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ARTICLE INFO ABSTRACT

The aim of this research is to analyze the effectiveness of the
forehand smash training model in table tennis using virtual
Accepted: Dec 10, 2024 reality (VR) technology, especially for athletes aged 13-17 years.
This model consists of four components aimed at increasing
motivation: concentration, hand movement technique, waist
Keywords rotation, and standing position. Performance in VR-based
. forehand smash training was assessed using mixed model
Skills . : ) o :
analysis of variance. This analysis involved between-subject
Table Tennis factors (VR training group and control group) and within-subject
factors (pre- and post-training). This study involved 60
participants, who were divided into a VR training group (n = 30)
Physical Education and a control group without training (n = 30). During VR training
sessions, participants engage in competitive table tennis matches
against artificial intelligence-based players. An expert table
*Corresponding Author: tennis coach evaluates the participant's performance in real table
tennis before and after the training phase. Expert coaches assess
participants' forehand smashes in terms of quantitative aspects
(number of rallies without errors) and quality aspects of skills
(technique and consistency). The results of the research prove
that the application of the VR-based forehand smash training
model significantly improved the performance of table tennis
athletes compared to the control group without VR-based
forehand smash training, both in terms of quantitative
assessment (p <0.001, Cohen's d = 1.08) and assessment of skill
quality (p < 0.001, Cohen's d = 1.10). It was concluded that the
implementation of a VR-based smash forehand training model
significantly improved the performance of table tennis athletes.
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INTRODUCTION

Virtual Reality (VR) technology becomes a vital tool to help in a variety of daily activities and has
enormous potential for future development (Putranto et al., 2022; Zhou, 2020). In order to bring
about further benefits, including FDA-approved pain medications, several commercial sectors, like
the EaseVRx health industry, have already embraced VR (Putranto et al., 2022). VR was originally
applied in sports science, where it was utilized to simulate situations and enhance athlete
performance (Neumann et al., 2018). Even if a lot of sports organizations invest in virtual reality,
there isn't enough scientific data to support its efficacy (Neumann et al., 2018).

Virtual reality (VR) use in sports is thought to be a method to lower injury risk and increase
accessibility and mobility while training (Cotterill, 2018). It's unclear, though, if VR can foster skill
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development outside of its particular practice and how successful it is in comparison to other
teaching techniques. (Arndtetal., 2018). Particularly in the development of improved design learning
for athletes during the design of traditional exercises, it is critical to evaluate whether the time,
money, and effort invested in VR is equal to the outcomes received (Arndt et al., 2018).

At first, limitations like bad weather, a lack of training facilities, and specific seasonal barriers
hindered sports teaching and training. VR is therefore viewed as a way to get around these limitations
and increase training effectiveness using extra digital tools (Stone et al., 2018).

Table tennis, as a rocket sport, is heavily influenced by technology that supports performance. (He &
Fekete, 2021; Fuchs et al, 2018). High-level players require technical skills such as forehand,
backhand, smash, and push. (Wu et al., 2021). Forehand drive training became the main focus of the
trainer for beginners, but the challenge arose due to the lack of variation in the training model and
the difficulty of the athlete in mastering basic techniques (Pane et al., 2021).

Effective training methods for forehand beats can include multiball training, skill tests, and the use
of VR technology. (Budi & Arwand, 2020; Sari & Antoni, 2020; Zhu et al., 2023). Although VR has been
applied in sports including table tennis, its effectiveness requires further evaluation, including
measurement through test and situation simulation (Pagé et al., 2019; Witte et al. 2022).

In addition to improving technical skills, the use of VR in sports can help in decision-making, tactical
training, and even minimize the risk of injury. (Tsai et al., 2022; Nambi et al,, 2020). With the growing
popularity of VR, it is seen that this technology can be an effective and versatile training tool in sports
such as table tennis. (Michalski et al., 2019).

VR utilized in sports allows tailored training for technical-tactical and motor skills, without limitation
by time and place, versus opponents or specified situations (Akbas et al., 2019). Virtual reality also
lessens interference in intricate research with intricate subjects or techniques. According to Pereira
etal. (2018), virtual reality simulation offers precise control and synchronization of every component
in the experiment and may be repeated and compared across many trials.

The creation of the forehand kick training model in the context of table tennis highlights the
environment's capacity to serve as an efficient resource for development, offering the variety and
obstacles required to advance novice athletes' abilities (Pane et al., 2020).

Numerous earlier studies have indicated that the forehand Kkick is crucial to table tennis (Johor &
Rahmadiky, 2020; Safari et al, 2018). An athlete's hand can be coordinated to hit the ball
appropriately with the use of proper training techniques. Tests, such as those administered to table
tennis players to gauge their forehand skill, can be used to assess forehand ability (Sari & Antoni,
2020). Besides, in order to the accuracy of the forehand stroke, one should try to implement the form
of exercise using two tables (Herliana, 2019).

