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Abstract
Background: Physical exertion and external stimuli can impact cognitive performance.
This study explored how match-like environments and Schumann’s binaural beat
stimulation affect time perception and anticipation timing, critical for football referees’
decision-making. Methods: Using a quasi-experimental time series design, 24 active
male referees participated voluntarily. Time perception and anticipation timing were
assessed under four conditions: baseline (B), aerobic exercise (E), aerobic exercise with
85 dB crowd noise (ECN) and 7.83 Hz Schumann binaural beat stimulation (SBS). Heart
rate and electroencephalogram (EEG) data were continuously monitored. Data on time
perception (ms), anticipation timing (ms), heart rate (bpm), and EEG (microvolts) were
analyzed using repeated measures analysis of variance (ANOVA) in SPSS 26.0. Results:
The results showed significant differences in time perception between E, SBS, ECN
and SBS conditions (p < 0.05), but no significant differences in anticipation timing
across conditions. EEG data revealed increased alpha and theta band power during the
SBS condition compared to others (p < 0.05). Additionally, theta band power was
significantly higher in the ECN condition than in the B condition (p < 0.05). The
findings highlighted improved time perception under the ECN condition, with a positive
correlation between elevated theta band power and enhanced time perception. However,
despite a similar increase in theta power during the SBS condition, referees did not show
significant improvements in time perception. Conclusions: These results suggest that
theta oscillations may play a role in time perception, but other neurophysiological and
environmental factors likely influence this relationship. Further research is needed to
understand the complex interplay between these variables and their impact on cognitive
performance in referees.
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1. Introduction

Soccer, a globally esteemed sport, engages millions of specta-
tors across diverse platforms. Refereeing is pivotal in soccer’s
spectators, players and referees triumvirate. Referees assess
game dynamics, regulate player behavior, resolve disputes and
maintain communication throughout matches [1]. During this
process, they may be influenced by numerous factors such
as audience, experience, knowledge, motivation, enjoyment
and environmental and psychological conditions [2]. Notwith-
standing these various factors, the capacity to swiftly and
precisely make decisions relies on the swiftness of perceiving
and comprehending events transpiring on the field. Perception
involves amental process where individuals analyze data about

their surroundings using different senses and can be impacted
by both physical and social cues [3]. The concept of time is
paramount in identifying the perceptual limitations that can
lead to referee errors and bias [1]. Time is intricately linked
to perceptions and experiences, often regarded as a palpable
force during all significant occurrences [4].

The perception of time is also connected to the understand-
ing that time has elapsed and is elucidated by environmental,
psychological and physiological mechanisms [5]. Research
indicates that various factors such as age, gender, body temper-
ature, health condition, level of mental concentration, intensity
of physical activity, focus and sensation of numbness can affect
how time is perceived [6]. Given the demanding physical
and psychological conditions referees are exposed to during
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matches, such as fatigue and stress, they may experience
cognitive impairments such as distraction, slower reaction
times and altered time perception [7].
In high-speed team sports, where the ball is constantly on

the move, the ability to predict events makes anticipation
timing a crucial element in cases of perceptual distortion [8].
Anticipation timing is the accurate prediction of the endpoint or
reachable location of a moving object, ball or object [9]. This
skill, crucial for expertise in sports, pertains to the capacity to
foresee an event before it occurs. Research in the field encom-
passes a range of psychological and neurological investigations
exploring alterations in anticipation timing in response to rises
in heart rate associatedwith effort [10]. Numerous studies have
also emphasized the influence of physiological and psycho-
logical factors on human cognitive performance [11–17]. It
can be argued in this scenario that the precision of immediate
judgments, such as offside calls, throw-ins, penalties, and so
on, is contingent upon the referee’s sense of anticipation timing
and time perception.
Variations in perceptual states during the decision-making

phase, which fluctuate with transient circumstances, might
correlate with alterations in cerebral electrical activity along-
side variables such as distractions or diminished concentration
[18]. These changes are caused by the interaction of brain
waves generated by rhythmic vibrations and brain neurons and
are measured by electroencephalography (EEG) [19]. The
recorded electrical signals exhibit variability based on phys-
iological and mental conditions. They are classified into dis-
tinct frequencies like Delta, Theta, Alpha, Beta and Gamma
according to their occurrence within specific time frames [20].
These waves are associated with different levels of conscious-
ness and awareness and can be seen in varying intensities in
various brain regions [21]. For instance, mental calmness and
low-stress states have been associated with Alpha and Theta
brainwaves [22]. These brain waves can be regulated using
external stimuli [23]. One external stimulus that can be utilized
is the incorporation of binaural beats.
Binaural stimulation involves the brain perceiving a third

