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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.

© 2026 Jordan Journal of Physical Education and Sport Science. All rights reserved - Volume 3, Issue 3 (ISSN: 3007-018X)

Key Words: Mental fatigue, Kinematic Variables, Accuracy, Smash hit, Volleyball.

Corresponding Author: Dr.khawaldeh@mutah.edu.jo



2 The Effect of Mental Fatigue on the Accuracy of Performing the Smash Shot in Terms of Some Kinematic Variables Associated with it
Among Volleyball Players

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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Abstract :

This study aimed to examine whether kindergarten children’s self-esteem is associated with their proficiency
in acquiring swimming skills. A descriptive correlational research design was employed to investigate the relationship
between self-esteem and swimming skill acquisition. The study sample consisted of 100 kindergarten children aged
5-6 years, selected from five schools and sports centers in Amman. Data were collected using a self-esteem scale and
the Preschool Competence and Behavioral Evaluation (PCBE) Scale. The findings indicated that children with higher
levels of self-esteem demonstrated greater proficiency in acquiring swimming skills, with a strong positive association
observed between self-esteem and swimming proficiency. Significant improvements in both self-esteem and
swimming skills were observed among the participants, as indicated by the results of paired-samples t-tests. Analysis
of variance revealed a statistically significant difference in swimming proficiency by gender. However, regression
analysis showed that self-esteem was a significant predictor of swimming proficiency regardless of gender. Overall,
the findings suggest that enhancing children’s self-esteem may facilitate faster and more effective acquisition of
swimming skills. These findings highlight the importance of creating supportive learning environments in which
educators, swimming instructors, coaches, and parents can foster children’s confidence and positive self-perceptions
during the acquisition of swimming skills.
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Introduction :

Swimming is an essential life skill that contributes to physical fitness, motor development, and overall
psychological well-being. Developing swimming proficiency at an early age is particularly important because it can
enhance children’s physical coordination and motor skills while also helping them develop confidence in aquatic
environments (Minkels et al., 2025). However, learning to swim can be challenging for young children, regardless of
their level of physical competence. Successful acquisition of swimming skills requires children to be psychologically
and physically prepared to engage with the aquatic environment. In this regard, psychological readiness has
increasingly been recognized as an important factor in swimming skill acquisition (Koroglu, 2023).

Among the psychological factors that may facilitate children’s learning and acquisition of new life skills,
self-esteem plays a particularly important role. During early childhood, self-esteem is closely associated with learning
behaviors, motivation, persistence, and the development of self-efficacy. Children who have a positive perception of
their own abilities may be more willing to face challenges, persist when difficulties arise, and engage actively in the
learning process. In physical education and sport psychology, however, relatively few studies have examined the
relationship between self-esteem and motor skill development in young children (Tavakolian et al., 2020).

In this context, Barton et al. (2012) reported that children with higher levels of self-esteem are more likely to
engage in physical activity, persist in challenging activities, and respond positively to instructional feedback. In
contrast, children with lower self-esteem may experience greater anxiety, fear failure, and show less motivation to
acquire new skills, including swimming skills. Self-esteem may also be associated with children’s perceived
competence in aquatic environments. When children believe that they are capable of performing swimming tasks
successfully, they may develop greater confidence and become more willing to enter the water and engage in
unfamiliar aquatic activities. This supports the proposed relationship between self-esteem, perceived competence, and
willingness to engage in aquatic activities (Korkmaz & Korkmaz, 2025).

Learning to swim can present particular psychological challenges for young children. Some children may be
reluctant or fearful when entering the water, hesitate to attempt unfamiliar movements, or rely heavily on reassurance
and encouragement from parents or teachers. Such psychological barriers may interfere with their willingness to
participate fully in swimming activities and, consequently, with the development of swimming proficiency (Amelia,
2012). Therefore, understanding the role of self-esteem in swimming skill acquisition is important for creating learning
environments that encourage confidence, motivation, persistence, and positive engagement among young swimmers.

I have edited this section as a publication-ready literature-review passage, with particular attention to natural
academic phrasing, coherence between studies, avoidance of repetitive wording, grammatical accuracy, and a clear
connection between self-esteem and motor-skill acquisition. I have also preserved the citations and intended claims
without introducing unsupported information.

The Concept of Self-Esteem in Early Childhood Development :

Self-esteem is an important psychological construct that influences children’s motivation to engage in new
experiences, their self-confidence, and their sense of personal competence. It refers to an individual’s evaluation of
their own value, worth, and abilities (Yaswinda, 2019). During early childhood, self-esteem is shaped by a range of
factors, including parental support, social interactions, and participation in physical activities. Children with higher
levels of self-esteem tend to be more willing to face challenges, demonstrate greater resilience, and experience better
emotional well-being (Papadopoulos, 2021).

Previous research has also identified a relationship between self-esteem and cognitive development.
Papadopoulos (2021) reported that children with higher self-esteem tend to develop stronger cognitive abilities and
perform better across a range of learning tasks. Similarly, Morcom (2017) examined the role of self-esteem in the
development of cultural identity and found that individuals with higher levels of self-esteem tended to have greater
confidence in their abilities, including their ability to learn new skills. These findings highlight the potential
importance of self-esteem during children’s early learning experiences, including the acquisition of motor skills such
as swimming.

Physical activity can also play an important role in the development of children’s self-esteem and confidence.
Participation in sports and other activity-based experiences can foster a sense of competence, facilitate positive social
interactions, and contribute to overall emotional well-being (Barton et al., 2012). In this regard, Koroglu (2023)
examined self-esteem and self-efficacy among students enrolled in physical education and sports programs and found
a positive association between participation in physical activities and self-esteem. The study suggested that active
participation in sports can provide children with a sense of accomplishment, which may, in turn, strengthen their
confidence in their physical abilities.
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Tavakolian et al. (2020) investigated the effects of nonlinear pedagogy on motor proficiency and self-esteem
among obese girls with hyperactivity. Their findings indicated that a structured and responsive physical education
program could contribute to improvements in motor skills while also enhancing children’s self-confidence. These
findings suggest that appropriate teaching approaches may have benefits that extend beyond physical skill
development. In the context of swimming, the use of supportive and effective instructional methods may therefore
help strengthen children’s self-esteem while facilitating the acquisition and development of swimming skills.