Exercises with a lot of balls (multiball) can also be used to improve forehand kicking skills (Budi &
Arwand, 2020) and backhand kicking in table tennis (Falahi & Andrijanto, 2019). Teaching the
forehand kicking technique more effectively (Nurdianti et al.,, 2018; Sukamto, 2017). In fact, the
method of training with a lot of balls is more significant in frequency in the table tennis exercise than
the shadow training method (Setyawan et al., 2018)(Zhu et al., 2023).

Forehand kick training models can also take advantage of a variety of media, such as movies
(Dehkordi, 2017). The kinematics of the lower extremities during the forehand loop topspin varied
significantly amongst different levels of table tennis athletes, according to the study (Zhu et al., 2023)
which can aid in the development of technical training for trainers and performance enhancement
for athletes. Four primary components have been established around the idea of forehand kick
training: ball shadow, ball roll, multiball MP, and multiball DP (Pane et al., 2020).
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In recent years, table tennis technology has been evolving, including a change in the ball diameter
from 38 mm to 40+ mm (Zhu et al., 2023). Professional table tennis athletes face difficulties in scoring
live in one round of matches (Yu, 2022; Zhang et al., 2018). In order to test the variations in forehand
loop skills amongst beginners, the study (Wu et al,, 2021) constructed an intelligent table tennis e-
training system based on a neural network model that detects data from sensors built into the arm
tire device.

Certain real-world sports activities can be adapted into virtual settings to get over physical space
restrictions as virtual reality technology grows in popularity. It has been demonstrated that some
users' real-life performance improves when they exercise in virtual reality. Virtual gaming and
practice allows users to stay amused while simultaneously improving their physical and general
health. (Hiilsmann et al.,, 2018; Liu et al., 2020).

Virtual reality (VR) technology has been used in many sports, including table tennis, basketball, and
football. There are several ways to use virtual reality (VR) technology in sports education and
training, including head-mounted display (HMD) systems, head tracking systems, and motion-based
video games (MBVG) (Kittel et al, 2020)(Soares et al, 2021). Based on evaluations of virtual
environment scores (VEA), sense of presence (IPQ), and correlation of the presence in the VR
environment, some studies quantify the efficacy of soccer simulations in VR environments (Ferrer et
al,, 2020).

The use of virtual reality as a training medium has a substantial impact on user development, as
demonstrated by numerous studies. In this situation, the training tool's purpose extends beyond
merely honing abilities in a virtual setting via Head-Mounted Displays (HMDs). VR training is
beneficial for decision-making, tactical training, and users with certain medical concerns. The study
came to the conclusion that it was impossible to generalize the training video delivery approach
utilizing the main monitor because it could divert attention. Conversely, in the study's setting, seeing
a video through virtual reality enhanced comprehension and decision-making skills (Pagé et al,
2019).

For tactical training, the use of VR as a personal basketball trainer is a very in-depth VR interaction
system that can improve the effectiveness of tactical trainings (Tsai et al., 2022). Training in a natural
setting using VR technology also has the benefit of lowering the chance of damage. Virtual reality
(VR) training may be appropriate for athletes with particular medical histories. VR training systems
also assist injured athletes in lessening their discomfort, maintaining better health, and maintaining
peak performance (Nambi et al., 2020). VR training has proven to be very significant in the sporting
world to improve motor behavior and train specific situations in standard conditions (Witte et al.,
2022). Some studies analyze the effects of VR training in some sports, such as table tennis (Michalski
etal,, 2019).

Proficient table tennis players should focus closely on honing this kicking technique in order to
maintain its quality and stability and bolster its application in actual matches. (Zhu et al., 2023). Table
tennis is a sport that requires open skills. Sports with open skills are sports in which players have to
respond in an environment that is constantly changing, unpredictable, and influenced by external
factors (Wang et al., 2018), usually involving the presence of opponents.

In particular, table tennis demands quick decision-making, flexibility in visual attention, and quick
interceptive action in reaction to opponents engaging. (Michalski et al., 2019). There is some research
that supports the idea that basic closed skills can be transferred from VR to the real world (Gray,
2017), It is unknown if more sophisticated open skills which are essential in games like table tennis
can be developed with VR.

This approach is also in line with the spirit of Makassar State University in providing an education
that is adaptive and relevant to the development of the times. This article will explain the steps and
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process of VR development aimed at improving the table tennis skills of students of Jasmani
Education at Makassar State University, digging the potential of the application of this technology in
the context of sports education.

MATERIALS AND METHODS
Materials
Virtual Reality

Virtual Reality (VR) technology is one of the promising technologies with great potential for future
development (Putranto et al., 2022). Virtual reality (VR) technology is one of the fields with the most
promising potential for future development (Zhou, 2020). Computer experts in several industries are
integrating VR technology to boost their bottom line. One such field is the health sector, where
EaseVRx is used. The FDA authorized the prescription-only analgesic for adult use (Putranto et al,,
2022).

Since the advent of virtual reality (VR), people have been able to behave and interact in more realistic
settings with relative ease and affordability because to the technology's rapid expansion and
emergence (Diiking et al,, 2018). VR is the first technology to be used in sports research. VR involves
the creation of computer-simulated environments with the aim of immersing individuals in a way
that makes them feel mentally or physically present in different locations (Neumann et al.,, 2018).