beat when presented with two sound tones with a specific
frequency difference. This phenomenon occurs when the
two tones are separately played into each ear. This resultant
beat can potentially influence the brain waves and achieve
the desired mental state [23, 24]. In terms of these features,
this study uses the Schumann Frequency at the lower limit
of Alpha and the upper limit of Theta as auditory binaural
stimulation. The renowned Schumann frequency, positioned
at approximately 7.83 Hz, is thought to engage with brainwave
activity, potentially affecting brain areas linked to relaxation
and stress alleviation [25]. Elevated stress levels may detri-
mentally affect the decision-making capacities of referees [26].
According to Ingendoh et al. [27], most studies have examined
frequencies within 1 to 57.3 Hz and their effects on cognitive
performance. Although binaural beats have been demonstrated
to influence brainwave activity, the specific impact of 7.83 Hz
remains relatively unexplored [27]. Hence, this study suggests
that employing Schumann’s binaural stimulation could reduce
referees’ stress levels. Although research on the impact of
exertion or stress on cognitive abilities has garnered con-
siderable interest, investigations into the effects of auditory

binaural beats are still relatively scarce [28]. Most studies
in this area have primarily concentrated on improving athletic
performance, with less attention given to soccer referees who
face the distinct challenge of maintaining concentration and
making precise judgments amidst prolonged physical andmen-
tal pressure. This research aims to fill this gap by investigating
the factors that impact referees’ time perception and decision-
making accuracy in the face of external influences. Specifi-
cally, the study seeks to uncover the circumstances in which
referees exhibit minimal disruptions in their time perception
and ability to anticipate timing when external interventions
are introduced. By aiming to identify perceptual deviations in
refereeing, observing changes in alpha and theta waves in the
frontal lobe offers alternative explanations from physiological
psychology and neuroscience perspectives within sports sci-
ence.

2. Materials and methods

2.1 Participants
Twenty-four male football referees from Mugla province, ac-
tively involved in the Turkish Football Federation’s provin-
cial refereeing classification and having officiated at least 20
matches within the past two years, voluntarily participated in
this research between 01 August 2024 and 15 November 2024.
The average age of the referees was determined to be 24.29
± 2.89 years, with an average height of 181.45 ± 5.29 cm,
an average body weight of 77.50 ± 7.52 kg and an average
heart rate during exertion measuring 125.95 ± 7.67 bpm, with
an average of 4.08 ± 2.76 years of experience. An “a priori”
statistical power analysis (software package, G*Power 3.1.9.7
Heinrich Heine University, Düsseldorf, NRW, Germany) was
conducted based on the time perception of related studies [29]
to achieve ηp2 = 0.167, an alpha of 0.05, an effect size of 0.4
and a statistical power of 0.95 using the F-test family. The
analysis indicated that 15 participants per condition was suf-
ficient to achieve adequate statistical power. The participants
were selected through purposive sampling, a non-probability
method [30].

2.2 Study design and procedures
In the experimental part of this study, a time series design, one
of the quasi-experimental designs, was used. This design is
also known as a single-factor repeated measures design. In
a time series design, the effect of a treatment applied to a
single group is tested by taking multiple measurements of the
same variable using the same instrument before and after the
treatment on the same individuals [31]. Following the approval
of the ethical review board at Mugla Sitki Kocman University
Social Sciences and Humanities Research Ethics Committee
(Protocol No: 240097, Decision No: 96), the data collection
took place in a serene laboratory setting at the Faculty of
Sports Sciences between 16:00 and 17:00, with temperature
controlled at 22–23 ◦C. Before the measurements, participants
were directed to avoid consuming food, beverages or caffeine
for a minimum of two hours and to adhere to their regular
sleep routines. Furthermore, participants were requested to
refrain from using traditional or digital timekeeping devices
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throughout the experiment.
After participants signed the informed consent form, they

were provided with wearable gadgets such as the Emotiv
Insight 2 (5-channel EEG system) and Polar HR10 heart
rate monitor (Polar, Kempele, Finland). The electrodes
were placed on the scalp based on the 10–20 International
System, and the conductive gel was used to guarantee the best
signal accuracy [32]. Bluetooth connectivity was established
between the EEG device (Emotiv Insight-2, EMOTIV Inc.,
San Francisco, CA, USA) and the EmotivPro Android
software (version of 4.2.7.544, EMOTIV Inc., San Francisco,
CA, USA). Participants were provided a brief training session
to familiarize themselves with experimental procedures and
ensure accurate device usage.
The participants were presented with tasks in a randomized

sequence to reduce the impact of learning, and no feedbackwas
provided on their performance. After ensuring the stability of
brain wave patterns by examining the EEG signal through the
application, the participants were encouraged to concentrate
and commence the test. The study was designed to investigate
time perception and estimation tasks under four different con-
ditions (see Fig. 1 for an overview).

