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Abstract

Background With the advancement of technology, it is considered an important step to transfer assessment
methods to the virtual environment as it provides individuals with the opportunity for equal feedback, improves test
performance and allows for testing with maximum participation. The aim of this study was to evaluate the effects and
differences between the classic Wingate Anaerobic Test (WANT) and a virtual reality-based Wingate Test (VR-WANT) on
the test performance of athletes and to investigate their applicability to athletes.

Methods Thirty male athletes aged between 18 and 25 years from professional football teams were included in
the study. The athletes'age, height, weight, total years of sport experience, scores on the system usability scale and
satisfaction with the two different testing methods were assessed. A scenario covering all phases of the WANT and
requiring no external cues was prepared by the project team and integrated into the virtual reality headset. Athletes
were first assessed using the classic WANT in a controlled laboratory environment, and two days later the same
athletes were assessed using the VR-WANT in the same environment. Maximum power, minimum power, average
power and fatigue index data from the test system were recorded for analysis.

Results The results of the study showed no statistically significant differences in maximum power, minimum power,
average power and fatigue index values between the two methods (p > 0.05). However, according to the satisfaction
measurement, the results of the VR-WANT were statistically significantly higher compared to the classic WANT
(p=0.026).

Conclusions VR-WANT may be considered a promising alternative for anaerobic performance testing due to its
potential to enhance user experience and satisfaction. It is also believed that the test may offer greater comfort for
both practitioner and athletes, while introducing a novel dimension to physiotherapy and rehabilitation assessment
processes.

Trial registration NCT06661395 (Registration Date: 24 Oct 2024).
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Background

In the domain of sports, particularly those involving
high-intensity efforts such as sprinting and jumping, it is
imperative to accurately assess anaerobic power in ath-
letes [1]. Despite the plethora of methods and tests pro-
posed for the measurement of anaerobic components,
the 30-second Wingate Anaerobic Test (WAnNT) is widely
regarded as the gold standard [2]. This test involves the
participants pedalling at maximum speed for 30 s on a
Monark-type cycle ergometer, against a resistance equiv-
alent to 7.5% of their body mass, while being provided
with strong verbal encouragement.The performance
components of the WAnT that are commonly accepted
are as follows: peak power, minimum power, average
power, and fatigue index [3].

It is well-documented that external visual, auditory,
and tactile stimuli can enhance an individual’s test per-
formance, leading to maximal effort during the test.Stud-
ies have shown that verbal feedback provided to elite
rugby players results in increased peak power and speed
values in the upper body [4]. Therefore, it can be con-
cluded that feedback or verbal encouragement given to
the athlete or patient during an assessment may influence
the test outcome. In circumstances where optimal per-
formance is anticipated, external stimuli, such as musi-
cal cues, assume a pivotal role in activating performance.
Empirical evidence suggests that heart rate, breathing,
movement speed, and pulse tend to synchronize with the
rhythm of the music [5]. While the underlying mecha-
nisms remain to be fully elucidated, existing literature
demonstrates that listening to music during the WAnT
can physiologically enhance anaerobic exercise perfor-
mance [6]. While previous studies have demonstrated
the ergogenic effects of isolated sensory stimuli such as
music and verbal cues, VR provides a fundamentally dif-
ferent context by integrating these stimuli into a cohe-
sive and interactive environment. The current literature
remains limited in systematically examining how immer-
sive VR environments influence the validity, reliability,
and motivational aspects of standardized anaerobic per-
formance tests such as the WAnT. Therefore, our study
aims to address this specific gap by comparing the VR-
WANT with the traditional WAnNT protocol.

Virtual reality (VR) is defined as a three-dimensional
graphical representation of real or imaginary environ-
ments, created by a computer, in which individuals can
interact with and feel immersed. VR applications utilise
a combination of visual, auditory, and tactile stimuli to
provide participants with motivating and enriched envi-
ronments for training. The virtual environment provides
feedback to enhance motor learning and allows indi-
viduals to explore their surroundings independently and
safely during high-intensity training protocols, thereby
increasing their sense of autonomy [7]. The impact of VR
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can be so profound that it elicits responses comparable
to those observed during exposure to real-life scenarios.
Furthermore, the experience of being inside an avatar,
where the individual perceives the avatar’s actions as
their own brain’s intention, can engender a sense of own-
ership over the actions [8].

