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Abstract
Virtual reality (VR) provides the potential for immersive and engaging training solutions for improving sport performance. 
However, if VR training is to be adopted and used in an effective and evidence-based fashion, a more rigorous assessment 
of the validity of the simulation is required. Construct validity is the degree to which the simulation provides an accurate 
representation of core features of the task. In the context of sport, if the training drills in the VR environment are a true 
representation of the skills needed in the real world, then those that excel at the sport in the real world should also excel in 
the virtual one. In this experiment, we examined the construct validity of a soccer-specific VR simulator by recruiting pro-
fessional, academy, and novice players. Seventeen participants in each group completed four VR soccer drills, and the VR 
software provided scores relating to performance and process (e.g., passing accuracy, composure, reaction time, and adapt-
ability). Based on these scores, an algorithm gave a diagnostic score relating to the predicted ability of the player. Results 
showed that this VR platform successfully differentiated between participants of differing skill levels. These results provide 
some support for the construct validity of this VR simulator and suggest at least partial overlap between the perceptual-
cognitive and motor skills needed to perform well across ‘real’ and virtual environments. Further work is needed to explore 
the validity and fidelity of the simulation before its adoption as a training device can be fully endorsed.
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1 Introduction

Across a number of high-performance environments, there 
is a proliferation of technology designed to augment exist-
ing performance solutions. One such technology is virtual 
reality (VR). Virtual reality has attracted much interest as a 
training solution because it not only allows safe, repeatable 
training tasks, but it affords complete control over the train-
ing environment. A simulation can be used to augment the 
training task by varying task constraints (e.g., Lammfromm 

and Gopher 2011), controlling feedback (e.g., Sigrist et al. 
2015), or providing adaptive difficulty (e.g., Gray 2017). At 
the pragmatic level, VR training enables a trainee to engage 
in learning, practice, or rehearsal that may have otherwise 
been impractical, for example rehearsing particularly dan-
gerous skills without real risk, or practicing skills while 
physically distinct from the real performance environment 
(e.g., learning to fly in a simulator without access to an aero-
plane). Virtual reality has intuitive appeal as a training tool 
and has been implemented in a number of environments 
including sport (Gray 2019; Neumann et al. 2018), surgery 
(Gurusamy et al. 2008), aviation (Vine et al. 2015), and reha-
bilitation (Adamovich et al. 2009). However, the use of VR 
in these environments raises questions about whether the 
current systems are sufficiently realistic to provide an effec-
tive training stimulus. With the exception of aviation, where 
there is a large evidence base, all of these areas have adopted 
VR simulations for training without the necessary evidence 
of the efficacy of the VR tool and the training effectiveness.

In developing an appropriate evidence base for the use of 
VR training, one of the biggest challenges is demonstrating 
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real-world transfer (Michalski et al. 2019). While evidence 
for positive transfer in sporting tasks is limited, there is a 
body of evidence from surgical skills training which sug-
gests simulators can facilitate task expertise in the real 
world (Gurusamy et al. 2008; Haque and Srinivasan 2006; 
Lerner et al. 2010). Simulation in surgical education is more 
advanced than many other areas—probably due the amount 
of investment and research in this area—but nonetheless 
this demonstrates the potential benefits of VR training. In 
order to achieve good real-world transfer, it is imperative 
that simulations demonstrate appropriate levels of validity 
and fidelity. Validity is the degree to which the simulation 
provides an accurate representation of core features of the 
task (Gray 2019). Fidelity refers to the extent to which a 
simulation reproduces the state or behavior of the real-world 
system (Burdea and Coiffet 2003). Gray (2019) subdivided 
fidelity into physical fidelity (i.e., how similar is the appear-
ance of the task to the real world), affective fidelity (i.e., 
how similar are the emotions experienced to those experi-
enced in the real world), biomechanical fidelity (i.e., how 
similar are task-specific movements elicited compared to 
the real world), and psychological fidelity (i.e., how simi-
lar are the perceptual-cognitive skills needed compared to 
the real world). The greater the congruence between these 
aspects of the simulation and the real world, the more likely 
that simulation training will provide benefits in real-world 
performance contexts (Gray 2019). An analysis of the valid-
ity and fidelity of VR sport simulators is therefore critical, 
before practitioners begin to use them in training contexts.

In the context of the validation of VR simulators, con-
struct validity describes how the simulator is able to distin-
guish participants of differing levels of expertise (Roberts 
et al. 2017). Although there is no recognized standards for 
the evaluation of construct validity in VR simulators, the 
examination of expertise differences has been extensively 
used for this purpose, particularly in clinical contexts. For 
example, previous work in surgery (see Vine et al. 2014; 
Bright et al. 2012) has validated VR simulators by com-
paring the performances of expert performers of the task 
with novice performers of the task. In these contexts, if the 
performance markers that the VR simulation provides are 
valid and reliable, then a consistent and predictable distinc-
tion between expert and novice users of the device should 
be evident (as Vine et al. 2014; Bright et al. 2012). In sport, 
therefore, if the training drills in the VR environment are 
a true representation of the skills needed in the real world, 
then those that excel at the sport in the real world should 
also excel in the virtual one (Gray 2019). As such, the 
examination of expertise differences in VR simulators has 
proved to be an important first step in the evaluation of their 
effectiveness.

