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ABSTRACT

International Journal of Exercise Science 17(5): 1595-1604, 2024. Visual processing is crucial for sports
performance, influencing athletes' ability to interpret and respond to visual stimuli. This study investigated distinct
visual processing patterns among Thai elite athletes in gymnastics, soccer, and esports, utilizing visual P300 event-
related potentials (P300 ERPs). Forty-two female athletes (14 gymnasts, 14 soccer players, and 14 esports athletes)
participated. Visual P300 ERP responses were stimulated using the visual oddball paradigm. One-way ANOVA
was employed to assess significant differences among the groups in P300 ERPs data, including amplitude and
latency of waveforms, response time, and accuracy rate. Significant differences were found across the groups in
various parameters. Esports athletes exhibited longer P300 ERP latencies at the frontal electrode sites compared to
gymnasts (p = 0.01), suggesting slower visual processing in the frontal brain regions. Gymnasts demonstrated the
fastest response times, significantly quicker than esports and soccer players (p < 0.01). In contrast, soccer players
exhibited the highest accuracy rate (p = 0.03). These findings underscore athletes' diverse visual processing
strategies in different sports contexts, reflecting sport-specific adaptations. Understanding these distinct visual
processing patterns can guide targeted interventions aimed at improving cognitive abilities and decision-making
processes among elite athletes, ultimately contributing to better overall performance.

Key Words: Sport-specific adaptations, visual attention, visual P300 ERPs
INTRODUCTION

Visual processing in the brain plays a crucial role in sports performance, influencing athletes'
abilities to interpret visual stimuli, predict movements, and make quick decisions with precision
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(9). Different sports demand specific visual skills, which can vary significantly depending on
the nature of the sport. For example, gymnastics, as an individual sport, requires athletes to
develop specific visual acuity, coordination, and visualization skills to perform intricate
movements with precision and elegance (23). In contrast, dynamic, reactive team sports like
soccer necessitate strong visual skills to interact effectively with teammates and opponents,
anticipate their actions, and make quick decisions (15). The rise of esports highlights the essential
role of visual skills, as players must navigate digital landscapes, communicate with teammates,
and maintain an intense focus on screens (14).

Generally, the neural response mechanisms to visual stimuli consist of two main components:
bottom-up and top-down mechanisms (17, 18). Bottom-up mechanisms involve initial visual
information processing, starting with light entering the eye and stimulating photoreceptors.
This information is then transmitted via the optic nerve to the brain, where it is analyzed and
interpreted, leading to motor output. Top-down mechanisms involve the brain's processing of
visual information, incorporating previous visual experiences, such as those gained from
training, competition, or visual skills, to influence the interpretation of new information and
determine appropriate responses (1, 19).

Advancements in technology, such as the use of event-related potentials (ERPs), have improved
our understanding of the neural mechanisms involved in athletes' visual processing.
Specifically, the visual P300 component of ERPs reflects the brain's response to visual stimuli,
providing insights into the speed of information processing and selective attention (12). The
latency of the P300 wave correlates with processing time, where shorter latencies indicate faster
processing (7), while the amplitude of the P300 wave relates to the level of selective attention
(12). Previous research has shown differences in the visual P300 ERPs between athletes and non-
athletes, indicating variations in visual processing and attention based on athletic experience
(10, 13, 16, 28). For example, Matsutake et al. (16) found that collegiate soccer players had
significantly shorter P300 latencies than amateur athletes, suggesting a more refined visual
processing specific to soccer. Similarly, Wang et al. (28) reported higher P300 amplitudes in
professional table tennis players compared to amateurs, indicating greater information
processing capabilities. Additionally, Gostilovich et al. (10) observed higher P300 amplitudes
and shorter latencies in professional esports players, highlighting their enhanced visual
attention and processing speed. However, these studies have typically compared professional
and amateur athletes within the same sport without examining differences across various sports.
Since it remains unclear whether sports shape athletes' visual processes, this study compares
athletes from sports with distinct visual skill requirements: gymnastics, soccer, and esports.

This study aimed to analyze the visual P300 ERPs across athletes from gymnastics, soccer, and
esports to explore differences in visual processing. The authors hypothesized that athletes in
different sports, due to varying visual skill demands, exhibit distinct neural processing of visual
information, with gymnastics athletes expected to demonstrate superior visualization and
coordination skills reflected in their P300 amplitudes, while soccer players were anticipated to
show enhanced reaction times due to their team dynamics. Additionally, esports players were
expected to have the shortest P300 latencies due to their intensive screen time and rapid
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decision-making processes. This study enhances our understanding of how specific sports
influence visual processing, providing valuable insights for developing targeted training
strategies and optimizing performance.