2.2.1 Phase 1: baseline measurements
At the outset of the research, the participants were tasked with
completing time perception and anticipation timing exercises
without external cues. Meanwhile, EEG data was collected.
These initial assessments lasted 8–10 minutes to establish the
participants’ baseline values for time perception and anticipa-
tion timing, denoted as “baseline” (B) values.

2.2.2 Phase 2: effort condition
Following the baselinemeasurements, participants were seated
on a stationary bicycle ergometer, and their heart rate was
adjusted to 60%~70% of their maximum heart rate using the
Karvonen method. The heart rate range known as “Zone 2” in
academic literature [33] is linked to aerobic exercise intensity.
While maintaining this exercise intensity, participants repeated
the time perception and anticipation timing tasks, and EEG
data was continuously recorded. These data were labeled as
“effort” (E) measurements.

2.2.3 Phase 3: effort with crowd noise
condition
After conducting the E measurements, the participants were
subjected to 85 decibels of crowd noise at the same exer-
cise intensity to re-perform the time perception and anticipa-
tion timing task. EEG data was collected during this period
and identified as measurements of “effort with crowd noise”
(ECN). This phase aimed to investigate the effects of exercise
and external noise on time perception and estimation.

2.2.4 Phase 4: post-Schumann binaural
stimulation measurements
After the ECN measurements, participants were exposed to 15
minutes of 7.83 Hz binaural beats. This auditory stimulation
was intended to synchronize brain waves and induce relax-
ation. After receiving the binaural stimulation, the participants
proceeded to redo the time perception and anticipation timing

tasks while EEG data was being collected. These subsequent
assessments were explicitly termed the “Schumann Binaural
Stimulation” (SBS) measurements, aimed at assessing the im-
pact of binaural stimulation on time perception and anticipation
timing.

2.3 Data collection
Time perception data (in milliseconds), anticipation timing
data (in milliseconds), heart rate data (in beats per minute), and
EEG data (in microvolts) were collected from participants.

2.3.1 Time perception
Time perception measurements were performed with elec-
tronic timing system (Newtest 1000, Oulu, Finland) with a sen-
sitivity of 0.001 seconds. During the entire data collection pro-
cess, the screen of the Newtest 1000 device was covered so that
the participant could not see it. After the participant had com-
pleted the first-time interval production trial measurements, the
Newtest 1000 screen was opened, and the researchers observed
whether the participant understood the test by giving neutral
feedback. In football matches, referees must swiftly make
decisions responding to dynamic on-field developments, often
within split seconds. To accommodate the standard 45-minute
match halves and ensure minimal disruption to the referees’
workflow, shorter time intervals of 1, 3 and 5 seconds were
employed for time production tasks. Such shorter intervals
are typically preferred in scenarios characterized by rapidly
changing variables, such as fatigue levels and limited data
collection time. This approach facilitated the completion of all
tests within a 45–50minutes timeframe, with each time interval
repeated five times per condition. This decision mirrors prior
studies that utilized time intervals from 0.5 to 10 seconds in
time production tasks [34–38].
The referees’ time perception values were divided into B,

E, ECN and SBS assessments, with five measurements taken
for each category at every time interval. The absolute error
score was determined using the formula (Target Duration −
Measured Duration)/(Target Duration) for period production
scores (TPPS), and the mean score for each duration was
documented in the data collection chart.

