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Figure 1: Visualization of the Virtual Reality Table Tennis environment used in the study. A) The coach demonstrates the
correct paddle grip technique. B) The coach provides visual and verbal feedback on executing the backhand drive. C) The coach

provides hands-on guidance to refine movement patterns.

Abstract

Advances in Virtual Reality (VR) technology have redefined sports
training, offering a new modality for athletes to prepare for compe-
titions. This paper explores the coaching strategies used to train
novice table tennis players in VR. Through interviews with the
coach and participant feedback, we identified key strategies such
as personalized feedback, table division, and a structured training
regimen for skill development in VR. Challenges include limited fa-
cial awareness and the absence of virtual cheering, which impacted
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the coach’s ability to engage fully with participants. These findings
offer valuable insights into coaching strategies in VR environments,
contributing to developing more effective and engaging VR training
systems.
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1 Introduction

Virtual Reality (VR) has continued to gain widespread adoption
thanks to the technological advancements that make it possible
to offer immersive visuals and lifelike physics. The low cost of
head-mounted displays (HMDs) has also made it possible to use VR
in new application areas like sports. One of the most popular VR
sports games is VR table tennis due to its minimal space require-
ment and the ability to closely mirror the real-environment (RE)
playing experience [13]. Commercial VR table tennis games like
Eleven Table Tennis (ETT) ! offer an engaged player community
with tournaments and cash prices [13], providing opportunities for
players to compete at various skill levels.

In this paper, we explore the role of an RE coach (i.e., in the
same physical space as the player) and the strategies employed
to prevent participants from learning incorrect techniques in VR,
as highlighted in previous studies[6]. An RE coach can help mit-
igate VR limitations such as depth perception challenges, lack of
haptic feedback, and the weightlessness of the virtual ball for play-
ers [13, 29]. By adapting training, reacting to mistakes, and pro-
viding personalized feedback through visual, verbal, and hands-on
guidance, the coach adds a layer of precision that current auto-
mated systems cannot replicate [9, 19, 32]. The physical presence
of a coach further allows them to assess a player’s emotional state,
offering tailored motivational feedback, building trust, and main-
taining engagement [1, 12, 20]. Unlike remote or existing automated
systems with artificial intelligence (AI) capabilities, a co-located
RE coach avoids delays and can physically correct a player’s wrist
position or paddle angle [13, 29, 38].

While past work has already identified that training in VR should
be adaptive for each player [10], the present paper provides the
first empirical evidence of how a coach enhances VR table tennis
training using different strategies based on the player’s needs. We
aim to inform future VR training systems that use robotic/Al-based
coaching systems to go beyond using repetition to train players [39].
Thus, our first research question (RQ1) is what strategies does a
coach use to train novice table tennis participants in VR?. We also
aim to understand better the impact of VR technology on train-
ing players to design more useful VR training systems. Thus, our
second research question (RQ2) is what technological challenges
do novice table tennis participants and a coach encounter during
VR training? We interviewed the coach to explore the strategies
and technological challenges of training novice table tennis in VR
to answer RQ1 and RQ2. Additionally, we administered an open-
ended questionnaire to the participants to gather insights on their
experience during VR training to help answer RQ2. Our findings
provide valuable insights for sports researchers by identifying the
challenges and advantages of incorporating a coach in VR training
systems.

Ihttps://elevenvr.com/en/
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2 Related Work
2.1 Feedback in Sports Training

In sports, Feedback’ refers to the information, assessment, or correc-
tion a coach provides based on performance [11]. Effective feedback
is when a coach tailors their feedback to the individual and the
learning context [19, 23], playing a critical role in enhancing skill ac-
quisition, motivation, and overall athletic success [1, 3]. The timing,
frequency, and delivery method are key to its effectiveness [5]. In
sports, success depends on the player executing skilled movements,
and players develop these skills through effective feedback from a
coach [16, 19]. There are multiple ways of feedback, including in-
trinsic, extrinsic, positive, and corrective feedback [37]. Other work
classifies feedback as verbal (spoken corrections), visual (observing
coach’s gestures), and kinesthetic (hands-on guidance) [9, 33]. Our
research explores coaching strategies in VR table tennis, offering
insights that could inform and inspire future studies.

