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ABSTRACT: This review provides a critical analysis of the findings from studies that investigated the effects
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to (1) cognitive performance measured in traditional laboratory tasks, (2) cognitive-motor skills assessed with
on-pitch tasks (e.g., heading), and (3) various self-report measures. The search was conducted in PubMed, Web
of Science and SPORTDiscus databases, using the keywords soccer OR football AND virtual reality OR augmented
reality AND cognitive OR cognitive-motor OR self-report, along with equivalent entry terms. Article selection
followed the PRISMA 2020 guidelines. Of 289 records identified, 7 studies met the inclusion criteria. All included
studies reported significant improvements in the VR and AR training groups, particularly in cognitive variables
measured with reaction time and accuracy; cognitive-motor skills such as heading, passing, and shooting; and
self-reported outcomes including perceived efficiency, self-confidence and sports engagement. One study also
reported structural and functional brain adaptations following VR training. In conclusion, the findings of this
systematic review support the potential of VR and AR training as an effective approach to improve cognitive-
motor performance in soccer players. These results highlight that VR and AR can serve as effective tools in
soccer training programmes, complementing traditional training. Open questions relating to the topic of the
review are identified and are proposed as targets for future research.
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Soccer is a dynamic and intermittent sport that requires a combina-
tion of physical, technical, tactical and cognitive skills to optimize
performance during the competition [1-4]. While physical and
technical-tactical aspects have been extensively investigated and
systematically integrated into training periodization [5-71, cognitive
training has received less emphasis in player development. How-
ever, as matches have become increasingly more complex and
other skills have reached a high level of development, cognitive skills,
particularly those involved in decision-making under time pressure,
are now recognized as essential for optimal player performance and
are considered key targets for development [4]. Despite this, cogni-
tive training remains inconsistently incorporated into soccer periodiza-
tion.

The complexity of a soccer match requires players to continuous-
ly engage in the process of analysing the situation, deciding to per-
form an action, and perceiving the outcome of the action, indepen-
dent of the ball possession. To do so, a player must engage cognitive
functions related to attention, perception, and working memory to
effectively process vast amounts of information in a short time and
make decisions [4, 8]. Thus, to be effective in improving player per-
formance, cognitive training methodologies in soccer must align with
the cognitive processes that underlie specific actions on the pitch.
Thus, a clear understanding of which cognitive functions are involved
in which tasks on the pitch is first required.

Although we are still far from having a complete understanding
about the role of cognition in fast-paced sports such as soccer,
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trainers often use tasks during training aiming to improve reaction
speed and decision-making in players, e.g., light training tasks, or
reactive agility drills. Furthermore, recent technological advance-
ments have allowed the development of a variety of digital tools that
can be used to train cognitive skills. One example is the use of im-
mersive training environments in virtual reality (VR) and augment-
ed reality (AR) to simulate game-related context and provide play-
ers with opportunities to develop and refine cognitive functions under
controlled yet realistic conditions. These technologies enable play-
ers to carry out tasks that engage cognitive processes such as visu-
al scanning, orienting of attention, and responding with actions to-
wards objects in controlled, yet realistic simulations [8, 9].
Consequently, VR and AR have become emerging tools in cognitive
soccer training, offering a promising approach to improving players’
cognitive skills.

Although VR and AR-based training may offer a promising ap-
proach to improving players’ cognitive and sensorimotor skills, and
despite the increasing adoption of VR and AR training programmes
by professional clubs and leagues [10], several questions are yet to
be addressed. For example, it is not yet clear how the various VR
and AR tools engage different cognitive functions, whether they can
produce transferable benefits, and whether realistic context is essen-
tial for this to happen. To provide a more nuanced understanding of
these questions, the present systematic review aims to synthesize
existing research on VR and AR training interventions in soccer, eval-
uating their effects on players’ cognitive and sensorimotor perfor-
mance. The review will discuss the training characteristics that seem
to be critical for achieving performance benefits, to provide a com-
prehensive understanding of how VR and AR protocols can be effec-
tively integrated into soccer training periodization. Given the small
number of published studies we found on the topic, our review fol-
lows the rapid review format.

