Journal of Physical Education and Sport ® (JPES), Vol. 23 (issue 7), Art 213, pp. 1736 - 1741, July 2023
online ISSN: 2247 - 806X; p-ISSN: 2247 — 8051; ISSN - L =2247 - 8051 © JPES

Original Article

The use of virtual reality in table tennis training: a comparison of selected muscle
activation in upper limbs during strokes in virtual reality and normal
environments

MARTIN SKOPEK', JOSEF HEIDLER?, JAN HNIZDIL?, JAN KRESTA*, KAROLINA VYSOCKA®
12345 Department of Physical Education and Sport, Faculty of Education, Jan Evangelista Purkyne University in
Usti nad Labem, CZECH REPUBLIC

Published online: July 31, 2023
(Accepted for publication July 15, 2023)
DOI:10.7752/jpes.2023.07213

Abstract

The objective of this study was to assess the level of agreement between muscle involvement in the upper limbs
of table tennis players during training in virtual reality (VR) versus a normal training environment. The research
was conducted on an intentionally selected sample of 8 female probands who actively compete in a table tennis
league. We monitored the activity of four selected upper limb muscles (biceps brachii, extensor carpi ulnaris,
flexor carpi radialis, and posterior deltoid) during two basic strokes (backhand and forehand topspin). The study
assesses the overall muscle activation in two different environments: a regular training environment and VR. To
obtain data during two basic strokes (backhand and forehand topspin), we utilized a device (Noraxon) that
measures and evaluates muscle activation using surface electromyography posterior. For the VR training
environment, we employed the Eleven Table Tennis program with the head-mounted display HTC Vive Pro Eye.
On the other hand, the regular training environment involved the use of a Joola Table Tennis Buddy Pro robotic
ball feeder. The results showed that the total muscle activation of the selected muscles varied significantly
between the two environments (regular training versus VR). Specifically, for selected muscles there was a
notably higher muscle load when playing in the regular environment compared to VR. Based on these findings,
we recommend using the virtual environment for training only for beginners or for casual table tennis playing.
For performance-level players, VR is not a suitable training tool in terms of muscle activation.
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Introduction

Virtual reality (VR) is a technology that simulates environments, situations, and circumstances. The
environments can be fictional or real, and VR tries to provide the most realistic representation of the actual
conditions. VR allows us to experience a wide range of scenarios by fully replacing perceptions of our
environment. In essence, VR allows us to see another world and hear its sounds. Currently, we are at the origin
of VR development, and companies are investing considerable resources in this technology anticipating future
VR success. According to LaValle (2020), VR induces actions through targeted behavior with artificial sensory
stimulation, often with the user having minimal awareness of the artificial intervention. In human studies, VR is
considered a powerful tool owing to its ability to control presented stimuli including visual, audio, kinetic, and
haptic stimuli (Li et al., 2017). This immersive experience draws users into the VR environment, allowing them
to engage in various activities (Balko et al., 2018). In sports, VR systems hold significant potential for skill
training and have gained considerable interest. They offer practical and pedagogical advantages. However,
concerns exist regarding negative transfer when practicing movement skills, particularly owing to a lack of
haptic information (response) or stereoscopic display distortion. The "specificity of learning" theory suggests
that VR may be ineffective or even detrimental if there are significant differences (e.g., perceptual deficits)
between practice and actual task conditions. Nevertheless, the "structural learning" theory suggests that VR can
still be a valuable training tool because learners can grasp the underlying structure of movement patterns (Harris
et al., 2020). Currently, VR has become prevalent in various professional sectors including medicine (Satava &
Jones, 1998), architecture (Davila Delgado et al., 2020), and pedagogy (Hamilton et al., 2021). It is also widely
used in the sports environment, catering not only to professionals but also to amateurs (Kim & Ko, 2019; Kulpa
et al., 2016; Neumann et al., 2018; Nor et al., 2020). The advantages of VR in sports are numerous, offering
control over objects, virtual players, and the virtual world itself. VR is being utilized in sports simulations, such
as in handball (Bideau et al., 2003) or rugby (Miles et al., 2013), where it replicates engagements between
players. It is also applied in training of more complex movements, for example rowing (van Delden et al., 2020)
or juggling (Kahlert et al., 2015; Lammfromm & Gopher, 2011), as well as in downhill skiing (Wu et al., 2019),
football referee training (Gulec et al., 2019), and golf (Choi et al., 2018). Moreover, VR is used in home
environments for various sports training, from running and cycling to skill-based games aimed at developing
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speed and endurance (Kulpa et al., 2016; Neumann et al., 2018). VR is also used to simulate penalty kicks,
subjecting participants to psychological pressure through fictitious stimuli. This experience prepares athletes for
real conditions, potentially leading to adaptive responses when faced with similar situations in the actual
environment (Stinson & Bowman, 2014). Because table tennis requires a high level of coordination, reaction,
and anticipation, there are already several VR games and simulators designed for this sport (e.g., Eleven Table
Tennis, RacketFury, etc.). The manufacturers of virtual glasses and games themselves, in their promotional
materials, promise a very realistic environment suitable for training players (Eleven VR, 2023). Within such VR
games, players can select various types of shots using a ball feeder, allowing them to define in detail specific
situations such as direction, rotation, and speed. The physics of these simulators is remarkably realistic, enabling
players to compete against artificial intelligence or real opponents through online multiplayer matches.