Despite the increase in the use of VR within sport sci-
ence (for reviews see Neumann et al. 2018; Michalski et al. 

2019), little work has been carried out that has examined 
expertise differences in simulated environments. In a recent 
study, Harris et al. (2019a) examined the construct validity 
of a VR golf-putting simulator using elite and novice golfers. 
Elite-level golfers out-performed novices in both the real and 
virtual golf putting task, and there was a moderate positive 
correlation between real and virtual putting performance. 
Another study by Dessing and Craig (2010) examined how 
soccer goalkeepers caught curved free kicks in VR. They 
showed that an elite goalkeeper performed better by waiting 
significantly longer before initiating movement, thus gaining 
more information about the ball trajectory, much as they do 
in the real world. Finally, the virtual reality batting simula-
tor used in a training study by Gray (2017) was previously 
shown to predict the playing level of baseball batters based 
on metrics of spatial and temporal hitting accuracy (Gray 
2002). Although these studies report encouraging results, the 
tasks used are limited to basic interception and aiming tasks. 
No study has yet examined the use of VR simulators that 
replicate more dynamic sport contexts dependent on higher-
order perceptual-cognitive processes (e.g., decision-making, 
anticipation, and visual search), which are arguably more 
important and more difficult to replicate in the virtual world. 
For example, in soccer contexts, perceptual-cognitive exper-
tise has been related to superior advance visual cue utiliza-
tion, pattern recall and recognition, visual search behavior 
and the knowledge of situational probabilities (see Casanova 
et al. 2009 for a review). As such, it is important to examine 
the validity of simulations that aim to train these skills.

The aim of this experiment, therefore, was to examine 
the construct validity of one of the most advanced soccer-
specific VR simulators in the market. If the VR simulator 
provides a representative environment in relation to the per-
ceptual-cognitive processes needed for expertise in soccer 
(Pinder et al. 2011), then it should be able to differentiate 
experts (professional soccer players), intermediate (academy 
soccer players), and novice soccer players based on perfor-
mance in the simulation. While the manufacturers claim that 
this virtual environment could be used to help to train soc-
cer players, the validity of such claims has yet to be tested. 
This study therefore represents a critical first step before 
establishing its potential for training perceptual-cognitive 
skills in soccer.

2  Methods

2.1  Participants

Seventeen professional soccer players (13 male, 4 female; 
mean age = 28.41 years, SD 6.11), seventeen academy play-
ers (14 male, 3 female; mean age = 14.47 years, SD 2.00), 
and seventeen novice players (9 male, 8 female; mean 
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age = 21.53 years, SD 3.54) took part in the experiment. 
Professional players were recruited from the English Pre-
mier League (n = 6), English Championship (n = 4), English 
League One (n = 1), American Major League Soccer (n = 2), 
American National Women’s Soccer League (n = 2), and the 
English F.A Women’s Super League (n = 2). Six profession-
als were full international players. Academy players were 
youth players from the academy of professional clubs in the 
English Premier League (n = 4), American Major League 
Soccer (n = 6), Russian Premier League (n = 4), American 
National Women’s Soccer League (n = 3). Novice players 
were recruited from the student cohort at the lead author’s 
institution. These players had minimal competitive playing 
experience at the recreational level (mean = 3.32 years, SD 
1.24).

Sample sizes were based on a priori examination of 
effects sizes from similar studies (Harris et al. 2019a) that 
showed that a total sample size of ten in each group was 
necessary to achieve power of 0.80. All players were free 
from injury and had normal or corrected to normal vision. 
Informed consent and parental consent were given by all 
players, and institutional ethics was sought prior to the com-
mencement of this study. All procedures performed in this 
study were in accordance with the ethical standards of the 
institutional committee and with the 1964 Helsinki Declara-
tion and its later amendments.

2.2  Virtual reality equipment

The MiHiepa Sports Rezzil VR platform (https ://mihie 
pa.com/) consists of a HTC Vive Pro head-mounted dis-
play (HTC Inc., Taoyuan City, Taiwan) with a resolution 
of 2880 × 1600 pixels that was updated 90 times per second 
and has a horizontal and vertical field of view of 110°. Par-
ticipants wore bespoke training shoes (matched to their shoe 
size) and shin guards that had four detachable HTC Tracker 
2.0 sensors (HTC Inc., Taoyuan City, Taiwan) connected 
to each shoe and shin guard (Fig. 1). These sensors were 
tracked using two HTC Lighthouse 2.0 trackers (HTC Inc., 

Taoyuan City, Taiwan) positioned 2 m high and 3 m diago-
nally to the left and right of the participants.

