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Abstract :

This study aimed to investigate the effect of mental fatigue on the accuracy of performing the volleyball
spike, with particular emphasis on selected kinematic variables associated with the skill. The study sample consisted
of 14 players from the Jordanian Volleyball League during the 2023 season. Participants completed a test of volleyball
spike accuracy and a mental fatigue test. Their performance during the spike-accuracy test was recorded using two
Canon EOS 80D cameras. The recorded footage was subsequently analyzed using Kinovea software to assess the
selected kinematic variables. Several statistical methods were employed to analyze the data, including means, standard
deviations, the skewness coefficient, the Shapiro—Wilk test, and the t-test. The results supported the study hypothesis,
indicating a statistically significant effect of mental fatigue at the significance level of a = 0.05 on volleyball spike
accuracy in terms of selected associated kinematic variables. The findings indicate that mental fatigue may adversely
affect the accuracy of the volleyball spike and associated kinematic characteristics. The study recommends developing
training and psychological-support programs aimed at enhancing players' mental stability during matches, thereby
enabling them to maintain the required level of skill performance despite the psychological and mental demands
encountered during competitive volleyball matches.
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Introduction :

Prolonged engagement in mental effort and cognitively demanding activities can induce a psychological and
physiological state known as mental fatigue. This state is characterized by feelings of fatigue and exhaustion, as well
as a reduced ability to continue performing a required task, regardless of whether the task is physical or mental
(Pageaux et al., 2018).

Mental fatigue is also often accompanied by lethargy and alterations in dopamine levels, which may reduce the ability
to perform executive functions, including those required during sports activities. Previous research has shown that
mental fatigue may also be associated with an increase in heart rate, a reduction in oxygen uptake, and an increase in
blood lactate concentration. These physiological responses reflect the potential impact of mental fatigue on physical
and sports performance (Yuan, 2023).

Halim et al. (2019) indicated that mental fatigue can also induce a state of neurological and psychological strain that
intensifies negative feelings during the performance of various tasks. This may reduce individuals’ motivation to
achieve their goals and consequently have a negative effect on performance behavior. The same principle applies to
sports activities, which, like other forms of human behavior, depend partly on achievement motivation. The situation
becomes more challenging when mental fatigue affects performance that requires a high level of concentration and
accuracy, as is the case with the volleyball smash hit.

The smash hit is a fundamental offensive skill in volleyball and contributes significantly to effective attacking
performance. It also adds an element of excitement to the game. Successful execution of the smash requires
considerable strength, concentration, coordination, and accuracy. Therefore, it is not sufficient for the ball to be hit
with adequate force; it must also be directed accurately toward the intended target. The movement begins with the
player adopting a preparatory stance with the knees flexed. The arms are then positioned backward in preparation for
the upward jump. Subsequently, the striking arm is drawn backward and flexed, followed by a forceful forward
movement to strike the ball when it is positioned in front of the hand (Yuan, 2023).

An examination of the performance characteristics of the smash hit reveals that the skill is based on a number of
kinematic and kinetic variables that must be appropriately coordinated to ensure successful execution. Jump height,
movement sequence, and force transfer are among the mechanical variables that ultimately influence the force
transmitted to the ball, the direction of body movement, and the positioning of the striking hand. Accordingly, the
performance of the volleyball smash cannot be adequately explained in isolation from the mechanical variables—both
kinematic and kinetic—that contribute to the ideal execution of the skill (Wagner, 2009).

Therefore, the present study aimed to investigate the effect of mental fatigue on volleyball players’
performance, particularly during the execution of the smash hit. The study specifically examined its effect on smash-
hit accuracy and selected kinematic variables.

Materials and Methods :
Research Design and Participants :

This study employed a descriptive research design. The study sample consisted of 14 volleyball players
competing in the 2024 Jordanian Volleyball League. The participants were selected based on their distinguished
attacking and striking performance within their respective teams. Their descriptive characteristics were as follows:
age = 24 + 1.3 years, height = 1.92 £ 0.09 m, body mass = 76 + 4 kg, and training experience = 8 + 3.2 year

Instruments :

Study Tests

1. Smash-Hit Accuracy Test

e Each player performed 10 smash hits, directing the ball diagonally toward the opposite corner of the court.