Virtual reality (VR) technology is marketed to athletes as a way to lower their risk of injury during
training. VR systems' enhanced mobility and accessibility in sports have sparked interest in using
them to improve athlete performance (Cotterill, 2018). However, there is currently little scientific
data to guide and support the VR system's application, despite the fact that many sports
organizations have invested in it (Neumann et al., 2018).

It is not clear whether the VR system develops skills and expertise outside the specific practice
context in which it is applied, and how the effectiveness of VR is compared to other learning and
training methods. While there may be some benefits for the athlete, the assessment needs to be made,
whether the VR system is worth the time, money and effort involved in its implementation. It is
important to understand whether such time, cash, and effort can be invested better in developing
enhanced design learning for athletes during traditional training designs (Arndt et al., 2018).

The majority of sports instruction and training takes place in wide areas with lots of obstacles.
Unpredictable weather, intense or specialized training facilities that are only appropriate for select
individuals, and additional challenges unique to a given season. (Arndt et al., 2018). These obstacles
influenced the concept of virtual reality training and sports education. Using virtual technology in
training sessions can help overcome numerous challenges associated with routine training and
increase the effectiveness of training with extra digital tools (Stone et al., 2018).

Table Tennis

Table tennis is a rocket sport (He & Fekete, 2021) whose technology is considered an important
factor in performance (Fuchs et al, 2018; Yang et al, 2021). Table tennis requires a variety of
technical skills, including push, smash, forehand, and backhand (Wu et al., 2021). A proficient table
tennis player can hit the ball quickly and is prepared to beat the subsequent ball (Qian et al., 2018).
One of the most crucial table tennis techniques is kicking because if players don't get the hang of it,
they risk losing the game (Pane et al,, 2021).

The development of a virtual table tennis environment is a key step in creating an effective and
realistic learning experience. In this environment, planning should pay attention to the details of the
table tennis court, the characteristics of the player, and other elements that support learning.
Attractive and accurate graphic design choices will enhance immersion, creating nuances similar to
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real fields. In addition, authentic sound integration and ball sound effects can enrich the user
experience, help in movement detection and provide realistic feedback. Development continuity also
includes training difficulty level adjustments, challenge scenarios, and variation of game conditions
to improve player flexibility and adaptability. By detailing each of these aspects, developing a virtual
table tennis environment can create a platform that supports the development of physical education
students' skills at state universities in an innovative and fun way.

Virtual Reality (VR) development to enhance table tennis skills involves a series of steps to create an
effective and exciting learning experience. First of all, in the development phase, the design of the
virtual environment is carefully observed, including the modeling of the table tennis court, the
character of the player, and the relevant visual elements. The integration of motion tracking
technology is also an important part, ensuring that player motion responses can be reproduced
accurately.

After the prototyping of the VR, the evaluation phase was conducted involving students of physical
education as test participants. The evaluation included in-depth analysis of the realism of the virtual
environment, the accuracy of motion tracking, and feedback responses. Furthermore, these
evaluations form the basis for improvement measures.

Improvements are made by taking into account every aspect assessed during the evaluation. This can
include graphical upgrades to enhance realism, adjustment of the difficulty level of the training to
match the student's skill level, as well as optimization of feedback to provide more effective guidance.
During this process, the participation of students and table tennis instructors is highly appreciated
for obtaining a direct perspective from key stakeholders. This ongoing evaluation and improvement
process enables quick adjustment to user needs and feedback. VR development not only creates a
realistic virtual environment, but also ensures that the solution is truly effective in helping students
of physical education improve their table tennis skills.

The application of Virtual Reality in entertainment can be seen from the variety of VR-based games
that have been developed. VR technology supports an increasingly real gaming experience so that
users can play as if they were in the environment of the game. Virtual reality technology can also be
applied to the field of sports. Various sports can be played using VR as if users were playing in a real
sports field. One of the sports that can be played with VR is table tennis, as in the picture.

Methods

A total of 60 table tennis athletes aged between 13 and 17 took part in the investigation and were
taken into account in the analysis (Mage = 21.81, SD = 3.58). Thirty participants each were assigned
to a VR training group and a control group. Table 1 shows the primary attributes of the individuals
in the VR training group and control group.

Table 1. Main characteristics of participants in VR training groups and control groups

Variable VR Training Control

N 30 30

Mean age (+SD) 22.07 (4.27) 21.54 (2.75)

Gender Male = 18 Male = 16
Female=11 Female =12

Hand preference (Nicholls et Right (n = 29) Right (n = 28)

al,, 2013)*

Average days from pre-test 25.17 (6.86) 23.25 (3.58)

to post-test (+ SD)**

There were no participant injuries, limitations, or other issues that would have precluded them from
participating in this study. The Snellen Eye Chart, RAF Rule, and Fonda Anderson Reading Chart were
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among the tests used to examine the participants in order to determine whether they had normal or
corrected visual acuity to normal vision. By using the Butterfly Stereo Accuracy Test, participants in
the VR training group have normal or corrected stereo acuity to normal (Vision Assessment
Corporation, 2007). There was not a single player that played table tennis competitively.