2.2 Coaching for Racket Sports

Several studies have investigated the use of technologies in coach-
ing for racket sports [8, 15, 16, 21, 22]. For example, in Squash, Rose
et al. [22] utilized an autonomous humanoid robotic coach to train
individual players, which was perceived as more socially competent
and enjoyable than the baseline condition. Yet, the coaching pol-
icy did not lead to significant performance improvements. In table
tennis, Fuchino et al. [8] developed a robotic appendage system
capable of guiding the user’s hand movement in VR. The result
of their evaluation demonstrates a potential in skill acquisition,
albeit at the expense of the immersive fun typically associated with
VR [8]. A similar study evaluated Al coaching in VR with the Eleven
Table Tennis application [15] and demonstrated skill improvement,
however, the authors were unable to determine the factors driv-
ing performance improvement and recommended further research
involving an RE coach. This recommendation was supported by
Oagaz et al. [16], who used robotic coaching to support skill ac-
quisition [16]. While significant research exists on coaching for
racket sports, understanding how feedback is administered in VR
with a real-time coach is crucial for enhancing motivation [19],
as well as mitigating frustration, particularly for underperforming
players [29]. This approach also addresses the repetitive and mo-
notonous nature of Al and robotic systems. The findings from the
literature review highlight a notable gap in strategies used to train
players, especially in the local context, emphasizing the need for
solutions tailored to these challenges.

3 User Study
3.1 Participants

Through poster distribution and email advertising, we recruited
19 participants from Dalhousie University and the surrounding
community. Participants were required to have minimal experi-
ence with VR table tennis and limited exposure to RE table tennis
(less than once a month) and pass a skill test to show they were
true novices. We selected novice participants for this study as they
were in the awareness stage of Gallahue’s model of motor skill
development [24], where they were likely to benefit most from
the coaching strategies explored within the study’s timeframe [15].
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Only 12 right-handed participants (4 female, 8 male) met the eligi-
bility criteria and completed the training sessions. The participants’
ages ranged from 18 to 34 years (M = 22.7,SD = 3.4), 58.3% re-
ported having prior experience with sports, while 41.7% had never
played any sports. For table tennis, no player had played table ten-
nis in VR before, while 41.7% had previous experience playing in
RE as this was independent of general sports. Still, their frequency
of play was less than once a month, aligning with the definition
of novice participants [25]. Additionally, all participants had prior
experience with VR sports and were considered physically fit based
on a self-reported physical fitness survey administered during the
demographic assessment. See Appendix for the survey.

We recruited a CoacH from a Halifax, Canada sports club to
serve as an expert participant and train the novice players. The
CoAcH has over 30 years of experience in professional table tennis
coaching, primarily training novice and intermediate-level players.
They are right-handed, which aligns with the right-handed par-
ticipants in our study. The CoacH specializes in skill-based and
technique-oriented training, emphasizing foundational skills like
serves, footwork, and spins. The CoacH has actively engaged with
VR technology for over a year, not only for training players but also
for personal exploration of VR’s potential in sports applications.

3.2 Equipment & Training Environment

Participants used a Meta Quest 2 VR HMD [14] with the AMVR Ta-
ble Tennis Paddle Grip Handle for the Oculus Quest 2 controllers 2.
The training environment was the Eleven Table Tennis game v2.314
.12 [31] (see Figure 1). We chose this game due to its widespread pop-
ularity and substantial user community of over 298,000 players [18].
See Figure 2B for a picture of the room used to train participants in
VR. During training, we enabled the avatar to help participants visu-
ally interpret the CoacH’s instructions and feedback (see Figure 1B).
The presence of an avatar aids in the participants’ understanding
of spatial positioning, postures, and movements, facilitating the
learning process [17, 35].