This system has a fully automated calibration procedure 
that is supported by written and audio instructions in the vir-
tual world. This calibration process consisted of a targeting 
task where players were required to shoot and successfully 
hit five shots to highlighted thirds of a full-sized virtual goal 
and a passing power self-calibrating drill where players had 
to aim to get the ball to stop on the goal line when kicks 
from the penalty mark (Fig. 1). Once calibrated, participants 
completed four basic drills in the following order.

2.3  Virtual reality soccer drills

2.3.1  Rondo scan

In this drill, participants were surrounded by 10 virtual mini 
goals aligned with ball feeder machines. A ball was fired 
randomly at the participant from one of these ball feeders, 
and they then had to pass the ball into a randomly high-
lighted goal (Fig. 2a). The performance score for the rondo 
scan was derived from the number of balls passed into the 
correct goal in a three-minute time limit.

2.3.2  Color combo

In this drill, each half of the players’ virtual boots were 
colored a different color (see Fig. 2b). Colored balls were 
then fired out of four virtual ball feeder machines, and 
players had to intercept each ball with the matched colored 
part of their virtual boot (e.g., red balls needed to be inter-
cepted with the outside of the right foot). In addition, balls 
that were silver in color could be intercepted by any side of 
any foot and gave the player three points. Balls that were 
gray were to be avoided or a life would be lost. The drill 
progressed through five levels that gradually increase in 
speed (from 25 to 51 km/h) and number of balls presented. 
The performance score for the color combo was derived 
from the number of correct balls intercepted with the cor-
rect side of the foot, the number of silver balls intercepted, 

Fig. 1  Showing the sensors placed on the shin guards and feet of the players (left), and the accuracy (center) and speed (right) calibration drills

https://mihiepa.com/
https://mihiepa.com/
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and the number of gray balls avoided. This drill carried on 
indefinitely until participants lost three ‘lives’ by touching 
the gray balls.

2.3.3  Shoulder sums

In this drill, players were faced with four full sized virtual 
goals with virtual ball feeders between each goal. As a ball 
was passed to the participant, a number of players (colored 
red and yellow) appeared over their left and right shoulder. 
On-screen instructions asked the participant to count the 
total number of players appearing over both shoulders and 
then pass the ball to the segment of the goal that matches 
the number of players (Fig. 2c). As the drill progresses 
to Level 2, players were required to only count the num-
ber of red or yellow players that matched the color of the 
ball coming toward them (e.g., only yellow players were 
counted if the ball was yellow). The performance score for 
the shoulder sums was derived from the number of correct 
sums and the accuracy of the pass (i.e., how close it was to 
the center of the goal) into the related goal.

2.3.4  Pressure pass

This was a dynamic passing drill where each player was sur-
rounded by three teammates (in yellow) who were marked 
by three opposing red players. The opposing players moved 
toward and away from the participant creating dynamic pass-
ing angles and passing opportunities. Players were required 
to pass to all three teammates in yellow, in any order, with-
out hitting the opposing players. If an opposing player is 
hit, then the number of teammates already hit was reset 
(Fig. 2d). The performance score for the pressure passing 
drill was derived from the longest passing streak achieved 
and the accuracy of these passes (i.e., how close the ball hit 
to the center of the player).

The VR platform gives four performance scores for each 
of the four VR soccer drills. It also provides four separate 
‘process’ scores relating to how efficient and effective the 
players performance was across all the drills performed. 
These relate to (1) passing accuracy (number of correct 
passes and the accuracy of these passes), (2) reaction time 
(how long players dwelled on the ball before making a pass-
ing decision), (3) composure (maintaining performance level 

Fig. 2  A visual representation of the rondo scan (a), color combo (b), shoulder sums (c), and the pressure pass (d) VR drills taken from the VR 
environment
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despite increases in task difficulty), and (4) adaptability (the 
number of touches with both feet). From the interaction of 
these performance and process scores, the algorithm within 
the system then provides an overall diagnostic score con-
cerning the ability of the player. This is termed the ‘Rezzil 
Index’ score and is purported to reflect the overall ability of 
the player being tested, based on an algorithm that measures 
the use of both feet, passing and receiving the ball under 
pressure, spatial awareness, speed of decision-making, and 
the accuracy of these decisions.

