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Virtual reality (VR) training has become valuable in sports to improve motor

behavior and train specific situations under standardized conditions. However,

studies comparing conventional training with VR training are rare, especially for

advanced athletes. Furthermore, it remains unclear whether the performance

improvement achieved through VR training can be transferred to the real world

(RW). Therefore, we present a study analyzing sports-specific response training

using a head-mounted display (HMD) combined with conventional training and

its transfer to RW. In ten training sessions over 6 weeks, a VR training group

(VRG, n = 15) performed virtual karate training (10 min) combined with a

conventional training (80 min), while a conventional training group (CG, n =

12) conducted only conventional training (90 min) at the same time. The VR

training consisted of the athlete responding to various karate attacks performed

by a virtual opponent in a karate-specific manner. The study design included a

pretest, an intermediate test (after 5 training sessions), and a posttest. We

analyzed sports-specific response behavior concerning the competition-

relevant karate attacks Gyaku-Zuki jodan (GZj) and Kizami-Zuki (KZ) using

the parameters ‘response time’, and the “response quality” when the athletes

had to react to attacks of a virtual opponent in VR and a real opponent in RW. For

the parameter “response time,” improvements were detected only for the VRG

in VR concerning GZj and KZ. For the parameter “response quality” for both

groups, no improvements could be found. Furthermore, athletes provided

positive feedback regarding the integration of VR training into conventional

training.
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1 Introduction

VR technology enables physical training in standardized and

controllable experimental conditions. Training situations can be

created, which are not feasible in the real world (RW), such as

training with opponents at international level (Zaal and Bootsma,

2011; Wang, 2012; Craig, 2013), or more teammates or

opponents are available compared to RW. Thus, VR training

can be used for standalone training without the predefined time,

location and dependence on training partners, coaches, or gyms

(Miles et al., 2012; Pan et al., 2012; Petri et al., 2018a). Due to no

physical contact with other athletes (opponents or teammates),

injury probability is reduced (Zaal and Bootsma, 2011; Miles

et al., 2012; Pan et al., 2012).

VR applications in sports training and sports science have

been known since 1990 (Neumann et al., 2018). In the last

decade, progress has been made in integrating VR into motor

learning (Yanovich and Ronen, 2015) or serious games (Dörner

et al., 2016). Furthermore, several studies analyzed the effects of

VR training in several sports, e.g. table tennis (Michalski et al.,

2019), karate (Burns et al., 2011; Petri et al., 2018a; Petri et al.,

2019a; Petri et al., 2019b) and baseball (Gray, 2017). Further

examples can be found in the overview by Petri, Ohl, Danneberg,

Emmermacher, Masik, and Witte (Petri et al., 2018b). As

technology advances, HMDs are used instead of power walls

and CAVEs, resulting in much greater freedom of movement and

presence in VR (Petri et al., 2018c).

For applications of VR in combat sports, virtual opponents or

virtual characters are of particular importance. To make the

athlete’s reactions to a virtual opponent as realistic as possible,

the opponent should be as autonomous as possible. However, as

the literature review by Petri et al. (Petri et al., 2018c) states, there

are hardly any practical applications of autonomous characters

due to the high technological requirements. The study also shows

that specific skills of the athlete can be trained with a rather

passive character.

Intervention studies on the use of VR training tools have

been conducted primarily with less-skilled athletes

(Lammfromm and Gopher, 2011; Rauter et al., 2013; Covaci

et al., 2015; Tirp et al., 2015; Hülsmann et al., 2019). For high-

skilled athletes, there are only a few studies, which used VR

intervention, and even fewer studies that analyzed VR training

compared to training in a RW environment. Gray (Gray, 2017)

had experienced athletes perform RW- and VR training and

tested the transfer of perceptual-motor skills in baseball batting

in RW. The results showed a greater improvement in the

performance of the VR group compared to the RW group

(Gray, 2017).

However, the majority of recent studies only investigated the

improvements in VR based on VR training and the question

regarding the transfer in RW is still open. To study the transfer,

environments for real and virtual training situations need to be

similar (Covaci et al., 2015; Oagaz et al., 2021).