2.3.2 Anticipation timing
The researchers assessed anticipation timing using the Bassin
Anticipation Timer while the participants moved at six mph.
The target lamp, the 11th lamp in the 3rd section, was identified
for the task. Moreover, to ensure that the participants’ vision
was not hindered, a marker of contrasting color was positioned
beside the target lamp [39]. The participant was given the
right to try 3 times before measurements. The participants’
anticipation timing scores were categorized as B, E, ECN and
SBS measurements. Measurements were performed 5 times
in each category, and the absolute error average was recorded
in the data collection chart in milliseconds. Our research
considered the suggestions by Lyons et al. [40] and Morrison
and Reilly that measuring anticipation timing should occur
during exercise rather than post-exercise [41]. This is because
physiological changes can quickly return to normal levels after
cessation of exercises [42].
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FIGURE 1. The study design. B: baseline; E: aerobic exercise; ECN: effort with crowd noise; SBS: Schumann binaural beat
stimulation.
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2.3.3 Heart rate measurement

Heart rate data was obtained with the Polar H10 chest strap and
instantly monitored and recorded with the Polar Flow mobile
application. Considering the Karvonen method, the zone 2
training interval was calculated according to the participant’s
age and resting heart rate. The E and ECN measurements
were made on the road bike installed on the Tacx Blue motion
trainer, keeping the trainer difficulty level constant, cadence
and gear adjustment according to the participant’s preference
and driving was carried out. Once the participant achieved the
target heart rate within zone 2, time perception and anticipation
timing assessment commenced. Subsequently, as the partici-
pant transitioned into the zone 3 training intensity, they were
instructed to pedal at a slower cadence, resulting in the heart
rate dropping back to the zone 2 range. It was noted that the
participant ceased pedaling during the evaluation. The data
collection chart documented the average heart rate readings for
both E and ECNmeasurements, accounting for the timestamps
indicating the initiation and conclusion of the exercise [29, 43].

2.3.4 EEG and binaural stimulation

The AF3, AF4, T7, T8 and Pz electrodes of an Emotiv Insight
2 (5-channel) EEG system were prepared with conductive gel
and positioned on the participant’s scalp according to the 10–
20 International System, as described by [44]. A calibration
procedure was conducted using EmotivPro Android software
to optimize electrode placement, ensure stable Bluetooth con-
nectivity, and verify the quality of the EEG signal.

Following the international 10–20 system, the portable EEG
device Emotiv Insight 2 was employed to record neural activity
from the frontal (AF3, AF4) and temporal (T7, T8) regions, as
well as the parietal (Pz) region [44]. To selectively examine
neural oscillations underlying higher-order cognition, as in-
dexed by activity in the AF3 and AF4 regions, data from these
electrodes were subjected to high-pass filtering (3 dB at 0.5
Hz) to attenuate artifacts and noise and subsequently analyzed
using Fast Fourier Transform (FFT) to quantify the power
spectrum (Theta 4–8 Hz, Alpha 8–12 Hz) with EmotivPro
software thereby providing insights into the frequency char-
acteristics of neural activity associated with cognitive func-
tions such as attention and reasoning [45]. Precise record-
ings were made for each task condition’s start and end times
(B, E, ECN and SBS). Subsequent EEG data segmentation
and categorisation were done based on their respective Unix
timestamps to synchronize with the specific task conditions.
Binaural beats, a phenomenon related to auditory perception,
emerge when two tones with slightly different frequencies are
delivered separately to each ear. This auditory illusion leads
to the experience of a third tone, pulsating at the frequency
difference between the two original tones. This perceived
frequency difference, typically 1–30 Hz, corresponds to the
prominent EEG frequency bands linked to human brain activity
[27]. In this study, a 15-minute binaural stimulation protocol
was administered using the Mistikist mobile application. The
stimulation consisted of a 400 Hz tone to the left ear and a
407.83 Hz tone to the right ear [46].

2.3.5 Statistical analysis
All statistical calculations were conducted using SPSS Statis-
tics version 26 (IBM Corp., Released 2019. IBM SPSS Statis-
tics for Windows, Armonk, NY, USA). The Shapiro-Wilk
test was employed to assess the normality of the data. Re-
sults indicated that anticipation timing, time perception, and
EEG data were normally distributed. The Repeated Measures
ANOVA was utilized for statistical analysis. Table 1 presents
the skewness and kurtosis values for anticipation timing, time
perception and EEG data. A normal distribution is typically
assumed within a range of −2 to +2 for skewness and kurtosis.
Based on this criterion, the EEG, anticipation timing and time
perception data were deemed normally distributed [47].

3. Results

3.1 Comparison of time perception by
conditions
Participants completed time perception tasks under four
distinct conditions. A repeated measures ANOVA, with
Greenhouse-Geisser correction (ε = 0.619) due to a violation
of the sphericity assumption (χ2 (5) = 21.328, p = 0.001),
revealed significant differences in time perception values
across the four conditions (F (1.857, 42.717) = 5.339, p =
0.01, η2 = 0.188). Post hoc Bonferroni comparisons indicated
that performance during the E condition (M (Mean) = 0.128)
differed significantly from both the B and SBS conditions
(p < 0.05). Furthermore, performance in the ECN condition
(M = 0.113) differed significantly from both the B and SBS
conditions (p < 0.05).