3.3 Procedure

3.3.1 Initial Skill Evaluation. Upon arriving at the lab, participants
were given a brief overview of the study’s objectives and proce-
dures. They were also instructed to refrain from engaging in any
table tennis activities outside the scheduled training sessions to
prevent external factors from influencing the study results [34].
Participants were informed that the study would take place over six
consecutive days, and missing any sessions would result in disqual-
ification. They then reviewed and signed a consent form to confirm
their participation. After the briefing, participants completed a pre-
study questionnaire that gathered demographic information and
self-reported physical fitness levels (see Appendix). Subsequently,
RESEARCHER A evaluated their RE table tennis skills on a physical
table tennis table (see Figure 2) to confirm eligibility, ensuring only
novice players were included in the study.

3.3.2 Training stage. The CoAcH trained the participants for 60
minutes per session throughout five sessions, resulting in a total of
300 minutes (60 minutes x 5 sessions) of training using a structured

Zhttps://www.amvrshop.com/products/amvr-table-tennis-adaptor-for- quest-2-
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protocol by Sunday et al. [29], tailored for novice accessibility and
skill progression. Each session included three participants to reduce
the number of participants in the room (Figure 2). RESEARCHER A
supervised the sessions to ensure adherence to the protocol and
assisted with VR setup and session recordings.

On the first training day, the CoAacH initiated the ETT game
and started with a warm-up session to familiarize the participants
with the VR environment. The participants then learned the game’s
rules, including basic serving (short and long) and return tech-
niques. Figure 3 illustrates the complete protocol. During training
sessions on days 1 to 4, the CoacH and the participants wore their
headsets. The CoacH guided the participants by implementing var-
ious strategies and offering visual, verbal, and kinesthetic feedback
to refine their skills and technique in VR. The participants were
able to see the avatar representation of the coach in VR, observe
the CoAcH’s movements, and experience the various strategies the
CoacH applied. In some cases, the CoacH removed their headset to
provide RE adjustments, such as correcting participants’ stance or
wrist positioning, particularly for those who struggled to apply the
feedback in the virtual environment. On the final day, the Coacn’s
VR headset was removed so they could observe the participants as
they played against each other while still wearing their headsets.
As they played, the CoacH watched from a distance, identifying
struggling players through real-time voice interactions and video
replays, which prompted the coach to wear the headset again and
provide personalized feedback.

3.3.3 Qualitative Data Collection. After participants completed all
training sessions, we administered a written open-ended question-
naire to assess their overall experience with the training. We also
conducted a semi-structured, in-person interview with the Coacu
to ask them about their perspectives on training practices, dynam-
ics, and feedback mechanisms, including feedback types, timing,
and formats. The aim was to understand coaching strategies ap-
plicable to VR training environments, including the technological
challenges encountered. The interview lasted approximately 80
minutes.

3.4 Data Analysis

We analyzed the CoAacH interview data and the participants’ open-
ended responses using a thematic analysis following Braun and
Clarke’s method [4]. Two authors (RESEARCHER A and RESEARCHER
B) collaboratively conducted the analysis. RESEARCHER A has over
10 years of playing experience. RESEARCHER B is a co-author of the
paper who has 2 years of experience in qualitative data thematic
analysis and one year of playing experience. The thematic analysis
process took approximately ten hours over two weeks, during which
both researchers held regular meetings to discuss the data and
collaboratively reviewed the resulting codes and themes to ensure
the study’s reliability.

First, RESEARCHER A and RESEARCHER B transcribed the audio
recordings of the CoacH interview for coding using Microsoft
Teams. They then reviewed the transcribed text to identify and
correct any potential errors. The interview consisted of three sec-
tions: perspectives on VR training, training practices and dynam-
ics, and feedback mechanisms. Both researchers independently


https://www.amvrshop.com/products/amvr-table-tennis-adaptor-for-quest-2-controllers?
https://www.amvrshop.com/products/amvr-table-tennis-adaptor-for-quest-2-controllers?

CHI EA °25, April 26-May 01, 2025, Yokohama, Japan

Sunday et al.