Taken together, the literature suggests that self-esteem and motor development may be closely interconnected
during childhood. Children who feel confident in their abilities may be more willing to participate, persist in
challenging activities, and respond positively to instruction. This relationship is particularly relevant to swimming,
where psychological readiness and confidence may influence children’s willingness to engage with the aquatic
environment and practice unfamiliar motor skills.

I have revised the section into fluent, humanized, publication-ready academic English. I have also
strengthened the logical connections between the empirical studies and the theoretical perspectives, removed
repetition, corrected citation grammar, and clarified the relationship between self-esteem, self-efficacy, motivation,
and motor-skill acquisition.

The Role of Self-Esteem in Motor Skill Acquisition :

Self-esteem plays an important role in children’s acquisition of motor skills. Children with higher levels of
self-esteem are generally more willing to explore movement, take on new challenges, and persist when learning
unfamiliar skills (Minkels et al., 2025). In the context of swimming, Chan et al. (2023) highlighted the importance of
self-esteem in children’s learning and performance. Children who have greater confidence in their abilities are more
likely to perceive themselves as competent swimmers and to approach new aquatic skills with greater willingness and
persistence. This sense of competence can foster intrinsic motivation and encourage continued engagement during
swimming lessons. As children experience success in acquiring new skills, these positive experiences may further
strengthen their confidence and sense of self-worth, creating a reinforcing cycle that encourages continued
participation and enjoyment.

The learning environment also plays an important role in supporting this process. Instructional settings that
promote autonomy, provide encouragement, and use positive reinforcement can strengthen children’s self-esteem and
facilitate skill acquisition (Minkels et al., 2023). When children feel supported rather than pressured, they may become
more willing to experiment with new movements, respond positively to feedback, and persist when they encounter
difficulties.

Fernandes et al. (2024) further provided evidence that self-esteem may mediate the relationship between
physical activity participation and psychological well-being. Children who feel valued and competent through their
participation in sports may experience greater emotional stability and become more engaged in learning. Similarly,
Equinet et al. (2025) and Sinha (2024) emphasized the broader developmental benefits of continued participation in
swimming and other sports. Taken together, these findings suggest that self-esteem may play a central role in linking
children’s motivation, psychological well-being, and acquisition of sport-related skills.

Although swimming provides numerous physical and developmental benefits, many children experience
psychological barriers that can interfere with the acquisition of swimming skills. Fear of water, anxiety, and lack of
confidence are among the most common challenges encountered by young learners. Minkels et al. (2025), in their
review of evidence on motor-learning approaches to swimming instruction, reported that supportive and encouraging
learning environments can help reduce fear and facilitate skill acquisition. These findings also suggest that
psychological strategies incorporated into swimming instruction may help children manage anxiety, overcome fear,
and develop greater confidence in the aquatic environment.

The relationship between self-esteem and swimming skill acquisition can also be understood through
established theories of motivation and learning. Bandura’s social cognitive theory emphasizes the importance of
self-efficacy in shaping individuals’ learning behaviors and performance. In the context of swimming, children who
have strong beliefs in their ability to perform aquatic skills are more likely to remain engaged when faced with
difficulties and to persist following unsuccessful attempts. Successful experiences can subsequently strengthen their
perceived competence and encourage further effort, thereby supporting more effective skill acquisition (Sun & Espeso,
2024).

Similarly, Deci and Ryan’s self-determination theory proposes that intrinsic motivation is fostered when
individuals experience autonomy, competence, and relatedness. Positive self-esteem can contribute to children’s
perceptions of competence, while a supportive instructional environment can reinforce feelings of autonomy,
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competence, and social connection. Together, these conditions can promote more self-determined forms of motivation
and encourage sustained engagement in learning activities (Costa et al., 2020).

Empirical research in aquatic and sport-education settings provides further support for these theoretical
relationships. Minkels et al. (2023) reported that swimming lessons characterized by autonomy-supportive instructor
behaviors were associated with stronger perceptions of competence and higher levels of motivation among children
learning to swim. Such findings reinforce the importance of creating instructional environments that not only teach
technical swimming skills but also support children’s psychological needs. By fostering confidence, autonomy,
competence, and positive social interactions, swimming instructors may help children overcome psychological
barriers and become more motivated and persistent learners.

I have edited the section into natural, humanized, publication-ready academic English. I have retained the
intended arguments and citations while improving the organization, removing awkward or machine-translated
expressions, and making the discussion more cohesive and appropriately cautious.

Effective Teaching Strategies for Enhancing Self-Esteem in Swimming Lessons :

Several instructional strategies can be used to support children’s self-esteem while facilitating the acquisition
of swimming skills. In early childhood swimming education, creating a positive, encouraging, and supportive learning
environment is particularly important (Amelia, 2012). Teaching approaches that incorporate engaging activities,
recognize small achievements, and provide individualized feedback can help strengthen children’s confidence and
motivation to learn.

Zhang, Kuusisto, Nokelainen, and Tirri (2020) examined the effects of process-oriented praise and peer
feedback on children’s self-efficacy and found that both approaches had a positive influence on children’s confidence
and engagement. These strategies can be adapted to swimming instruction by recognizing children’s effort and
progress rather than focusing exclusively on the final outcome. Similarly, Han et al. (2021) highlighted the value of
goal-setting interventions in strengthening children’s self-regulation, motivation, and persistence. Setting achievable,
age-appropriate goals during swimming lessons may therefore help children recognize their progress and develop a
stronger sense of competence.