MATERIALS AND METHOD'S 15
The review was conducted under the Cochrane Rapid Reviews Guid-
ance [11] and in alignment with the Preferred Reporting Items for
Systematic Reviews and Meta-Analysis (PRISMA) guidelines [12].

Eligibility criteria for selecting studies

The eligibility criteria were established based on the PICO criteria:
Population (P): soccer players at all skill levels and from both genders;
Intervention (1): participation in VR or AR training programmes. Com-
parator (C): studies assessing cognitive, perceptual and/or physical
performance before and after a VR or AR training intervention; com-
paring an intervention group with alternative training or control groups.
Outcomes (0): primary outcomes focused on changes in cognitive
(e.g., decision-making, reaction time, attention.), cognitive-motor (e.g.,
heading, passing, shooting.) and/or self-report responses (e.g., enjoy-
ment, effort, concentration.), while secondary outcomes included
a detailed description of the training protocols (e.g., task type, session
duration, frequency, intensity). Only original, short-communication,
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and case-study articles were included. Studies were excluded if they
did not measure or report the outcomes of interest. Additionally, ar-
ticles on American football, non-English publications, review papers,
guidelines, conference abstracts and dissertations were not considered.

Search strategy and selection process

A systematic search was conducted in MEDLINE (via PubMed), Web
of Science and SPORTDiscus (via EBSCO) in February 2025. The
search strategy was structured according to the PICO criteria and
combined with the Boolean operators “AND” and “OR". The follow-
ing query was used: (“soccer” OR “football”) AND (“virtual reality”
OR “virtual environment” OR “virtual system” OR “augment reality”
OR “augment environment”) AND (“cognitive” OR “performance” OR
“agility” OR “speed” OR “reaction” OR “reaction-time” OR “speed-
time” OR “decision-making”).

All retrieved articles were imported into the Rayyan systematic
review software [13] for screening and selection. One author was re-
sponsible for uploading the articles, removing duplicates and exclud-
ing non-English studies as well as those that did not meet the pre-
defined illegibility criteria. Subsequently, two independent authors
screened the titles and abstracts, and in case of disagreement, a third
author was consulted. Full-text screening was then conducted by two
authors, with one additional author verifying all excluded studies.
Any discrepancies during this phase were resolved through discus-
sion with the third author.

After finalizing the selection of the studies to include in the re-
view, additional sources were identified by screening the reference
lists of the included articles and the grey literature (e.g., Google
Scholar).

Data collection process

Data were extracted by two independent researchers. To facilitate
systematic data extraction, the researchers developed a structured
form to retain key information, including study characteristics, details
of the VR or AR training interventions and the outcome measures
before and after the intervention. In instances where information was
incomplete, the corresponding authors of the articles were contacted.
Subsequently, data were presented descriptively, displaying significant
increases (1), decreases (1) or non-changes (<) following the inter-
vention. Furthermore, the findings were reported in terms of differ-
ences (T, |, &) between groups that underwent VR or AR training
compared to a control group or alternative training.

RES U LTS 15
Included studies and characteristics

A total of 289 records were identified across the searched data-
bases. After removing duplicates, 212 records remained for screen-
ing. Of these, 200 studies were excluded due to methodological
design, focus on other sports, or non-English language. In the final
selection phase, 12 full-text articles were assessed. Six articles were
retained for the review after excluding those focused on non-VR/AR
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FIG. 1. Flow chart diagram of the study selection process (PRISMA 2020)

training and clinical applications. An additional search on alternative
sources carried out in March-April identified six potentially eligible
studies. After full-text screening, only one met the inclusion criteria.
Consequently, a total of seven studies were included in the final review
(Figure 1).