2.4  Procedure

Novice players attended the laboratory individually and, 
after providing written informed consent, were set up on 
the equipment, calibrated using the automatic calibration 
protocol and completed the four VR drills. Testing lasted 
approximately 30 min per participant and was conducted 
in a laboratory or sports hall environment. For the profes-
sional and academy players, anonymized player data were 
taken from the cloud service of MiHiepa under the terms and 
conditions of their licensing agreement with the professional 
clubs. Authors were given a random sample of 250 play-
ers (125 academy and 125 professional) and used a random 
number generator to select a sample of 17 in order to match 
the novice sample. Data attained represented the first time 
that all players had used the VR platform. All players were 
taken through the same VR drills, in the same order, and 
these were administered by the same person. Novice players 
were tested at the lead author’s institution, and academy and 
professional players were tested at their associated soccer 
clubs.

2.5  Data analysis

MANOVA was conducted to assess the effect of each group 
for each VR drill (rondo scan, color combo, shoulder sums, 
and pressure pass), process score (passing accuracy, com-
posure, reaction time, and adaptability), and overall Rezzil 
score. A series of one-way ANOVAs were then conducted, 
and post hoc Bonferroni corrected pairwise comparisons 
were carried out to explore significant effects. Partial eta 
squared is reported for main effects and Cohen’s d for pair-
wise comparisons effect sizes (0.2 ’small,’ 0.5 ’medium,’ 
and 0.8 ’large’ effect size).

3  Results

The results of the MANOVA showed a significant differ-
ence between groups, Pillai’s Trace = 0.91, F(18,82) = 3.82, 
p < 0.001, ηp2 0.46, on scores generated by the VR platform. 
Consequently, a series of one-way ANOVAs were conducted 

to explore differences between skill levels (novice vs acad-
emy vs professional) for each VR performance metric (see 
Table 1).

3.1  Performance scores

Professional players significantly out-performed novice 
and academy players on all but one of the VR soccer drills. 
There were no significant differences in performance scores 
between novice and academy players on any of the drills. No 
significant differences between players were revealed for the 
color combo drill. These data are presented in Fig. 3.

3.2  Process scores

Professional players out-performed novice and academy 
players on passing accuracy, composure, and adaptabil-
ity process measures (see Table 1). Academy players sig-
nificantly out-performed novice players on reaction time 
and adaptability, but there were no significant differences 
between these groups on passing accuracy and composure. 
These data are presented in Fig. 3.

3.3  Overall ‘Rezzil Index’ score

Critically, the overall Rezzil index score significantly dif-
ferentiated between all groups (see Table 1). Based on the 
interaction between performance and process scores, the VR 
system showed that professional players scored significantly 
higher than both academy and novice players and that acad-
emy players scored significantly higher than novice players 
(see Fig. 3).

4  Discussion

Given the growing interest in VR simulation for sports train-
ing, more rigorous assessments of the validity of simulations 
are required if VR training is to be successful. Consequently, 
the aim of this experiment was to provide an examination 
of the construct validity of a soccer-specific VR simulator. 
Results suggested that in terms of performance, the VR sim-
ulator differentiated professional players compared to both 
academy and novice players on every VR soccer drill except 
for the color combo drill. The skills required to perform well 
in the color combo drill are arguably less representative of 
real-life soccer than all of the other drills, so the fact that it 
did not differentiate between groups is perhaps expected. 
Instead, this drill mainly focuses on the ability of the player 
to maintain goal-directed attentional control in the face of 
increased task difficulty and largely relies on the executive 
functions of the player. Although there is some evidence that 
such abilities are associated with success in youth soccer 
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players (Vestberg et al. 2017) and top professionals (Vest-
berg et al. 2012), there is little evidence to suggest that dif-
ferences in executive functioning can predict soccer perfor-
mance (e.g., Furley and Memmert 2015).

Academy players did not out-perform novices in any of 
the drills assessed. It would probably be expected that acad-
emy players who have received extensive soccer training 
and who have been selected on their soccer ability, would 
out-perform novices with little soccer experience. This 
suggests that the VR simulator was not sensitive enough to 
differentiate expertise differences at this lower level where 
performance variability is generally higher. Alternatively, 
this lack of disparity between these lower level players 
could be influenced by age-related differences between the 
groups influencing developmental differences in constructs 
like working memory (Furley and Wood 2016). However, 

it must be remembered that performance on these drills is 
only related to outcome and is no reflection on the quality 
of performance. For example, it is possible that academy 
players performed the task quicker and with greater techni-
cal ability, but performed similarly in terms of performance 
outcome (e.g., how many targets were hit). To uncover if this 
is correct, an examination of the process measures is needed.

