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Abstract

Purpose: It is important to understand the effects of fatigue on decision-making and how it impacts
movement control. The aim of this study was to investigate the effects of mental and physical
fatigue on brain activity during creative decision-making in skilled football players.

Methods: The study utilized an intra-group design in the form of a time series. The research
method was semi-experimental and applied in nature. Eighteen football players from Tehran City in
the Tehran Premier League (mean age 18-30) participated in this research. Mental fatigue was
induced through Stroop exercises, and physical fatigue was induced using the Bruce protocol.
Electroencephalography was recorded while participants watched clips of real football scenes and
made creative decisions in blocked situations. Data analysis was conducted using variance analysis
with repeated measures at a significance level of P<0.05.

Results: Creative decision-making during mental and physical fatigue was found to be lower
compared to decision-making without fatigue. The alpha wave power decreased during mental
fatigue and increased during physical fatigue when compared to decision-making without fatigue.
Conclusion: Coaches and sports researchers should monitor and pay attention to the perception of
mental and physical fatigue levels, as well as their effects on decision-making and brain activity in
football players.
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Extended Abstract
Background and Purpose

Decision making is a key factor in success in
sports, especially in football (1). Skilled
athletes have the ability to know what to do
and when to do it, making decisions an
important part of their performance.
Understanding the complete process that
athletes use for decision making and the
factors that may influence this process is
important (2-5). Evidence has shown that
fatigue from intense physical activity may
lead to a decrease in cognitive processing
and, consequently, decision making. Previous
studies indicate that professional athletes may
be more flexible towards mental fatigue (3).
They make quicker and more accurate
decisions and have higher executive functions
compared to their less experienced
counterparts (4). Therefore, it is possible that
professional football players experience
lower levels of mental effort for cognitive-
perceptual tasks. However, to date, no studies
have been conducted on football players
compared to professional athletes during a
full football training match (90 minutes).
Football decision making requires players to
pay attention to football scenario conditions
(teammates and opponents' positions), predict
other players' behaviors, and think about
possible passes or movements that have the
highest chance of scoring a goal. Imagining
creative movements may involve searching
and retrieving information related to tasks
stored in memory, including specific football
rules, technical knowledge about passing or
movement execution, and common task
solutions (6-8). Creative solutions in sports
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decision-making situations engage areas of
the brain network and support executive
performance and memory needs. EEG
measurements have been repeatedly reported
as a reliable method for evaluating mental
and physical fatigue. Research has shown that
mental fatigue increases faster during
physical-mental tasks (8-11). Therefore, the
general aim of this study was to investigate
the effect of mental and physical fatigue
during creative decision making on the brain
activity of skilled football players.

Materials and Methods
The present research design was semi-

experimental, with an applied objective, and
conducted over a period of time. The study
population consisted of male football players
who played football professionally, and a
sample of 18 players from the age range of
18-30 in Tehran's top league were selected.
Inclusion criteria included: no history of
mental or cognitive disorders, no history of
drug use affecting cognitive abilities, right-
handedness, and familiarity —with the
experimental conditions. The tools used in
this study included competitive anxiety
questionnaires to measure athletes' anxiety
levels, Abedi's creativity questionnaire to
assess participants' creativity, and Edinburgh
Handedness Inventory and the General and
Hemisphere Superiority of Wagner and Walz
for control variables. Clips of real football
scenes were used to measure creativity in
decision-making, the Stroop test was used to
induce mental fatigue, and the Bruce protocol
was used to induce physical fatigue. EEG
measurements were taken from areas (FP1,
FP2, F7, F3, FZ, F4, F8, T7, C3, CZ, C4, T8,
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P7, P3, PZ, P4, P8, 01, 02) to assess brain
activity. The experiment was divided into
four blocks, including one familiarization
block and three test blocks. Descriptive
statistics, including means and standard
deviations of descriptive variables, were used
for data analysis. Inferential statistics using
repeated measures ANOVA were used to
examine the effect of three conditions without
fatigue, mental fatigue, and physical fatigue,
and Bonferroni post-hoc test was utilized for
pairwise comparisons.