Social interaction and peer support can also contribute to children’s psychological development. Henschen
(2023) emphasized the benefits of socially interactive and peer-supported activities for improving mood, self-esteem,
and sense of belonging. In swimming lessons, instructors can incorporate carefully structured pair and group activities
that encourage cooperation and mutual support. Such activities can help children feel more comfortable, develop
confidence in their abilities, and experience swimming as a positive and socially engaging activity.

A supportive and inclusive instructional environment is particularly important when working with young
children. Rubin (2023) similarly emphasized the importance of supportive experiences in the development of self-
esteem during early childhood. In the context of swimming, classes that are inclusive, encouraging, and responsive to
individual differences may provide children with opportunities to develop both their swimming skills and their
confidence. Rather than comparing children’s performance, instructors can focus on individual progress and celebrate
improvements at each stage of learning.

Gender Differences and Self-Esteem in Swimming :

Gender differences in self-esteem have been documented in the psychological literature, although the extent
and nature of these differences may vary according to age, context, and social experiences. Participation in swimming
may contribute to the development of self-esteem and self-confidence in both boys and girls, but children may respond
differently to particular instructional approaches.

Ozcan (2025) reported that an eight-week swimming training program for children aged 12—14 years was
associated with significant improvements in self-esteem and self-confidence. The findings indicated that boys entered
the program with higher baseline levels of confidence and tended to demonstrate greater willingness to take risks,
whereas girls appeared to benefit particularly from structured, supportive instruction that encouraged skill
development and strengthened confidence. The experimental group also demonstrated greater improvements in self-
confidence than the control group, suggesting a potential relationship between aquatic skill development and positive
psychological outcomes.

Parental observations provide further support for the broader psychological benefits of swimming. Swim
England (2025) reported that many parents observed noticeable improvements in their children’s self-esteem and
confidence following swimming lessons. These observations highlight the potential emotional and educational
benefits of swimming beyond the development of physical skills.
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Taken together, these findings suggest that swimming instruction can contribute positively to children’s self-
esteem and confidence. However, instructors should avoid relying on assumptions about boys’ and girls’ abilities or
learning preferences. Instead, instruction should be responsive to individual needs and should provide all children
with equal opportunities to participate, succeed, and develop confidence. Positive feedback, achievable challenges,
encouragement, and confidence-building activities can help create an inclusive learning environment in which both
boys and girls can benefit from swimming and develop a positive perception of their own abilities.

I have revised the Statement of the Problem and Research Questions into natural, humanized academic
English suitable for journal publication. I have also strengthened the research gap and made the wording of the
questions precise and consistent with the stated purpose of the study.

Statement of the Problem :

Swimming is an important life skill for children because it contributes to water safety, physical competence,
and confidence. However, learning to swim can be particularly challenging for kindergarten children, and their
progress may be influenced not only by their physical abilities but also by psychological and social factors, including
self-esteem. Self-esteem reflects children’s perceptions of their own abilities and sense of self-worth and may
influence their motivation, persistence, willingness to attempt challenging tasks, and response to failure.

Children with low levels of self-esteem may experience greater fear and anxiety, avoid challenging activities,
or progress more slowly when acquiring new skills. In contrast, children with higher levels of self-esteem may be
more willing to participate, persist in the face of difficulties, and demonstrate greater confidence in their ability to
learn and perform new skills. These psychological characteristics may be particularly relevant to swimming, where
children must overcome unfamiliar aquatic experiences and develop confidence in their ability to control their
movements in the water.

Despite the potential importance of self-esteem in swimming skill acquisition, relatively few studies have
specifically examined this relationship among kindergarten-aged children. Previous research has largely focused on
general motor-skill development or on children in older age groups. For example, Minkels et al. (2023), Fernandes et
al. (2024), and Equinet et al. (2025) examined factors related to children’s motor development, psychological well-
being, and participation in physical activities. Minkels et al. (2023), in particular, reported that swimming lessons
based on autonomy-supportive instructor behaviors were associated with higher perceptions of competence and
motivation among young swimmers. These findings suggest that psychological factors may play an important role in
children’s engagement with swimming and in their acquisition of sport-related skills.

However, the specific relationship between self-esteem and swimming skill acquisition during the
kindergarten years remains insufficiently understood. Examining this relationship is therefore important because a
better understanding of the psychological factors involved in early swimming education may contribute to the
development of more effective instructional strategies and interventions. Such approaches could help instructors and
educators create supportive learning environments that promote children’s psychological development while
facilitating the acquisition of swimming skills.

Accordingly, the purpose of the present study is to examine the relationship between self-esteem and
swimming skill acquisition among kindergarten children and to determine whether this relationship differs according
to gender.

Research Questions :

The present study seeks to answer the following research questions:
1. Is self-esteem significantly associated with the acquisition of swimming skills among kindergarten children?
2. Does the relationship between self-esteem and swimming skill acquisition differ between boys and girls?

Methodology :
Study Design

A descriptive correlational research design was employed to examine the relationship between self-esteem
and swimming skill acquisition among kindergarten children. Correlational methods were used to determine the
strength and direction of the association between the two variables without manipulating any experimental conditions.
In addition, pre- and post-assessments were conducted to examine changes in self-esteem and swimming proficiency
following the eight-week swimming program.
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Participants

The study included 100 kindergarten children aged 5—6 years who were recruited from five schools and sports
centers in Amman that offered structured swimming programs. A stratified random sampling procedure was used to
ensure balanced representation by gender, with an equal number of boys and girls (n = 50 each). The sample included
both beginners and children with some previous swimming experience to provide diversity in terms of prior exposure
to swimming.

The inclusion criteria required participants to be between 5 and 6 years of age, enrolled in a structured
swimming lesson program, and have parental consent to participate in the study. Children with severe aquaphobia,
medical conditions that prevented them from participating safely in swimming activities, or current enrollment in
competitive swimming programs were excluded from the study.

Instruments

Data were collected using two primary assessment instruments: a measure of self-esteem and an assessment
of swimming proficiency.