Tables 1 and 2 present the details of the included studies. The
studies were published between 2021 to 2024 and were conducted
in Switzerland [141], Brazil [15], Turkey [16], the United Kingdom [17],
Indonesia [18], the United States of America [19] and France [20].
Among these, two studies focused on elite [14] and national-level [15]
soccer players, while the remaining four examined recreational [17],
beginner [18], young football licensed [16], high school players [19]
and a former amateur soccer player [20]. One study exclusively in-
vestigated female soccer players [19], while another [17] included
both male and female players, albeit with a substantial imbalance in
the design, i.e., 30 male vs. 6 female players.

The primary outcomes evaluated across the included studies con-
sisted of measures of cognitive performance (e.g., inhibitory control,
visual search behaviour) obtained either through tasks that entailed
sensorimotor actions (e.g., shooting, passing and heading) or com-
puter-based cognitive tasks (e.g., the Stroop task). Some have also
collected self-reported measures, e.g., confidence, self-efficacy, and
reported sport engagement. Also, except for the study of Bloechle
et al. [14] that used AR, all studies employed VR.

To preview our findings, pre- and post-intervention measurements
demonstrated significant improvements following VR and AR train-
ing programmes, with most measures indicating greater benefits in
the intervention than in the control or the alternative training groups.

Interventions and outcomes
Most of the studies reviewed evaluated interventions that relied on
graphics and entailed some form of user interaction, e.g., performing
a sensorimotor task in VR. Also, most of them evaluated the effective-
ness of the interventions by collecting pre- and post-intervention data
from cognitive-motor tasks. A subset of studies analysed self-report-
ed measurements, such as self-efficacy and confidence ratings.
The only study that used an intervention that did not entail any
user interaction was conducted by Fortes et al. [15]. In this study,
26 young (15-16 years old) soccer players were assigned to two
groups that underwent an 8-week training intervention that includ-
ed watching videos either in a phone-based VR headset or on a desk-
top screen. For both groups, the intervention included watching
60 video clips weekly, depicting from a first-person perspective 4 in-
dividuals as teammates and 5 individuals as opponents performing
variations of two different offensive patterns. The players’ passing
decision-making and visual search behaviour were assessed during
5 vs. 5 and 3 vs. 3 soccer matches, before and after the interven-
tion. Passing decision-making was quantified based on a set of
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TABLE 1. Characteristics and primary outcomes of included studies on professional soccer players.

Characteristics Cognitive Cognitive-Motor Skills
Author, year Sample (N), VR or o Inhibitory control . V.|sua| Search Kick (Redirection Passing
gender (M, F), Level AR Main Aim (accuracy and (fixation: number and . .
(Country) : . Threshold) Decision-Making
age (yrs) response time) duration)
Bloechle et al., N=13 M
2024 15.77 +£0.73 yrs  Elite AR Penalty kick - - l -
(Switzerland) [14]  (U16 to U18)
N=26M, _ Decision-Making, WR=1 WR=1 WR=1
Fortes et al. 154 +03yrs  National .
2021 (Brazi) [15* VR = 13 level VR Visual Search, VD=1 VD=1 - VD=1
ViD = 13 Inhibitory Control ~ VR vs VID = « VRysVID =1 VRusVID =1

Note: N = sample size; M = male; VR = virtual reality group; AR = augmented reality; CG = control group; MB = match broadcast;
VID = video screen, RT = reaction time, SSG = small-sided game. *Immersive reality.

TABLE 2. Characteristics and primary outcomes included studies on non-professional soccer players.