Currently, there is a lack of intervention studies in different

sports using immersive VR with high-skilled athletes and

investigating transfer effects from VR to RW. A previous

study (Petri et al., 2019a) used a small sample size and

examined the improvement of performance only in VR

without transfer to RW. The present study aims to repeat this

study to verify the results with a larger sample size (n = 27) and an

additional control group, as well as to analyze a possible transfer

effect. Specifically, this study aims to examine the following

assumption. We hypothesize that a combination of

conventional training and VR training will result in similar or

greater progress in the response behaviour in karate kumite in

reality than conventional training itself. It would be possible to

supplement conventional training with VR training, which

would also have the advantage that a training partner would

not necessarily have to be available. Therefore, the response

behavior of karate athletes to two competition-relevant attacks

was analyzed [Gyaku-Zuki Jodan (GZj) and Kizami-Zuki (KZ)]

and compared before, after half of the intervention and after

intervention in VR and RW. Both are fist punches, but they differ

fundamentally in movement technique and execution time, so

that a different response behavior must first be assumed. The

parameters ‘response time’ and ‘response quality’ were used to

analyze the response behavior. One of the final goals was to find

out to what extent VR training is accepted by the athletes.

2 Materials and methods

2.1 Participants

Twenty-seven (n = 27) young karate athletes (17 male,

10 female, age: 17.4 ± 3.52 years) with international and

national competitive level were divided into two groups

(VRG—VR group, n = 15 and CG—conventional training

group, n = 12) considering gender and expertise. All

athletes (5th Kyu—1st Dan, shotokan style, average of

10 years experience) have karate kumite training four times

per week, each of 90 minutes duration. Participants and their

legal guardians were informed about the study and gave their

written consent. Coaches with international competition

expertise from the respective other training group acted as

real opponents. All participants had no experience with HMD.

The study was designed and conducted in accordance with the

declaration of Helsinki. The approval of the Ethics Committee

of the first author’s university was obtained under the number

132/16.

2.2 Timeline of the study

The study lasted 12 weeks (1st—2nd week pretest,

3rd—5th week intervention phase 1, 6th—7th week
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intermediate test, 8th—10th week intervention phase 2, and

11th—12th week posttest).

During pretest (pre), intermediate test (int), and posttest

(post), the karate-specific response behavior was tested in VR and

RW. In the pretest, questionnaires and feedback forms for

subjective assessments were completed and stereoscopic vision

was verified (Titmus Stereoacuity Test by EYESFIRST®).
In the two intervention phases with each five training

sessions during 2–3 weeks, VRG absolved 10 min of VR

training combined with 80 min of conventional training and

CG absolved 90 min of conventional training in each session.

2.3 Intervention

The CG performed the conventional karate training (90 min)

under the guidance of a karate coach, while the VRG combined

80 min of the same conventional karate training with 10 min of

karate training in VR. The focus of the VR training was the

training of karate-specific reactions to given attacks. The training

sessions are designed with increasing difficulty regarding the

number, type of attacks, and their individual variations (Petri

et al., 2019a). In each training session, the athlete had to respond

to four sets with each six to eight attacks. There was no direct

feedback in VR. However, through the HMD, the athlete could

estimate whether the attacker would have hit him. To guarantee

regeneration and full concentration of the athletes after each

attack, there was a break of 3 s. After each set, a break of 2 min

was provided. As usual in conventional training, a coach also

gave one or two tips to the athlete during the VR training.

2.4 Virtual opponent

The VR training was performed with a virtual opponent

(Petri et al., 2019a). For the attacks GZj (arm attack with the rear

hand towards the opponent’s head, Figure 1), KZ (arm attack

with the front arm towards the opponent’s head, Figure 2), and

other techniques intended to break up the training (but not later

analyzed in VR), the karate techniques of five international

successful karate kumite athletes (age: 24–56 years, 1st—4th

Dan) were recorded using motion capturing with 12 cameras

(MX-13, Vicon, United Kingdom) and real-time tracking (ART,

Germany). The attacks were saved as animations and transferred

to humanoid avatars with different meshes (e.g., female and

FIGURE 1
Series of pictures demonstrating the karate attack Gyaku-Zuki jodan (GZj). (1) starting position (kamae), (2) distance reduction towards the
opponent, (3) pulling up the back leg, (4) pushing off the rear fist to the head of the opponent.