First, the Preschool Competence and Behavioral Evaluation Scale (PCBE) was used to assess the children’s
self-esteem. The instrument consists of 25 items rated on a five-point Likert scale: Always (5), Often (4), Sometimes
(3), Rarely (2), and Never (1). Higher scores indicate higher levels of self-esteem. To ensure that the children fully
understood the items, the researchers read each item aloud individually using simple, age-appropriate language and
assisted the children in selecting their responses.

Second, a Swimming Proficiency Checklist (SPC), adapted from previous research, was used to assess the
children’s swimming proficiency. The checklist evaluates four dimensions: basic water comfort, arm and leg
coordination, breath control, and stroke development. Each dimension was rated by certified swimming instructors on
a three-point scale: 1 = Needs Improvement, 2 = Developing, and 3 = Proficient.

Water comfort was operationalized using a combination of observational checklist items and instructor
ratings that assessed each child’s ease, confidence, and adjustment to the aquatic environment. Structured observations
and instructor feedback were also used to document behavioral responses, motivation, and engagement during
swimming activities.

To establish inter-rater reliability, more than one certified instructor independently evaluated each child’s
swimming proficiency. Any discrepancies between raters were subsequently discussed during consensus meetings,
where instructors reviewed their ratings and reached an agreed-upon score.

Assessment Procedure

A pre-assessment and post-assessment procedure was adopted. Before the swimming lessons began, each
participant underwent an initial assessment to establish baseline levels of self-esteem and swimming proficiency. The
same assessment instruments were administered again after eight weeks of participation in the swimming program at
the respective schools or sports centers. The pre- and post-assessment scores were then compared to determine whether
changes had occurred in the children’s self-esteem and swimming proficiency over the study period.

Data Analysis

The data were analyzed using the Statistical Package for the Social Sciences (SPSS). Descriptive statistics,
including means and standard deviations, were calculated for self-esteem and swimming proficiency scores.

Pearson’s correlation coefficient was used to examine the strength and direction of the relationship between
self-esteem and swimming proficiency. Paired-samples #-tests were conducted to compare participants’ pre- and post-
assessment scores. In addition, multiple regression analysis was performed to determine whether self-esteem
significantly predicted swimming skill acquisition while controlling for gender and previous swimming experience.

The reliability and validity of the assessment instruments were supported by their use and validation in
previous academic research. The instruments demonstrated acceptable internal consistency, with reported Cronbach’s
alpha coefficients exceeding 0.80. Inter-rater reliability for the swimming proficiency assessment was supported by
having multiple certified instructors independently evaluate each participant.
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Ethical Considerations

The study adhered to established ethical standards for research involving children. Written informed consent
was obtained from the children’s parents or legal guardians before participation, and child assent was obtained when
appropriate and developmentally feasible. Participants’ confidentiality was maintained by anonymizing the collected
data and restricting access to authorized members of the research team. The study also received approval from the
relevant Institutional Review Board (IRB).

All research data were stored in password-protected databases to safeguard participants’ information and
ensure compliance with applicable ethical and data-protection standards.

Overall, the methodology was designed to provide a systematic examination of the relationship between self-
esteem and swimming proficiency among kindergarten children. By integrating standardized assessment instruments,
structured observations, pre- and post-assessments, and appropriate statistical analyses, the study sought to provide a
comprehensive understanding of the role of self-esteem in the acquisition of swimming skills during early childhood.

Results :

Descriptive Statistics
Descriptive statistics of self-esteem and swimming proficiency scores at both pre-assessment and post-
assessment are summarized in table 1.
Table(1): Descriptive Statistics of Self-Esteem and Swimming Proficiency Scores

Variable Pre-Mean Pre-SD Post-Mean Post-SD Min Max
Self-Esteem 3.45 0.52 3.91 0.48 2.5 4.8
Swimming Proficiency 2.10 0.67 3.25 0.54 1.0 4.0

Table (1) showed that after the eight weeks swimming lessons, swimming proficiency increased from 2.10
to 3.25 and mean self-esteem increased from 3.45 to 3.91. The standard deviations (SD) indicate a moderate variation
between students but there is also a trend for both the variables to improve.

Correlation Analysis
To test the relationship between self-esteem and swimming proficiency, Pearson correlation analysis was

run.
Table (2): Pearson Correlation between Self-Esteem and Swimming Proficiency
Variables Self-Esteem Score Swimming Proficiency
Self-Esteem 1.00 0.68 (p <0.01)
Swimming Proficiency 0.68 (p <0.01) 1.00

Table (2) Analysis of correlation coefficient r=0.68, p <0.01 indicates a strong positive correlation between
self-esteem and swimming skill acquisition. Swimming skills improve more for children who have high level of self-
esteem. This emphasizes that improvements in swimming skills are associated with high levels of self-esteem levels.
Paired t-Test Analysis

A paired t-test to have been calculated compare pre-assessment and post assessment for self-esteem and
swimming proficiency.

Table (3): Paired t-Test for Self-Esteem and Swimming Proficiency

Variable Mean Difference t-value p-value Cohen’s d
Self-Esteem 0.46 7.85 <0.001 1.05
Swimming Proficiency 1.15 10.92 <0.001 1.46

Table (3) showed that there is a statistically significant increase after the training period p < 0.001. Cohen’s
d values indicate large effect sizes 1.05 and 1.46, respectively, suggesting that the practical influence of the swimming
intervention on both self-esteem and skill acquisition was substantial.
Regression Analysis

To control gender and prior swimming experience, this determinant of self-esteem was then allowed to be
predicted on the amount of self-esteem that could be used to predict degrees of swimming proficiency in a multiple
regression analysis.

Table (4): Multiple Regression Analysis for Predicting Swimming Proficiency

Predictor Variables B SE T p-value Model R?
Self-Esteem 0.62 0.11 5.63 <0.001

Gender (Male =1, Female =0) 0.12 0.09 1.34 0.18

Prior Experience (Yes=1,No= 0) 0.35 0.08 4.37 <0.001

Constant 1.05 0.27 3.89 <0.001 0.57
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Regression Analysis

Table 4 indicates that self-esteem was a significant positive predictor of swimming proficiency (B = 0.62, p
<0.001). Previous swimming experience was also a significant positive predictor of swimming proficiency (B = 0.35,
p < 0.001), whereas gender was not a statistically significant predictor (p = 0.18). Overall, the regression model
explained 57% of the variance in swimming proficiency (R*> = 0.57), indicating a substantial level of explanatory
power.