Results
Bonferroni post-hoc test results showed a

significant decrease in average creative
decision making in conditions of mental
fatigue (275.0+97.2) and physical fatigue
(343.0+68.3) compared to conditions without
fatigue (263.0 + 6.4), indicating that players
have less creativity in decision-making under
fatigue conditions (P<0.001, P=0.004).
Pairwise comparisons of alpha wave power in
three fatigue conditions in C3, CZ, and F4
regions showed significant differences. The
alpha wave power in the F4 region was
higher in physical fatigue conditions (137.0%
518.0) than in mental fatigue conditions
(103.0+367.0), in the C3 region, alpha wave
power was higher in physical fatigue
conditions (156.0 + 681.0) than in conditions
without fatigue (064.0+486.0) and higher
than in  mental fatigue conditions
(153.0+475.0), and in the CZ region, alpha
wave power in physical fatigue conditions
(133.0£637.0) was higher than in mental
fatigue conditions (136.0 = 477.0) (P=0.001,
P=0.001, P=0.001, P=0.005). Alpha wave
power in Fz and C4 regions decreased in

physical fatigue conditions compared to
conditions without fatigue, but there were no
significant differences in F3, FP1, and FP2
regions (P<0.05). Results also showed a
decrease in alpha wave power in C4, CZ, C3,
F4, Fz, F3, and FP2 regions in mental fatigue
conditions, with decreases in C3, F3, and FP2
regions compared to conditions without
fatigue, although these decreases were not
significant.

Conclusion
According to the 10-20 system of electrode

placement, regions FP1, FP2, F3, FZ, F4, C3,
CZ, and C4 encompass the three main
decision-making areas in the brain cortex,
namely the OFC, DLPFC, and ACC, which
play an important role in the decision-making
process. Therefore, based on our study
results, alpha wave activity in OFC, DLPFC,
and ACC significantly decreased in mental
fatigue conditions, while brain activity
increased. This study demonstrated that
mental fatigue led to a significant decrease in
alpha wave activity in central regions and the
right cortex, consistent with previous
research. An increase in alpha wave power
during creative decision-making indicates an
internal processing need from top to bottom,
facilitating internal processes such as
imagination, effective search and retrieval of
memory  representations  during  idea
generation. Researchers have indicated that a
relative increase in beta wave power during
creative decision-making compared to less
creative conditions may indicate an inward
processing state of information during
creative idea generation that focuses less on
specific stimulus-based bottom-up processing
needs. Since brain activity is inversely related
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to alpha wave activity, many studies have
shown that fatigue disrupts cognitive
processing and, consequently, specific
football decision making (8-12). As
demonstrated by our study results, physical
fatigue had an inverse relationship with
creative decision-making, leading to a
decrease in brain activity and an increase in
alpha wave activity in Cz, C3, F4, F3, FP2,
and FP1 regions compared to conditions
without fatigue. In mental fatigue conditions,
due to cognitive effort and increased brain
activity, alpha wave activity decreased in Cz,
C4, F4, Fz, and FP2 regions, generally in
central and right brain regions. These results
may be explained by the nature of team sports
(e.g., football) wversus closed skills (e.g.,
cycling), where a football match may involve
more unrelated stimuli and a
dynamic/unpredictable  environment.  In
contrast, cognitive involvement may be
higher in a stable/predictable environment in
cycling (14).

Therefore, it is possible that athletes may not
make the best decisions during a football
match due to mental fatigue jeopardizing high
cognitive functions. Evidence suggests that a
decrease in alpha wave activity indicates a
decline in performance in cognitive processes
during a specific task. Thus, identifying the
relationship between specific frequencies and
cognitive processing in individuals helps
behavioral and neuroscientists recognize
differences in brain activity patterns in
different conditions, such as before and after
a task, during poor and good performance,
ultimately improving individuals'
performance, especially for athletes, and
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utilizing effective environmental patterns (12-
17). On the other hand, the effects of creative
decision-making are not limited to the alpha
wave frequency band. There is ample
evidence of brain oscillatory activity in other
frequency bands in creative decision-making
cognition. A study showed an increase in
cognitive and intellectual integrity (assessed
by a divergent thinking task) as a result of
rapid neurofeedback training in the beta
frequency band.
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