Characteristics Cognitive Self-Evaluation Cognitive — Motor Skills Neuro.ana-
tomical
Sample (N), . Efficacy . . Shooting  Structural
Author, year gender (M, F),  Level VR M?m RCS-PL PLV and SES Heading - Heading and and
(Country) or AR Aim . accuracy  Rate . .
age (yrs) Confidence passing  Functional
R=1
N=24M VRT =1
Giirbiiz and Tag ~ 12-13 yrs, Licensed Headin G=o
2023. VR=8  Football R Trammg - - - - - - -
(Turkey) [16]  VRT=8  Players g VRT vs
CG=38 VR,CG =
T*
WR=1 WR=o W=1
Marshall et al. \;i 1:7 TSMOY jrg Heading 06 =e (h=o Ci=o
2023.(UK) [17] 0G = 16 M, 2F Recreational VR Training - - VR s - VR s VR s - -
28.67 =5 yrs G=o (G=v (6=
VR=1T VR=1
Rusmanto et al. N=40M SES, 6=o 6 =e
16-20 yrs . VR i
2023 R = 20 Beginner Technical - - - - — -
(Indonesia) [18] o6 _ 20 Skills VR vs VR vs
cG=1 G=1
Wilkerson et al. N = 42, F Injury Risk XE - 1 Xz B 1
2024 152+ 1.2yrs Hish School VR by Speed B B - - - - - -
(USA) [19] WR=19 ® and
CG =23 Perception VRus VRs
- PO =1 6=o
' Former .
Richlan 2025 N=1M amateur VR Hegd.mg - - - T - T
France [20] Training
player

Note: N = sample size; M = male; VR = virtual reality group; AR = augmented reality; RCS-PL = Rate Correct per Second -
Perceptual Latency; PLV = Perceptual Latency Variability; SES = Sport Engagement; UK = United Kingdom; USA = United State
America; CG = control group; VR = Virtual Reality group; VRT = Virtual Reality and Traditional training.*Comparison of delta
percentage of the change.

600 .




VR and AR training and Soccer

predetermined criteria (e.g., a passing decision was deemed appro-
priate if the ball was passed to an unmarked teammate). Visual
search behaviour was deduced by recording the number and dura-
tion of gaze fixations, computed from eye-tracking data. In addition,
inhibitory control was assessed with the Stroop task. Results from
the study showed that both groups improved in terms of passing de-
cision-making, number of fixations, and duration of fixation from pre-
test to post-test. However, the improvements were in all three mea-
sures larger for the VR group. Notably, in terms of inhibitory control,
both groups improved from pre-test to post-test, but the improve-
ment did not differ across groups.

All other studies used intervention tasks in VR that required some
user interaction. For example, the study by Wilkerson et al. [19] em-
ployed an immersive VR test that required reaching and lunging to-
wards a visual stimulus that moved horizontally on the display and
computed a composite measure of accuracy and reaction time, i.e.,
the number of correct responses per second of response time. The
study used a regression-discontinuity design, based on which par-
ticipants — 50 female high-school soccer players — who performed
lower than the median score were assigned to the training condition
and those who performed higher than the median score were as-
signed to the control group. Over a period of 7 weeks, participants
in the training group carried out short training sessions with the same
task that was modified to induce user engagement. Then all partic-
ipants underwent a post-training assessment that was identical to
the one used to obtain baseline performance. The results showed
that the training group improved in the VR task, reaching the level
of the control group that started with higher scores. Notably, this im-
provement was observed in what the authors refer to as perceptual
latency, a measure that considers only the period up to the initiation
of the response, factoring out the execution of a sensorimotor re-
sponse to the target. Thus, the findings of the study document that
the improvement with the VR training in the group with sub-optimal
baseline performance was due to improvements in perceptual and
decision-making processes, rather than in sensorimotor processes.

One study used an intervention that involved AR rather than
VR [14]. In this study, 13 young elite players from U16 and U17 teams
in Switzerland trained in a session that required penalty kicks to be
taken on an actual pitch against a holographic goalkeeper diving to
save them. Virtual cues instructed the player where to direct the ball,
creating conditions in which the kick had to be redirected, i.e., when
the goalkeeper began to dive towards the cued side, the player had
to suppress the initial plan and kick the ball to the other side. It was
found that after 10 training sessions with 20 penalty kicks, the 50%
redirection threshold (i.e., the minimum time required to success-
fully redirect the kick 50% of the time) was reduced by 120 ms.
Thus, the study of Bloechle et al. [14] showed that training with an
AR simulator improved the players’ ability to make quick redirection
decisions and score from the penalty spot. That said, this study in-
vestigated whether players improved on the actual task they were
trained with, as opposed to examining transfer to a separate

dependent measure. In addition, this study involved no control
condition.