Day 1

Initial Skill Evaluation Train

: --:q X, L .
ﬂ ” . l Open-ended

RE VR

Day2-Day6

Day 6
Participants
Feedback
Collection

Day7

Coach
Interview

ing

Coach
Opinion

questions

Figure 2: The user study procedure has three stages: A) Initial skill evaluation [Day 1], where we assessed each RE table tennis
participant to ensure they were novices. B) Training [Days 2-6], where we trained groups of three participants in VR for five
consecutive days. C) Participants Feedback Collection [Day 6], where we collected open-ended questions from the participants
about their experience training in VR. D) Coach Interview [Day 7], where we collected the coach opinion about his training

experience.
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Figure 3: Training Protocol. The training was over five days

, and each day had between one and three exercises focused on a

specific skill. For activities about accuracy, the focus was for participants to consistently place the ball in a specific location using
that skill. For activities about consistency, the focus was on the participants being able to do that particular skill consistently.

The CoacH trained all 16 skills using the protocol.

reviewed the data multiple times to deeply understand the con-
tent before initiating the coding process. For the sections on VR
training perspective and training practices, the researchers used
an inductive, bottom-up approach where themes emerged through
repeated data readings. This method also followed the Fereday
methodology of generating themes from raw data [7]. In contrast,
the feedback mechanisms sections were coded using a deductive
approach with pre-existing categories such as “verbal,” “visual,”
“kinesthetic”) based on previous empirical research [9, 19, 26, 33].
The next phase of analysis focused on open-ended responses from
participants. Both researchers read and made themselves familiar
with the data. Then, using the themes derived from the Coacu
interview as a framework, the researchers coded the participants’
feedback through an inductive, bottom-up approach. Subsequently,
the codes from the player data were mapped to the themes estab-
lished during the coach interview analysis. The analysis revealed a

coherence between the themes derived from the CoacH interview
and the participants’ feedback.

4 Results

4.1 Theme 1: Structured Skill Development and
Optimizing Strategies
The CoacH attributed the success of participants’ skill acquisition
partly to the structured training protocol, which starts with the
basics (e.g., serving) and progresses to more complex skills such
as spinning and footwork. As the CoacH noted, “Following this
progression [protocol] greatly contributed to enhancing participants’
performance (C).” While it might be harder for novice participants
to grasp the skills initially as the result of the uncertain nature
of VR environment with unfamiliar mechanics, those who persist
show improvement and progress as the CoacH explained: “The key
takeaway is that VR, while different from physical play, can still be a
powerful tool for advancing skills and understanding in table tennis
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(C).” When talking about their experience, participants credited
the effective training strategies employed during the sessions. One
participant shared ‘T got to learn so many skills like measuring dis-
tance of the ball, where to hit the ball, strategies to making lose the
opponent (P10)”. Participants consistently noted enhanced skills, in-
cluding improved accuracy, positioning, and technique: “it improved
the accuracy of me placing the ball on the table (P16).”

4.2 Theme 2: Enhancing Player Engagement
and Confidence Through Immersive VR
Experiences

The CoacH said about the VR environment “participants are of-
ten immersed in their practice without external distractions, creating
a controlled environment where they feel more confident in their
progress (C).” To keep participants motivated, the CoacH employed
foundational techniques and a step-by-step progression strategy.
For instance, the virtual table was divided into sections to short
serve, long serve, left serve, and right serve—practiced individually
before progressing to the full table: ‘T start with foundational ele-
ments to avoid overwhelming them, dividing the table into sections
and gradually expanding to the full table (C).” This structured ap-
proach built participants’ confidence, e.g., as they grew accustomed
to VR controls, visuals, and feedback, their confidence increased,
transforming initial hesitation into enthusiasm: “Over time, partic-
ipants become so engrossed in the game that they may not want to
stop (C).”

Participants described VR training as engaging and comprehen-
sive. Many highlighted their growing confidence and enjoyment,
such as P14: “The study was good; now I'm able to play table tennis
very well.” For some participants, the nature of the training was
engaging “Being totally involved in the game! (P17).” Interestingly,
one participant found the training with the CoacH so engaging
that they momentarily forgot the board was not real, highlighting
immersion as a challenge: ‘T was sometimes unable to remember that
the board was not real, so I found that challenging at times (P1).”