The main purpose of our study is to determine the level of muscle activation during table tennis training
under two different types of environments (regular and virtual) using surface electromyographic (sEMG)
analysis of muscle activation. This method is widely used in the field of muscle activation because it is
affordable and accurate, and it can be used both in laboratory and in field conditions. SEMG analysis has been
employed in previous studies on muscle activation during sports performance (Balko, 2016; De Luca, 1997,
Hug, 2011; Konrad, 2005; Velé, 2016). By examining the kinesiological aspect of movement and the time
descriptors of individual muscle activation during table tennis training, we aim to identify individual similarities
and differences in the "internal technique", i.e., coordination aspects of specific movement skills. Kinesiological
comparison of specific table tennis movements in real and virtual environments offers valuable insights that can
make the preparation and training of table tennis players more effective. Our study seeks to complement existing
research in this area, building on prior studies that utilized SEMG measurements to compare the movements of
table tennis players (Haghighi et al., 2021; Kondri¢ et al., 2006; Le Mansec et al., 2018; Maheshwari et al., 2022;
Tsai et al., 2010). Although there are many studies on the use of VR in table tennis (Bufton et al., 2014; Liu et
al., 2020; Michalski et al., 2019; Oagaz et al., 2022), none have specifically explored the muscle involvement in
VR and normal environments during table tennis training. Hence, our research aims to fill this gap and provide
valuable insights into the agreement between muscle involvement in table tennis players during training in VR
and normal environments.

Materials and methods
Participants

The research group comprised 8 highly skilled female table tennis players, aged between 16 to 20 years,
who actively competed in the top tier of Czech competition. These players were known for their attacking style
and had no movement restrictions or injuries that could hinder their performance. Of note, a kinesiology analysis
of the test subjects was not conducted in this study. The overall data sample was obtained through a purposeful
selection process.
Procedure

The analysis focused on attacking strokes, namely the backhand and the forehand topspin, because they
are some of the most challenging techniques in table tennis. These strokes are fundamental for every table tennis
player. The monitored muscles were selected based on previous research investigating muscle activation in the
upper limbs when playing table tennis and included the biceps brachii (BB), extensor carpi ulnaris (ECU), flexor
carpi radialis (FCR), and deltoid posterior (DP) (Ozsu et al., 2014; Tsai et al., 2010). Before measuring the
strokes, the maximum free contraction (MFC) of each muscle was measured to provide a reference for the
subsequent measurements. Data collection for muscle activation involved the use of a device (Noraxon, MB
3.18, myoMUSCLE™) equipped with surface electromyography (SEMG) capabilities. This device allowed us to
accurately measure and assess muscle activation during the backhand and forehand topspin strokes. For the VR
training environment, we utilized the Eleven Table Tennis simulator equipped with a head-mounted display
(HMD, VR glasses) HTC Vive Pro Eye and a wireless adapter. In contrast, for the normal training environment,
we employed a Joola Table Tennis Buddy Pro robot (Figure 1) to serve the balls. The setup for the normal
training environment was carefully arranged to mirror the conditions of the virtual environment, following the
expert assessment of a competitive league player (Figure 2).