Like the study of Bloechle et al. [14] that evaluated on-pitch per-
formance, a study by Giirblz & Tas [16] assessed the effectiveness
of a VR intervention in improving heading skills. Players, aged 12 to
13, licensed by the Turkish Football Federation, were assigned to
one of three groups: a VR-only group (n = 8), a control group that
did not perform heading training (n = 8), and a combined VR and
traditional heading training group (n = 8). Heading accuracy was
assessed at three time points — pre-intervention, mid-intervention
(week 4) and post-intervention — using an on-field test involving a ball
throwing machine and target zones to measure players’ scoring pre-
cision. All participants engaged in a regular soccer training programme
twice a week for eight weeks, including a soccer-specific warm-up,
ball exercises, joint mobility and stretching, and cool-up routines.
The VR intervention consisted of heading virtual balls projected by
a simulated ball-throwing machine within an indoor soccer environ-
ment, progressing through five levels of difficulty. The results showed
that both groups incorporating VR training demonstrated significant
improvement in heading accuracy from pre- to post-intervention,
with no significant difference at the mid-point. The control group
showed no improvement across the intervention. Notably, the com-
bined VR and traditional heading group achieved greater improve-
ment than the VR-only group, suggesting that VR can enhance, but
not replace, traditional on-field heading practice.

In addition to Bloechle et al. [14], a study by Marshall et al. [17]
also involved heading training. In this study, 18 recreational-level
players trained their heading in VR over a period of 7-10 days and
were compared to 18 control participants who did not. The pre-test
and post-test involved heading balls shot from a ball launcher on an
indoor football pitch. The number of goals scored was recorded. Fur-
thermore, video analysis software was used to quantify the accura-
cy of the shots by awarding points depending on how close the ball
landed near the goal post, i.e., more points were awarded to shots
near the post that were unlikely to be saved by a goalkeeper than
those in the centre of the goal. The results showed that while the
VR group scored more goals after the training intervention than be-
fore, the control group did not. No significant effects were found for
accuracy. Notably, this study also included self-report measures of
self-efficacy (i.e., a rating by players of the general heading ability)
and self-confidence in scoring the headings. An increase in scores
for both measures was observed in the VR group from the pre-test
to the post-test. No increase was observed in the control group.

Self-reported measures were also examined in the study of Rus-
manto et al. [18], which investigated the effect of a VR training in-
tervention on sports engagement and soccer-related skills. Forty male
beginner-level soccer players from Indonesia, aged 16 to 20 years,
were assigned to either a VR training group (n = 20) or a tradition-
al training control group (n = 20). Participants from both groups
participated in football training three times per week over a 12-week
period. The VR group engaged in simulated shooting and passing
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drills, while the control group only followed traditional football train-
ing. Sport engagement was assessed using a validated self-report
scale that measured the sub-dimensions of vigour, dedication and
absorption. Additionally, real-world passing ability and shooting to
targets were evaluated. The results indicated that the VR training
showed significantly higher levels of sport engagement compared to
the control group and had a positive effect in improving both the
passing and the shooting performance.

Finally, a recent study by Richlan [20] was the first to examine
the effects of VR training on brain structure and function, as well as
the impact of detraining. A 37-year-old former amateur soccer play-
er, who had been inactive for 15 years, completed a 4-week VR
heading training programme involving simulations of control, shoot-
ing, clearing and passing. Training was conducted six days per week
for 30 minutes per session. During the intervention period, the play-
er underwent weekly functional MRI (fMRI) scans to assess neural
adaptations, while real-world heading performance — including ball
control, heading accuracy and goal-scoring ability — was evaluated
at pre- and post-intervention time points. The results showed im-
provements in heading performance and neuroplasticity, including
increased grey matter volume in the left thalamus, white matter vol-
ume in the cerebellum, and cortical thickness in regions related to
motor control, visual processing and memory. Functional connectiv-
ity also increased across several brain networks. Importantly, these
improvements were retained four weeks after training, demonstrat-
ing a lasting effect of the VR intervention.

