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Background: Psychological pressure can influence athletes’ decision-making by shifting attention and increasing
concerns about performance and evaluation by others. Despite the growing use of transcranial direct current stimulation
(tDCS) in sports research, evidence regarding its effects on decision-making speed and accuracy in futsal players under
different psychological pressure conditions remains limited.

Aims: This study investigated the effects of tDCS on decision-making speed and accuracy in skilled futsal players
under different psychological pressure conditions.

Methods: A pretest—posttest controlled-group design was used. Twenty male futsal players aged 18-28 years,
competing in the Premier League and having 3-5 years of league experience, voluntarily participated in the study.
Participants were randomly assigned to either the active tDCS or control (sham stimulation) group. Anodal tDCS was
applied with the anode positioned over F3 and the cathode over F4 at 1 mA for 20 minutes. Following the intervention,
decision-making speed and accuracy were assessed using a researcher-developed futsal-specific decision-making
software under four conditions: pretest, neutral, outcome pressure, and monitoring pressure. Heart rate was also
recorded as a secondary physiological measure throughout the experimental conditions.

Results: The mixed ANOVA showed a significant main effect of assessment condition on total response time, with
response time decreasing under the outcome-pressure condition compared with pretest. However, neither the main
effect of group nor the group x condition interaction was significant. For decision-making accuracy, significant main
effects of assessment condition and group, as well as a significant group x condition interaction, were observed.
Follow-up comparisons showed that decision-making accuracy in the tDCS group was higher under the neutral,
outcome-pressure, and monitoring-pressure conditions than at pretest. In addition, a significant between-group
difference was observed under the monitoring-pressure condition. Heart rate also increased significantly in both groups
under the outcome-pressure and monitoring-pressure conditions compared with pretest.

Conclusion: The findings suggest that tDCS may improve athletes’ decision-making performance by increasing
decision-making accuracy, particularly under monitoring pressure, and may be considered as a potential strategy for
enhancing decision-making under pressure.
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Introduction

Psychological pressure is an inseparable component
of competitive sport, particularly at elite levels, and
can substantially affect athletes’ mental health and
performance (Didymus et al., 2021). In critical
situations, athletes may experience a sudden and
marked decline in performance despite possessing the
requisite abilities, a phenomenon referred to as
choking under pressure (Mesagno et al., 2024; Li et
al., 2024). In such circumstances, attention shifts
away from task-relevant cues toward task-irrelevant
concerns, such as worries about performance and its
potential consequences (Roberts et al., 2019).
Pressure may arise from the importance of the
outcome, performance expectations, evaluation by
spectators and observers, or a team’s competitive
standing (Tanaka & Sekiya, 2010; Kinrade et al.,
2015). Baumeister’s self-focus model, Lewis and
Linder’s  distraction model, and Wang’s
developmental model explain this phenomenon in
terms of excessive self-focused attention, working-
memory interference, and different choking
mechanisms in novice versus expert athletes,
respectively (Baumeister & Showers, 1986; Lewis &
Linder, 1997; Wang, 2002).

Accurate and timely decision-making is a
fundamental cognitive capacity for achieving elite
sport performance. In team sports, however, it is a
demanding and multidimensional process because
athletes must contend with numerous cues, complex
interactions, nonlinear relationships, and substantial
psychological and physical pressures (Hautemiers et
al., 2021; McMahon, 2007). This process involves
perceiving  and interpreting  environmental
information and selecting an appropriate response;
depending on the type and speed of the decision,
visual, frontal, and parietal brain regions may be
involved (Vickers & Lewinski, 2012). Evidence
suggests that high mental pressure can reduce
decision-making speed among young elite athletes
(Parkin & Walsh, 2017). Accordingly, researchers
have investigated interventions such as enhanced
expectations, emotion-regulation strategies, coping
strategies, and transcranial direct current stimulation
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(tDCS) to maintain and improve performance under
pressure (Kent et al., 2018; Lochirzo et al., 2018).
Transcranial direct current stimulation (tDCS) is a
noninvasive technique that modulates cortical
excitability in a polarity-dependent manner and may
enhance neurocognitive performance. By delivering a
weak electrical current and altering neuronal
membrane potentials, tDCS may modulate synaptic
transmission and neural activity. Previous evidence
has indicated beneficial effects of tDCS on basketball
players’ shooting and dribbling accuracy, sitting
volleyball players’ serve accuracy and visual-search
performance, as well as decision-making and visual
attention (Valdema et al., 2022; Honarmand et al.,
2022; Ghaeibzadeh et al., 2023; Costa Leal et al.,
2022; Rocha et al., 2020). Nevertheless, findings
concerning its effects on cognitive and psychomotor
performance remain inconsistent (Figeys et al., 2021,
Harris et al., 2019). Given the central role of decision-
making in futsal, which requires rapid and accurate
choices such as passing, shooting, and dribbling
(Coutinho et al., 2018), and the scarcity of research
on the effectiveness of tDCS under psychologically
pressurized conditions in this sport, the present study
aimed to examine the effects of tDCS on decision-
making among skilled male futsal players across
different psychological-pressure conditions.