In fact, the process measures did successfully differenti-
ate between expertise levels. The professional players dem-
onstrated superior passing accuracy, composure, reaction 
time, and adaptability compared to all groups. The acad-
emy players showed superior reaction time and adaptabil-
ity compared to the novice players. As these measures are 
designed to measure the ‘quality’ of the performance in the 
VR simulator, it was expected that more expertise-based 
differences would be evident in these metrics. However, 

Table 1  The statistics for performance and process scores across each VR drill and the overall ‘Rezzil Index’ score

Pairwise comparisons are Bonferroni corrected and effects sizes are Cohen’s d. Significant differences are denoted by asterisks (*)

Measure Mean Score (SD) ANOVA Pairwise comparisons p d

Novice Academy Professional

Performance scores
Rondo scan 2.71 3.59 9.71 F(2,48) = 20.47, p < .001 Novice vs. academy 1.00 0.46

(1.40) (2.32) (5.37) Novice vs. professional  < .001* 1.78
Academy vs. professional  < .001* 1.48

Color combo 101.29 126.76 146.71 F(2,48) = 1.87, p = .166 Novice vs. academy .856 0.38
(54.48) (79.07) (70.30) Novice vs. professional .180 0.72

Academy vs. professional 1.00 0.27
Shoulder sums 35.29 41.76 61.76 F(2,48) = 5.90, p = .005 Novice vs. academy 1.00 0.26

(21.54) (27.44) (20.69) Novice vs. professional .006* 1.25
Academy vs. professional .049* 0.82

Pressure pass 26.60 43.82 76.37 F(2,48) = 19.08, p < .001 Novice vs. academy .122 0.66
(19.63) (31.06) (18.90) Novice vs. professional  < .001* 2.58

Academy vs. professional .001* 1.27
Process scores
Passing accuracy 36.88 41.20 58.70 F(2,48) = 15.10, p < .001 Novice vs. academy .930 0.34

(9.86) (15.08) (11.23) Novice vs. professional  < .001* 2.07
Academy vs. professional  < .001* 1.32

Composure 62.86 66.87 76.38 F(2,48) = 21.57, p < .001 Novice vs. academy .191 0.64
(4.99) (7.38) (5.90) Novice vs. professional  < .001* 2.48

Academy vs. professional  < .001* 1.43
Reaction time 88.83 92.54 94.07 F(2,48) = 14.86, p < .001 Novice vs. academy .001* 1.19

(3.35) (2.85) (2.35) Novice vs. professional  < .001* 1.81
Academy vs. professional .391 0.58

Adaptability 18.44 31.68 46.97 F(2,48) = 25.19, p < .001 Novice vs. academy .006* 1.57
4.93 10.84 16.51 Novice vs. professional  < .001* 2.34

Academy vs. professional .001* 1.09
Overall score
Rezzil Index 51.75 58.08 69.03 F(2,48) = 28.23, p < .001 Novice vs. academy .027* 0.98

(4.92) (7.60) (7.49) Novice vs. professional  < .001* 2.73
Academy vs. professional  < .001* 1.45
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the most important finding was related to the overall diag-
nostic ability (i.e., Rezzil Index) score produced by the VR 
platform. Based on an algorithm that calculates the inter-
action between performance and process, the VR platform 
significantly differentiated across all expertise groups. Fur-
thermore, interpretation of effect sizes showed that the VR 
system differentiated between novice and academy players 
with a probability of 76%, between academy and profes-
sional players with a probability of 85%, and between novice 
and professional players with a probability of 97%. From 
this, it can be concluded that, although expertise differences 
were not evident across all VR metrics, construct validity of 
the overall diagnostic score was shown. In short, the system 
could successfully differentiate differences across expertise 
levels.

While these findings are encouraging, not only for the 
validity of this VR system but also for the feasibility of 
using VR in sport more broadly, there are a number of issues 
that need a great deal of consideration when assessing the 

implications of this work. For example, just because experts 
performed better on the simulator, it does not automatically 
mean that training on the simulator would have positive 
transfer to real-world soccer skills. Rather, we are interpret-
ing these results as evidence that there is at least partial 
overlap between the perceptual-cognitive and motor skills 
needed to perform well in both the VR task and the real-
world equivalent. The extent of this overlap (i.e., the extent 
to which the perceptual-cognitive and motor demands of 
soccer tasks are replicated by the VR simulation) will deter-
mine its efficacy as a training tool. As such, further work 
is needed to explore the validity and fidelity of the simula-
tion before its adoption as a training device can be fully 
endorsed.

A logical next step in this pursuit would be to examine the 
psychological fidelity of the simulator to establish the extent 
to which perceptual-cognitive processes used in the virtual 
world are similar to those that are critical for real-world 
performance. Examples of this type of work could include 