3.2 Comparison of anticipation timing by
conditions
Participants performed anticipation timing tasks under four
different conditions. A repeated-measures ANOVA examined
the differences in anticipation timing values across these con-
ditions. Mauchly’s sphericity test was insignificant (χ2 (5) =
6.452, p = 0.265), indicating that the assumption of sphericity
was met. The analysis revealed no significant differences in
performance across the four conditions (F (3, 69) = 1.589, p =
0.200, η2 = 0.065). Post-hoc Bonferroni comparisons did not
reveal any significant pairwise differences.

3.3 Comparison of theta brain waves by
conditions
A repeated-measures ANOVA was conducted to examine dif-
ferences in AF3 theta band power across B, E, ECN and SBS
conditions. Mauchly’s sphericity test was insignificant (χ2 (5)
= 7.780, p = 0.169), indicating that the assumption of sphericity
was met. The analysis revealed significant differences at AF3
theta band power across the B, E, ECN and SBS conditions (F
(3, 69) = 17.285, p < 0.001, η2 = 0.429). Post hoc analyses
with Bonferroni correction revealed a notable increase in theta
power at the AF3 electrode during the SBS condition (M =
12.223) compared to the rest of the experimental conditions
(p < 0.05). A significant variance in theta power was noted
between the ECN (M= 11.458) and B (M= 10.341) conditions,



91

TABLE 1. Anticipation timing, time perception and EEG data normality table.
Conditions-Variables N x̄± sd Skewness Kurtosis
Baseline-Time Peception 24 0.152 ± 0.048 0.483 0.019
Baseline-Anticipation Timing 24 0.039 ± 0.011 −0.806 0.038
Effort-Time Peception 24 0.128 ± 0.007 0.085 −0.787
Effort-Anticipation Timing 24 0.038 ± 0.015 1.029 1.366
Effort and Crowd Noise-Time Peception 24 0.113 ± 0.031 −0.141 −1.138
Effort and Crowd Noise-Anticipation Timing 24 0.038 ± 0.015 0.490 −0.542
Schumann Binaural S.-Time Peception 24 0.148 ± 0.059 0.466 −0.484
Schumann Binaural S.-Anticipation Timing 24 0.035 ± 0.012 0.107 −0.521
Baseline-Theta-AF3 24 10.341 ± 1.074 −0.513 −0.624
Baseline-Theta-AF4 24 10.231 ± 1.229 −0.322 −0.896
Effort-Theta-AF3 24 10.880 ± 1.393 0.040 −1.204
Effort-Theta-AF4 24 11.458 ± 1.586 −0.093 −1.087
Effort and Crowd Noise-Theta-AF3 24 11.285 ± 1.449 −0.223 −0.297
Effort and Crowd Noise-Theta-AF4 24 12.223 ± 1.545 −0.373 −0.680
Schumann Binaural S.-Theta-AF3 24 12.237 ± 0.824 0.468 0.527
Schumann Binaural S.-Theta-AF4 24 7.296 ± 1.182 0.033 0.850
Baseline-Alpha-AF3 24 7.070 ± 1.591 −0.297 −0.900
Baseline-Alpha-AF4 24 7.757 ± 1.746 −0.567 −0.270
Effort-Alpha-AF3 24 7.521 ± 1.539 −0.246 −0.921
Effort-Alpha-AF4 24 8.133 ± 1.614 0.063 −1.193
Effort and Crow Noise-Alpha-AF3 24 7.955 ± 1.324 −0.152 0.000
Effort and Crow Noise-Alpha-AF4 24 8.957 ± 1.542 −0.149 −0.391
Schumann Binaural S.-Alpha-AF3 24 9.059 ± 0.994 0.745 −0.137
Schumann Binaural S.-Alpha-AF4 24 11.458 ± 1.152 0.653 0.221
The normality assumption was met, as evidenced by the results of the Shapiro-Wilk test (p > 0.05).
Time perception (TP) and Anticipation timing (ANT) values as miliseconds, Electroencephalogram (EEG) values as µV. sd,
standard deviation.