FIGURE 2
Picture demonstrating the final position of the karate attack
Kizami Zuki jodan (KZ). Note the difference to GZj (Figure 1)/(4):
pushing off the front fist to the head of the opponent. Starting
position and distance reduction towards the opponent are
the same as for GZj in Figure 1.
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male) and a karate suit. At least three animations were created for

each virtual opponent and each attack technique. During the tests

with the virtual opponent and during VR training, the VR was

presented using a head-mounted display (HMD, HTC Vive Pro

Eye, Taiwan; resolution of 1140x1660 per eye, horizontal field of

view 110°). Figure 3 shows the virtual opponent from the athlete’s

perspective.

2.5 Procedure of measurements

2.5.1 Sport-unspecific reaction tests
Two tests of the Vienna test system (Schuhfried, Vienna,

Austria) were used to measure the sport-unspecific reaction

time. In the simple reaction test (S1) to a visual stimulus and in

the recognition reaction test (S4) to a visual stimulus with

visual and auditory distractors, the task for the participants

was to move the index finger from one button to another one

when a visual stimulus appeared. The Vienna test

system records the reaction time (RT) and motor response

time (MT).

2.5.2 Karate-specific reaction tests
The karate-specific reaction tests were performed in RW

and VR. To guarantee that the attacks of the virtual opponent

and the real opponent were as similar as possible for the

respective athlete, the attacks were compared in terms of their

temporal movement phase structure and only the virtual

attacks that corresponded best to the real attacks were used.

This means that the absolute times for the complete attack, but

also for the preparatory phase (until the distance reduction)

and the actual arm extension should be comparable. In

addition, care was taken to ensure that real and virtual

attacks did not differ in individual technical details. The

athletes were asked to respond to 22 attacks from a real

opponent (RW test) and a virtual opponent (VR test). In a

randomized order, 50% of the athletes started with the

reaction test in RW and the other 50% with the test in VR.

Attacks were presented in four blocks of five to six randomly

selected attacks each, with a 1–2 min break between blocks.

The attacks in focus, 8 KZ and 8 GZj, were mixed with other

karate attacks so that the athletes could not predict the specific

attack technique. GZj and KZ were chosen due to previous

analyses (Petri et al., 2018a; Petri et al., 2019a) showing

that both attacks are the most often and successfully

performed attacks in international karate kumite

competitions.

The attack of the opponent and the corresponding response

of the athlete were recorded synchronously with two high-speed

cameras (Contemplas, Kempten, Germany, 100 Hz). The

qualitative movement analysis for the response behavior to

the attacks was based on the following parameters: “response

time,” and “response quality.” The “response time” is defined by

three karate experts as the difference between the time point at

which the opponent reduces his distance to the athlete by starting

a step-flight phase and the time point at which the athlete starts

his response.

In order to assess the “response quality,” it is well-known that

in karate kumite competition a time-adequate direct

counterattack is the best solution to react to an attack and to

score a point. On this basis, “response quality” was defined as the

total number of time-adequate direct counterattacks. This means

that if there are eight attacks (GZj or KZ) the maximum value of

“response quality” is eight.

FIGURE 3
Example of a virtual opponent from the athlete’s point of view. In the front, you can see the visualized left fist of the athlete.
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2.5.3 Subjective self-assessment of performance
and simulator sickness questionnaire

For subjective self-assessment of their performance, feedback

forms were completed by the athletes in the pretest and posttest.

Response behavior and distance estimation in relation to GZj and

KZ were evaluated with a grading system from 1 (very good) to 5

(very poor).