[ p nepont ey ek o it

Figure 1. Regular (normal) training environment
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NORAXON

Figure 2. VR training environment
Data collection and analysis

The raw EMG signals underwent band-pass filtering (20-500 Hz) and were then whole-wave rectified
using a linear envelope with a 10-ms window. For each muscle, 20 steady motion cycles (1 cycle = beat) were
selected from the modified signal. The beginning of each cycle was determined as the point with the highest
measured muscle effort during the stroke, corresponding to when the playing hand was directed towards the
flying ball for striking. The final phase was characterized by the completion of the stroke and the return of the
playing hand to the leverage position (i.e., the point just before the next stroke, when the developed force returns
to the maximum again). To enable comparison between individual muscles, the timeline was normalized to a
percentage value. Because the data did not follow a normal distribution (based on the Shapiro—Wilk test), we
utilized non-parametric procedures for data analysis. Specifically, the resulting values of each muscle for one
type of stroke were compared with the activity of the same muscle during VR training among the probands using
the Wilcoxon test (Hendl, 2015).

Results

Table 1 presents the involvement values of individual muscles in both the normal environment and VR,
along with a statistical analysis comparing the differences between the environments for two different types of
basic strokes.

Table 1. Total muscle activation of selected muscles in virtual and real environments [% MFC]

Muscle Reality M SD Min 0l Mdn 03 Max p CLES
Backhand
BB Normal 21.79 9.22 5.70 14.56 21.69 28.93 35.30 0.002 0.64
VR 17.25 7.85 4.24 12.87 16.14 23.19 30.07 : ’
ECU Normal 22.48 9.52 7.49 18.90 22.81 25.19 43.28 0.002 0.70
VR 17.95 9.25 6.05 13.62 16.04 20.64 40.80 : ’
FCR Normal 30.60 36.23 4.61 12.40 19.55 25.89 129.7 0.054 059
VR 23.83 26.45 7.61 10.91 13.69 15.85 95.95 ’ ’
DpP Normal 26.62 10.86 13.77 18.16 23.70 31.78 48.21 0.020 0.50
VR 20.31 7.87 9.88 13.35 19.70 26.19 34.75 : ’
Forehand
BB Normal 19.84 5.53 9.83 1.40 22.94 23.88 25.99 0.002 081
VR 12.70 5.03 4.13 8.66 13.24 16.04 21.30 : ’
ECU Normal 36.00 19.11 17.59 21.74 28.30 42.18 73.28 0.002 0.73
VR 23.21 15.80 7.05 11.47 18.54 29.48 61.81 : ’
FCR Normal 30.54 20.89 7.63 16.84 23.66 35.83 76.25 0.027 0.69
VR 19.58 14.46 5.26 8.14 19.27 20.61 53.09 : ’
DpP Normal 29.81 12.82 17.38 21.35 24.05 33.81 59.52 0.013 0.1
VR 17.62 6.69 7.31 14.22 17.74 21.78 28.69 : )

BB — m. biceps brachii, ECU — m. extensor carpi ulnaris, FCR — m. flexor carpi radialis, DP - m. deltoid
posterior, M —mean, SD — standard deviation, Q1 — lower quartile, Q3 — upper quartile; CLES — Common
Language Effect Size

In the backhand topspin, we found a significant difference in the total muscle activation of the BB
muscles (p < 0.01), with the average level of total muscle activation being higher in the real environment
compared to the virtual environment (difference between means: 4.54%). The same trend was observed for the
ECU (p £0.01, 4.53%) and FCR (p < 0.01, 6.77%), where total muscle involvement was higher in the normal
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real environment than in the virtual environment. However, we did not find significant differences in the DP
muscle between the regular and VR environments (p > 0.05). Analyzing the muscles with the highest work
during the backhand topspin (% MFC), we observed the greatest muscle involvement in FCR, followed by DP,
ECU, and BB. This pattern applied to both types of environments (regular and VR). Although the level of
muscle activation differed between environments, the muscles were loaded in a similar way in VR, but with a
load that was several percent lower (Figure 3). When analyzing the forehand topspin, we arrived at similar
conclusions: a higher muscle load occurred in a real environment compared to a virtual one (Figure 3). In this
case, we found significant differences in all monitored muscles: BB (p < 0.01, 7.14%), FCU (p < 0.01, 12.79%),
FCR (p £0.05, 10.96%), and DP (p < 0.05, 12.19%). Similar to the backhand, we observed a similar trend in the
forehand topspin, where the monitored muscles were involved to a similar degree in both the normal and VR
environments. In both environments, the ECU muscle was most involved, followed by FCR, DP, and finally BB.
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Figure 3. Total muscle activation of selected muscles in virtual and normal environments