DISCUSS 1O /N 15
This systematic review aimed to summarize the effects of virtual (VR)
and augmented reality (AR) training on the cognitive-motor perfor-
mance of soccer players. Across the included studies, the main find-
ing is that VR and AR interventions significantly improve cognitive
and cognitive-motor performance, highlighting the positive impact
of using these technologies. Notably, improvements were observed
even with interventions that included as few as three sessions and
with short sessions lasting five minutes.

A common finding across the studies we reviewed was that great-
er improvements were observed in tasks that closely resembled the
training interventions than in tasks that did not. For example, stud-
ies that implemented heading training in virtual environments also
demonstrated improvements in real-world heading performance.
Players not only improved their scores on heading tests in the
pitch [16, 17, 201, but also enhanced the accuracy of their shots,
scoring more points for placements closer to the goalposts, areas
that are less likely to be defended by goalkeepers, compared to shots
directed towards the centre of the goal [17]. Similarly, Fortes
et al. [15] found improvements in passing decision-making follow-
ing an intervention in which participants watched offensive plays in
VR that involved passing. In contrast, no significant differences be-
tween the VR intervention and the control groups were found on
Stroop performance, a linguistic task that generally assesses
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cognitive inhibition. This finding raises some concern as to whether
VR training, and cognitive training in general, can improve cognitive
function in general or simply performance on the task that is
trained [14] or tasks that are quite similar [15, 16, 17, 20]. It also
poses an interesting question about context: do training tasks need
to simulate the actual context of the sport?

On one hand, one could argue that the tasks athletes carry out in
their sport rely on some core cognitive processes that could be ame-
nable to training. For example, when reacting to a shot, a goalkeep-
er in football must engage in several processes relating to attention,
e.g., maintain alertness, orient attention, and inhibit automatic re-
sponses. Indeed, studies have shown that individual differences in
sports tasks can, in some cases, be accounted for by cognitive per-
formance assessed through traditional tests. For example, Shimi
et al. [8] found that performance on the Whack-a-Mole task, a com-
puterized Go/No-Go task that requires participants to suppress a mo-
tor response, could predict goalkeeping performance in VR. Beyond
behavioural inhibition assessed with the Whack-a-Mole task, Shimi
et al. [8] provided evidence that phasic alertness, attentional orient-
ing, and inhibitory control assessed with the Attentional Networks
Test [22, 23] also explained a significant amount of variance in goal-
keeping performance. Such results suggest that tasks that assess
general cognitive function may capture mental skills that are rele-
vant to real-life sports tasks and could potentially serve as effective
training tools.

On the other hand, as shown in our short review, training tasks
that simulate the environment of the sport, either through vid-
eo [15] or graphics [16, 201, seem to have been the most effec-
tive. This suggests that perhaps context is important for training
tools, as it allows athletes to improve performance by picking up
the affordances of the environment and by strengthening stimulus-
response pairings. This could, down the line, lead to the automat-
ic execution of actions when the athlete is in a real environment
that matches well with that of training. Thus, contextualized VR
training may offer an advantage by providing realistic practice en-
vironments that may improve transfer to real-world performance
(see Craig [21] for a discussion on the topic).

A notable finding from our review is that benefits to performance
seem to be present even when training does not entail the active
execution of a task. Indeed, in the study by Fortes et al. [15], pass-
ing accuracy improved even when the players simply watched vid-
eos in VR without engaging into any passing activity themselves.
This finding raises the question as to whether active engagement
in a task during training is necessary to obtain benefits in perfor-
mance. With regards to the specific study, one could argue that
players did not improve the cognitive skills that underlie passing
accuracy but instead they improved the technique by picking up
information from the videos. Regardless of whether this was the
case or not, a question for future research remains as to whether
cognitive skills could be improved by simply watching others
perform.
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Another interesting possibility arising from our review is that the
magnitude of training benefit may depend on athletes’ initial cogni-
tive performance levels. Wilkerson et al. [19] demonstrated that play-
ers with lower baseline cognitive performance experienced greater
improvements following VR interventions. In the study, the authors
evaluated collegiate players, separating them into groups based on
initial cognitive performance scores. After VR training, the lower-per-
forming group showed a notable improvement from 68.6 to 87.7%,
while the higher-performing group improved from 93.8 to 97.7%.
Although this finding may be a consequence of a ceiling effect among
high-performing athletes, it raises the question as to whether cogni-
tive training is suitable for elite athletes with whom further improve-
ments could be more difficult to achieve. Studies may further inves-
tigate the differential impacts of VR and AR training across performance
levels, including elite athletes, and on tailoring the complexity of in-
vestigations to maximize their potential benefits.