e A target area measuring 2 m X 2 m was designated in the opposite corner of the court as the ball-reception area.
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¢ One point was awarded for each ball that landed within the designated target area, whereas balls landing outside the
area received zero points. Thus, the maximum score on the test was 10 points (Palao & Valades, 2016).
2. Mental Fatigue Test
The mental fatigue protocol described and used by Kurnarth et al. (2020) was adopted in the present study.
The protocol was designed to expose participants to prolonged mental effort. At the beginning of the test, four words—
red, blue, green, and yellow—were presented randomly on a computer screen. Each word was displayed for 1.5
seconds. The words were presented in different colors; for example, the word red could be displayed in blue.
Participants were instructed to identify the color in which the word was displayed rather than the meaning of the word.
The task was then reversed, and participants were required to identify the meaning of the word rather than
the color in which it was displayed. The test continued continuously for 30 minutes under appropriate experimental
conditions and in a quiet environment free from external noise. Before the test, participants were encouraged to achieve
the best possible performance. Approximately 1,250 stimuli were presented to each participant during the test.

Devices and Equipment :

The following equipment was used:

1. A computer display screen.

2. A Lenovo laptop computer.

3. A volleyball court.

4. Molten volleyballs.

5.Two Canon EOS 80D cameras for video recording. The first camera was positioned laterally and perpendicular to
the participant’s line of movement, with a focus on the striking hand. The second camera was positioned at the ball-
reception area.

6.Kinovea motion-analysis software.

Study Procedures :

1. Small markers were attached to the participants’ joints, including the ankle, knee, pelvis, and shoulder, to facilitate
motion analysis.

2.The first Canon EOS 80D camera was positioned laterally and perpendicular to the participant’s movement. The
camera was located 6.77 m from the performance area, with the lens positioned at a height of 0.96 m.

3. The second Canon EOS 80D camera was positioned perpendicular to the ball-reception area. It was located 5.84 m
from the area, with the lens positioned at a height of 0.98 m.

4. After positioning the first camera, an image of a 1 m x 1 m reference square was recorded to verify the scale used
in the subsequent motion analysis.

Experimental Procedures :

Following a standardized warm-up, the players individually performed the smash-hit accuracy test while their
performance was recorded on video.

After a 3-hour rest period, the players individually completed the mental fatigue protocol. Immediately after
completing the mental fatigue test, each player performed the smash-hit accuracy test again, and the performance was
recorded on video.

Statistical Analysis :

The data were analyzed using the following statistical procedures:
Mean (M)

Standard deviation (SD)

Skewness coefficient

Kurtosis coefficient

Paired-samples t-test

The level of statistical significance was set at p < 0.05.
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Results :

Table (1): Values for some descriptive statistical indicators of kinematic variables before the mental fatigue experience

(n=14)
Kinematics Variables Lowest value highest value Mean SD  Torsion coefficient w (\ifhi:‘lglm- P value
Velocity before jump(m/s) 3.98 4.15 4.065 0.106 0.10 0.975 0.713
Ball speed (m/s) 31.25 32.20 31.725 0.042 2.03 0.963 0.630
Jump degree (degree) 69 72 70.5  1.021 1.52 0.957 0.674
Height of center of gravity (m) 1.89 1.90 1.895 0.795 -0.64 0.981 0.590
Ball shot angle (degrees) 24 25 245 215 0.62 0.963 0.754
Accuracy 10 7 8 7.5 0.25 0.38 0.977 0.701

Table 1 presents the descriptive statistical indicators for the kinematic variables measured before the
induction of mental fatigue. The table also presents two indicators used to assess the normality of the data distribution:
the skewness coefficient and the kurtosis coefficient.

With respect to the skewness coefficient, the highest observed value was 2.03, while the remaining values
were lower. This value falls within the generally accepted range of —3 to +3, indicating an acceptable degree of
symmetry in the distribution of the data.

Regarding the kurtosis coefficient, which describes the degree of peakedness or flatness of the data
distribution relative to a normal distribution, the highest observed value was 2.82. This value falls within the
acceptable range for kurtosis, as values of +8 or less are generally considered acceptable for assuming an
approximately normal distribution.

Based on these two indicators, it can be concluded that the distributions of the kinematic variables
approximate a normal distribution. Therefore, the data meet the normality assumption required for the application of
parametric statistical tests.