showing a higher theta power level in the ECN condition.
A repeated measures ANOVA test was conducted to exam-

ine differences in AF4 theta band power across R, E, ECN and
SBS conditions. Mauchly’s sphericity test was insignificant
(χ2 (5) = 7.703, p = 0.174), indicating that the assumption
of sphericity was met. The analysis revealed significant dif-
ferences at AF4 theta band power in B, E, ECN and SBS
conditions (F (3, 69) = 17.292, p < 0.001, η2 = 0.375).
Bonferroni-corrected post hoc analyses indicated that theta
power at the AF4 electrode was significantly greater during the
SBS condition (M = 12.236) relative to all other experimental
conditions (p < 0.05). Furthermore, a significant difference
was observed in theta power between the ECN (M = 11.285)
and B (10.231) conditions, with higher theta power observed
in the ECN condition (p < 0.05).

3.4 Comparison of alpha brain waves by
conditions
A repeated measures ANOVA, with Greenhouse-Geisser cor-
rection (ε = 0.783) due to a violation of the sphericity as-
sumption (χ2 (5) = 11.426, p = 0.044), revealed significant

differences in time perception values across the B, E, ECN,
SBS conditions (F (2.348, 54.009) = 10.117, p < 0.001, η2
= 0.305). Bonferroni-corrected post hoc analyses indicated
that alpha band power at the AF3 electrode was significantly
greater during the SBS condition (M = 8.9575) relative to all
other experimental conditions (p < 0.05).
A repeated measures ANOVA test was conducted to exam-

ine differences in AF4 alpha band power across B, E, ECN and
SBS conditions. Mauchly’s sphericity test was insignificant
(χ2 (5) = 10.486, p = 0.063), indicating that the assumption
of sphericity was met. The analysis revealed no significant
differences in performance across the four conditions (F (3, 69)
= 17.434, p < 0.001, η2 = 0.315). Bonferroni-corrected post
hoc analyses indicated that alpha power at the AF4 electrode
was significantly greater during the SBS condition (M = 9.059)
relative to all other experimental conditions (p < 0.05).

4. Discussion

This study aimed to examine the impact of different phys-
iological and psychological stressors, such as aerobic exer-
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cise, crowd noise and Schumann binaural auditory stimulation,
on referees’ anticipation timing and time perception abilities
through electroencephalography (EEG). The results were cat-
egorized and discussed under three main headings.

4.1 Effects of effort
Research results indicate that the exertion made in the aerobic
zone has a positive impact on time perception (p < 0.05).
In our study, a group of 24 referees who participated in 4–5
training sessions weekly exhibited enhanced accuracy in time
perception when their heart rate reached 125 bpm, as opposed
to measurements taken with B and SBS devices. This aligns
with the hypothesis by Edwards and McCormick that well-
trained referees have a more precise sense of time while exer-
cising, mirroring the outcomes observed in our research [48].
Unlike our study, Moore and Olson investigated the effects of
exercise on time perception in untrained subjects in their study.
They emphasized that the subjects produced ~8.4% more time
than the target intervals when they were tired, which caused
a slower time perception [34]. Variations in results among
different studies may be due to disparities in participants’
level of training or to variations in the exercise intensity at
which measurements were conducted. Our research indicates
that well-trained individuals with extensive experience with
aerobic exercise may be able to sustain their concentration
on tasks without succumbing to fatigue. Research indicating
that physical exhaustion can alter cognitive time processing
highlights time dilation during aerobic activities, impacting
cognitive performance and decision-making [37, 49, 50]. On
the other hand, studies also draw attention to the fact that
physiological changes during aerobic exercise cause the brain
to focus on the exercise and become less sensitive to environ-
mental stimuli, causing the perception that “time passed faster”
[51–53].
Significant changes in the cognitive and emotional context

are thought to affect individuals’ time perception in conditions
of intense physical activity [48]. In their study on the impact
of physical activity on time perception, Brewer et al. [54]
demonstrate that variables like perceived exertion and task
familiarity contribute to individuals’ perception of time. In
our study, the fact that the study group was well trained and
exercised at an aerobic level for a long time in competitions
may have affected the focus of attention shifting to the given
task instead of feeling tired. According to existing research,
there is evidence suggesting that the intensity of exercises has
no impact on anticipation timing, a finding that aligns with
the results of our study [37, 55]. In addition, studies have
found that exercises performed at different intensities affect
anticipation timing [9, 56, 57]. The variations in findings can
be attributed to the timing of anticipation measurements, with
some conducted during high-intensity workouts and others
during moderate or low-intensity physical activities. Research
indicates moderate-intensity exercise can enhance cognitive
function [39], while high-intensity exercises can negatively
affect cognitive performance [12, 47].
Moreover, the timing of anticipation measurements during