Regarding the design of interventions, some studies have indicat-
ed that training of short duration with AR [14] or VR [20] can gen-
erate significant improvements. The study by Richlan [20] demon-
strated that four weeks of VR training were sufficient to induce changes
in brain function and structure. This finding suggests that VR may
be effective even in the short term, with effects potentially lasting for
some time (e.g., 4 weeks). These results open a new topic for inves-
tigating the minimum effective dose of VR training, including the op-
timal number and frequency of sessions. If short-term VR training
proves effective, it could allow coaches to strategically implement
specific VR sessions during specific phases of the sport season, such
as pre-competition (e.g., tapering), when loads are reduced, to op-
timize athlete performance. It should be noted however that the find-
ings of Bloechle et al. [14] and Fortes et al. [15] are at odds with
those from similar studies carried out on basketball. Indeed, in a re-
view of the literature on VR training in basketball, Chan et al. [24]
concluded that the most effective VR-based tactical interventions
used in basketball require long-term exposure. Given this discrepan-
cy in the literature, future studies may compare VR interventions
across sports. While soccer and basketball are both intermittent
sports characterized by opponent interaction and rapid decision-mak-
ing, VR interventions may need to differ in order to accommodate
the specific sensorimotor and tactical demands of each sport and
the way these are represented in virtual training environments.

Limitations of the review

Although this review provides a potentially useful overview of the
effects of VR and AR training on football players, some limitations
must be acknowledged. First, the fact that only a small number of
studies were identified raises the probability of the presence of pub-
lication bias. That is, given that studies with positive results (i.e.,

significant differences across intervention and control groups) are
more easily published than those with null effects, it could be that
the 7 studies we located on the topic represent false positives. How-
ever, given that studies in other sports have documented the presence
of training benefits [25, 26], we consider this possibility rather un-
likely. Still, some caution in drawing definitive conclusions seems
warranted. Second, the studies we reviewed have rather small sam-
ple sizes. Although this is typical in studies with athletes, especially
those at the elite level, the small sample sizes limit the statistical
power and generalizability of the findings. What is more, the hetero-
geneity in both the types of interventions applied and in the depen-
dent variables complicates direct comparisons and synthesis. Fi-
nally, most of the studies we reviewed did not include long-term
follow-up assessments, making it difficult to evaluate the sustain-
ability of the training effects over time. Addressing these limitations
in future research will be essential to establish more definitive conclu-
sions about the effectiveness of VR-based training tools.

CONCLU SO N S 5
In conclusion, the findings of this systematic review support the
potential of VR and AR training as an effective approach to improve
cognitive and motor performance in soccer players. Despite the small
number of studies on the topic, and while some caution regarding
publication bias is warranted, the findings of the review suggest that
VR and AR training can be effective across a range of measures.
Overall, the outcomes of the review highlight the importance of de-
signing context-specific training tasks, selecting appropriate evalua-
tion measures, together with the cognitive and motor demands in-
volved in players’ actions in real-world training and games. It is
especially important to consider key domains of soccer performance
where VR and AR may offer the greatest benefit, such as decision-
making under pressure, visual scanning and set-piece execution.

Although short-term VR interventions show promising results, fur-
ther studies are needed to establish standardized protocols, deter-
mine the duration of the training effect and explore applications in
elite athlete populations. By addressing these areas, VR and AR tech-
nologies could become integral components of modern training strat-
egies in soccer as well as different sports.
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