Method

The study employed a randomized, sham-controlled,
parallel-group experimental design with a 2 x 4
mixed factorial structure. Stimulation group was the
between-subjects factor, comprising an active tDCS
group and a sham-control group, whereas assessment
condition was the within-subjects factor, comprising
pre-test, neutral, outcome-pressure, and monitoring-
pressure conditions. Twenty male futsal players
competing in the Premier League were included in the
final analysis, with 10 participants assigned to each
group. Participants were aged 18-28 yearsand had 3—
5 years of Premier League futsal experience.
Additional eligibility criteria included being right-
handed and right-footed, having no history of
neurological or cognitive disorders, and not using
medications that could affect cognitive performance.
All participants provided written informed consent
before participation.
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Active stimulation was administered using a
NEUROSTIM2 tDCS device. The active protocol
delivered a current of 1 mA for 20 minutes, including
30-second ramp-up and ramp-down periods. The
anodal electrode was positioned at F3 and the
cathodal electrode at F4, according to the
international 10-20 electrode-placement system.
Importantly, the F3—F4 configuration was treated as
the scalp montage used in the study rather than as
evidence of stimulation of a specific cortical
structure, because neuroimaging-guided localization
or neuronavigation was not employed. Heart rate was
continuously recorded during the experimental
assessments using a biofeedback device.

The sham-control procedure was designed to
replicate the experimental experience without
delivering continuous stimulation. Participants in the
sham group underwent the same electrode-placement
and device-connection procedures and remained
connected to the device for the same duration.
Electrical current was delivered only during the initial
30 seconds and final 30 seconds, with no current
delivered during the intervening period. Participants
were blinded to their stimulation condition and were
not informed whether they had received active or
sham stimulation. Group allocation was also blinded
during the primary statistical analyses.
Decision-making performance was assessed using a
futsal-specific decision-making speed and accuracy
software containing 70 third-person-perspective
images selected from Asian Championships and
FIFA Futsal World Cup matches by national football
experts and specialists. Participants were required to
identify the best response to each game situation, with
response options including dribbling, shooting, and
passing. The software had previously demonstrated
acceptable validity, with correlation coefficients of r
= .87 for total response time and r = .78 for decision-
making accuracy. Reported test-retest reliability
coefficients were r = .82 for total response time and r
= .73 for decision-making accuracy.

Before the experimental assessments, participants
completed a five-image familiarization phase. They
subsequently completed 20 randomly selected trials
in each of the four assessment conditions. During the
pre-test, participants were instructed to select the
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fastest and most accurate response to each futsal
situation. The neutral condition involved completing
the same decision-making task without additional
pressure manipulation. In the outcome-pressure
condition, participants were informed that they would
receive a reward if they answered all questions
correctly, thereby increasing the perceived
consequences of performance. In the monitoring-
pressure condition, participants performed while
being observed by several evaluators and were
informed that a video recording of their performance
would be shown to the national team coach, thereby
increasing perceived social evaluation. The order of
the three post-intervention  conditions was
randomized for each participant.

The primary behavioral outcomes were total response
time, representing decision-making speed, and
percentage of correct responses, representing
decision-making accuracy. Baseline differences
between groups were examined using independent-
samples t tests. The primary outcomes were analyzed
using a 2 x 4 mixed-design ANOVA, with stimulation
group as the between-subjects factor and assessment
condition as the within-subjects factor. Significant
effects were followed by pairwise comparisons with
Bonferroni adjustment. Homogeneity of variance was
examined using Levene’s test. Heart rate was
analyzed separately as a secondary physiological
measure using Friedman tests for within-group
comparisons and Mann—Whitney U tests for between-
group comparisons. Statistical significance was set at
p < .05, and partial eta squared (np*) was reported as
the effect size for ANOVA effects.

Results

Baseline comparisons indicated no significant
between-group differences in total response time,
t(18) = 1.58, p =.130, or decision-making accuracy,
t(18) = —2.03, p = .057. The mixed-design ANOVA
for total response time revealed a significant main
effect of assessment condition, F(3, 54) = 4.93, p =
.004, np* = .215. However, neither the main effect of
stimulation group, F(1, 18) = 0.07, p = .790, np? =
.004, nor the group x condition interaction, F(3, 54)
=1.98, p=.127,mp*=.090, was significant (Table 1).
Follow-up pairwise comparisons showed that total
response time was significantly lower under outcome
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pressure than at pre-test (41.43 vs. 45.64 s, p =.021).
No other pairwise comparisons reached statistical
significance. These findings indicate that decision-
making speed varied across assessment conditions
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but that the active tDCS group did not demonstrate a
significant overall speed advantage relative to sham
stimulation.