Both after the VR tests and each VR training session, the

participants were asked to answer the simulator sickness

questionnaire (SSQ) (Kennedy, Lane, Berbaum, and Lilienthal,

1993) to measure symptoms of cybersickness.

2.5.4 Subjective assessment of VR training by
athletes

Athletes of VRG were asked to rate the following statements

on a 10-point scale (1 - strongly disagree, 10 - strongly agree):

Item 1: I enjoy training in virtual reality.

Item 2: Training against a virtual opponent is more exhausting

than against a real opponent.

Item 3: I can react to the attacks of the avatar in the same way

as to attacks of a real athlete.

Item 4: I feel comfortable in VR

The assessments were evaluated after the first, the fifth and

the 10th (last) training session.

2.6 Data analysis

All videos including the opponent’s attacks (eight GZj,

eight KZ) and athlete’s response behavior were analyzed using

the video analysis software Kinovea (version 0.8.15) by two

karate experts. Interrater reliability (Harris et al., 2020) can be

rated as good (Cohen’s kappa coefficient κ > 0.80). ‘Response

time’ was averaged over the results of both raters. Since both

fist strikes are fundamentally different from each other, the

reactions to these attacks are examined separately. Further

statistics were conducted with SPSS (IMB, Germany, version,

26). The level of significance for all tests was set at α = 0.05.

The requirements (normal distribution, no outliers, sphericity,

homogeneity of the error variances, homogeneity of

covariances) for the mixed ANOVA and for single factorial

ANOVA with repeated measures were checked. For significant

interactions η2 (η2 = 0.01 small effect, η2 = 0.06 moderate

effect, η2 = 0.14 large effect), Cohen’s d (d = 0.2 small effect, d =

0.5 moderate effect, d = 0.8 large effect) or Pearson correlation

coefficient r (r = 0.1 small effect, r = 0.3 moderate

effect, r = 0.5 large effect) are used as effect size (Koo and

Li, 2016).

A mixed ANOVA with the between-subject factor group

(CG, VRG) and the within-subject factors test time (pretest,

intermediate test, posttest) and condition (RW, VR), for each

attack (GZj, KZ) for the parameter ‘response time’ and

‘response quality’ was conducted. Post-hoc tests (t-test or

Wilcoxon test) were used. For both sport-unspecific

reaction tests (S1, S4) reaction time (RT) and motor

response time (MT) were analyzed with a mixed ANOVA.

For the symptoms of the cybersickness, the data of the SSQ are

calculated as described in (Cohen, 2013). The classification

from Stanney, Kennedy, and Drexler 1997) (Kennedy et al.,

1993) was used to interpret the means from each group for the

total score with: 0 - ‘no symptoms’, 0–5 - “negligible

symptoms,” 5–10 “minimal symptoms,” 10–15 “significant

symptoms,” 15–20 “symptoms that are a concern,”

and >20—“problem simulator.”

3 Results

3.1 Response time

Table 1 shows the means and standard deviations of

‘response time’ in all conditions and the results of statistical

analyses.

First of all, it should be noted that interaction effects could

not be found (see Table 1). Only the parameter ‘response time’

improved significantly over the course of the training without

taking the group and the condition into account, with large

effects with regard to GZj [F (2,94) = 9.323, p < 0.001, η2 = 0.166)

and with regard to KZ (F (2, 94) = 7.323, p = 0.001, η2 = 0.135].

As the main effect of test time for both attacks (GZj, KZ) and

for both conditions (RW, VR) was significant, we used a single

factorial ANOVA with repeated measures (Table 2).

The results show, that only the VRG was able to improve the

“response time” in VR related to GZj and KZ with a large effect.

The response time was already reduced in the intermediate test

(for KZ) or only in the posttest (for GZj).

3.2 Response quality

Table 3 shows the means and standard deviations of

“response quality” in all conditions and the results of

statistical analyses.