METHODS

Participants

Forty-two female professional athletes participated in this study, including 14 gymnasts, 14
soccer players, and 14 esports athletes. The sample size was determined based on a previous
study (27), using Cohen's f effect size of 0.5, an alpha level of 0.05, and a power of 0.8, resulting
in a requirement of 14 participants per group. All participants had over three years of experience
in their respective sports and were active competitors at national or international levels. They
ranged in age from 18 to 25 years, had normal or corrected-to-normal vision, and were right-
handed. Exclusion criteria included cardiovascular, orthopedic, neuromuscular, metabolic,
sleep, or psychiatric disorders, attention impairments, antidepressants, antihistamine
medications, or other known medical conditions. All participants provided written informed
consent prior to testing, and the study was approved by the Mahidol University Ethics
Committee (MU-CIRB 2021/485.2311). This study was conducted strictly with the ethical
standards outlined in the Declaration of Helsinki and the ethical guidelines of the International
Journal of Exercise Science (21).

Protocol

Participants arrived at individually scheduled times between 9:00 a.m. and 12:00 p.m. to be
assessed for their physical attributes, including weight and height. This was followed by an
electroencephalogram (EEG) recording during rest and subsequent measurement of visual P300
ERPs. Each participant's session was held at the same time of day across visits to minimize
potential circadian effects on performance and neural measurements.

Electroencephalogram (EEG) Acquisition: Participants were instructed to abstain from
consuming substances that could affect cognitive performance, such as central nervous system-
acting drugs, caffeine, and alcohol, for 24 hours before the EEG recording. Additionally, they
were asked to wash their hair and refrain from using hair spray or oil. Upon arrival at the lab,
participants were seated comfortably and fitted with an EEG cap in a controlled environment
(22-24°C, lighting below 150 lux, and controlled noise levels) (3). Standard EEG procedures were
followed, with electrodes applied using oneStep Cleargel (Germany) to maintain impedance
below 5 kQ. All electrodes were referenced to an average calculated from the electrodes on both
earlobes (A1 + A2/2). The online filters were set at 0.1-60 Hz. Electrooculograms (EOG) were
used to monitor eye movements, referenced to the average of both mastoid regions. EEG signals
were recorded using the eegosports system (ANT Neuro, Germany) (2).

Visual Oddball Paradigm: The visual oddball paradigm was employed to investigate attention-
related ERP components (26). Participants were shown a total of 240 2D images: 200 common
targets (far objects) and 40 rare targets (near objects) (22), all presented in a randomized
sequence on a single display. Each image appeared for 0.80 seconds, followed by a 0.50-second
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interval between stimuli. The entire task lasted 5 minutes. Participants were instructed to press
a button as quickly as possible with their right hand whenever a rare target (near object)
appeared, and both response speed and accuracy were recorded as behavioral performance
metrics (6).

P300 Event-Related Potential (ERPs) Analysis: The P300 peak amplitude and latency were
analyzed from midline electrodes located at Fz, Cz, and Pz. The peak amplitude was defined as
the voltage difference between the baseline and the highest positive peak within the 180-600 ms
window following stimulus presentation (30). The peak latency (ms) was defined as the time
from stimulus onset to the point of the maximum positive amplitude of the P300 wave. The
latency and amplitude of the P300 peak were measured using eego software and analyzed using
Cognitech software. Any EEG artifacts were automatically corrected using the asa software (erp
version) by its artifact correction function (asa™). The analog-to-digital rate was set to 512 Hz.
The offline filters for ERP analysis were set as low-cutoff and high-cutoff at 0.3 and 30 Hz,
respectively. The notch filter was set at 50 Hz (3).

Statistical Analysis

Participant characteristics were presented as mean * standard deviations. The normal
distribution of dependent measures from the visual oddball paradigm was assessed using the
Shapiro-Wilk test. One-way ANOVA was used to determine the demographic characteristics of
the participants and the P300 ERP data. When significant differences were detected, the
Bonferroni post-hoc test was applied to identify which groups differed. In addition to the test
statistic (F value), the effect size eta-squared (n)?), and the p-value were calculated. An %< 0.01
indicates a small effect, between 0.01 and 0.06, a moderate effect, and greater than 0.14, a large
effect. Furthermore, Cohen’s D effect sizes (d) were calculated for the pairwise comparisons to
assess the magnitude of differences between specific groups, where d = 0.2 indicates a small
effect, d = 0.5 indicates a medium effect, and d = 0.8 indicates a large effect (5). The significance
level was set at p < 0.05. Statistical analyses were performed using GraphPad Prism 9 software
version 9.5.1.