or after exercise is believed to impact the results. It is es-
sential to acknowledge that the findings indicating a restricted

influence of aerobic activity on cognitive functions should not
be overlooked [58]. In their study on referees, Ahmed et al.
[59] stated that exercise of optimal duration and intensity can
acutely increase cognitive performance and that this result can
be used in the warm-up practices of referees before matches.
When the EEG data are examined, although theta activity

increased compared to reference values while exerting effort in
the aerobic zone, the difference is not statistically significant.
Bailey et al. [60] examined the brain activity associated with
increasingly intense exercise on a bicycle in their study with 20
male participants with an average age of 24.0± 1.5. During the
research, it was observed that the power of theta brain waves
in the frontal cortex rose as the intensity of exercise increased.
After peaking at an average heart rate of 133 bpm, the theta
band power declined as the exercise intensity escalated [60].
Ghorbani et al. [61] studied 14 female cyclists aged 25.9
± 3.8 years and found an increase in theta band power from
resting state until a heart rate of 118 ± 8.67 bpm was reached.
Likewise, Hottenrott et al. [62] in their study with 16 male
cyclists aged 25.9± 3.8 years, found an increase in theta band
power until a heart rate of 118.50 ± 8.61 bpm was reached.
Adam et al. [63] in a study involving 10 participants aged
19–22, found a decrease in theta band power during aerobic
exercise performed at an average heart rate of 91.3–103.65
bpm.
Similarly, Devilbiss and colleagues observed reduced theta

band power following moderate-intensity exercise in a cohort
comprising eight male and eight female participants [64]. Our
research findings did not show any noticeable variance in
theta band power due to exertion, which goes against what
has been previously reported in the literature. Similarly, no
statistically meaningful distinction was noted in alpha brain
activity during exertion in the aerobic zone compared to the
baseline readings taken at rest. Past studies have reported an
uptick in alpha brain activity as the exercise intensity surpassed
the aerobic zone [61, 64–66]. So, in our study, the fact that
there was no difference in alpha band strength due to keeping
the exercise intensity constant in the aerobic zone is in line with
the previous studies.

4.2 Effort + the effect of loud crowd noise
from the stands
In addition to the effort exhibited in the aerobic zone in time
perception measurements, 85 dB loud crowd noise was used
as a different condition in the study. An improvement was
observed in time perception (p < 0.05). It can be said that the
participants did not perceive the crowd noise as stress; on the
contrary, the noise they were familiar with positively affected
their awareness and caused them to act more carefully. It is
believed in this context that offering referees familiar environ-
mental conditions may benefit their cognitive functions. Exist-
ing studies have suggested that the convergence of psycholog-
ical and physiological factors can enhance cognitive functions
among individuals, mainly when higher levels of arousal and
satisfaction are present [12, 67, 68]. These studies align with
our research findings that the combined effect of exercise
and different conditions can optimize individuals’ cognitive
performance. McMorris and Hale’s meta-analysis suggests
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that physical activity can lead to short-term improvements in
cognitive control. Intense physical activity, specifically, can
boost cognitive function by triggering central neurochemical
alterations through heightened stress perceptions.
Additionally, it has been shown that engaging in moderate

physical activity can enhance cognitive processing speed [69].
Research has highlighted the impact of both physical and
mental arousal on time perception, which is influenced by
the level of arousal and the intensity of physical activity in
exercise. Additionally, these studies explore the intricate con-
nection between the mind and body and emotional responses
[5, 10, 70]. In contrast, Davis et al.’s [71] combined load of
sport-specific cognitive tests and time trial cycling exercise did
not affect cognitive performance accuracy. Zhang et al. [72]
emphasize the importance of understanding the psychological
states of referees in competitive sports and improving the
quality of the management’s decisions.
In the EEG data analysis, no significant statistical variance

was observed in the theta band power when compared to the
baseline measurements. Studies conducted separately from
exercise intensity have observed an elevation in theta brain
activity in response to the escalating cognitive task demands
[73, 74]. Adam et al. [63] found in their study that the
accuracy rate in memory and problem-solving tasks decreased
with the decrease in theta band power. According to forecasts,
the augmentation of theta band activity, linked to emotional
responses, could potentially enhance concentration and judg-
ment during pivotal sports moments [75]. There is a belief
that distractions may influence performance, particularly in
tasks requiring highmental focus and relaxationmethods could
mitigate such impacts [76].
In his study, Zokaei detected an increase in alpha band

power in the EEG data of 72 participants with an average age of
26.27 years whowere exposed to 85 dB noise [77]. An increase
in the alpha activity of the brain was detected in different
studies where participants were exposed to 85 dB noise [78]. In
this study, when effort and 85 dB crowd noise were combined,
no significant difference was observed in alpha and theta band
power. Therefore, it is difficult to explain the difference in
time perception compared to other conditions solely by alpha
or theta activity changes.