Discussion

Based on the presented results, it is evident that the muscle activation of selected muscles during basic
backhand and forehand topspin strokes differs between normal and virtual environments, with higher muscle
involvement observed in the normal environment. We believe that the current form of VR is more suitable for
novice players or entertainment purposes. However, it is crucial to closely monitor the advancements in VR
technology, particularly in HMD displays and haptic feedback capabilities. We attribute the biggest difference in
muscle activation to the absence of haptic feedback and the varying weights/centers of gravity of HMD
controllers. Resolving these shortcomings in the future may potentially lead to identical muscle loads in both
environments. For future research studies, we recommend choosing a different type of controller and a newer
HMD. Le Noury et al. (2022) have highlighted that VR for sports is still in its early stages and lacks essential
features for optimal use. One of these factors is the reality of the environment, which significantly impacts
visuomotor reaction time. It is possible that the current unreality in VR may affect reaction times and muscle
contractions during strikes (Hiilsdiinker & Mierau, 2021). Similarly, Rusdorf and Brunnett (2005) have
compared VR and reality. They suggest that while VR can be considered real and useful for training beginners, it
may not fully replicate the speed of the ball and the characteristics of the racket for experienced players.

Conversely, Michalski et al. (Michalski et al., 2019) reported positive findings in their research on the
effects of transferring VR table tennis training to real-world table tennis performance. They observed a
significant improvement in the measured probands who were complete beginners. Of note, these beginners found
playing in the VR environment to be a natural and intuitive experience.

Based on our results, which disprove the notion that average muscle activation in VR is equivalent to
the real environment, we recommend further research with a focus on improving the realism of VR. This
includes enhancing the characteristics of the bat, the bounce of the ball, and the speed of the flying ball.
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Conclusion

The results of our study clearly indicate a significant difference in the activity of the analyzed muscles
in table tennis players during forehand and backhand topspin strokes in both regular and VR environments.
Except for the m. flexor carpi radialis, none of the selected muscles show a higher strain when playing in VR (as
shown in Table 1). However, for other muscles, there is a notable disparity in the total muscle load for topspin
strokes between the two environments (Figure 3). Specifically, topspin strokes played in the normal environment
demonstrate a considerably higher muscle load compared to strokes executed in VR. This discrepancy is likely
attributed to the absence of haptic feedback in the VR setting. Although muscle activation during topspin strokes
is higher in the real environment, it is important to note that our study does not definitively rule out the
possibility of identical kinematic motion in both environments. To further explore this aspect, we recommend
implementing a 3D motion analysis using inertial measurement units to ascertain whether the kinematics of the
movement are indeed similar between the two settings. Based on our findings, we advise against high-
performance players solely relying on a VR environment for the development of strength and cardio
conditioning because VR currently lacks the ability to fully replicate the muscle load experienced in a real
environment. However, a VR environment may hold potential benefits for novice table tennis players.

Conflicts of interest

We declare that we have no conflicts of interest.

Acknowledgements

This research was conducted within the framework of the project UJEP-SGS-2022-43-006-2. The authors would
like to thank Falcon Scientific Editing (https://falconediting.com) for proofreading the English language in this

paper.

References

Balko, S. (2016). The surface electromyography in fencing: The analysis of the acyclic movement in three
different performance level groups of fencers. Opole University of Technology

Balko, S., Heidler, J., & Edl, T. (2018). Virtual reality within the areas of sport and health. TRENDS in Sport
Sciences, 25(4), 175-180. https://doi.org/10.23829/TSS.2018.25.4-1

Bideau, B., Kulpa, R., Ménardais, S., Fradet, L., Multon, F., Delamarche, P., & Arnaldi, B. (2003). Real
Handball Goalkeeper vs. Virtual Handball Thrower. Presence: Teleoperators and Virtual Environments,
12(4), 411-421. https://doi.org/10.1162/105474603322391631

Bufton, A., Campbell, A., Howie, E., & Straker, L. (2014). A comparison of the upper limb movement
kinematics utilized by children playing virtual and real table tennis. Human Movement Science, 38, 84-93.
https://doi.org/10.1016/j.humov.2014.08.004

Choi, C., Greenwell, T. C., & Lee, K. (2018). Effects of service quality, perceived value, and consumer
satisfaction on behavioral intentions in virtual golf. Journal of Physical Education and Sport, 18(3),
1459-1468. https://doi.org/10.7752/jpes.2018.03216