Fig. 3  Individual data points for each player and the mean (95% CI) for each VR drill (rondo scan, color combo, shoulder sums, and pressure 
pass), process score (passing accuracy, composure, reaction time and adaptability), and the overall Rezzil Index
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examination of visual search, cue utilization, quiet eye dura-
tions (e.g., Vine et al. 2014), and head movements during 
visual exploration (McGuckian et al. 2018; 2019) across real 
and virtual environments. If performers do not utilize per-
ceptual information in the simulation in the same manner as 
they do in the real world, it would suggest that the simulation 
provides limited psychological fidelity, which would likely 
impair transfer (Harris et al. 2019a, b, c). For example, when 
evaluating the effectiveness of a VR golf putting simulator, 
Harris et al. (2019b) also examined changes in gaze behavior 
(i.e., quiet-eye durations) of golfers across virtual and real 
putting environments. Despite improvements in real-world 
performance as a result of virtual training, there was no cor-
responding change in gaze behavior. In fact, prior use of 
VR actually caused temporary disruptions to gaze control. 
One potential reason for this may be the perceptual irregu-
larities of stereoscopic VR, which creates conflict between 
cues to depth and a subsequent reduction in visual acuity 
due to presenting objects at varying depths on a fixed depth 
screen (Hoffman et al. 2008; Kramida 2016). These disrup-
tions have previously been shown to disrupt performance 
in soccer tasks (Dicks et al. 2010). As perceptual-cognitive 
skills have been shown to be a significant predictor of sport-
ing expertise (Mann et al. 2007), findings from these types 
of studies might be useful for establishing the predictive 
validity of the simulator that could also have implications 
for talent identification in soccer.

As an extension to this, future work could also test the 
emotional (affective) fidelity of these types of simulators to 
examine if they prepare performers for pressurized competi-
tive environments (Argelaguet Sanz et al. 2015). While VR 
has been used extensively in exposure therapy for anxiety 
disorders in clinical contexts (Carl et al. 2019), only a few 
studies have examined the utility of VR environments for 
replicating pressurized situations in sport. In one example, 
Stinson and Bowman (2014) created a virtual soccer pen-
alty kick task involving goalkeepers attempting to save 15 
penalty kicks. Dependent measures of anxiety included heart 
rate, galvanic skin response, self-reported state anxiety, and 
the number of saves made. The results demonstrated that a 
VR system can induce increased anxiety (based on physi-
ological and subjective measures) compared to a baseline 
condition. Previous experimental work has documented the 
disruptive effect that anxiety can have on penalty takers, 
manifesting as an attentional bias toward the goalkeeper 
(Wilson et  al. 2009), particularly when the goalkeeper 
exhibits distracting behaviors (Wood and Wilson 2010), 
which impacts negatively upon their performance. If the VR 
simulator can replicate anxiety and distraction to a similar 
extent as that induced in this laboratory-based experimental 
research, then a similar disruption in attentional control and 
performance could be expected. The examination of these 
types of questions would validate the feasibility of using 

VR for sporting scenarios where anxiety and distraction are 
prevalent and athletes need to maintain attentional control 
in order to avoid performance disruptions. Training in such 
situations is likely to desensitize players to threatening stim-
uli and provide a greater sense of perceived control (Wood 
et al. 2015).

In conclusion, these results demonstrate the construct 
validity of this soccer-specific VR simulator. From an 
applied perspective, this VR platform may have potential 
for use during the rehabilitation of soccer players who are 
injured and need to maintain a level of perceptual-cognitive 
skill while avoiding the physical load experienced in real 
environments. In such circumstances, the use of VR has 
been shown to increase enjoyment, adherence to rehabilita-
tion exercises, and confidence (Sveistrup 2004), something 
also reported by professional clubs currently using this VR 
platform. What is clear is that while the progress of VR 
sport platforms is developing at an astonishing pace, the 
evaluation of these simulators is lagging behind. Before 
sport-related VR training can be implemented as a realistic 
and effective supplement to real-world sport training, further 
scientific examination of the claims made regarding their 
efficacy is required. To achieve this, a greater collaboration 
is needed between the designers of such technologies and 
those with the expertise to test and validate them indepen-
dently and rigorously.
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copy of this licence, visit http://creat iveco mmons .org/licen ses/by/4.0/.

References

Adamovich SV, Fluet GG, Tunik E, Merians AS (2009) Sensorimotor 
training in virtual reality: a review. NeuroRehabilitation 25(1):29–
44. https ://doi.org/10.3233/NRE-2009-0497

Argelaguet Sanz F, Multon F, Lécuyer A (2015) A methodology for 
introducing competitive anxiety and pressure in VR sports train-
ing. Front Robot AI 2:10

Burdea G, Coiffet P (2003) Virtual reality technology, 2nd edn. Wiley, 
New York

Bright E, Vine S, Wilson MR, Masters RSW et al  (2012) Face valid-
ity, construct validity and training benefits of a virtual reality turp 
simulator. Int J Surg 10(3):163–166. https ://doi.org/10.1016/j.
ijsu.2012.02.012

Carl E, Stein AT, Levihn-Coon A, Pogue JR, Rothbaum B, Emmelkamp 
P, Powers MB (2019) Virtual reality exposure therapy for anxiety 

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3233/NRE-2009-0497
https://doi.org/10.1016/j.ijsu.2012.02.012
https://doi.org/10.1016/j.ijsu.2012.02.012