In the contemporary context, VR applications have
emerged as a prevalent and efficacious modality within
the domain of rehabilitation. A substantial body of
research has demonstrated the efficacy of VR applica-
tions in addressing a wide range of physical and psy-
chological health concerns, including upper and lower
extremity disorders, balance and gait issues, cognitive
disorders, pain management, and the prevention of kine-
siophobia [9, 10]. The integration of VR into treatment
programs offers numerous advantages, including the
reduction of dependency on time and place, the provi-
sion of detailed feedback on performance, ease of use,
affordability, and reliability, the facilitation of multiple
repetitions of activities, the stimulation of motor learning
and cortical plasticity, the support of social interaction,
and the enhancement of cognitive functions [11, 12].

However, it is noteworthy that VR applications, which
are commonly used in rehabilitation, have not found
equal representation in assessment processes. The inte-
gration of VR scenarios, accompanied by auditory and
visual feedback, is purported to enhance the uniformity
of evaluations and ensure reproducibility. Furthermore,
these methods could ensure that verbal and auditory
feedback provided to participants during the assess-
ment is consistent. In this context, it is anticipated that
VR-based scenarios will introduce a new dimension to
athletes’ evaluation processes. The present study aims
to investigate the impact and differences in performance
between a traditional WAnNT application and a VR-WAnT
with a head-mounted display, and to assess its applicabil-
ity in athletes.

Methods

Participants

The sample size for the study was calculated using the
G*Power (version 3.0.10; Universitat Diisseldorf) pro-
gram with 90% power and an effect size of 0.55, utiliz-
ing the “t tests-difference between two dependent means
(matched pairs)” design (a=0.05, p =0.95), resulting in 30
athletes.

The present study was conducted with male athletes,
representing two professional football teams, on a vol-
untary basis. Initially, 47 athletes were considered for
participation in the study; however, 17 were excluded
for various reasons, including injury, failure to attend
the second measurement, and exceeding the time inter-
val between the two tests. The 30 athletes were provided
with written and verbal information, and their signed
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consent was obtained (Fig. 1). Participants were required
to be aged between 18 and 25 years, to have volunteered
for participation, and to have successfully completed the
WAnNT test independently prior to the commencement of
the study. Participants with a history of hospitalization
for a duration exceeding two weeks within the previous
three months, a history of acute illness or injury during
the study period, or who had not participated in training
activities for a period of two weeks were excluded from
the study.

Procedures

In this study, a scenario developed by the researchers
for WAnT was constructed in such a manner that no
external cues were provided. Subsequently, the scenario
was converted into software by procuring services from
expert engineers in the field and integrated into the VR
headset. Consequently, a preliminary trial of the scenario
was undertaken, and enhancements were implemented
in accordance with the deficiencies and errors that were
identified during this phase. The final version of the sce-
nario was then subjected to a series of tests, the results
of which indicated that the application was both effective
and accurate [13]. This iterative process of development
and refinement has contributed to enhancing both the
efficacy of the application and the user experience. The
full version of the developed test scenario was uploaded
to ClinicalTrials.gov (NCT06661395).

All athletes included in the study were initially evalu-
ated using the traditional WAnT method in a con-
trolled laboratory environment under similar conditions
(15:00-17:00). Subsequent to a two-day interval, the
same athletes performed the VR-WANT under the same
conditions. The experimental apparatus employed was a
Monark-type cycle ergometer (Monark, Stockholm, Swe-
den), with seat adjustment and distance between han-
dlebars and crank customized for each athlete. During
the tests, the laboratory temperature was maintained at
18 °C, with humidity levels ranging from 40 to 50%, and
efforts were made to minimize noise and external distrac-
tions. Prior to the assessment, athletes were instructed to
abstain from training or competitive activities and to fast
for a minimum of two hours.