Summary of Findings

The findings showed significant improvements in both self-esteem and swimming proficiency over the study
period. A strong positive correlation was also observed between self-esteem and swimming proficiency (= 0.68, p <
0.01), indicating that children with higher levels of self-esteem tended to demonstrate greater swimming proficiency.

The paired-samples z-tests revealed statistically significant improvements in both self-esteem (p < 0.001) and
swimming skills (p < 0.001) from the pre-assessment to the post-assessment. In addition, the analysis of variance
(ANOVA) revealed a statistically significant difference in swimming proficiency by gender. However, the regression
analysis showed that gender was not a significant predictor of swimming proficiency after self-esteem and previous
swimming experience were taken into account. In contrast, self-esteem remained a strong positive predictor of
swimming proficiency regardless of gender.

Taken together, these findings suggest that self-esteem is closely associated with children’s swimming
proficiency and may play an important role in their acquisition of swimming skills. The disappearance of the gender
effect in the regression model suggests that the gender differences observed in the ANOV A may be related, at least in
part, to differences in self-esteem and previous swimming experience. Thus, the apparent influence of gender on
swimming proficiency may be indirect rather than a direct effect.

It is also possible that the relationship between gender and swimming proficiency is influenced by
multicollinearity or by a mediating mechanism involving self-esteem. However, the regression results alone do not
establish mediation. A formal mediation analysis would be required to determine whether self-esteem actually
mediates the relationship between gender and swimming proficiency. Accordingly, the present findings indicate that
the initial gender differences in swimming proficiency may be partly explained by differences in self-esteem and
previous swimming experience, rather than by gender itself.

Discussion :

This study examined the relationship between self-esteem and swimming skill acquisition among
kindergarten children. The findings revealed a strong positive association between self-esteem and swimming
proficiency, suggesting that children with higher levels of self-esteem tended to demonstrate greater proficiency in
acquiring swimming skills. The findings are discussed below in relation to previous research, possible explanations
for the observed relationships, and implications for practice.

Following the eight-week swimming program, significant improvements were observed in both self-esteem
and swimming proficiency. In addition, a strong positive correlation was found between self-esteem and swimming
proficiency (» = 0.68, p < 0.01). This finding is consistent with previous research suggesting that higher self-esteem
is associated with better motor-skill development among children (Tavakolian et al., 2020). One possible explanation
is that children with higher self-esteem may be more willing to explore new experiences, attempt challenging tasks,
and persist when learning unfamiliar skills, including swimming. Previous research has similarly suggested that self-
esteem is associated with children’s confidence and motivation to participate in physical activities (Koroglu, 2023).

Children who have greater confidence in their abilities may be more likely to remain engaged when they
encounter difficulties and to continue practicing until they improve. The present findings are also consistent with
Minkels et al. (2025), who emphasized the importance of positive reinforcement and confidence-building strategies
in supporting motor learning among children. At the same time, the relationship between self-esteem and swimming
proficiency may be reciprocal. As children develop physical competence and successfully master new skills, their
perceptions of their own abilities may improve, which may, in turn, strengthen their self-esteem. Amelia (2012)
similarly reported that mastery of physical skills can contribute to more positive self-perceptions and higher self-
esteem. From this perspective, the improvement observed in the present study may reflect an interaction between
psychological development and physical competence rather than a one-way effect of self-esteem on swimming
performance.

The multiple regression analysis further indicated that self-esteem was a significant positive predictor of
swimming proficiency (B = 0.62, p < 0.001). This finding supports the broader literature emphasizing the role of
psychological well-being in children’s engagement with physical activities. Barton et al. (2012), for example,
highlighted the importance of psychological well-being in promoting participation in physical activity. Children with
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higher self-esteem may be more willing to approach challenges, remain engaged in learning activities, and persist
when faced with difficulties. These characteristics may facilitate the acquisition and refinement of swimming skills.

Other developmental factors may also contribute to this relationship. Morcom (2017) emphasized the
association between self-esteem, cultural identity, and children’s personal development, suggesting that children’s
social and developmental contexts may shape their perceptions of competence and participation in physical activities.
Similarly, Papadopoulos (2021) highlighted the relationship between cognitive development and self-concept in
shaping children’s behavior. Taken together, these perspectives suggest that self-esteem and motor-skill development
are interconnected within a broader network of psychological, cognitive, social, and physical factors. However, the
present correlational findings do not establish that self-esteem directly causes improvements in swimming proficiency.

The findings concerning gender are also noteworthy. Although the ANOVA indicated a statistically
significant difference in swimming proficiency by gender, gender was not a significant predictor in the regression
model after self-esteem and previous swimming experience were taken into account (p = 0.18). This finding suggests
that the initial gender difference may be partly associated with differences in other variables included in the regression
model, particularly self-esteem and previous swimming experience. It does not necessarily indicate that boys and girls
respond identically to self-esteem, but rather that gender itself did not make a significant independent contribution to
swimming proficiency in the final regression model.

This finding differs from some previous research reporting gender-related differences in self-esteem. For
example, Kling et al. (1999) identified gender differences in self-esteem across the literature. Nevertheless, the present
study did not find gender to be an independent predictor of swimming proficiency once self-esteem and previous
swimming experience were considered. One possible explanation is that the swimming instruction provided in the
participating settings was supportive and inclusive, potentially reducing differences in participation, confidence, and
engagement between boys and girls. Rubin (2023) similarly emphasized the importance of environmental influences,
including family support, peer relationships, and instructional practices, in the development of self-esteem during
early childhood.