Technological issues occasionally disrupted gameplay, such as
lag, limited haptic feedback, glitches, and depth perception chal-
lenges: “Sometimes I misjudged the distance between the paddle and
the ball (P5).” Participants also noted the inability to feel a sense
of touch: “In real life, touch is important, which limits VR’s realism
(P18).” Moreover, the CoacH ’s feedback was constrained by VR’s
limitations, such as the inability to convey facial expressions or
demonstrate techniques hands-on: “My facial expressions, such as
smiles, are not visible (C)”. To address these issues, the CoacH sug-
gested displaying written instructions or bullet points on-screen to
aid player understanding.

4.3 Theme 3: Foundational Techniques and
Motivational Strategies in VR

Participants learned basic serving (short and long) skills on the
first day of the training protocol. During the interview, the Coacu
justified this step of the training protocol by calling serving a fun-
damental and required skill to play table tennis: “The starting point,
which is the service, is key. This is like the driving wheel of the game,
so if you’re unable to serve for at least, then there’s no way to proceed
(C).” By focusing on serving first, participants could progress to
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other skills like the forehand, backhand, and spinning easier, but
only if they master these skills.

Another training element the coach emphasized was motivation:
“T share personal stories to provide encouragement and relate to their
experiences. This strategy helps them feel more connected and sup-
ported, especially when they are not professional participants them-
selves (C).” The CoacH also mentioned encouraging participants
to help them maintain a positive mindset and prevent frustration
during gameplay: “When participants face challenges and become
frustrated because they can’t perform as well as expected, I address
their emotions by encouraging them to stay positive and reminding
them that improvement comes with practice (C).”

Furthermore, the CoacH highlighted the potential benefits of
incorporating a virtual spectator, e.g., “adding virtual audience el-
ements could be advantageous. Implementing virtual cheering or
reactions could simulate the emotional feedback that participants re-
ceive from an audience, enhancing their motivation and performance
(C).”. The CoacH further noted that such features could also help
players’ confidence, “as they experience the immediate support and
celebration from others, enhancing their overall training experience
(C).” Conversely, the CoacH highlighted a potential disadvantage
of having a spectator presence: “they can also create pressure, lead-
ing to self-consciousness and potential stress. These social dynamics
can complicate the player’s ability to stay focused and track their
performance accurately (C).”.

4.4 Theme 4: Holistic Feedback and Experience
Based Training

The CoacH used a combination of visual, verbal, and hands-on
feedback as part of the strategies in VR training. Visual feedback
played a central role, with demonstrations helping clarify correc-
tions and overcome communication barriers (‘T use visual feedback
to help participants understand and apply the necessary corrections
effectively (C).”). Verbal feedback was provided continuously dur-
ing gameplay to correct positioning and reinforce key points. For
hands-on feedback, the CoacH offers demonstrations, which may
sometimes require stepping out of the VR environment: T also
address errors by demonstrating the correct techniques, which may
involve physically adjusting their stance or grip (C).”.

The CoacH employed value, neutral, and corrective feedback
tailored to participant needs. Value feedback highlighted progress
and encouraged improvement in specific skills “If we’re focusing
on serving, I offer feedback on that skill and continue to practice it
until I see improvement. Only then do we move on to another skill
(C).”. Neutral feedback was delivered consistently during gameplay
to maintain focus and momentum “Providing feedback throughout
the game, rather than waiting until the end, is crucial for effective
training (C).”. For difficult skills, the coach dedicated extra time to
provide corrective feedback, e.g., “Spinning with the backhand can
be particularly challenging, so I provide targeted feedback tailored to
each participant (C).”).

The coach provided immediate feedback during gameplay, with
additional observations shared afterward to guide future practice (‘T
might say, *You performed well today. Tomorrow, we should focus on
this area (C).”). The coach also delivered feedback at specific times
(“T focus on key moments where feedback is most needed, allowing
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participants to enjoy the game without constant interruptions (C).”).
The CoacH also fostered a two-way communication channel by
observing participants and asking targeted questions to identify
individual challenges. This approach ensured feedback was person-
alized and aligned with participants’ self-assessments ( “By focusing
on areas they identify for improvement, I can motivate them to work
on those aspects more intensively (C).”).