Classic wingate anaerobic test (WANT)

The classic Wingate Anaerobic Test (WAnNT) is a test
that consists of a 7-minute warm-up period followed by
a 30-second test phase. During the warm-up, the athlete
performed 5 min of dynamic exercises before commenc-
ing the test. Subsequently, the athlete engaged in a stan-
dardized 5-minute warm-up on the bicycle at 100 watts,
during which two 2-3 s sprints were performed during
the 3rd and 4th minutes. Following this, the athlete ped-
alled at minimal resistance (10—20 rpm) for recovery.
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Following a 2-minute recovery phase, the athlete ini-
tiated pedalling for the test phase. Upon attaining the
maximum pedalling rate, a weight equivalent to 7.5% of
the athlete’s body mass was instantaneously applied to
the bicycle wheel via a lever. For the subsequent 30 s, the
subject was instructed to pedal at the highest possible
cadence while seated, with strong verbal motivational
support. The test concluded after 30 s. Following the con-
clusion of the test, the athlete was instructed to rest in a
seated position [14].

Virtual reality Headset-Integrated wingate anaerobic test
(VR-WANT)

All athletes who had completed the classic WANT per-
formed the VR-WAnT under the same conditions in
the laboratory two days later. The steps of the test were
identical to the previous test. The Wingate test scenario,
devised by the researchers, was constructed in such a
manner that no external cues were provided, with ser-
vices being procured from engineers for the integration
of the test scenario into the VR headset. Participants
completed the test with guidance from the scenarios dis-
played in the virtual reality headset. The Oculus Meta
Quest 2, a head-mounted display, was utilized for this
study. Following the donning of the headsets, partici-
pants were able to see only the created virtual environ-
ment, and the device was connected to a computer that
generated the virtual reality environment (Fig. 2).

During the warm-up phase of the VR-WAnNT, ath-
letes were presented with a virtual reality simulation in
which they could be seen riding a bicycle through a for-
est, pedalling at a speed of 60—80 rpm for a period of
5 min (Fig. 3). In the final 3 s of the 3rd and 4th minutes,
the subjects were presented with a visual of themselves
positioned on a railway track, accompanied by a simu-
lated train approaching at high speed. In response to the
on-screen prompts (Hurry up! ), the participants initi-
ated 2-3 s sprints (120-160 rpm) in an attempt to evade
the oncoming train. Following this, the screen displayed
“Slow Down!” cues, which signalled to the athletes that
they should return to their normal pace of 60 rpm revolu-
tions per minute (Fig. 4). Following the completion of the
5-minute warm-up period, the athletes were instructed
to pedal at minimal resistance (10—20 rpm) for 2 min to
recover from any fatigue during the warm-up, as indi-
cated by the “Slow down a lot!” cue on the screen, and to
arrive at the race course.

Upon reaching the designated location, the athletes
viewed themselves at the starting line of a bike race,
accompanied by their competitors, all in a state of readi-
ness. While in this ready position, the device automati-
cally applied resistance, and a countdown from three
began, followed by the sound of starting pistols. When
the count reached zero, a flag signal indicated the
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Assessed for eligibility
(n=47)

Excluded (n=17)
Not meeting inclusion criteria (n= 11)
Declined to participate (n=6)

Included (n=30)

1** Assessment (n=30)
WAL

Satisfaction Survey

2" pssessment (n=30)
VR-WART
System Usability Scale
Satisfaction Survey

Analyzed (n=30)
Intra-group comparison

Fig. 1 Participant flow chart
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Fig. 2 Virtual reality headset-integrated WANT
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Fig. 5 Race stage

commencement of the race. Thereafter, the athletes were
required to pedal at maximum effort in a seated position
for a duration of 30 s, with the objective of surpassing
their competitors and achieving first place. Through-
out the race, verbal cues developed within the scenario

were provided to the athlete via the VR headset, without
any external stimuli. At the conclusion of the 30-second
interval, the athlete was instructed to rest in a seated
position (Fig. 5).
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Measurements

A comprehensive set of demographic details pertain-
ing to the athletes was collected, encompassing their
age, height, weight, and the total duration of their sports
experience. Subsequent to the administration of the tests,
the System Usability Scale (SUS) was administered, and
athletes were invited to rate their satisfaction with the
two different test methods on a scale of 1 to 10, where
10 represented the highest satisfaction and 1 represented
the lowest.