RESULTS

The demographic characteristics of the participants, including age, height, body weight, and
body mass index (BMI), did not significantly differ among the three athlete groups. The mean
age of gymnasts, soccer players, and esports athletes was 20 £ 1, 21 + 1, and 21 * 2 years,
respectively. Similarly, there were no significant differences in height among the groups, with
mean values of 1.62 + 0.02 meters for gymnasts, 1.60 + 0.06 meters for soccer, and 1.62 + 0.06
meters for esports. Body weight also showed no significant variation, with mean values of 57.6
+ 4.0 kg for gymnasts, 53.4 + 7.3 kg for soccer, and 56.8 + 10.6 kg for esports. The BMI was
consistent across groups, with mean values of 22.0 + 1.5 kg/m? for gymnasts, 20.8 + 2.5 kg/m?
for soccer, and 21.5 + 3.3 kg/m? for esports.

For visual ERPs, a significant difference was found between athlete groups in the latency of P300
at Fz (F 309) = 5.141, p = 0.01, n? = 0.2153). Post hoc tests revealed that the P300 latency at Fz was
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longer in esports athletes compared to gymnasts (p < 0.01 4=1.10). However, there were no
significant differences in the P300 amplitude at Fz, Cz, and Pz, as well as the P300 latency at Cz
and Pz among the three groups (Table 1 and Figure 1).

Behavioral performance, including accuracy rate and mean reaction time of responses, differed
significantly among groups (Fps9) = 4.328, p = 0.02, n? = 0.1676). Post hoc tests revealed that
soccer players' correct percentage was lower than esports athletes (p = 0.03, d=0.83) and
gymnasts (p = 0.049, d=0.77). Mean reaction time showed significant differences between groups
(F2,39)=44.87,p <0.01, n2=0.6761). Post hoc tests indicated that the mean reaction time of esports
athletes was longer than that of soccer players (p < 0.01, 4=1.96) and gymnasts (p < 0.01, d=3.24).
Additionally, the mean reaction time of soccer players was longer than that of gymnasts (p <
0.01, d=1.67) (Table 1).

Table 1. Peak amplitudes and peak latencies of the P300 components in visual oddball paradigm and the behavioral
outcomes, including visual reaction time (VRT) and the accuracy rate (AR) in Gymnasts, Soccer, and Esports.

Electrode position of P300 Visual oddball paradigm
Gymnasts Soccer Esports p-value

Fz
Amplitude (uV) 12.9+0.9 16.2+2.2 14.6+1.6 0.38
Latency (ms) 411.4+9.6 431.445.2 444 2+5.8¢ <0.01¢
Cz
Amplitude (uV) 15.8+1.0 18.6+2.2 15.741.7 0.43
Latency (ms) 407.8+7.4 419.1+£7.5 426.8+8.0 0.22
Pz
Amplitude (uV) 15.5£0.8 17.1+1.3 17.5+1.3 0.49
Latency (ms) 408.9+6.9 402.5+6.3 425.3+7.6 0.07
Behavioral outcomes AR (%) 97.5+0.7 93.841.62b 97.7£0.5 0.03ab

RT (ms) 454.5+6.0 483.8+3.72 507.242.1b ¢ <0.01abc

Note: Fz= the midline frontal, Cz = the midline central, and Pz = the midline parietal. 2 significant difference
between gymnasts and soccer; b significant difference between soccer and Esports; < significant difference between
Gymnasts and Esports. Data are presented as means + SEM, with n = 14 for each group. Significance was accepted
at p-value < 0.05.

Amplitude (uV)

20 —— Gymnasts
15 e e Soccer
y ===- Esports

10

5

Fz Latency (ms)

0

Figure 1. Grand average P300 event-related potential (ERP) response in the Gymnasts (Red- solid line), the Soccer
(Blue-dotted line), and the Esports (Green-dashed line) at sample electrodes of the midline frontal (Fz) for visual
stimuli in response to targets and non-targets. Note: The latency of the P300 ERP component was longer in the
Esports compared to the Gymnasts.
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DISCUSSION

This study aimed to investigate visual processing in the brain by measuring event-related P300
brain waves, as well as accuracy and response speed, comparing female elite athletes from
gymnastics, soccer, and esports. The findings revealed several notable results that highlight the
distinct visual skills associated with each sport. Specifically, esports athletes displayed longer
P300 latencies at the mid-frontal cortex compared to gymnasts, soccer players exhibited the
lowest accuracy rates (AR) in response to visual stimuli, and gymnasts had the shortest visual
response times (RT) among the three types of athletes.