In general, it shows that on average the athletes only

responded to 1-3 attacks with a direct counterattack that

would have resulted in a point. Using mixed ANOVA, the

assumption that “response quality” improved significantly

throughout the training without taking the group and the

condition into account could be confirmed, with a moderate

effect for GZj [F (2,100) = 3.723, p = 0.028, η2 = 0.069] and with

a moderate effect for KZ [F (1.761,88.069) = 7.523, p = 0.002,

η2 = 0.132]. For both responses to GZj and KZ, the response

quality of VRG and CG did not differ from each other at all

three test times.
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TABLE 1 Results for “response time” (s) for each attack (GZj, KZ), for each test time (pretest, intermediate test, posttest), for each condition (RW, VR),
and each group (VRG, CG). For the parameter “response time,” a smaller value represents a shorter time until the athlete started his response
towards the attack of the opponent.

Condition Group Response time (M ± SD) for GZj (s) Response time (M ± SD) for KZ (s)

Pretest Intermediate test Posttest Pretest Intermediate test Posttest

RW VRG 0.40 ± 0.11 0.33 ± 0.08 0.34 ± 0.12 0.38 ± 0.07 0.34 ± 0.08 0.33 ± 0.10

CG 0.34 ± 0.08 0.33 ± 0.07 0.30 ± 0.07 0.34 ± 0.07 0.32 ± 0.10 0.30 ± 0.06

VR VRG 0.30 ± 0.05 0.26 ± 0.04 0.23 ± 0.06 0.37 ± 0.05 0.32 ± 0.07 0.29 ± 0.05

CG 0.28 ± 0.06 0.26 ± 0.05 0.26 ± 0.06 0.34 ± 0.08 0.33 ± 0.07 0.33 ± 0.08

Statistical results related to attack GZj KZ

Interaction group * test time F (2,94) = 1.583, p = 0.211,
η2 = 0.033

F (2,94) = 1.868, p = 0.116, η2 = 0.038

group * condition F (1,47) = 2.341, p = 0.133,
η2 = 0.047

F (1,47) = 1.082, p = 0.304, η2 = 0.023

test time * condition F (2,94) = 0.799, p = 0.453,
η2 = 0.017

F (2,94) = 0.070, p = 0.933, η2 = 0.001

group * test time * condition F (2,94) = 0.218, p = 0.804,
η2 = 0.005

F (2,94) = 0.723, p = 0.488, η2 = 0.015

Main effects (Welch ANOVA) RW pre F (1, 23.823) = 2.185, p =
0.152

F (1, 21.658) = 1.064, p = 0.314

int F (1, 23.295) = 1.371, p =
0.253

F (1, 21.627) = 0.201, p = 0.659

post F (1, 23.021) = 0.366, p =
0.551

F (1, 23.954) = 0.147, p = 0.705

VR pre F (1, 20.837) = 0.302, p =
0.588

F (1, 17.697) = 1.073, p = 0.314

int F (1, 18.095) = 0.054, p =
0.818

F (1, 22.930) = 0.239, p = 0.629

post F (1, 22.536) = 3.724, p =
0.066

F (1, 17.463) = 2.930, p = 0.105

TABLE 2 Results of single factorial ANOVA with repeatedmeasures for “response time” (s) for each attack (GZj, KZ), for each condition (RW, VR), each
group (VRG, CG) and Dunn Bonferroni post-hoc-tests.

Condition Group Single factorial ANOVA
with repeated measures

Dunn-bonferroni post-hoc-tests

GZj RW VRG F (2,28) = 2.713, p=.084, η2=.162, large effect

CG F (2,22) = 1.916, p=.171, η2=.148, large effect

VR VRG F (2,26) = 12.709, p <.001, η2=.494, large effect pre-post: p <.001
int-post: p <.05

CG F (2,22) = 2.536, p=.102, η2=.187, large effect

KZ RW VRG F (2,26) = 1.846, p=.177, η2=.116, moderate effect

CG F (2,22)=.903, p=.420, η2=.076, moderate effect

VR VRG F (2,26) = 13.755, p=.001, η2=.514, large effect pre-int: p=.028

pre-post: p <.001
CG F (1.225,13.476)=.055, p=.865, η2=.005
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3.3 Results for athletes with immediate
performance level

Furthermore, we were interested in whether VR training would

improve performance for athletes with intermediate level in RW.