Davila Delgado, J. M., Oyedele, L., Demian, P., & Beach, T. (2020). A research agenda for augmented and
virtual reality in architecture, engineering and construction. Advanced Engineering Informatics, 45,
101122. https://doi.org/10.1016/j.2e1.2020.101122

De Luca, C. J. (1997). The Use of Surface Electromyography in Biomechanics. Journal of Applied
Biomechanics, 13(2), 135-163. https://doi.org/10.1123/jab.13.2.135

Eleven VR. (2023). https://elevenvr.com/en/

Gulec, U., Yilmaz, M., Isler, V., O’Connor, R. V., & Clarke, P. M. (2019). A 3D virtual environment for training
soccer referees. Computer Standards & Interfaces, 64, 1-10. https://doi.org/10.1016/j.csi.2018.11.004

Haghighi, A. H., Zaferanieh, A., Hosseini-Kakhak, S. A., Maleki, A., Esposito, F., C¢, E., Castellar, C., Toro-
Roman, V., & Pradas, F. (2021). Effects of Power and Ballistic Training on Table Tennis Players’
Electromyography Changes. International Journal of Environmental Research and Public Health, 18(15),
7735. https://doi.org/10.3390/ijerph 18157735

Hamilton, D., McKechnie, J., Edgerton, E., & Wilson, C. (2021). Immersive virtual reality as a pedagogical tool
in education: A systematic literature review of quantitative learning outcomes and experimental design.
Journal of Computers in Education, 8(1), 1-32. https://doi.org/10.1007/s40692-020-00169-2

Harris, D. J., Buckingham, G., Wilson, M. R., Brookes, J., Mushtaq, F., Mon-Williams, M., & Vine, S. J. (2020).
The effect of a virtual reality environment on gaze behaviour and motor skill learning. Psychology of
Sport and Exercise, 50, 101721. https://doi.org/10.1016/j.psychsport.2020.101721

Hendl, J. (2015). Prehled statistickych metod zpracovani dat [Overview of statistical data processing methods].
Portal.

Hug, F. (2011). Can muscle coordination be precisely studied by surface electromyography? Journal of
Electromyography and Kinesiology, 21(1), 1-12. https://doi.org/10.1016/j.jelekin.2010.08.009

Hiilsdiinker, T., & Mierau, A. (2021). Visual Perception and Visuomotor Reaction Speed Are Independent of the
Individual Alpha Frequency. Frontiers in Neuroscience, 15, 620266.
https://doi.org/10.3389/fnins.2021.620266

1740

JPES ®  www.efsupit.ro



MARTIN SKOPEK, JOSEF HEIDLER, JAN HNIZDIL, JAN KRESTA, KAROLINA VYSOCKA

Kabhlert, T., Van De Camp, F., & Stiefelhagen, R. (2015). Learning to Juggle in an Interactive Virtual Reality
Environment. In C. Stephanidis (Ed.), HCI International 2015 — Posters’ Extended Abstracts: Vol. 528
(pp. 196-201). Springer International Publishing. https://doi.org/10.1007/978-3-319-21380-4 35

Kim, D., & Ko, Y. J. (2019). The impact of virtual reality (VR) technology on sport spectators’ flow experience
and satisfaction. Computers in Human Behavior, 93, 346-356. https://doi.org/10.1016/j.chb.2018.12.040

Kondri¢, M., Furjan-Mandi¢, G., & Medved, V. (2006). Myoelectric comparison of table tennis forehand stroke
using different ball sizes. Acta Gymnica, 36(4), 25-31.

Konrad, P. (2005). The ABC of EMG: A practical introduction to kinesiological electromyography. Noraxon.

Kulpa, R., Multon, F., & Argelaguet, F. (2016). Virtual Reality and Sport. ISBS — Conference Proceedings
Archive. https://ojs.ub.uni-konstanz.de/cpa/article/view/6694

Lammfromm, R., & Gopher, D. (2011). Transfer of Skill from a Virtual Reality Trainer to Real Juggling. BIO
Web of Conferences, 1, 00054. https://doi.org/10.1051/bioconf/20110100054

LaValle, S. M. (2020). Virtual Reality. Cambridge University Press. http://lavalle.pl/vr/vrbook.pdf

Le Mansec, Y., Dorel, S., Hug, F., & Jubeau, M. (2018). Lower limb muscle activity during table tennis strokes.
Sports Biomechanics, 17(4), 442—452. https://doi.org/10.1080/14763141.2017.1354064

Le Noury, P., Polman, R., Maloney, M., & Gorman, A. (2022). A Narrative Review of the Current State of
Extended Reality Technology and How it can be Utilised in Sport. Sports Medicine, 52(7), 1473—1489.
https://doi.org/10.1007/s40279-022-01669-0

Li, L., Yu, F., Shi, D., Shi, J.,, Tian, Z., Yang, J., Wang, X., & Jiang, Q. (2017). Application of virtual reality
technology in clinical medicine. American Journal of Translational Research, 9(9), 3867-3880.