Previous swimming experience was also a significant positive predictor of swimming proficiency (B = 0.35,
p <0.001). This finding is consistent with the view that children’s previous exposure to structured physical activities
can contribute to their confidence and perceived competence. Yaswinda (2019) emphasized the importance of
environmental stability and previous experiences in children’s self-esteem development. Children who have
previously participated in structured physical activities may be more familiar with instructional settings, physical
challenges, and performance expectations, which may make it easier for them to adapt to swimming instruction and
develop new aquatic skills.

Overall, the findings suggest that swimming proficiency among kindergarten children is associated with a
combination of psychological and experiential factors. Self-esteem emerged as the strongest predictor in the present
model, while previous swimming experience also made a significant contribution. Although gender differences were
observed in the initial analysis, gender did not remain a significant predictor after these factors were taken into account.
These findings highlight the importance of considering children’s psychological characteristics and previous
experiences alongside their physical abilities when designing early swimming programs.

Implications for Practice :

The findings have several practical implications for educators, swimming instructors, coaches, and parents.
Given the strong association between self-esteem and swimming proficiency, swimming programs for young children
should incorporate strategies that foster confidence, competence, motivation, and positive engagement.
1. Positive Reinforcement:
Instructors should provide frequent, specific, and constructive feedback that recognizes children’s effort, progress,
and successful attempts.  Appropriate praise and encouragement can help children develop a stronger sense of
competence and remain motivated when learning challenging skills.
2.Individualized Instruction:
Children develop physical and psychological skills at different rates. Instructors should therefore adapt activities
and expectations to individual abilities and levels of experience. Providing achievable challenges and allowing
children to progress at an appropriate pace can promote a sense of accomplishment and competence.
3.Parental Involvement:
Parents can reinforce children’s confidence by providing encouragement and positive support outside formal
swimming lessons. Opportunities to participate in safe, age-appropriate aquatic activities may help maintain
children’s interest in swimming and reinforce their confidence in their ability to learn new skills.
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4.Early Exposure to Aquatic Environments:
Because previous swimming experience was a significant predictor of swimming proficiency, appropriate early
exposure to aquatic environments may help children become more comfortable and confident in the water.
Gradual and supportive exposure may also reduce anxiety and facilitate adaptation to swimming instruction.

Limitations and Future Research :

Although the study provides useful evidence concerning the relationship between self-esteem and swimming

proficiency among kindergarten children, several limitations should be considered.

o Sample Size and Generalizability: The sample consisted of 100 kindergarten children recruited from five schools
and sports centers in Amman. Consequently, the findings may not be generalizable to children from other regions,
educational settings, or socioeconomic backgrounds. Future studies should use larger and more diverse samples to
enhance the generalizability of the findings.

o Study Duration: Swimming skill development is a gradual process that may extend beyond the eight-week period
examined in the present study. Longitudinal research conducted over longer periods would provide a more
comprehensive understanding of how self-esteem and swimming proficiency develop and interact over time.

¢ Lack of a Control Group: Because the study did not include a control group, improvements observed between the
pre- and post-assessments cannot be attributed solely to the swimming program. Future research should consider
randomized controlled designs or comparison groups to determine whether structured swimming instruction
produces changes in self-esteem and swimming proficiency beyond normal developmental changes.

¢ Psychological Interventions: Future research could investigate whether targeted psychological interventions, such
as self-esteem enhancement programs, confidence-building activities, or autonomy-supportive instructional
strategies, improve children’s acquisition of swimming skills. Such studies could help clarify whether strengthening
self-esteem leads to measurable improvements in swimming proficiency.

e Mediation and Moderation Effects: The finding that gender was significant in the ANOVA but not in the
regression model warrants further investigation. Future studies could employ formal mediation or moderation
analyses to determine whether self-esteem and previous swimming experience explain or modify the relationship
between gender and swimming proficiency.

Conclusion :

This study highlights the important relationship between self-esteem and swimming skill acquisition among
kindergarten children. The findings showed a strong positive association between self-esteem and swimming
proficiency, and self-esteem emerged as a significant positive predictor of swimming proficiency even after
accounting for gender and previous swimming experience. Previous swimming experience also made a significant
contribution, whereas gender was not a significant independent predictor in the regression model.

The findings underscore the importance of viewing swimming education as more than the development of
physical skills alone. Children’s confidence, motivation, perceived competence, and previous experiences may all
contribute to their engagement with learning and their progress in acquiring new skills. Creating supportive and
autonomy-oriented learning environments may therefore help children develop both physical competence and positive
psychological characteristics.

For educators, swimming instructors, and parents, the findings emphasize the value of encouragement,
individualized instruction, achievable challenges, and constructive feedback. Such practices can help children develop
confidence and persistence while creating positive experiences with physical activity. Nevertheless, the present
findings should be interpreted as evidence of association and prediction rather than proof of a direct causal effect of
self-esteem on swimming proficiency.

More broadly, the study supports a holistic approach to early childhood education in which physical,
psychological, social, and emotional development are considered interconnected. Fostering self-esteem alongside
physical competence may contribute to children’s confidence and willingness to engage in new learning experiences,
providing a potentially important foundation for their continued development.



© 2026 Jordan Journal of Physical Education and Sport Science. All rights reserved - Volume 3, Issue 3 (ISSN: 3007-018X) 18

REFERANCES

Amelia, S. E. (2012). Methodology of learning swimming in the first part of life through a positive approach.
Ovidius University Annals, Series Physical Education and Sport/Science, Movement and Health, 12(1), 88-96.
https://analefefs.ro/anale-fefs/2012/issue-1/pe-autori/15.pdf.

Barton, J., Griffin, M., & Pretty, J. (2012). Exercise-, nature-, and socially interactive-based initiatives improve
mood and self-esteem in the clinical population. Perspectives in Public Health, 132(2), 89-96.
https://doi.org/10.1177/1757913910393862.

Chan, D. K. C,, Lee, A., & Macfarlane, D. J. (2023). Young children’s motivations and social cognitions towards
swimming: Testing direct and moderation effects of sport competence in two large-scale studies. European
Journal of Sport Science. Advance online publication. https://doi.org/10.1080/02640414.2023.2241782.