For this purpose, only athletes who scored zero for response quality

related to GZj in the pretest (RW) were considered. This resulted in

two subgroups: VRG-L (VRG with immediate performance level,

n = 8) and CG-L (CG with immediate performance level, n = 5). It

was possible to support the assumption that VR training for athletes

with immediate level led to an improvement in response time with

respect to GZj with a large effect (pre: MW = 0.462 s, SD = 0.096 s,

post:MW=0.365 s, SD= 0.138 s, Z = -1.960, p= 0.050, r = 0.69). No

significant differences were found between pre and post with regard

to KZ (pre: MW = 0.354 s, SD = 0.105 s, post: MW = 0.306 s, SD =

0.059 s, Z = -1.402, p = 0.161).

3.4 Sports-unspecific reaction time

The mixed ANOVA for the S1 and S4 revealed only for the

reaction time (RT) from S4 a statistically significant main effect

of test time with a large effect [F (Cohen, 2013; Craig, 2013) =

233.165, p < 0.001, η2 = 0.903]. Post-hoc tests showed that both

groups had a significantly (p < 0.001) shorter reaction time (RT)

in the posttest (VRG (251.46 ± 50.47) ms, CG: (240.25 ± 41.41)

ms) compared to the pretest (VRG (358.73 ± 67.72) ms, CG:

(341.81 ± 47.36) ms).

3.5 Qualitative performance assessment

In general, the qualitative performance was rated on the

grading scale by athletes between 1.6 and 2.5. There was

no significant difference in response behavior and

distance estimation between the pretest and posttest. The

one-factor analysis of variance with the factor group

revealed significant differences only for the athletes’ self-

assessment of responsiveness to the KZ with a large effect

(F (1,25) = 6.803, p = 0.015, η2 = 0.253). The athletes in

the control group (CG) rated their reaction time

better in the posttest (1.58 ± 0.51) than in the pretest

(2.00 ± 0.85). However, the coach’s assessments did not

confirm this.

3.6 Simulator sickness questionnaire

The total score from the SSQ (Kennedy et al., 1993) ranged

from ‘minimal symptoms’ to ‘problem simulator’ according to

the classification of Stanney et al. 1997) for both groups VRG

(pre: 13.96 ± 13.88, int: 6.48 ± 13.88, post: 8.47 ± 20.36) and

CG (pre: 21.82 (±31.24, int: 17.76 ± 18.40, post: 8.72 ± 8.78).

The mixed ANOVA detected no interaction effects between

test time and group (F (2,50) = 0.972, p = 0.386, η2 = 0.036) as

well as no main effects [time: F (2,50) = 2.680, p = 0.078, η2 =
0.097; group: F (Cohen, 2013; Craig, 2013) = 1.341, p = 0.258;

η2 = 0.051].

TABLE 3 Results for “response quality” for each attack (GZj, KZ), for each test time (pretest, intermediate test, posttest), for each condition (RW, VR),
and for each group (VRG, CG). A higher value represents a better “response quality” (maximum = 8) towards the attack of the opponent.

Condition Group Response quality (M ± SD) for GZj Response quality (M ± SD) for KZ

