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Objective: Given the importance of perceptual-cognitive skills, such as rapid
decision-making and psychological-cognitive flexibility, in athletes’ success,
researchers have consistently sought innovative methods to enhance these abilities.
The aim of the present study was to investigate the effect of virtual reality—based
cognitive training on the cognitive flexibility of professional football players.

Methods: The research method was quasi-experimental with a pre-test—post-test
design and a control group. The statistical population consisted of professional
football players, from whom 24 participants were selected through convenience
sampling and randomly assigned to two groups: an experimental group (n =12) and
a control group (n = 12). The experimental group participated in virtual reality—
based cognitive training for 4 weeks across 12 sessions, while the control group
continued their regular training routines. Cognitive flexibility was assessed using
the Wisconsin Card Sorting Test (WCST). The collected data were analyzed using
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paired-sample t-tests and independent-sample t-tests.
Results: The results of the study showed that after the implementation of the virtual

Flexibility.

reality—based cognitive training program, a significant difference was observed
between the experimental and control groups in the indices of cognitive flexibility
(p < 0.001). Specifically, in the experimental group, the perseverative errors (p <
0.001) and total errors (p < 0.001) significantly decreased, and the cognitive
performance of the players improved in the post-test compared to the pre-test. In
contrast, no significant changes were observed in the control group (p > 0.05).
Conclusion: Based on the findings, it can be concluded that virtual reality—based
cognitive training can be used as a complementary tool in professional football
training programs. By strengthening the brain’s executive functions, this approach
may help improve players’ cognitive flexibility and decision-making in the dynamic
conditions of competition.
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Virtual reality—based cognitive training

has emerged as a promising approach for
enhancing perceptual and executive functions

among athletes who face dynamic and
high-pressure competitive environments.
Football, as one of the most cognitively

demanding team sports, requires rapid processing
of environmental cues, flexible switching
between tactical decisions, inhibition of
ineffective responses, accurate anticipation of
opponent behavior, and swift adaptation to
rapidly changing match conditions. These
demands highlight the importance of cognitive
flexibility as a core executive function
responsible for updating mental strategies,
shifting attentional focus, and minimizing
perseverative errors during performance. Recent
studies have demonstrated that athletes with
stronger executive functions tend to outperform
others in tactical behavior, decision-making, and
adaptability during matches. However, traditional
training methods often lack the immersive,
controlled, and repeatable cognitive challenges
necessary to effectively stimulate executive
function networks in the brain. Virtual reality
(VR) training environments allow players to
experience realistic match scenarios in a safe and
standardized space, enabling the repetition of
complex perceptual-cognitive tasks that may not
be feasible on the real pitch. Furthermore, VR
technologies  offer immediate  feedback,
adjustable difficulty levels, and multimodal
sensory engagement, making them an ideal
platform for enhancing cognitive skills relevant
to football. Despite growing interest in VR
applications, controlled experimental research is
still needed to examine the effectiveness of
VR-based cognitive training on cognitive
flexibility among professional football players.
Therefore, the present study aimed to investigate
the effects of VR-based cognitive training on
cognitive  flexibility indicators, including
perseverative error and total error scores, using
the Wisconsin Card Sorting Test (WCST) in a
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sample of elite male football players.

Method

Research design

The research employed a semi-experimental
design with a pretest—posttest structure and a
control group to evaluate the causal impact of
VR-based cognitive training on cognitive
flexibility. Participants were randomly assigned
to either an experimental group receiving VR
cognitive training or a control group continuing
their routine football training. The study utilized
standardized  neurocognitive  assessments,
controlled intervention protocols, and rigorous
statistical analyses to ensure internal validity. The
design allowed for direct comparison of changes
in cognitive performance between groups while
minimizing confounding variables that could
affect executive function outcomes. The use of a
well-established ~ experimental framework
ensured that observed changes could be attributed
to the VR intervention rather than extraneous
influences.

Participants

Participants included a group of professional
male football players aged 18 to 30 who were
actively competing at a national league level. A
convenience sampling method was used to recruit
volunteers from professional clubs, after which
participants were randomly divided into
experimental and control groups. Inclusion
criteria consisted of having at least three years of
continuous football training, no history of
neurological or psychological disorders, no prior
exposure to VR cognitive training, and normal or
corrected-to-normal vision. Exclusion criteria
included motion sickness during VR exposure,
injury during the study, or absence from more
than one training session. All participants signed
informed consent forms, and the study adhered to
ethical standards concerning data confidentiality
and participant safety.