RESULTS
Quantitative Assessment

Time (pre- and post-test) is used as a factor in the subject and group (VR training and control) is used
as an inter-subject factor in an ANOVA mix. This test passes the condition of homogeneity of variance
because Levene's Test is insignificant. As a result, it is expected that the same variance exists. Time
and group had significant primary effects (F(1, 55) = 86.47, p <.001, partial Eta2 =.611) and p =.003.
Additionally, there is a significant interaction effect (F(1, 55) = 23.66, p <.001) between group and
time. See Figure 2 for partial Eta2 =.301.

A series of post-hoc corrected Bonferroni post hoc corrected by Bon Ferroni was conducted in order
to further explore significant interactions. For certain comparisons involving four variables, bon
ferroni adjustments (a =.0125) were used. The test-t sample pairings showed that both the control
groups' and VR training's real-world table tennis performance improved dramatically both before
and after the test. The post-test score for the VR training group was M = 189.93 (SD = 80.68)
compared to M = 92.46 (SD = 42.25) on the pre-test (t(28) = -7.8, p <.001). Cohen's d came out at
1.70. T(27) = -5.6, p <.001) The control group's score increased from M = 80.62 (SD = 53.93) on the
pre-testto M = 111.14 (SD = 63.47) on the post-test.

The VR training group (M = 92.46, SD = 42.25) and the control group (M = 80.62, SD = 53.93) did not
differ significantly on the pre-test of the quantitative assessment, according to an independent
sample t-test (t(55) =92, p =.359).

An independent sample t-test revealed that during the post-test, individuals in the VR training group
(M = 189.93, SD = 80.68) scored considerably higher than participants in the control group (M =
111.14, SD = 63.47) on the quantitative evaluation, t (55) = 4.08, p <.001. Cohen's d came to 1.08.

Test-retest reliability. Test-retest reliability was assessed by correlating the pre-test and post-test
scores of the control group. Based on (Hopkins, 2015), the intraclass correlation coefficient (ICC 3.1)
is 0.89. Thus, ICC shows good test-retest reliability.
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assessments.
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Quality of Skills Assessment

On the quality of skills assessment, an independent sample t-test showed that participants in the VR
training group had change scores on the quality of skills assessment (M = 7.37, SD = 2.24) that were
substantially higher than those of participants in the control group (M = 4.46, SD = 2.97), t (55) =
4.18, p <.001. Cohen's d = 1.10.

A one-sample t-test reveals that the VR training group's scores (M = 7.37, SD = 2.24, (t (28) = 17.71,
p <.001), as well as the control group's (M = 4.46, SD = 2.97, (t (27) = 7.94, p <.001), are significantly
different from zero, indicating no change from pre-test to post-test.

Figure 3 displays the average change in participants' scores from the pre-test to the post-test
depending on groups and the overall variations in skill assessment quality between groups.

The quality of skills evaluation and the changes in participant scores in the quantitative assessment
had a substantial positive link, according to Pearson correlation analysis (r(55) =.74, p <.001). Of the
variance, 54.6% was explained by the connection.

10

9 p<.001

Mean Score for assessing the quality of skills
(9]

VR Training Control Group

Figure 3. Quality of skill assessment. Total average (* standard error) change in the skill
assessment quality scores between the pre-test and post-test for the VR training group (dark
gray) and the control group (young grey).

DISCUSSION

The transfer effects of virtual reality table tennis training on actual table tennis performance are
investigated in this study. According to the hypothesis, real-world table tennis play greatly improved
over a control group that did not get any training in both quantitative elements and overall skill
quality. These results add to the small but expanding body of research on the application of virtual
reality (VR) to the learning and improvement of sports skills.

As one of the first studies looking into the transfer of VR training to sports, it is first important to
show that the advantages outweigh the drawbacks as compared to no training at all. According to
recent research, there is benefit to adopting virtual reality (VR) as an additional training tool,
particularly in circumstances when instruction is logistically challenging to administer or impractical

22005



Jusrianto et al. Effectiveness of Virtual Reality-Based Forehand Smash Training Model

in real life. Future studies could take VR for skill levels and other training contexts into account,
broadening the breadth of existing findings.

One noteworthy finding was that from the pre-test to the post-test, participants in both groups
showed improvement. Quantitative tests showed gains for 93.1% (27/29) of the VR training group's
participants, but there were also improvements for 85.7% (24/28) of the control group's participants
who did not receive the training. Based on self-report, the control group did not get any training in
table tennis. The control group may have improved greatly because they were given the evaluation
more than once, got to know the instructions better, and had more time to consider how to do the
job. Given that it is unknown why individuals improved in spite of not receiving formal instruction,
this emphasizes the value of having a control group.