Visual ERPs provide valuable insights into the neural mechanisms underlying visual processing
in athletes. Notably, esports athletes exhibited longer P300 latencies at the mid-frontal brain
region compared to gymnasts, indicating differences in cognitive processing and attention
allocation between the two groups. The competitive gaming environment requires esports
athletes to rapidly process and interpret visual information, coordinating cues from screen
movements to detect and counter opponents (4, 19). Although longer P300 latencies in esports
athletes may imply slower processing times, it is crucial to recognize that they engage in
complex cognitive tasks requiring sustained attention and strategic planning. This additional
cognitive load may contribute to extended latencies as they rapidly assess and integrate multiple
visual stimuli. Conversely, gymnastics relies less on immediate visual feedback from teammates
or opponents, with skills such as visual acuity, field of vision, and visual imagery essential for
executing movements gracefully and with balance (23). As a result, the frontal cortex may be
less involved in visual object discrimination in gymnasts than in esports athletes. Thus, longer
P300 latencies in esports athletes reflect the unique cognitive demands of their sport rather than
inferior processing capabilities.

Behavioral performance measures of visual skills, such as accuracy and speed in response to
visual stimuli, revealed that gymnasts had the shortest visual RT, while soccer players exhibited
the lowest AR in response to visual stimuli, compared to esports athletes and gymnasts. For AR,
soccer requires a variety of visual skills during matches and training, such as visual acuity,
visual adjustment, field of vision, and visual memory (15, 25). Although previous studies have
reported that professional soccer players tend to display superior visual skills compared to non-
athletes (24, 29), this study found lower AR in soccer players when compared with athletes from
other sports. This could be due to the complexity and diversity of visual attention and decision-
making challenges that soccer players face during matches. The lower AR observed in soccer
players may reflect the visual and cognitive demands of the sport, which require constant
adjustment and tracking of fast-moving objects and dynamic play. Previous research has
reported that complex decision-making in competitive situations can lead to delayed physical
responses (8), potentially contributing to the accuracy deficits observed in soccer players.

For RT, esports and soccer had longer visual RT compared to gymnasts, whereas gymnasts had
the shortest visual RT. These results could be explained by the fact that, as team-based sports,
esports, and soccer athletes must process not only their actions but also the positions and
movements of teammates, opponents, and fast-moving game dynamics (4, 15). This additional
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cognitive load could contribute to the longer RT observed in esports and soccer players, as they
must integrate a larger volume of visual and contextual information to make decisions (11). For
individual sports like gymnastics, athletes emphasize internal coordination, which may lead to
shorter RT. Thus, our findings suggest that the specific visual and cognitive demands of
individual sports like gymnastics, which emphasize internal coordination, could lead to shorter
response times. In contrast, the more complex and dynamic decision-making required in team
sports, where athletes must constantly adjust to external variables, may contribute to longer
response times.

This study has several limitations that should be addressed. First, the cross-sectional design
limits our ability to draw conclusions about long-term changes in visual processing patterns or
causality between the observed neural responses and sports-specific skills. Future longitudinal
studies would be beneficial to track how these patterns evolve over time with training and
competition. Second, although efforts were made to control for potential confounding factors
such as age, cognitive abilities, and training intensity, other variables, such as attention levels,
competition schedules, or arousal states, may have influenced the results. Incorporating a
broader range of cognitive and physiological measures in future studies would help clarify the
underlying mechanisms. Lastly, while our study was conducted in a controlled laboratory
setting, which allowed us to isolate specific variables, this may have limited the ecological
validity of the findings. Future research could benefit from using more dynamic, sport-specific
testing environments that better simulate athletes' real-world visual demands in competition.

This study demonstrates that visual processing in the brain is uniquely patterned among female
elite athletes from gymnastics, soccer, and esports. The distinct cognitive demands and visual
processing patterns observed across these sports highlight the influence of sport-specific factors
on neural activity and behavioral performance. Esports athletes displayed longer P300 latencies,
indicating increased cognitive load during complex decision-making tasks, while gymnasts
exhibited the shortest RT, likely due to the need for precise internal coordination. Soccer players,
however, had the lowest AR, potentially reflecting the complex visual and cognitive demands
of their dynamic, fast-paced sport. These findings suggest that training programs aimed at
enhancing athletes' visual performance should be tailored to the specific visual and cognitive
demands of each sport. For example, esports athletes may benefit from training programs that
enhance speed in decision-making, while gymnasts may require exercises focusing on quick
visual-motor coordination, and soccer players could benefit from training that enhances both
accuracy and decision-making under pressure. Future research should investigate sport-specific
visual training interventions, which could enhance performance by targeting the unique visual
processing and cognitive skills required in each sport. Longitudinal studies would also be
valuable to explore how these visual processing patterns evolve with continued training and
competition.
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