Pretest Intermediate test Posttest Pretest Intermediate test Posttest

RW VRG 1.07 ± 1.44 2.00 ± 2.56 1.80 ± 2.37 0.73 ± 1.22 2.27 ± 2.52 2.13 ± 2.42

CG 1.42 ± 1.44 1.25 ± 1.42 2.08 ± 2.43 1.83 ± 1.99 2.25 ± 2.14 3.17 ± 2.66

VR VRG 0.60 ± 0.91 2.27 ± 1.98 2.00 ± 1.73 0.67 ± 1.40 1.80 ± 1.78 2.00 ± 2.33

CG 1.92 ± 2.39 1.92 ± 1.83 2.50 ± 2.58 2.08 ± 2.57 2.42 ± 2.61 2.08 ± 2.47

Statistical results related to attack GZj KZ

Interaction group * test time F (2,100) = 2.441, p = 0.092,
η2 = 0.047

F (1.761,88.069) = 1.550, p = 0.22, η2 =
0.030

group * condition F (1,50) = 0.438, p = 0.511, η2 =
0.099

F (1,50) = 0.000, p = 1.00, η2 = 0.000

test time * condition F (2,94) = 0.799, p = 0.453, η2 =
0.017

F (1.761,88.069) = 0.797, p = 0.44, η2 =
0.016

group * test time * condition F (2,100) = 0.187, p = 0.83, η2 =
0.004

F (1.761,88.069) = 1.550, p = 0.329, η2 =
0.022
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3.7 Subjective assessment of VR training
by athletes

Table 4 shows the descriptive and statistical results for

subjective assessment of VR training by the athletes of VRG.

The VR training was equally enjoyable for the athletes from

the beginning to the end of the training period. The differences

between the sessions related to Item 2 were significant. The

assessment of whether the athletes react to the virtual opponent

in the same way as to a real opponent was rated independently of

time with a score of 5. The statement “I feel comfortable in VR”

was rated equally good across all training sessions.

4 Discussion

The aim of the present study was to show to what extent

response training in VR improves response behavior also in RW.

This was examined in karate kumite, in which additional VR

training was integrated in regular training sessions.

While previous studies often found performance improvements

from VR training by comparing it to a control group that received

no training [e.g., (Michalski et al., 2019)], our study compared the

effect of combined VR-RW training to RW training. In particular, it

should be verified whether integrated VR training also leads to an

improvement in RW performance. In general, it was observed that

the response time in RW decreased for both groups after the

intervention. It is obvious that, in contrast to CG, VRG reduced

its response time in VR. This is consistent with the studies by Gray

(Gray, 2017), La Nour, Hyoz, and Bresciany (Le Naour et al., 2020),

and Oagaz et al. (Oagaz et al., 2021), which show significant

performance improvements due to VR training. However, it

could not be shown that the parameter “response time” was also

shortened in RW for the VRG. In contrast, the athletes as well as the

coach reported that in their perception the response time improved

in RW. Our findings are consistent with the previous study (Petri

et al., 2019a). The authors found response time improvements for all

attacks studied. However, the study by Petri et al. (Petri et al., 2019a)

was a cross-over design with a relatively small number of subjects

and, in addition, negative response times (inclusion of pre-start

reactions) were measured, which did not occur in the present study.

Looking at the results of the intermediate-level athletes,

improvements in response time can also be demonstrated for the

GZ attack. This could indicate that such VR training is particularly

suitable for lower-performing athletes. However, lower-performing

athletes do notmean beginners, but athletes with lower performance

in karate kumite.

Another reason for the relatively small effect of VR training

could be that the time proportion of VR training compared to

conventional training was 10 min/80 min. This short time was

chosen to avoid possible discomfort in VR and to compare the

results with those by Petri et al. (Petri et al., 2019a). With improved

VR technology, it should be possible in the future to carry out VR

training over a longer period of time. Already Petri, Feuerstein,

Folster, Bariszlovich, and Witte (Petri et al., 2020) found that VR

training with HMD of 20 min is also possible.

In contrast to the previous study (Petri et al., 2019a),

significant improvements in response quality could not be

demonstrated. However, this could be changed in the future if

VR training focused on trying out different reaction strategies.

After all, no painful contact occurred during the attack by the

virtual opponent, which could reduce the risk of injuries.

Regarding the sports-unspecific reaction time, a significant

improvement from pretest to posttest was found for both groups

only for the reaction test S4 of the Vienna test system. The values for

reaction time and motor response time are similar to the results

from previous studies for combat athletes (Gierczuk et al., 2017).