It is well established that a student's traits affect how well they learn (Baldwin & Ford, 1988). The
expertise level of participants in the sport under evaluation is one of the key factors that should be
taken into account when it comes to sports training. However, none of the sample's members have
any prior experience playing table tennis. Therefore, the question of whether VR training will be
beneficial for competitive and advanced players is unanswered by this study. It is possible that an
experienced player will detect a subtle distinction in stroke times, reflections, rounds, and ball
connections between virtual reality games and traditional games, even though novices may find the
game physics to be realistic. If this is the issue, competitive players may even have negative or poor
efficiency transfer from training to the actual world (Baldwin & Ford, 1988; Rose et al., 2000).
Additionally, it would be highly beneficial to research the traits of other people that are known to
influence transfer, like motivation, personality, and cognitive ability (Sackett et al., 1998).

The participants in this study were not players of table tennis who competed, nor did they get any
advice or suggestions on how to get better. It can be advantageous for participants to get one-on-one
skill-improvement instruction from the appraiser in the future. When it comes to using virtual reality
(VR) in the real world, some experts believe it could be most beneficial when utilized as an additional
training tool for people who are already knowledgeable and experienced in sports (Miles et al., 2012).
When users can apply the proper forms and tactics in a realistic gaming environment, this is maybe
when VR will be most useful as a training tool. Future studies looking at persons with varying degrees
of experience can shed light on who gains the most from training in a virtual environment.

The study's training tools might be highly beneficial due to the efficient fusion of open-ended and
adaptive skills training in virtual reality. Since both adaptive training (Gray, 2017) and open skill
training (Wang et al., 2018) have been demonstrated to improve performance outcomes, we propose
that the combination of these two training methods significantly influences how participants' skills
develop in virtual reality. We felt it was crucial for players to be able to hone their talents in virtual
reality because table tennis is really an open-ended skill sport. It would be helpful to find out if
participants in VR training improve as competitive gamers against Al, as the training involves playing
against Al. But this is outside the purview of this investigation.

One of the first studies to look into the transfer of sports training from VR with HMD is ours. When
comparing VR training groups to control groups that did not get any training, we can show transfer;
nevertheless, there are a few things to take into account for more research. These variables include
skill quality and quantitative assessment, which use a range of table tennis skills to gauge changes in
participants' abilities. However, they do not assess all table tennis beats, such as drive, flick, and
smash, and they are not grounded in objective measurements like eye movement measurements or
video-based motion tracks (Streuber et al., 2012)(Piras et al., 2016).

Due to the absence of real-world training groups, this study was unable to evaluate the efficacy of VR
sports training to traditional training methods. While these issues can be addressed to provide more
thorough evaluations in subsequent studies, the metrics included in this analysis enable the
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conclusion that VR training can be utilized to help novices improve their fundamental table tennis
abilities.

This exam was created recently to evaluate transfer. Validity and dependability need to be considered
in this investigation. To guarantee the legitimacy of the material, the creators of the table tennis exam
conferred with specialists from Table Tennis Indonesia. The fact that these assessments evaluate
what they are supposed to measure real-world table tennis skills gives them additional face validity.
This test's quantitative measurements show strong test-retest reliability, as seen by its 0.89
intraclass correlation coefficient.

A disadvantage of this study approach resides in our inability to remark on the intrinsic
trustworthiness of the qualitative assessments. We decided to employ a single, very skilled table
tennis coach in order to maintain uniformity in the evaluation of players' talents. As a result, it is
impossible for us as researchers to determine how much other raters would concur with our
evaluation of skill quality. As a result, even although quantitative evaluation results show a high
degree of dependability, qualitative findings may not be as broadly applicable as they may be.

Even though the VR training group showed a favorable transfer impact in this study, it is still unclear
what caused the benefit. It was unclear from comparing the VR training group's results to those of
the no-training control group whether the noted improvements were due to the training itself or to
the emergence of more general cognitive abilities like improved eye-hand coordination and quicker
reaction times. It might be beneficial for future research to include a control group that participates
in VR training inside a comparable tabletop sports environment. One may, for instance, compare the
effectiveness of VR table tennis training to that of a control group practicing VR air hockey or another
table sport. This aims to maintain consistency in variables except movements related to sports
activities.

In order to determine whether the gain in abilities is due to the simulation of table tennis or, more
broadly, the skills learned in the VR environment—such as eye coordination—comparisons between
VR table tennis and other VR table sports are helpful. Determining the elements linked to enhanced
abilities in table tennis in the actual world might provide light on the benefits of creating sports-
specific VR training programs.

CONCLUSION

The study's findings demonstrated the efficacy of VR-based smash forehand training, demonstrating
a noteworthy enhancement in table tennis participants' performance across the board following VR
training in contrast to the untrained group. The study adds to the small but growing body of research
on the application of virtual reality (VR)-based sports training in table tennis. This study is among
the first to investigate the potential for open talents to be transferred into actual sporting situations,
which may encourage more research.