Costa, A. M., Frias, A., Ferreira, S. S., Costa, M. J., Silva, A. J., & Garrido, N. D. (2020). Perceived and real aquatic
competence in children from 6 to 10 years old. International Journal of Environmental Research and Public
Health, 17(17), 6101. https://doi.org/10.3390/ijerph17176101.

Equinet, L., Enthoven, C., Jansen, P. W., & Rodriguez-Ayllon, M. (2025). The longitudinal association between
sport participation and self-esteem in youth in the Netherlands: The role of sport type. Journal of Science and
Medicine in Sport, 28(2), 140—146. https://doi.org/10.1016/j.jsams.2024.09.008.

Fernandes, H. M., Costa, H., Esteves, P., Machado-Rodrigues, A. M., & Fonseca, T. (2024). Direct and indirect
effects of youth sports participation on emotional intelligence, self-esteem, and life satisfaction. Sports, 12(6),
155. https://doi.org/10.3390/sports12060155.

Han, Z., et al. (2021). Exploring the conceptual constructs of learners’ goal commitment, grit, and self-efficacy.
Frontiers in Psychology, 12, Article 783400. https://doi.org/10.3389/fpsyg.2021.783400.

Henschen, A. (2023). Teaching kids effective goal setting. 1llinois Extension. https://extension.illinois.edu/blogs/our-
illinois-4-h-story/teaching-kids-effective-goal-setting.

Koroglu, M. (2023). Investigation of self-efficacy and self-esteem levels of students studying in physical education
and sports high school in choosing a specialty branch. Journal of ROL Sport Sciences, 1(1), 760-782.
https://doi.org/10.5281/zenodo.10034916.

Korkmaz, H., & Korkmaz, A. (2025). The effect of swimming training on the self-esteem and self-confidence levels
of children aged 12—-14. Beden Egitimi ve Spor Bilimleri Dergisi, 17(2), 112—121.
https://dergipark.org.tr/tr/pub/bsd/issue/94253/1649882.

Minkels, C., van der Kamp, J., & Beek, P. J. (2023). How intrinsically motivating are swimming instructors/lessons
in the Netherlands? An observational study through the lens of self-determination theory. Frontiers in Sports and
Active Living, 5, Article 1236256. https://doi.org/10.3389/fspor.2023.1236256.

Minkels, C., van der Kamp, J., De Vries, R., & Beek, P. J. (2025). Learning how to swim in 5- to 12-year-old
children: A scoping review of evidence-based motor learning methods. Frontiers in Sports and Active Living, 7,
Article 1505301. https://doi.org/10.3389/fspor.2025.1505301.

Morcom, L. A. (2017). Self-esteem and cultural identity in Aboriginal language immersion kindergarteners. Journal
of Language, Identity & Education, 16(6), 365-380. https://doi.org/10.1080/15348458.2017.1366271.

Ozcan, B. (2025). The effect of swimming sport on self-esteem and self-confidence levels in 12—14-year-old
children. Beden Egitimi ve Spor Bilimleri Dergisi, 19(2), 154—167. https://doi.org/10.61962/bsd.1649882.

Papadopoulos, D. (2021). Examining the relationships among cognitive ability, domain-specific self-concept, and
behavioral self-esteem of gifted children aged 5-6 years: A cross-sectional study. Behavioral Sciences, 11(7), 93.
https://doi.org/10.3390/bs11070093.

Rubin, O. (2023). Self-esteem in early childhood: The importance of appearance. Open Journal of Social Sciences,
11(11), 92—-104. https://doi.org/10.4236/jss.2023.1111005.

Sinha, B. (2024). The impact of sports participation on youth development: A longitudinal study of physical, social,
and psychological outcomes. Innovations in Sports Science, 1(2), 6—10. https://doi.org/10.36676/iss.v1.i2.8.



https://analefefs.ro/anale-fefs/2012/issue-1/pe-autori/15.pdf
https://doi.org/10.1177/1757913910393862
https://doi.org/10.1080/02640414.2023.2241782
https://doi.org/10.3390/ijerph17176101
https://doi.org/10.1016/j.jsams.2024.09.008
https://doi.org/10.3390/sports12060155
https://doi.org/10.3389/fpsyg.2021.783400
https://extension.illinois.edu/blogs/our-illinois-4-h-story/teaching-kids-effective-goal-setting
https://extension.illinois.edu/blogs/our-illinois-4-h-story/teaching-kids-effective-goal-setting
https://doi.org/10.5281/zenodo.10034916
https://dergipark.org.tr/tr/pub/bsd/issue/94253/1649882
https://doi.org/10.3389/fspor.2023.1236256
https://doi.org/10.3389/fspor.2025.1505301
https://doi.org/10.1080/15348458.2017.1366271
https://doi.org/10.61962/bsd.1649882
https://doi.org/10.3390/bs11070093
https://doi.org/10.4236/jss.2023.1111005
https://doi.org/10.36676/iss.v1.i2.8

19 The Impact of Self-Esteem on the Acquisition of Swimming Skills among Kindergarten Students

Sun, Y., & Espeso, L. A. (2024). The influence of self-efficacy and physical exercise on the swimming performance
ability of college students in a public university in China. Journal of Education and Educational Research, 5(2),
Article 12319. https://doi.org/10.54097/jeer.v5i2.12319.

Tavakolian, M. E., Orangi, B. M., Ghadiri, F., & Nejad, M. M. (2020). The impact of nonlinear pedagogy on motor
proficiency and self-esteem of hyperactive obese girls. Journal of Fundamentals of Mental Health, 22(3), 240—
250. https://doi.org/10.22038/jfmh.2020.16474.

Yaswinda, M. S. (2019). The impacts of self-esteem development on children from a broken home family. In
Advances in Social Science, Education and Humanities Research (Vol. 372, International Conference on
Education Technology [ICoET]). https://doi.org/10.2991/icoet-19.2019.57.