The reaction time is shorter than the ‘response time’ during an

attack as the tasks are different. In contrast to (Petri et al., 2019a), we

found a significant improvement from pretest to posttest. This can

be explained by a higher sample size in the current study. The results

may indicate that sport-specific reaction training also has an effect

TABLE 4 Results for subjective assessment of VR training’ by VRG (n = 15) after 1st, 5th,, and 10th training session. Item 1: I enjoy training in virtual
reality. Item 2: Training against a virtual opponent is more exhausting than against a real opponent. Item 3: I can react to the attacks of the avatar
in the same way as to attacks of a real athlete. Item 4: I feel comfortable in VR. (1—strongly disagree, 10—strongly agree).

Item Training session 1 (M ±
SD)

Trainings session 5 (M ±
SD)

Training session 10
(M ±
SD)

ANOVA with repeated
measurements

1 5.20 ± 2.178 4.87 ± 2.134 4.53 ± 2.134 F (2,28) = 0.493, p = 0.616, η2 = 0.034

2 2.47 ± 2.232 3.33 ± 1.99 3.67 ± 1.759 F (2,28) = 6.765, p = 0.004, η2 = 0.326

Session 1 vs. 5: p = 0.017, Z = −2.36, p = 0.018, r = 0.61

Session 1 vs. 10: p = 0.009, Z = −2.381, p = 0.017, r = 0.615

Session 5 vs. 10: p = 0.265, Z = −1.115, p = 0.265, r = 0.29

3 5.20 ± 2.178 4.87 ± 2.134 4.53 ± 2.134 F (2,28) = 0.493, p = 0.616

η2 = 0.034

4 8.80 ± 1.207 8.33 ± 1.718 8.00 ± 1.690 F (1.39,19.50) = 1.583, p = 0.235, η2 = 0.100
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on sport-unspecific reaction behaviour with visual and auditory

distractors. The non-existing differences in the other values for the

reaction and motor response time are in line with results from

Florkiewicz et al. (Florkiewicz et al., 2015).

The values for the total score of SSQ are extremely high and

could raise concern. But in line with (Stanney et al., 1997), it

should be noted that cybersickness is not a simulator sickness.

The high values could be due to the development of the SSQ for

military simulations. A meta-research from Saredakis et al.

(Saredakis et al., 2020) showed that several studies using

HMD reported high SSQ-Scores. As no participant felt

uncomfortable in the virtual environment, the high values of

the SSQ should not affect the results of the present study.

An important prerequisite for the introduction of VR

training is the clarification of the extent to which VR training

integrated into conventional training is accepted by the athletes.

The present results (fun, effort level, similar reaction compared to

a real opponent, and comfortable feeling in VR) advocate

additional training with a virtual opponent. Similar results are

obtained for free-throw training by Covaci et al. (Covaci et al.,

2015). The score of 5 for response behavior related to the virtual

opponent compared to the real opponent means that the virtual

opponent does not move naturally enough, e.g., does not adapt

optimally to the athlete’s movement and position. To solve this

problem, an intelligent avatar with low latency should be used in

the future, based on the results of Zhang et al. (33).

5 Limitations

There are some limitations of the current study. First, VR

training was short compared to conventional training. Second,

the athletes did not receive any haptic feedback during the VR

training from the opponent. Third, the virtual character was a

passive one and was not able to react to the athlete’s

movement. The training consisted only of attacks from the

avatar and responses of the athlete. Forth, the raters were

not blinded and knew which participant belonged to which

group.

6 Conclusion

In summary, we can conclude that karate athletes accept an

integrated VR training. The results of the shorter ‘response time’

to a virtual opponent for the VRG suggest that a 10 min VR

training integrated into the conventional training leads to an

improvement in the response time. The assumption that the

effects of VR training can be transferred into RW settings cannot

be substantiated. There is initial evidence that VR training tools

can be used efficiently for athletes at intermediate performance

levels. In addition, future VR training tools should integrate an

autonomously interacting opponent, which is able to react to the

athlete’s responses and attacks. VR training in karate kumite can

be seen as a diverse training tool that increases the motivation of

athletes who still have potential for development. In order to

realize longer training times in VR, a biofeedback system should

be used in the future to obtain indicators of cybersickness.
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