A suggestion for future research to involve some extensive and deeper aspects. First, it is necessary
to investigate whether skills improvements that occur in VR environments have a significant
correlation with real-world improvements. Furthermore, it is necessary to determine to what extent
VR training can be equivalent or even more effective than conventional training in the real world.
Further research is needed to understand whether VR training benefits individuals of different skill
levels. It's also important to investigate the factors that drive the positive effects behind the VR
training.

Subsequent studies might examine if the transfer of abilities is exclusive to table tennis or if fast-
paced virtual reality training can benefit other sports disciplines as well. Further investigation into
this unexplored field suggests that virtual reality (VR) is not just a toy; rather, it has the potential to
greatly enhance the development of abilities and performance in a real-world setting.

22007



Jusrianto et al. Effectiveness of Virtual Reality-Based Forehand Smash Training Model

REFERENCES

Arndt, S., Perkis, A., & Voigt-Antons, J. N. (2018). Using virtual reality and head-mounted displays to
increase performance in rowing workouts. MMSports 2018 - Proceedings of the 1st
International Workshop on Multimedia Content Analysis in Sports, Co-Located with MM
2018, 26, 45-50. https://doi.org/10.1145/3265845.3265848

Baldwin, T. T., & Ford, ]J. K. (1988). Transfer of Training: a Review and Directions for Future Research.
Personnel Psychology, 41(1), 63-105. https://doi.org/10.1111/j.1744-
6570.1988.tb00632.x

Budi, S., & Arwand, J. (2020). Pengaruh Metode Latihan Multiball Terhadap Ketepatan Pukulan
Forehand Dan Backhand Drive Dalam Permainan Tenis Meja. Jurnal Patriot, 2(2), 503-514.

Cotterill, S. T. (2018). Virtual Reality and Sport Psychology: Implications for Applied Practice. Sport
and Exercise Psychology, 2(1), 21-22. https://doi.org/https://doi.org/10.1123 /cssep.2018-

0002
Dehkordi, A. G. (2017). The effect of instructional-aid films on learning of table tennis techniques.
Procedia - Social and Behavioral Sciences, 15, 1656-1660.

https://doi.org/10.1016/j.sbspro.2011.03.348

Diiking, P., Holmberg, H., & Sperlich, B. (2018). The Potential Usefulness of Virtual Reality Systems
for Athletes: A Short SWOT Analysis. Frontier in Physiology, 9(March), 1-4.
https://doi.org/10.3389/fphys.2018.00128

Falahi, M. Q., & Andrijanto, D. (2019). Pengaruh Metode Latihan Mulltiball Terhadap Keterampilan
Pukulan Drive Pada Ekstrakurikuler Tenis Meja. Jurnal Pendidikan Olahraga Dan Kesehatan,
07(03), 291-296.

Ferrer, R, Shishido, H., Kitahara, I., & Kameda, Y. (2020). Read-the-game: System for skill-based visual
exploratory activity assessment with a full body virtual reality soccer simulation. PLoS ONE,
15(3). https://doi.org/10.1371/journal.pone.0230042

Fuchs, M,, Liu, R,, Lanzoni, I. M., Munivrana, G., Tamaki, S., Yoshida, K., Zhang, H., Lames, M., Fuchs, M,,
Liu, R, Lanzoni, I. M., Munivrana, G., Fuchs, M,, Liu, R., Malagoli, 1., Munivrana, G., Straub, G.,
Tamaki, S., & Yoshida, K. (2018). Table tennis match analysis: a review. Journal of Sports
Sciences, 00(00), 1-10. https://doi.org/10.1080/02640414.2018.1450073

Gray, R. (2017). Transfer of Training from Virtual to Real Baseball Batting. Frontier in Physiology,
8(2183). https://doi.org/doi:10.3389/fpsyg.2017.02183

He, Y., & Fekete, G. (2021). The Effect of Cryotherapy on Balance Recovery at Different Moments after
Lower Extremity Muscle Fatigue. Physical Activity and Health, 5(1), 255-270.
https://doi.org/10.5334/PAAH.154

Herliana, M. N. (2019). Pengaruh Bentuk Latihan Menggunakan Dua Meja Terhadap Ketepatan
Forehand dalam Permainan Tenis Meja. Journal of S.P.O.R.T Sport, Physical Education,
Organization, Recreation, Training, 3(2), 93-98.

Hopkins, W. (2015). Spreadsheets for analysis of validity and reliability. Sportscience, 19(1), 36-42.