The bike system used for the WAnT automatically mea-
sured power generation in watts (W) or W/kg for each
5-second interval of the test. From these measurements,
peak power, minimum power, average power, and fatigue
index data were recorded for subsequent analysis. The
fatigue index was calculated by dividing the difference
between the highest and lowest power values obtained
during any 5-second interval by the highest power value
obtained during the test.

The System Usability Scale (SUS) is a 10-item ques-
tionnaire designed to rapidly evaluate the usability of
websites, software, hardware, mobile devices, and other
technological applications. Utilising a 5-point Likert
scale, the SUS is a survey designed to evaluate the usabil-
ity of technological applications and has been validated
in Turkish. A SUS score greater than 68 indicates that the
system’s usability is above average [15].

Statistical analysis

The data collected for this study were analysed using
SPSS (Statistical Package for Social Sciences) 23.0
(Armonk, NY, USA) and Jamovi software. The normal-
ity of the data was checked using the Shapiro-Wilk Test.
The demographic data were expressed as the mean, min-
max. For the purpose of intra-group comparisons, the
parametric data were analysed using the paired Student’s
t-test. The Pearson correlation coefficient was used to
examine the relationships between variables, assum-
ing they were normally distributed. The strength of the
correlations was described as: very weak (<0.10), weak
(0.10-0.29), moderate (0.30-0.49), strong (0.50-0.69),
very strong (0.70-0.89), almost perfect (0.90-0.99), and
perfect (1.00) [16],. Cohen’s d was used to estimate effect
sizes by expressing the difference between two means
in standardized units. According to common inter-
pretation guidelines, d<0.2-trivial, 0.2<d<0.6-small,
0.6 <d<1.2-moderate, 1.2<d<2.0-large, 2.0<d <4.0-very
large and d>4.0-extremely large [17]. The results were
evaluated at a 95% confidence interval, and the signifi-
cance level was set at 0.05.
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Table 1 Demographic characteristics of the participants

Variable n Mean+SD Min-Max
Age (years) 30 19.72+1.13 18-22
Height (cm) 30 179.56+0.545 170-188
Weight (kg) 30 75.22+9.63 63-91
Sports experience (years) 30 96+2.79 4-15
System Usability Scale 30 779+146 40-95
Table 2 Analysis of measurement data
Variable WANT VR-WANT P ES
(Mean+SD) (Mean+SD)
Maximum power 8.74+1.063 8.96+£0.927 0.200 -0.239
Minimum power 5.37+0.950 5.14+1.040 0227 0.183
Average power 7.07+0.890 7.20+0.728 0.343 -0.176
Fatigue index 337+0.997 382+1.113 0.091 -0.319
Satisfaction levels 7.53+£1.548 8.60+1.773 0.026* -0426
Student’ t-test, *p <0.05, ES: effect size
Table 3 Correlation between measurement data
Variable WARNT VR-WANT r p
(Mean+SD) Mean+SD)
Maximum power 8.74£1.063 896+0.927  0.567**  0.001
Minimum power 537+0.950 5.14+1.040 0.228 0.226
Average power 707+0890 720+0.728  0.602*** <0.001
Fatigue index 33740997 382+1.113 0.101 0.596

Results

The study was thus completed with a total of 30 athletes.
The demographic information of the participants is pre-
sented in Table 1.

The WAnNT results obtained using different methods at
different times are presented in Table 2. No statistically
significant differences were identified between the ath-
letes’ maximum power, minimum power, average power,
and fatigue index values (p>0.05). The satisfaction level
assessment indicated that the VR-WANT results were
statistically significant in comparison to the classic test
results (p=0.026).

Pearson correlation analysis was conducted to exam-
ine the relationship between the measurement values
obtained from the WANT performed with and without
VR. The analysis revealed a strong and statistically sig-
nificant positive correlation between maximum power
values (r=0.567, p=0.001) and average power values
(r=0.602, p<0.001) across the two test conditions. No
significant correlations were found for minimum power
or fatigue index (Table 3).

Discussion

This study aimed to explore the applicability of a VR
based protocol as an alternative to the traditional admin-
istration of the WANT, with a particular focus on user
experience and performance-related aspects. While the
VR condition appeared to offer certain advantages in
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terms of participant engagement and satisfaction, differ-
ences in anaerobic performance outcomes between the
two methods were less pronounced. These preliminary
observations suggest that VR-based testing environments
may have potential benefits beyond purely physiological
metrics, particularly in enhancing motivation and per-
ceived enjoyment during anaerobic assessments tests.