51Virtual Reality (2021) 25:43–51 

1 3

and related disorders: a meta-analysis of randomized controlled 
trials. J Anxiety Disord 61:27–36

Casanova F, Oliveira J, Williams M, Garganta J (2009) Expertise and 
perceptual-cognitive performance in soccer: a review. Revista 
Portuguesa de Ciências do Desporto 9(1):115–122

Dessing JC, Craig CM (2010) Bending it like Beckham: how to visually 
fool the goalkeeper. PLoS One 5(10)

Dicks M, Button C, Davids K (2010) Examination of gaze behaviors 
under in situ and video simulation task constraints reveals dif-
ferences in information pickup for perception and action. Atten 
Percept Psychophys 72(3):706–720. https ://doi.org/10.3758/
APP.72.3.706

Furley P, Memmert D (2015) Creativity and working memory capac-
ity in sports: working memory capacity is not a limiting factor 
in creative decision making amongst skilled performers. Front 
Psychol 6:115

Furley P, Wood G (2016) Working memory, attentional control, and 
expertise in sports: a review of current literature and directions for 
future research. J Appl Res Mem Cogn 5(4):415–425

Gray R (2002) Behavior of college baseball players in a virtual batting 
task. J Exp Psychol Hum Percept Perform 28:1131–1148

Gray R (2017) Transfer of training from virtual to real baseball batting. 
Front Psychol. https ://doi.org/10.3389/fpsyg .2017.02183 

Gray R (2019) Virtual environments and their role in developing 
perceptual-cognitive skills in sports. In: Williams AM, Jackson 
RC (eds) Anticipation and decision making in sport. https://doi.
org/10.4324/9781315146270-19

Gurusamy K, Aggarwal R, Palanivelu L, Davidson BR (2008) Sys-
tematic review of randomized controlled trials on the effective-
ness of virtual reality training for laparoscopic surgery. Br J Surg 
95(9):1088–1097. https ://doi.org/10.1002/bjs.6344

Haque S, Srinivasan S (2006) A meta-analysis of the training effective-
ness of virtual reality surgical simulators. IEEE Trans Inf Technol 
Biomed 10(1):51–58. https ://doi.org/10.1109/TITB.2005.85552 9

Harris DJ, Buckingham G, Wilson MR, Brookes J, Mushtaq F, Mon-
Williams M, Vine SJ (2019a) Testing the fidelity and validity of 
a virtual reality golf putting simulator. https ://psyar xiv.com/j2txe 
/. Accessed 24 Jan 2020

Harris DJ, Buckingham G, Wilson MR, Brookes J, Mushtaq F, Mon-
Williams M, Vine SJ (2019b) Testing the effects of virtual reality 
on visuomotor skills. https ://psyar xiv.com/yke6c /. Accessed 24 
Jan 2020

Harris DJ, Buckingham G, Wilson MR, Vine SJ (2019) Virtually the 
same? How impaired sensory information in virtual reality may 
disrupt vision for action. Exp Brain Res 237(11):2761–2766. https 
://doi.org/10.1007/s0022 1-019-05642 -8

Hoffman DM, Girshick AR, Akeley K, Banks MS (2008) Vergence–
accommodation conflicts hinder visual performance and cause 
visual fatigue. J Vis 8(3):33–33. https ://doi.org/10.1167/8.3.33

Kramida G (2016) Resolving the vergence-accommodation con-
flict in head-mounted displays. IEEE Trans Vis Comput Graph 
22(7):1912–1931. https ://doi.org/10.1109/TVCG.2015.24738 55

Lammfromm R, Gopher D (2011) Transfer of skill from a virtual real-
ity trainer to real juggling. In: BIO web of conferences, vol 1. 
EDP Sciences, p 54

Lerner MA, Ayalew M, Peine WJ, Sundaram CP (2010) Does training 
on a virtual reality robotic simulator improve performance on the 
da Vinci® surgical system? J Endourol 24(3):467–472. https ://
doi.org/10.1089/end.2009.0190

Mann DT, Williams AM, Ward P, Janelle CM (2007) Perceptual-cog-
nitive expertise in sport: a meta-analysis. J Sport Exerc Psychol 
29(4):457–478

McGuckian TB, Cole MH, Chalkley D, Jordet G, Pepping G-J (2019) 
Visual exploration when surrounded by affordances: frequency 
of head movements is predictive of response speed. Ecol Psychol 
31(1):30–48. https ://doi.org/10.1080/10407 413.2018.14955 48

McGuckian TB, Cole MH, Jordet G, Chalkley D, Pepping G-J (2018) 
Don’t turn blind! The relationship between exploration before ball 
possession and on-ball performance in association football. Front 
Psychol 9(2520):1–13. https ://doi.org/10.3389/fpsyg .2018.02520 