Hiilsmann, F., Gopfert, ]. P., Hammer, B., Kopp, S., & Botsch, M. (2018). Classification of motor errors
to provide real-time feedback for sports coaching in virtual reality — A case study in squats
and Tai Chi pushes. Computers and Graphics (Pergamon), 76, 47-59.
https://doi.org/10.1016/j.cag.2018.08.003

22008



Jusrianto et al. Effectiveness of Virtual Reality-Based Forehand Smash Training Model

Johor, Z., & Rahmadiky, I. (2020). The Contribution of Hand-Eye Coordination and Arm Muscle
Strength on Punch Ability of Forehand Drive of Table Tennis Athletes. Advances in Social
Science, Education and Humanities Research, 460(Icpe 2019), 81-83.
https://doi.org/10.2991/assehr.k.200805.024

Kittel, A., Larkin, P., Elsworthy, N., Lindsay, R., & Spittle, M. (2020). Effectiveness of 360° Virtual
Reality and Match Broadcast Video to Improve Decision-making Skill. Science and Medicine
in Football, 0(0), 1-24. https://doi.org/10.1080/24733938.2020.1754449

Liu, H., Wang, Z., Mousas, C., & Kao, D. (2020). Virtual Reality Racket Sports: Virtual Drills for Exercise
and Training. Proceedings - 2020 IEEE International Symposium on Mixed and Augmented
Reality, ISMAR 2020, 566-576. https://doi.org/10.1109/ISMAR50242.2020.00084

Michalski, C. S., Szpak, A., Saredakis, D., Ross, T. ], Billinghurst, M., & Loetscher, T. (2019). Getting your
game on: Using virtual reality to improve real table tennis skills. PLoS ONE, 14(9), 1-14.
https://doi.org/https:// doi.org/10.1371/journal.pone.0222351

Miles, H. C, Pop, S. R, Watt, S. ], Lawrence, G. P.,, & John, N. W. (2012). A review of virtual
environments for training in ball sports. Computers and Graphics (Pergamon), 36(6), 714-
726. https://doi.org/10.1016/j.cag.2012.04.007

Nambi, G., Abdelbasset, W. K, Elsayed, S. H., Alrawaili, S. M., Abodonya, A. M., Saleh, A. K., & Elnegamy,
T. E. (2020). Comparative Effects of [sokinetic Training and Virtual Reality Training on Sports
Performances in University Football Players with Chronic Low Back Pain-Randomized
Controlled Study. Evidence-Based Complementary and Alternative Medicine, 2020, 1-10.
https://doi.org/https://doi.org/10.1155/2020/2981273

Neumann, D. L., Moffitt, R. L., Thomas, P. R, Loveday, K., Watling, D. P., Lombard, C. L., Antonova, S., &
Tremeer, M. A. (2018). A systematic review of the application of interactive virtual reality to
sport. Virtual Reality, 22(3), 183-198. https://doi.org/10.1007/s10055-017-0320-5

Nicholls, M. E. R,, Thomas, N. A, Loetscher, T., & Grimshaw, G. M. (2013). The flinders handedness
survey (FLANDERS): A brief measure of skilled hand preference. Cortex, 49(10), 2914-2926.
https://doi.org/10.1016/j.cortex.2013.02.002

Nurdianti, S., Mudian, D., & Aris Risaynto. (2018). Pengaruh Metode Latihan Multiball dan Latihan
dengan Pemain Lain Terhadap Ketepatan Forehand Drive pada Siswa Ekstrakulikuler Tenis
Meja SMA Negeri 1 Jalancagak Tahun 2018. BIORMATIKA Jurnal Ilmiah FKIP Universitas
Subang, 4(02), 25-37.

Pagé, C., Bernier, P., & Trempe, M. (2019). Using video simulations and virtual reality to improve
decision-making skills in basketball. Journal of Sports Sciences, 00(00), 1-8.
https://doi.org/10.1080/02640414.2019.1638193

Piras, A., Lanzoni, I. M., Raffi, M., Persiani, M., & Squatrito, S. (2016). The within-task criterion to
determine successful and unsuccessful table tennis players. International Journal of Sports
Science and Coaching, 11(4), 523-531. https://doi.org/10.1177/1747954116655050

Putranto, J. S., Heriyanto, J., Kenny, Achmad, S., & Kurniawan, A. (2022). Implementation of virtual
reality technology for sports education and training: Systematic literature review. Procedia
Computer Science, 216, 293-300. https://doi.org/10.1016/j.procs.2022.12.139

Qian, ], Zhang, Y., Baker, J. S., & Gu, Y. (2018). Effects of performance level on lower limb kinematics
during table tennis forehand loop. Acta of Bioengineering and Biomechanics, 18(3), 149-155.
https://doi.org/10.5277/ABB-00492-2015-03

22009



Jusrianto et al. Effectiveness of Virtual Reality-Based Forehand Smash Training Model

Rose, F. D., Attree, E. A, Brooks, B. M., Parslow, D. M., & Penn, P. R. (2000). Training in virtual
environments: Transfer to real world tasks and equivalence to real task training. Ergonomics,
43(4), 494-511. https://doi.org/10.1080/001401300184378

Sackett, P. R,, Gruys, M. L., & Ellingson, J. E. (1998). Ability-personality interactions when predicting
job performance. Journal of  Applied Psychology, 83(4), 545-556.
https://doi.org/10.1037/0021-9010.83.4.545

Safari, L., Suherman, A., & Ali, M. (2018). The Effect of Exercise Method and Hand-Eye Coordination
Towards the Accuracy of Forehand Topspin in Table Tennis. IOP Conf. Series: Materials
Science and  Engineering, 180(1), 1-11.  https://doi.org/doi:10.1088/1757-

899X/180/1/012207
Sari, D. N., & Antoni, D. (2020). Analisis kemampuan forehand drive atlet tenis meja. Edu Sportivo:
Indonesian Journal of Physical Education, 1(1), 60-65.

https://doi.org/10.25299/es:ijope.2020.vol1(1).5253

Setyawan, E., Safari, 1., & Akin, Y. (2018). Perbandingan Latihan Shadow Dengan Latihan Multiball
Terhadap Frekuensi Pukulan Forehand Drive Tenis Meja. Sportive, 1(1), 241-250.