Materials

Several materials and instruments were employed
to implement the VR-based training intervention
and cognitive assessments. The VR system
consisted of a head-mounted display with



motion-tracking capabilities, interactive
sports-specific cognitive training software, and a
controlled laboratory environment designed to
minimize distractions. The VR software
simulated football-related scenarios requiring
rapid perceptual judgments, response inhibition,
cognitive switching, and decision-making under
dynamic conditions. The Wisconsin Card Sorting
Test (WCST), a widely recognized measure of
executive function and cognitive flexibility, was
used to assess participants before and after the
intervention. The WCST provided indices such as
perseverative errors, non-perseverative errors,
and total errors, offering a comprehensive
evaluation of cognitive flexibility. Additional
materials included demographic questionnaires,
training attendance records, and systems for
monitoring participants’ engagement during the
intervention.

Procedure

The study was conducted over a four-week
period, during which the experimental group
participated in VR-based cognitive training
sessions twice per week, with each session lasting
approximately 20 to 25 minutes. At baseline, all
participants completed informed  consent
procedures and underwent the WCST as a pretest
to assess initial cognitive flexibility levels. The
experimental group then commenced the VR
intervention, where each training session
involved navigating immersive football-related
scenarios designed to challenge their cognitive
switching, working memory, and inhibitory
control. Difficulty levels were progressively
increased based on individual performance to
ensure optimal cognitive stimulation. The control
group continued their regular football training
routines without any additional cognitive
interventions. At the end of the four-week period,
all participants completed the WCST again as a
posttest. Throughout the study, trained
researchers monitored adherence, managed
equipment, and ensured participant safety.

Data analysis

First, data distribution was examined for
normality using the Shapiro-Wilk test.
Homogeneity of variance was assessed using
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Levene’s test. Additionally, paired-sample t-tests
were used to analyze within-group changes, while
independent-sample t-tests compared posttest
scores across groups. Statistical significance was
set at p < 0.05. All analyses were conducted using
SPSS software.

Results

The findings indicated that participants in the
experimental group exhibited  substantial
improvements in cognitive flexibility following
the VR intervention. Specifically, posttest scores
revealed a significant reduction in perseverative
errors and total errors among those who
completed VR training, suggesting enhanced
ability to shift cognitive strategies and reduce
repetitive incorrect responses. The result showed
that improvements were specifically attributable
to the VR cognitive training rather than general
football practice. In contrast, the control group
showed no significant changes in any WCST
indices between pretest and posttest. These
results confirm that immersive VR-based
cognitive tasks can effectively stimulate
executive function networks relevant to flexible
decision-making in football contexts.

Discussion

The results of this study align with emerging
research demonstrating that VR-based cognitive
training can significantly enhance executive
functions among athletes by providing rich,
immersive, and  cognitively  demanding
environments. The reduction in perseverative
errors observed among football players in the
experimental group suggests  meaningful
improvement in cognitive flexibility, a cognitive
ability crucial for adapting to rapidly changing
match conditions. The interactive and game-like
nature of VR environments may increase
cognitive engagement, stimulate attentional
control systems, and activate neural pathways
associated with decision-making and strategy
switching. Additionally, VR simulations reflect
sport-specific ~ cognitive  challenges more
accurately than traditional 2D cognitive tasks,
thereby improving the transferability of training
gains to real-world performance. The findings
support theories of ecological validity and



task-specific training, indicating that realistic
training conditions enhance learning transfer.
Despite promising results, the study is limited by
its relatively small sample size, short intervention
duration, and lack of direct performance
measures during real matches. Future studies
should incorporate larger participant pools,
longitudinal follow-ups, and on-field
performance metrics to further validate VR-based
cognitive training as a performance-enhancing
tool in professional sports.

Conclusion

In conclusion, the present study provides
compelling evidence that VR-based cognitive
training can effectively enhance cognitive
flexibility among professional football players.
By offering immersive, adjustable, and
sport-specific cognitive challenges, VR training
appears capable of strengthening executive
functions essential for high-level
decision-making. These findings suggest that VR
technologies can  serve as  valuable
complementary tools within professional football
training programs, supporting the development of
cognitive skills that traditional methods may not
adequately address. The results also underscore
the potential of VR as a safe, controlled, and
efficient platform for cognitive training in elite
sports settings. Further research is recommended
to explore long-term benefits and examine how
cognitive gains translate to competitive
performance outcomes on the field.

Keywords
Virtual reality; cognitive training; football
players; cognitive flexibility; executive functions.

Article message

Virtual reality—based cognitive training can serve
as an effective complementary tool in
professional ~ football  training  programs,
enhancing cognitive flexibility and improving
players’ decision-making in dynamic and
competitive situations.
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Table 1- Main parts of each virtual reality session
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Table 2- Details of training sessions
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Table 3- Demographic characteristics of participants in the two research groups
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Table 5- Paired-samples t-test for changes in perseverative error scores and total error scores in the
experimental and control groups from pre-test to post-test
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Table 6- Results of the independent t-test for comparing the scores of the experimental group with the control
group at different stages
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