Michalski SC, Szpak A, Loetscher T (2019) Using virtual environments 
to improve real world motor skills in sports: a systematic review. 
Front Psychol 10:2159

Neumann DL, Moffitt RL, Thomas PR, Loveday K, Watling DP, Lom-
bard CL et al (2018) A systematic review of the application of 
interactive virtual reality to sport. Virtual Real 22(3):183–198. 
https ://doi.org/10.1007/s1005 5-017-0320-5

Pinder RA, Davids K, Renshaw I, Araújo D (2011) Representative 
learning design and functionality of research and practice in sport. 
J Sport Exerc Psychol 33(1):146–155

Roberts PG, Guyver P, Baldwin M, Akhtar K, Alvand A, Price AJ, 
Rees JL (2017) Validation of the updated ArthroS simulator: face 
and construct validity of a passive haptic virtual reality simula-
tor with novel performance metrics. Knee Surg Sports Traumatol 
Arthrosc 25(2):616–625

Sigrist R, Rauter G, Marchal-Crespo L, Riener R, Wolf P (2015) Sonifi-
cation and haptic feedback in addition to visual feedback enhances 
complex motor task learning. Exp Brain Res 233(3):909–925. 
https ://doi.org/10.1007/s0022 1-014-4167-7

Stinson C, Bowman DA (2014) Feasibility of training athletes for high-
pressure situations using virtual reality. IEEE Trans Vis Comput 
Graph 20:606–615

Sveistrup H (2004) Motor rehabilitation using virtual reality. J Neuro-
eng Rehabil 1(1):10

Vestberg T, Gustafson R, Maurex L, Ingvar M, Petrovic P (2012) Exec-
utive functions predict the success of top-soccer players. PLoS 
ONE 7(4):e34731

Vestberg T, Reinebo G, Maurex L, Ingvar M, Petrovic P (2017) Core 
executive functions are associated with success in young elite soc-
cer players. PLoS ONE 12(2):e0170845

Vine SJ, McGrath JS, Bright E, Dutton T, Clark J, Wilson MR (2014) 
Assessing visual control during simulated and live operations: 
gathering evidence for the content validity of simulation using 
eye movement metrics. Surg Endosc 28(6):1788–1793. https ://
doi.org/10.1007/s0046 4-013-3387-4

Vine SJ, Uiga L, Lavric A, Moore LJ, Tsaneva-Atanasova K, Wilson 
MR (2015) Individual reactions to stress predict performance dur-
ing a critical aviation incident. Anxiety Stress Coping 28(4):467–
477. https ://doi.org/10.1080/10615 806.2014.98672 2

Wilson MR, Wood G, Vine SJ (2009) Anxiety, attentional control, and 
performance impairment in penalty kicks. J Sport Exerc Psychol 
31(6):761–775

Wood G, Jordet G, Wilson MR (2015) On winning the “lottery”: psy-
chological preparation for football penalty shoot-outs. J Sports 
Sci 33(17):1758–1765

Wood G, Wilson MR (2010) A moving goalkeeper distracts penalty 
takers and impairs shooting accuracy. J Sports Sci 28(9):937–946

Publisher’s Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.3758/APP.72.3.706
https://doi.org/10.3758/APP.72.3.706
https://doi.org/10.3389/fpsyg.2017.02183
https://doi.org/10.1002/bjs.6344
https://doi.org/10.1109/TITB.2005.855529
https://psyarxiv.com/j2txe/
https://psyarxiv.com/j2txe/
https://psyarxiv.com/yke6c/
https://doi.org/10.1007/s00221-019-05642-8
https://doi.org/10.1007/s00221-019-05642-8
https://doi.org/10.1167/8.3.33
https://doi.org/10.1109/TVCG.2015.2473855
https://doi.org/10.1089/end.2009.0190
https://doi.org/10.1089/end.2009.0190
https://doi.org/10.1080/10407413.2018.1495548
https://doi.org/10.3389/fpsyg.2018.02520
https://doi.org/10.1007/s10055-017-0320-5
https://doi.org/10.1007/s00221-014-4167-7
https://doi.org/10.1007/s00464-013-3387-4
https://doi.org/10.1007/s00464-013-3387-4
https://doi.org/10.1080/10615806.2014.986722

	Testing the construct validity of a soccer-specific virtual reality simulator using novice, academy, and professional soccer players
	Abstract
	1 Introduction
	2 Methods
	2.1 Participants
	2.2 Virtual reality equipment
	2.3 Virtual reality soccer drills
	2.3.1 Rondo scan
	2.3.2 Color combo
	2.3.3 Shoulder sums
	2.3.4 Pressure pass

	2.4 Procedure
	2.5 Data analysis

	3 Results
	3.1 Performance scores
	3.2 Process scores
	3.3 Overall ‘Rezzil Index’ score

	4 Discussion
	References