VR applications offer users both ecological validity and
experimental control, enhancing the realism of the envi-
ronment [18]. Unlike traditional WAnNT protocols, which
rely solely on auditory stimuli, the VR-based scenario in
this study incorporated simultaneous visual and audi-
tory cues, including a competitive race environment with
other cyclists, aimed at increasing participant motivation.
Although performance improvements were observed in
the VR-WAnNT condition, these differences did not reach
statistical significance. External verbal encouragement is
widely used to enhance maximal performance in WAnT
and is considered a key motivational factor. Findings on
its effectiveness are mixed; some studies report no impact
on anaerobic performance, whereas others demonstrate
positive outcomes. Nonetheless, virtual reality remains a
widely used tool for enhancing motivational context. This
includes elements such as audience presence, individual
or group competition, and performance-based conse-
quences [14, 19]. Notably, concurrent verbal encour-
agement has been shown to positively influence WAnNT
performance in non-athlete male participants [20].

A review of the extant literature reveals that serious
games (VR) have the potential to be applied in the con-
text of analysing and determining sports performance
[21]. Nevertheless, the efficacy of VR applications is
commonly associated with their capacity to offer partici-
pants a high level of immersion. In a survey conducted
to evaluate the immersive and engaging nature of a VR
environment, it was found that experiences in virtual
and real environments were comparable [18]. In the
context of objective performance assessment in sports,
it is imperative to ascertain that players exhibit equiva-
lent behaviors in virtual and real environments, and
that their perceptions and actions are consistent, a phe-
nomenon referred to as behavioral realism. Bideau et al.
[22] evaluated this behavioral realism by comparing the
physical performance of a handball goalkeeper facing a
real shooter versus a virtual avatar. The study revealed
no statistically significant variation in reaction times,
and there was a strong correlation between the move-
ment of the arms and legs in both conditions. Pastel et al.
[23] showed that reaction time, jump height, and multi-
movement coordination tests administered in a VR envi-
ronment were highly correlated with traditional tests and
had strong reliability. Similarly, Sylcott et al. [24] dem-
onstrated that the intrinsic motion sensors of VR head-
sets were significantly consistent with force platforms in
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postural sway measurements. Pratviel et al. [25] reported
that both reaction time and head movement strategies
could be measured with high test-retest reliability with
the VR-based Dynavision test. In terms of upper extrem-
ity endurance, Maden et al. [26] emphasized that the VR
version of the classic 6-Minute Pegboard and Ring Test
produced similar physiological responses and was a valid
assessment tool. In terms of evaluating tactical perfor-
mance, Buga et al. [27] stated that VR-based aiming and
decision-making tests showed significant relationships
with age, physical activity level, and tactical training, and
gave results similar to live shooting. Although no sig-
nificant differences were found in maximum, minimum,
or average power values, correlation analyses revealed
significant positive relationships for maximum power
and average power in our study. The calculated ES for
maximum power indicates that the VR-WAnT protocol
provides only a small advantage compared to the classi-
cal protocol. For minimum power and mean power, the
effect sizes are quite low, and the practical significance
of these differences is limited. These results suggest that
the VR environment does not have a notable effect on
short-term anaerobic power production, although it may
create a limited difference. These results indicate that tra-
ditional and VR-based tests produce comparable motor
outputs, and that the use of virtual reality does not com-
promise the reliability of performance data. Therefore, it
can be suggested that VR-WAnNT may be a viable alterna-
tive or an option among complementary digital solutions
compared to traditional test protocols in the evaluation
and rehabilitation processes.

Vignais et al. [28] demonstrated that a handball goal-
keeper performed better in a 3D virtual reality envi-
ronment compared to 2D video, attributing this
improvement to the presence of stereoscopic informa-
tion. Similarly, the player’s ability to adapt their view-
point in 3D space has been identified as crucial for
accurately perceiving visual cues [18]. Supporting this,
research indicates that sports performance assessments
are enhanced when VR systems incorporate stereo vision
and head movement tracking [29]. In the present study,
the traditional WAnT was conducted in a 3D VR envi-
ronment, and the results suggest that integrating ste-
reoscopic vision into such protocols may contribute to
improved anaerobic performance.