4.3 Effects of Schumann binaural
stimulation
Our study observed a statistically significant difference in
alpha and theta band power under SBS conditions compared
to other conditions. No significant differences were found in
anticipation timing and time perception measurements. The
referees exhibited delays in tasks associated with time per-
ception and anticipation timing, falling short of the expected
pace. It is reasonable to speculate that the observed delays in
our research may have been caused by an overabundance of
relaxation brought about by heightened alpha and theta brain-
wave activity levels [79]. This speculation is supported by
the proven link between elevated alpha and theta activity and
decreased stress levels, leading to relaxation [80–82]. Goodin
et al. [83] performed 4 minutes of binaural stimulation at 7 Hz
frequency and concluded no statistically significant difference

in theta frequency in the pre-test and post-test results.
Similarly, Omeroglu and Li concluded in their study that

they performed binaural stimulation at 7 Hz frequency for
12 minutes with 10 participants. There was no significant
difference in theta band power in the pre-test and post-test
findings [84]. On the other hand, Ala et al. [85] conducted
a study that administered binaural stimulation at a 7 Hz fre-
quency and noted a rise in the brain’s alpha activity. Given
the inconsistent findings in studies examining the effects of
binaural stimulation, Ingendoh et al. [27], have highlighted
the need for standardized research protocols to investigate
brainwave entrainment reliably. Our study further supports
this notion, emphasizing the importance of selecting task-
appropriate binaural stimuli and developing distinct proce-
dures to investigate potential effects on time perception and
anticipation timing.

4.4 Limitations
The study’s sample of 24 male referees, while statistically sub-
stantiated through a priori power analysis, is relatively modest
in size and limited to a single gender, which may restrict the
applicability of its findings to female referees or a more diverse
cohort of sports officials. The controlled laboratory setting,
although effective in ensuring methodological consistency,
does not entirely reflect the dynamic, high-pressure context
of an actual football match, potentially limiting the ecological
validity of the observed outcomes. Additionally, the use
of the Emotiv Insight 2 EEG system, with its five-channel
configuration, represents a practical choice but may not fully
capture the nuanced complexity of brain activity, as might
be achieved with systems offering greater channel density
and sensitivity. The study’s focus on aerobic exercise condi-
tions, while valuable, excludes the anaerobic efforts frequently
experienced in refereeing, which could uniquely influence
cognitive functions. For future research, expanding the sample
size and diversity to include female referees could enhance
representativeness, while adopting a fully experimental design
with a control groupmight strengthen causal inferences. Simu-
latingmatch-like conditionswith increased realism, employing
advanced EEG systems with higher spatial resolution, and
exploring a wider range of physiological intensities, including
anaerobic zones, would further refine the study’s robustness
and relevance, offering a more comprehensive understanding
of referees’ cognitive performance under varied demands.

5. Conclusions

Our study observed a significant improvement in time percep-
tion when participants engaged in aerobic exercise and were
exposed to crowd noise. However, despite the increase in alpha
and theta band power after Schumann binaural stimulation,
there was no difference in time perception and anticipation
timing. Including larger sample sizes and incorporating var-
ious auditory and physiological stimuli in research on the
impact of brain waves on time perception and anticipation
timing can significantly enhance our understanding of the
cognitive mechanisms involved in refereeing. Based on the
findings, it can be hypothesized that the background noise
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and physical exertion commonly experienced by referees could
enhance their time perception and anticipation by creating a
stimulating environment. This enhancement may be influ-
enced by factors such as the individual’s aerobic capacity,
sensitivity to stimuli and psychological traits like motivation.
Therefore, personalized pre-game training programs tailored
to the cognitive needs of referees are recommended in light
of these discoveries. While our study focused exclusively on
measuring effort in the aerobic zone, it is essential to note that
referees also exhibit performance in the anaerobic zone during
competitions. Therefore, future studies should incorporate
anaerobic effort loading in their experimental designs.
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