Tablel. Results of the Mixed-Design Analysis of VVariance for Total Decision-Making Response Time and Percentage of Correct Responses

Dependent Variable Source of Variation df F p Partial Eta Squared (np?)
Condition (3, 54) 4.93 .004 215
Total response time (s) Condition x Group (3, 54) 1.98 127 .090
Group (1, 18) 0.07 790 .004
Condition (3, 54) 3.18 .031 150
Percentage of correct responses Condition x Group (3, 54) 4.50 .007 200
Group (1, 18) 5.33 .033 220

For decision-making accuracy, significant main
effects were observed for assessment condition, F(3,
54) = 3.18, p = .031, np* = .150, and stimulation
group, F(1, 18) = 533, p = .033, np* = .220.
Importantly, the group x condition interaction was
also significant, F(3, 54) = 4.50, p=.007, np*=.200,
indicating that the pattern of accuracy across the four
assessment conditions differed between the active
tDCS and sham groups. Within the active tDCS
group, accuracy was significantly higher under the
neutral (p = .033), outcome-pressure (p = .001), and
monitoring-pressure (p < .001) conditions than at pre-
test. The clearest direct between-group difference was
observed under monitoring pressure, where the active
tDCS group demonstrated higher accuracy than the
sham group (78.5% vs. 69.0%, p = .005). Importantly,
the significant interaction should not be interpreted as
evidence that tDCS produced an equivalent accuracy
improvement across all three post-test conditions;
rather, the direct between-group advantage was
specifically demonstrated under monitoring pressure.
Heart rate showed a different pattern. Friedman tests
demonstrated  significant  differences  across
assessment conditions in both the active tDCS group,
v*(3) =15.619, p <.001, and the sham group, ¥*(3) =
22.76, p < .001. In both groups, heart rate was
significantly higher under outcome pressure and
monitoring pressure than at pre-test, whereas the
neutral condition did not differ significantly from pre-
test. Between-group Mann—Whitney U tests revealed
no significant differences in heart rate between the
active and sham groups at pre-test (U = 63.5, p =.30),

monitoring pressure (U = 59.5, p = .47), outcome
pressure (U = 73.0, p = .08), or neutral conditions (U
= 61.0, p = .40). Thus, both pressure manipulations
were associated with increased physiological arousal,
but this response did not differ significantly according
to stimulation group.

Conclusion

The findings indicate that the behavioral effects
associated with the present tDCS protocol were not
uniform across decision-making dimensions or
psychological contexts. Decision-making speed
varied significantly across assessment conditions,
with a significant reduction in total response time
under outcome pressure compared with pre-test.
However, the absence of a significant stimulation-
group effect and group x condition interaction
indicates that this change in response speed cannot be
attributed specifically to active tDCS. One possible
interpretation is that outcome pressure increased
motivation or effort, thereby facilitating faster
responses in this task, although the present
experimental design cannot establish the underlying
mechanism.

In contrast, decision-making accuracy demonstrated
a significant group-dependent pattern. Participants
receiving active tDCS showed higher accuracy than
at pre-test under neutral, outcome-pressure, and
monitoring-pressure conditions, while the clearest
direct advantage relative to sham stimulation
occurred under monitoring pressure. This pattern
suggests a condition-specific behavioral advantage
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rather than a uniform enhancement of decision-
making accuracy across all pressure contexts. The
findings therefore indicate that the potential
behavioral effects associated with this tDCS protocol
may depend on both the performance dimension
being assessed and the psychological context in
which the task is performed.

The heart-rate findings further demonstrate that the
experimental pressure manipulations were associated
with increased physiological arousal. Both outcome
pressure and monitoring pressure  produced
significant increases in heart rate relative to pre-test
in both stimulation groups. However, the absence of
significant between-group differences in heart rate
indicates that the accuracy advantage observed under
monitoring pressure cannot be explained by a
corresponding difference in this physiological
measure.

Overall, the study provides evidence that a single
session of tDCS may be associated with context-
dependent changes in decision-making performance
among skilled male futsal players, with the most
evident direct behavioral advantage occurring for
decision-making accuracy under  monitoring
pressure. Nevertheless, the findings should be
interpreted cautiously because the study involved a
relatively small sample of 20 participants, used a
simulated decision-making task rather than an actual
competitive environment, and employed a fixed F3—
F4 scalp montage without neuroimaging-guided
localization. Furthermore, cortical activity was not
directly measured, meaning that the behavioral
effects cannot be attributed to modulation of the
DLPFC, primary motor cortex, or another specific
cortical region. Future research should use larger
samples, compare alternative stimulation montages,
employ neuroimaging-guided localization when a
specific cortical target is intended, and examine
behavioral outcomes alongside complementary
physiological and neural measures in more
ecologically valid competitive settings.
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