a virtual opponent. Research into the
transfer of skills acquired in VR to the real world would
undoubtedly be more valuable. However, this would
require the development of a suitable tool to assess play-
ing skills in a real-world environment, conducting several

(2024) 16:155

Page 12 of 14

training sessions and examining a control group. There-
fore, based on the results of our study, we should rather
infer the user’s ability to adapt quickly to the VR environ-
ment (which increased performance in playing with Al)
rather than a significant improvement in playing skills.
Furthermore, the use of the questionnaire designed by
the authors in the study can also be considered a limi-
tation, as it may make it difficult to compare the results
with those of other authors. It should be mentioned,
however, that the questionnaire was only an additional
element of the present study and no similar question-
naires have been used in previous studies in which PE
teachers would comment on AVGs and their potential
usefulness in PA or PE. Therefore, the responses of the
research participants can be considered valuable. Due to
the fact that virtual TT was a new experience for users,
it should be borne in mind that the obtained measure-
ment results regarding exercise intensity and their attrac-
tiveness may have been influenced by the newness of the
technology. Therefore, further research should be con-
ducted among users who systematically use VR.

Conclusions

In conclusion, the Racket Fury application used in VR
is characterized by a moderate (i.e., beneficial) exercise
intensity, with its level depending on the playing mode. In
the easier (arcade) mode, users train more intensively and
experience more fatigue than in the more difficult (simu-
lation) mode, but they feel more satisfaction with PA.
Therefore, facilitating strokes during a game of virtual
TT promotes increased intensity of exercise and makes
exercise more attractive. Short-term TT training in VR
improves the ability to play in a virtual environment,
which manifests itself in better results obtained by users
during matches against Al This is probably a manifesta-
tion of the rapid adaptation of users to the virtual envi-
ronment. PE teachers with many years of professional
experience spoke highly of the app tested and recognized
the potential for using VR technology in sports training
and PE in school.

Based on the results of the present study and the previ-
ously cited studies by other authors, it can be assumed
that exercise in VR will be increasingly used in health-
enhancing PA and PE, as it is characterised by an inten-
sity that guarantees health benefits, is attractive to users,
and is gaining recognition from experts. Due to the rapid
development of immersive information technologies,
it can also be assumed that VR training will become an
important supplement to conventional forms of PA in the
near future, and it is not excluded that it will be an alter-
native solution.
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