5 Discussion

5.1 Coach Strategies to Train Novices in VR
(RQ1)

The coach found that RE training strategies, such as a structured
regimen and personalized feedback, were equally effective on VR
platforms. The training protocol included warm-ups and progres-
sive skill development, beginning with basic skills like serving and
advancing to spinning and footwork, which prevented participants
from feeling overwhelmed by VR-specific challenges like depth
perception and ball weightlessness[13, 29]. The coach addressed
technological issues in real-time, such as monitoring participants’
movements to mitigate the lack of haptic feedback; the main feed-
back concerns identified in previous works[29], and adhering to
real-world practices like calling for re-serves when necessary.

Feedback was central to the coach’s strategy, enhancing player
performance with visual, verbal, and kinesthetic feedback [19]. Vi-
sual demonstrations of correct and incorrect techniques helped
participants refine strokes, posture, and paddle angles. Verbal feed-
back identified errors, provided clear instructions, and included
positive reinforcement to boost confidence. Kinesthetic feedback in-
volved hands-on adjustments, such as correcting stances or paddle
grips, sometimes requiring the removal of the VR headset for phys-
ical guidance—an approach not possible with remote coaching[30].
Although we acknowledge that presence and immersion, a key
attribute of VR [28], may be compromised. This trade-off ensures
that players receive comprehensive and effective feedback that
would otherwise be difficult to achieve in VR thereby broaden-
ing our understanding of the limits of hands-on guidance in VR
table tennis. The coach also used a two-way feedback system, in-
corporating participant input to improve the training experience,
in contrast to the feedback modalities applied in other training
experiments [2, 19, 33, 36].

Participants valued the physical presence of the coach, who
quickly addressed technological challenges and offered personalized
feedback. The coach’s ability to provide real-time solutions and
adapt to individual needs underscores the potential for developing
adaptive Al systems that emulate these qualities in future VR-based
sports training environments

5.2 Technological Challenges of Training in VR
(RQ2)

Participants and the coach expressed concerns about the game
physics in VR, particularly the impression that the ball’s behavior
was inconsistent with expectations and the occasional lag spikes
during gameplay. Although latency affects VR training systems [13,
29], neither participants nor the coach identified it as a significant
issue, possibly due to the immediate guidance provided by the
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coach. VR hardware limitations, e.g., inadequate haptic feedback,
the ability to walk through the virtual table, and the weightlessness
of the ball, were sources of frustration for both participants and the
coach, which previous works also identified [13, 27, 29]. However,
in our study, the coach mitigated these issues by enforcing rules and
voiding serves when participants walked through the table. A no-
table concern was the inability to see the coach’s facial expressions,
which participants found to be a key disadvantage compared to RE
gameplay. Despite these limitations, the coach’s presence enhanced
the participant’s motivation by providing immediate feedback and
guidance.

6 Conclusion, Limitation & Future Work

This paper presents a longitudinal study examining various coach-
ing strategies for Virtual Reality (VR) table tennis training. We
aimed to explore coaching strategies used in VR table tennis with
novice players. From an interview with the coach, we identified
different feedback types supported by VR, including visual, verbal,
and kinesthetic feedback. The coach also adapted and personalized
each feedback method to meet each player’s needs. We also identi-
fied several limitations and challenges in VR table tennis from both
the coach’s and participants’ perspectives.

During the training sessions, several participants were present
in the same room. While this may not be too critical in this context,
it may introduce bias as observing other participants may influence
impressions beyond what would be experienced using the system
independently. Although the coach trained participants and pro-
vided varied feedback modalities to enhance skill acquisition within
and outside the VR environment, it is important to evaluate whether
the skills transfer to RE performance. Hence, future research should
focus on exploring the impact of these strategies on skill perfor-
mance. We believe the insight derived from this study will enhance
future training systems by informing the design of adaptive feed-
back mechanisms to enhance overall player engagement and skill
acquisition.
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