Soares, M. M., Rosenzweig, E., & Marcus, A. (2021). Design, User Experience, and Usability: Design for
Diversity, Well-being, and Social Development. Springer.

Steuer, J. (1992). Defining Virtual Reality: Dimensions Determining Telepresence. Journal of
Communication, 42(4), 73-93. https://doi.org/10.1111/j.1460-2466.1992.tb00812.x

Stone, |. A, Strafford, B. W., North, |. S., Toner, C., & Davids, K. (2018). Effectiveness and efficiency of
virtual reality designs to enhance athlete development: An ecological dynamics perspective.
Movement and Sports Sciences - Science et Motricite, 2018(102), 51-60.
https://doi.org/10.1051/sm/2018031

Streuber, S., Mohler, B. |, Biilthoff, H. H., & Rosa, S. de la. (2012). The Influence of Visual Information
on the Motor Control of Table Tennis Strokes. Presence: Teleoperators & Virtual
Environments, 21(3), 281-294. https://doi.org/10.1162 /PRES

Sukamto, A. (2017). Comparison of Training Methods and Motoric Skills to Exercise Results of Drive
ShotTechnique at Table Tennis. International Journal of Science & Engineering Development
Research, 2(10), 39-41. https://www.ijsdr.org/viewpaperforall.php?paper=IJSDR1710010

Szpak, A., Michalski, S. C,, Saredakis, D., Chen, C. S. W., & Loetscher, T. (2019). Beyond Feeling Sick:
The Visual and Cognitive Aftereffects of Virtual Reality. In Flinders Medical Center. Flinders
University.

Tsai, W., Pan, T., & Hu, M. (2022). Feasibility Study on Virtual Reality Based Basketball Tactic Training.
[EEE  Trans Vis Comput Grap, 28(8), 2970-2982. https://doi.org/doi:
10.1109/TVCG.2020.3046326

Wang, C. H,, Chang, C. C, Liang, Y. M., Shih, C. M., Chiu, W. S,, Tseng, P., Hung, D. L., Tzeng, O. ]. L,
Muggleton, N. G., & Juan, C. H. (2018). Open vs. Closed Skill Sports and the Modulation of
Inhibitory Control. PLoS ONE, 8(2), 4-13. https://doi.org/10.1371/journal.pone.0055773

Witte, K., Droste, M., Ritter, Y., Emmermacher, P., Masik, S., Biirger, D., & Petri, K. (2022). Sports
training in virtual reality to improve response behavior in karate kumite with transfer to real
world. Frontiers in Virtual Reality, 3(September), 1-10.
https://doi.org/10.3389/frvir.2022.903021

Wu, W. L, Liang, ]. M., Chen, C. F,, Tsai, K. L., Chen, N. S,, Lin, K. C., & Huang, L. ]. (2021). Creating a
scoring system with an armband wearable device for table tennis forehand loop training:

22010



Jusrianto et al. Effectiveness of Virtual Reality-Based Forehand Smash Training Model

Combined use of the principal component analysis and artificial neural network. Sensors,
21(11), 1-13. https://doi.org/10.3390/s21113870

Yang, X., He, Y., Shao, S., Baker, ]. S, Istvan, B.,, & Gu, Y. (2021). Gender differences in kinematic analysis
of the lower limbs during the chasse step in table tennis athletes. Healthcare (Switzerland),
9(6), 1-13. https://doi.org/10.3390/healthcare9060703

Yu, L. I. N. (2022). Development of Badminton- specific Footwork Training from Traditional Physical
Exercise to Novel Intervention Approaches. Physical Activity and Health, 6(1), 219-225.
https://doi.org/https:// doi.org/10.5334 /paah.207

Zhang, H., Zhou, Z,, & Yang, Q. (2018). Match analyses of table tennis in China: a systematic review.

Journal of Sports Sciences, 36(23), 2663-2674.
https://doi.org/10.1080/02640414.2018.1460050

Zhou, J. (2020). Research on the application of computer virtual reality technology in college sports

training. Journal of Physics: Conference Series, 1648(2). https://doi.org/10.1088/1742-
6596/1648/2/022104

Zhuy, R, Yang, X., Chong, L. C,, Shao, S., & Gu, Y. (2023). Biomechanics of Topspin Forehand Loop in
Table Tennis: An Application of OpenSim Musculoskeletal Modelling. Healthcare
(Switzerland), 11, 1-12. https://doi.org/https://doi.org/10.3390/ healthcare11091216

22011