Liu, H., Wang, Z., Mousas, C., & Kao, D. (2020). Virtual Reality Racket Sports: Virtual Drills for Exercise and
Training. 2020 IEEE International Symposium on Mixed and Augmented Reality (ISMAR), 566—576.
https://doi.org/10.1109/ISMARS50242.2020.00084

Maheshwari, A., Pandey, G., Shukla, M., Rawat, V. S., & Yadav, T. (2022). Electromyographical Analysis of
Table Tennis Forehand Stroke Using Different Ball Material. Physical Education Theory and
Methodology, 22(2), 249-254. https://doi.org/10.17309/tmfv.2022.2.15

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

Miles, H. C., Pop, S. R., Watt, S. J., Lawrence, G. P., John, N. W., Perrot, V., Mallet, P., & Mestre, D. R. (2013).
Investigation of a Virtual Environment for Rugby Skills Training. 2013 International Conference on
Cyberworlds, 56—63. https://doi.org/10.1109/CW.2013.45

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

Nor, N., Sunar, M., & Kapi, A. (2020). A Review of Gamification in Virtual Reality (VR) Sport. EAIl Endorsed
Transactions on Creative Technologies, 6(21), 163212. https://doi.org/10.4108/eai.13-7-2018.163212

Oagaz, H., Schoun, B., & Choi, M.-H. (2022). Performance Improvement and Skill Transfer in Table Tennis
Through Training in Virtual Reality. /EEE Transactions on Visualization and Computer Graphics,
28(12), 4332-4343. https://doi.org/10.1109/TVCG.2021.3086403

Ozsu, 1., Simsek, D., & Ertan, H. (2014, October 7). Electromyography activities of upper and lower extremities
in table tennis during forehand topspin and no spin stroke: A case study. 32 International Conference of
Biomechanics in Sports. https://0js.ub.uni-konstanz.de/cpa/article/view/6070

Rusdorf, S., & Brunnett, G. (2005). Real time tracking of high speed movements in the context of a table tennis
application. Proceedings of the ACM Symposium on Virtual Reality Software and Technology, 192-200.
https://doi.org/10.1145/1101616.1101657

Satava, R. M., & Jones, S. B. (1998). Current and future applications of virtual reality for medicine. Proceedings
of the IEEE, 86(3), 484-489. https://doi.org/10.1109/5.662873

Stinson, C., & Bowman, D. A. (2014). Feasibility of Training Athletes for High-Pressure Situations Using
Virtual Reality. [EEE Transactions on Visualization and Computer Graphics, 20(4), 606—615.
https://doi.org/10.1109/TVCG.2014.23

Tsai, C., Pan, K., Huang, K., Chang, T., Hsueh, Y., Wang, L., & Chang, S. (2010). The surface EMG activity of
the upper limb muscles in table tennis forehand drives. 28 International Conference on Biomechanics in
Sports. https://ojs.ub.uni-konstanz.de/cpa/article/view/4448

van Delden, R., Bergsma, S., Vogel, K., Postma, D., Klaassen, R., & Reidsma, D. (2020). VR4VRT: Virtual
Reality for Virtual Rowing Training. Extended Abstracts of the 2020 Annual Symposium on Computer-
Human Interaction in Play, 388-392. https://doi.org/10.1145/3383668.3419865

Velé, F. (2016). Kineziologie [Kinesiology]. Triton

Wu, E., Perteneder, F., Koike, H., & Nozawa, T. (2019). How to VizSki: Visualizing Captured Skier Motion in a
VR Ski Training Simulator. Proceedings of the 17th International Conference on Virtual-Reality
Continuum and Its Applications in Industry, 1-9. https://doi.org/10.1145/3359997.3365698

1741

JPES ®  www.efsupit.ro



© 2023. This work is published under
https://creativecommons.org/licenses/by-nc-nd/3.0/(the “License”).
Notwithstanding the ProQuest Terms and Conditions, you may use this content
in accordance with the terms of the License.



