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Introduction: Although vision is the dominant sensory system in sports, many situations
require multisensory integration. It is noteworthy that the effect of auditory stimuli with visual
stimuli in athletes has not been comprehensively investigated. Therefore, the present study
aimed to investigate the effect of unisensory and multisensory information processing on
decision-making under pressure.

Methods: The study was conducted as a quasi-experimental design with a statistical
population of elite male badminton players. Thirteen of them were selected by simple random
sampling. The players were required to respond correctly in a badminton spatial decision-
making task under four conditions (visual stimulus, auditory stimulus, congruent visual-
auditory stimulus, and incongruent visual-auditory stimulus) in two normal and under-pressure
conditions. PsychoPy software was used to design the task and assess decision-making
accuracy, and for statistical analysis, repeated measures variance (2x4) was used at a
significance level of 0.05.

Results: The results indicated that the decision-making accuracy of elite badminton players
in the congruent visual-auditory condition (multisensory) was significantly better than the
unisensory visual and auditory conditions separately, especially under pressure. Additionally,
decision-making accuracy in the incongruent visual-auditory condition was significantly lower
than in the other three conditions.

Conclusion: It can be concluded that multisensory integration (visual-auditory) enhances
decision-making accuracy in elite badminton players more than unisensory processing (either
visual or auditory), which can be explained based on information processing theory. The
results also showed that decision-making in all four sensory conditions under pressure was
better than in normal conditions, which can be attributed to the high level of experience and
skill of athletes in pressure conditions.
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Introduction

Monitoring athlete performance is crucial for success in
sports, as it relies on the efficient integration of sensory
information for decision-making. Research indicates
that combining auditory and visual inputs enhances
reaction times and decision-making, especially in sports
requiring rapid cognitive processing and spatial
awareness. This integration is vital in dynamic
environments where athletes must quickly adapt to
changing conditions. However, high-pressure situations
can lead to sensory overload and increased anxiety,
which can impair decision-making and focus. Although
athletes often maintain their physical skills under stress,
attention and concentration can become inconsistent,
highlighting the need to understand these cognitive
dynamics to improve performance. Such inconsistencies
may result in lapses of focus or misinterpretation of
sensory information, adversely affecting competitive
outcomes. Despite advancements in understanding
cognitive aspects of sensory integration, the effects of
auditory and visual information under pressure remain
underexplored. Investigating how these sensory
modalities interact in high-stress situations is essential
for developing strategies that help athletes sustain
optimal performance. Future research should focus on
how auditory cues can enhance spatial decision-making
accuracy in badminton, particularly under stress. Key
research questions include whether auditory signals
improve decision-making accuracy and which sensory
processing methods—unisensory or multisensory—are
most effective for elite badminton players in various
conditions. Additionally, examining the impact of
practice and experience on sensory integration under
pressure could yield valuable insights for training.
Addressing these questions will contribute to more
effective coaching techniques and performance
monitoring systems that consider the complex interplay
between sensory inputs and cognitive processing in
sports.

Methods

This quasi-experimental study involved 13 elite male
badminton players (22.65 = 2.3 years) selected by
simple random sampling, following guidelines and
informed consent. The task, designed in PsychoPy,
examined sensory processing under four conditions:
visual, auditory, congruent, and incongruent visual-
auditory. The subjects were seated 60 cm from the
screen and on a comfortable chair. After explaining the
task process, they performed the
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task in two different conditions: 1) normal conditions
and 2) pressure conditions (The Ehrlenspiel method).
Instructions were demonstrated on the screen before the
test began, and participants were told that static images
of the opposing team's defensive positions in badminton
from the attacker's perspective would be shown for a
few milliseconds, and They had to decide where to take
the best shot (front or back, left or right) after receiving
visual information from the images, or after receiving
auditory information from their teammate, or both
sensory information (visual-auditory). Finally, the
accuracy of the decision for correct responses was
examined. Participants faced four sensory conditions
during decision-making tasks. The repeated measures
analysis of variance (2x4) was used for statistical
analysis at a significance level of 0.05.

Results

The results revealed a significant difference in the
performance accuracy of elite badminton players
between normal and pressure conditions, with a mean
difference of 1.85 and P=0.001, indicating that
performance accuracy improved under pressure. In the
sensory states analysis, significant differences were
found in all sensory conditions except for the visual-
auditory state. Specifically, performance accuracy was
significantly higher in congruent vision-auditory
(P=0.005) compared to incongruent states. The other
tested states, vision with congruent vision-auditory
(P=0.005), vision with incongruent vision-auditory
(P=0.015), auditory with congruent vision-auditory
(P=0.027), auditory with incongruent vision-auditory
(P=0.037), and congruent vs. incongruent vision-
auditory (P=0.0001) also demonstrated significant
differences in accuracy. Overall, elite badminton players
exhibited better performance accuracy in congruent
vision-auditory conditions, and their accuracy was
generally enhanced under pressure across vision,
auditory, and incongruent vision-auditory states.

Conclusion

According to research findings, elite athletes in fast-
paced sports benefit significantly from visual-auditory
sensory integration rather than relying solely on one
sensory modality. In racket sports like badminton, table
tennis, and squash, sensory integration is crucial for
enhancing performance, particularly in complex
dynamic environments where quick decision-making is
vital. Athletes must effectively understand, process,
and transfer information while balancing physical
demands and cognitive skills. Competitive pressure can
uniquely influence cognitive and motor aspects of
complex skills,
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with elite badminton players demonstrating improved
decision-making accuracy under stress. Their advanced
skill level allows them to mitigate perceptual limitations
associated with high arousal conditions. Additionally,
elite athletes' automatic processing enables them to
respond more rapidly and accurately than lower-level
athletes, as they can execute tasks with minimal
attention and showcase their superior cognitive
efficiency in high-pressure scenarios.
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