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Extended Abstract

Background and Purpose

In racket sports, the ability to quickly
process relevant visual information is crucial
in sports performance. This active process is
essential, Boksem, Meijman, Lorist, 2005).
This is particularly important in badminton,
known for its fast flight velocities and short,
high-intensity actions. (Alder et al., 2019).
Many theories analyzing visual search data
suggest that effective processing of search
arrays is crucial for decision-making
(Williams & Jackson, 2019). While various
factors can contribute to memory loss and
inefficient visual search, mental fatigue—
defined as the result of intense cognitive
activity—plays a particularly significant role
(Alder et al., 2019; Williams & Jackson,
2019). Accordingly, this study aimed to

investigate the effect of mental fatigue on
gaze behavior and decision-making in the
badminton overhead shot.

Materials and Methods

Thirty-six female students (aged 20-35)
from Alzahra University participated in this
study. Participants were randomly assigned to
either the mental fatigue group or the control
group. All participants provided written
informed consent, and the study was
approved by the Research Institute of Sports
Sciences (104690). Eye movements were
recorded during each trial using a 120 Hz
eye-tracking system (Pupil Labs, Berlin,
Germany). To induce and measure mental
fatigue, the Stroop test, a visual analog scale
ranging from 0 to 10, and the Borg scale
ranging from 6 to 20 were utilized.
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First, the eye-tracking device was calibrated
to map participants' eye positions to specific
locations on the screen for the pre-test.
Following calibration, participants viewed a
20-shot video of badminton overhead shots,
with the video paused at the moment of
racket-shuttle contact. Participants were
instructed to decide the direction of the shot
as quickly as possible while wearing the eye-
tracking device. Forty-eight hours after the
pre-test, participants completed the visual
analog scale questionnaire to measure mental
fatigue, both before and after a 60-minute
Stroop test. The control group followed their
daily routine and then completed the post-test
following the same procedure as the pre-test.
Decision accuracy, decision time, and gaze
behavior (mean fixation duration and mean
fixation number) were measured. A mixed
variance analysis (2 x 2) was used to evaluate
the effects of group (mental fatigue wvs.
control) and phase (pre-test vs. post-test) on
these variables.

Findings

The findings presented in Table 1 revealed
significant effects for the interactive effect,
the main effect of the phases, and the main
effect of the group on decision accuracy and
decision time (p < 0.05). Further analysis
using an independent t-test, with time held
constant, indicated significant differences
between the two groups in the post-test for
both decision accuracy and decision time (p <
0.05).The comparison of means revealed that
the mental fatigue group had lower decision
accuracy (12.77 = 8.94) compared to the
control group (30.55 = 9.37), and a longer

decision time (2.89 * 0.68) compared to the
control group (2.63 + 0.62) after experiencing
fatigue. Controlling for group effects, the
results of the dependent t-test indicated a
significant difference between the pre-test
and post-test within the mental fatigue group
for both decision accuracy and decision time
(p < 0.05).In the control group, there was no
significant difference between the pre-test
and post-test (p > 0.05). Additionally, the
comparison of means indicated that in the
post-test, the mental fatigue group had lower
decision accuracy (12.77 £ 8.94) compared to
the pre-test (32.63 + 11.47), and a longer
decision time (2.89 £+ 0.68) compared to the
control group (2.52 + 0.61).In fixation
duration and fixation number, the interactive
effect, the main effect of phases, and the main
effect of group were all significant (p < 0.05)
(Table 1). Further analysis using an
independent sample t-test revealed significant
differences between the two groups in
fixation duration and fixation number in the
post-test (p < 0.05). The comparison of
means showed that the mental fatigue group
had a shorter fixation duration (314.72 +
40.48) compared to the control group (357.15
+ 30.43). Additionally, the fixation duration
in the mental fatigue group was shorter in the
post-test (314.72 + 40.48) compared to the
pre-test (347.61 + 43.57). In contrast, there
was no significant difference in fixation
duration between the two measurement times
in the control group. The comparison of
means for fixation numbers showed that the
mental fatigue group (47.22 + 5.36) had a
higher number of fixations compared to the
control group (39.16 £ 6.71) in the post-test.
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Table 1. Analysis of dependent variables in the mental fatigue and control groups

Source Sum of df Mean = si Partial
sguares sguares g Eta
phase 1375.45 1 1375.45 79.84 0.001 0.69
o group 2117.21 1 2117.21 10.10 0.003 0.22
DI phase x group  1548.42 1 1548.42 89.88 0.001 0.72
Accuracy
error 602.92 35 17.22
phase 2.40 1 2.40 8.21 0.007 0.19
S group 7.99 3.99 6.61 0.004 0.28
Decision time
phase x group 8.99 2 4.50 15.24 0.001 0/47
error 9.94 35 0.29
phase 3186.36 1 3186.36 6.97 0.012 0.16
. . group 9505.29 1 9505.29 5.37 0.026 0.13
Fixations duration
phase x group 7218.36 1 7218.36 15.81 0.001 0.31
error 15979.09 35 456.54 - e e
phase 230.06 1 230.06 7.63 0.009 0.17
group 27.55 1 27.55 0.56 0.040 0.01
Fixation number  phase x group ~ 378.98 1 378.98 12.57 0.001 0.26
error 1054.47 35 3012 e e e
Conclusion findings provide additional and

The results indicate that mental fatigue
impairs the accuracy and decision-making
time in overhead shots in badminton, leading
to increased fixation duration and numbers in
the mental fatigue group compared to the
control group. According to Smith et al.
(2016), mental fatigue can hinder efficient
visual search. They also observed differences
in the visual search behaviors of fatigued
soccer players compared to those who were
not fatigued, suggesting that the fatigued
players may have had difficulty effectively
using contextual cues that influence decision-
making and anticipation. . Specifically, the
participant is likely to analyze information
related to the direct opponent's body position.
However, mental fatigue can cause the player
to rely on less relevant information, thus
affecting the decision-making process
(Boksem, Meijman, & Lorist, 2005). These
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comprehensive insights into the impact of
demanding cognitive tasks on players' ability
to make accurate decisions.

Article Message

Mental fatigue can significantly impact an
athlete's  performance in  badminton,
particularly during over-head shots. A recent
study revealed that mental fatigue can lead to
changes in gaze behavior, reducing visual
attention and slowing decision time. This can
impair an athlete's ability to make quick and
accurate decisions during a match. To combat
this, athletes should incorporate mental
fatigue management strategies into their
training routine. Coaches also play a crucial
role in supporting their athletes in managing
mental fatigue. By addressing these
psychological factors, athletes and coaches
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can interact together to optimize performance
in badminton and other sports.

Ethical Considerations

When studying the effect of mental fatigue on
novices' gaze behavior and decision-making
in badminton, ethical considerations are
paramount.  Researchers  must  ensure
participants' well-being, informed consent,

and confidentiality. It's crucial to minimize
any potential harm and provide debriefing
after the study. Additionally, researchers
should be transparent about the study's
purpose and potential risks, and ensure that
participants have the option to withdraw at
any time without consequences.
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