Encouragement may prove pivotal in achieving their
maximum potential during exercise tests for less-trained
individuals, as these individuals exhibit diminished
intrinsic motivation to exert maximum effort when com-
pared to their more trained counterparts [30]. In the
present study, the similar outcomes observed in both the
classic and VR-WAnNT experiments may be attributed to
the athletes’ high intrinsic motivation at the commence-
ment of the trials. The findings of this study suggest that
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the implementation of VR-WAnNT in the training of ama-
teur athletes could yield effective results when compared
with the conventional WAnT method.

Despite the acknowledged importance of external
encouragement in enhancing exercise performance, as
noted in several guidelines [31, 32], only one guideline
outlines specific timing and delivery methods, which
remains empirically unverified and is not exclusive to
maximal exercise tests [33]. This gap likely stems from
the limited methodological detail in existing studies on
verbal encouragement, particularly regarding its fre-
quency, intensity, and volume. The lack of standardisation
impedes the ability to determine whether variations in
these parameters explain differences in observed effects.
For instance, in healthy adolescents, encouragement
delivered at 20—60 s intervals significantly improved max-
imal effort compared to no or minimal encouragement at
180 s intervals [34]. Comparable findings were reported
in studies on vertical jump and resistance training perfor-
mance, where variations in encouragement strategies led
to differing outcomes [35-37]. Moreover, the intensity
of encouragement influences force production and may
affect exhaustion thresholds. Accordingly, developing a
standardised protocol could inform clinical guidelines
to help individuals reach maximal performance [38]. An
advantage of the VR-WAnNT used in this study is its ability
to provide athletes with a realistic and consistent testing
environment compared to the traditional WAnT, thereby
enhancing standardization in performance analysis [39—
41]. Consequently, training efficiency and competitive
performance may be improved.

The finding of comparable outcomes in both the clas-
sic WANT and the VR-WAnNT models lends further sup-
port to the utilisation of virtual reality in WAnT. A key
strength of the study lies in the potential for a standard-
ized encouragement protocol in VR-WAnT, which could
enhance consistency across individuals and within indi-
viduals when compared to the classic WAnNT. It is hypoth-
esised that this approach will enhance the reliability and
validity of physiological results obtained through exer-
cise tests. Furthermore, it can be integrated into clinical
guidelines and future research. Furthermore, the integra-
tion of VR with software or artificial intelligence holds
considerable potential for the future development of per-
sonalized encouragement protocols, tailored to individ-
ual physiological responses and test results. The findings
of this study may also have relevance for VR-supported
exercise tests in other areas.

This study has several limitations. The participants
were male football players aged between 18 and 25, which
restricts the generalizability of the findings in terms of
age, gender, and sport type. The study was focused on
assessing the acute performance of the WAnT, and did
not evaluate the learning effects of repeated VR-WAnT
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trials, nor the long-term effects on performance mainte-
nance or fatigue modulation. The lack of randomization
in the order of test administration may have introduced
potential learning or familiarity effects. Although partici-
pants were selected from football players who had pre-
viously completed the WANT outside the scope of this
study in order to minimize such biases, the possibility
of residual learning effects cannot be completely ruled
out. Additionally, blinding was not applied as partici-
pants were aware that they were testing a new VR system.
The inherent potential of the VR application developed
within the scope of the study to enhance motivation may
have introduced bias in the assessments of satisfaction
and fatigue. Future studies should be encouraged to ran-
domizing the test order and include more diverse popu-
lations (e.g., female athletes, different sports disciplines,
older age groups) to improve generalizability of findings.

Conclusions

Consequently, no statistically significant differences were
observed in power parameters and fatigue index between
the VR-based and traditional Wingate test. However, par-
ticipant satisfaction was significantly higher in the VR
group compared to the traditional group. These findings
suggest that the VR-based method may offer additional
advantages in terms of user experience and motivation.
Considering the potential benefits of the VR-WAnT, such
as enhanced satisfaction and feedback standardization,
it may be seen as a viable and promising alternative for
anaerobic performance testing.
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