Testing the Research Hypothesis :

The research hypothesis was formulated as follows:
There is a statistically significant effect at the significance level of o = 0.05 of mental fatigue on smash-hit accuracy
and selected kinematic variables among volleyball players.
Table (2): Results of the paired-samples t-test for the effect of mental fatigue on smash-hit accuracy and selected
kinematic variables among volleyball players (n=14)

Kinematics Variables Before mental fatigue After mental fatigue Diff test
Velocity before SD MEAN SD MEAN SIC t
jump(m/s)

Ball speed (m/s) 0.012 4.065 0.12 3.122 .000 12.30
Jump degree (degree) 0.037 31.725 0.32 21.012 .000 2.03
Height of center of 0.528 705 1.02 572 000 3.01
gravity (m)

Ball shot angle 0.703 1.895 0.16 1.81 000 20.1
(degrees)

Accuracy 10 0.411 245 0.94 272 .000 19.52

Table 2 presents the results of the t-test examining the effect of mental fatigue on the accuracy of direct free-
kick shooting and selected kinematic variables among soccer players. A comparison of the calculated p-values with
the predetermined significance level of a = 0.05 shows that all reported p-values were below 0.05. These results
indicate that the observed differences were statistically significant.

Accordingly, the research hypothesis was supported. The findings suggest that mental fatigue significantly
affected several of the kinematic variables presented in Table 2. Changes in these variables were, in turn, associated
with a decline in the accuracy of direct free-kick shooting. These findings indicate that mental fatigue may negatively
influence both the biomechanical characteristics of the kicking movement and the accuracy of performance among
soccer players.
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Discussion :

The findings of the present study indicate that mental fatigue had a significant negative effect on the players’
performance, particularly on the accuracy of the smash hit. The mean accuracy score decreased from 7.5 before mental
fatigue to 5.5 following the mental-fatigue protocol. This decline in accuracy appears to be consistent with the changes
observed in the kinematic variables associated with the performance of the skill.

Following the onset of mental fatigue, the players’ approach speed before take-off decreased, which may
have reduced their momentum and consequently affected the efficiency of the subsequent movement sequence. A
reduction in the force generated during the take-off phase may also have contributed to a decrease in jump height.
This interpretation is supported by the observed reduction in the height of the player’s center of gravity at the moment
of ball contact, which may have prevented the players from achieving the optimal body position relative to the net.

In addition, mental fatigue was associated with changes in the direction of the jump. The vertical component
of the jump angle decreased, whereas the horizontal component increased. Consequently, the players’ movement
became more forward-oriented rather than sufficiently upward and forward. This change may have reduced their
ability to achieve the optimal hitting height and maintain precise control over the ball. The resulting decrease in ball
velocity may have further contributed to the reduction in smash-hit accuracy.

The players appeared to compensate for the reduction in hitting height by increasing the aiming angle in an
attempt to direct the ball toward the intended target. However, this compensatory adjustment may not have been
sufficient to overcome the negative effects of mental fatigue on the overall coordination and accuracy of the
movement. Taken together, these findings suggest that mental fatigue may adversely affect the coordination of the
kinematic components underlying the smash hit, ultimately compromising the accuracy and effectiveness of the skill.

From a physiological perspective, the observed changes may be related to the effects of mental fatigue on the
central nervous system. Mental fatigue has been associated with changes in the functioning of brain regions involved
in motor control and response regulation, including the cerebral cortex (Jacquet, 2021). Moreover, mental fatigue may
reduce the efficiency of central processing and the execution of motor commands, potentially affecting the activation
of motor programs involved in skilled physical performance (Marcora, 2009). These mechanisms may help explain
the decline in the players’ ability to coordinate the complex sequence of movements required for an effective smash
hit.

The findings of the present study are consistent with those reported by Palao and Valades (2016) and Alawi
et al. (2022), who likewise reported negative effects associated with fatigue on aspects of sports performance and skill
execution. The agreement between these findings provides further support for the importance of considering mental
fatigue when evaluating athletes’ technical and biomechanical performance.

Conclusion :

Although coaches generally place considerable emphasis on managing physical and muscular fatigue, the
findings of the present study highlight the importance of giving greater attention to mental fatigue. Training programs,
both during the preparatory period and throughout the competitive season, should incorporate strategies designed to
improve players’ ability to cope with prolonged mental demands and maintain their technical performance under
conditions of mental fatigue.

Given its potential negative effects on physical, biomechanical, and skill-related performance, mental fatigue
should be considered an important factor in the preparation of volleyball players. Coaches and sport practitioners are
therefore encouraged to address mental fatigue systematically and incorporate appropriate mental-recovery and
performance-maintenance strategies into regular training programs.
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