Zhang, J., Kuusisto, E., Nokelainen, P., & Tirri, K. (2020). Peer feedback reflects the mindset and academic
motivation of learners. Frontiers in Psychology, 11, Article 1701. https://doi.org/10.3389/fpsyg.2020.01701.



https://doi.org/10.54097/jeer.v5i2.12319
https://doi.org/10.22038/jfmh.2020.16474
https://doi.org/10.2991/icoet-19.2019.57
https://doi.org/10.3389/fpsyg.2020.01701

© 2026 Jordan Journal of Physical Education and Sport Science. All rights reserved - Volume 3, Issue 3 (ISSN: 3007-018X) 20
duag ) bl ol Aaliwd) @l jlga ludiS) 8 ) a8 i)

s oadlall

DS b agieliS (saas asi s JULYI [l Uikl (gal A s S 13) L Can ) ol o3a on
Anld) &l LSy lal) i ¢ A8 e CaldSH Bl ) i sl gaiall Ayl el daludl & jlea
el e s a) (sl 65 5 O sleel in gl 3 (JUkY) Gl y Jkl e ik (100) (e Gl Ll Age <35
Lo A ol (S sliall o gl 5 3oLl (e g lAN) ol (ulie aladinly Clibull Cmed Glae 8 dpialy ) 5S) e s (s lae
5 JukY) i il ekl (Preschool Competence and Behavioral Evaluation [PCBE]) 4w 2l
O B A g el ) AB3e 3 sn s e clalandl i jlen L) b ST 3eliS |y jelal A i (e oY) il sl
Fabindl ) lea s 1A a0 (pa JS B Atloaa A1V 13 Vit il o yelal LS Zalindl 8 3l (g siona s o
b Autlema) A3 I3 (3558 asa s e il Jalat a3y Al yall el () L) peilial B g I3 g ciil) o) il (5]
6 i dilian] A2 13 Gutie S A 085 o elal Slasa¥) Jalas of W) Guiadl I (s a8 daland) 8 3ol (5 sine
& e 3B JULY) (53 A 508 3 55 o ) il i cale 4y Jikll Guin e laill ik Aalud) L L))
Lt oy a1 Apalad iyl i Ananl il o3 i Adleld JiST5 o pud 5 smy Aaland) & jlen CLuiS) Jagass
CLuS) ol agil 53 e AplagY) agll ) sealy aguadily JWLYI A 3y ad 5 5aY) bl 5 (s all s Aaliadl g2 530 5 () salaall
Aabudl &Gl lea

el QL€ (JULYT gzl 5 Juakal dialuad) ¢l lge calaadl (a8 sAaliial) cilall)



Volume 3, Issue 3, Sep. 2026
JJP:]E S S P-ISSN: 3007-018X
E-ISSN: 3079-8132

Pages :21 - 32

Jordan Journal of Physical Education and Sport Science Azl agle g Auial) A i) A Aia ) Aaal)

The Impact of Game-Related Fatigue on Perceptual-Cognitive Performance
in University Recreational Basketball Players: A Dynavision D2 Assessment
Mariam A. Abu Alim'*, Mazin R. Hatamelah? .

! Faculty of Physical Education and Sport Science, Yarmouk University.
Received:14 -July -2025 Accepted: 7-October -2025

Abstract :

This study aimed to examine the effects of fatigue resulting from competitive basketball games on the

perceptual-cognitive performance of recreational university-level basketball players. Twenty basketball players
participated in the study, comprising 10 females (mean age = 21 + 1 years) and 10 males (mean age = 20 + 2 years).
Participants completed the Dynavision™ D2 test before and after competitive games to assess visual and motor
reaction times, the number of hits during proactive tasks (Mode A) and reactive tasks (Mode B), and the average
reaction time per hit. Paired-samples #-tests revealed a significant increase in visual reaction time following the game
among female players (p < 0.05, d = 0.92); however, no significant increase was observed among male players. The
number of hits in Mode A significantly decreased following the game in both males (p < 0.05, d = 0.73) and females
(p <0.05,d=0.72). In contrast, the number of hits in Mode B significantly decreased only among male players (p <
0.05, d = 0.82). Furthermore, a two-way analysis of variance (ANOVA) revealed a significant interaction between
gender and fatigue for visual reaction time, F(1, 18) =5.67, p < 0.05, n?> = 0.24.
These findings suggest that fatigue following competitive basketball games may affect perceptual-cognitive
performance differently in male and female players. In particular, the observed gender-specific responses highlight
the importance of developing tailored interventions aimed at preserving athletes’ cognitive-motor abilities under
fatigue and potentially reducing the risk of injury.
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Introduction :

Sports-related and recreational activity injuries continue to represent a significant public health concern, with
fatigue being an important contributing factor. Fatigue resulting from high-intensity sports competition has been
widely documented to negatively affect both physical and cognitive abilities, thereby increasing the risk of injury
(Hillman et al., 2009; Uttal et al., 2013; Skala & Zemkova, 2022).

Cognitive abilities are represented in the literature by perceptual-cognitive performance (PCP), which
enables athletes to interpret environmental cues and integrate this information with physical skills—such as strength,
speed, agility, and endurance—to make appropriate motor decisions and translate physical capabilities into effective
performance. Efficient perceptual-cognitive performance allows athletes to make appropriate decisions and adapt
rapidly to changing situations, thereby optimizing physical execution and potentially reducing injury risk through
improved awareness and responses in dynamic environments (Ashford et al., 2021). PCP encompasses a range of
cognitive processes, including visual scanning, sustained and divided attention, anticipation, pattern recognition,
decision-making, working memory, and response selection (North et al., 2009). These higher-order cognitive functions
enable athletes to process and interpret dynamic environmental stimuli, anticipate opponents’ actions, make rapid and
accurate decisions under pressure, and execute appropriate motor responses (Yuan et al., 2023).

Recreational basketball has been identified as a significant contributor to emergency department visits among
young adults (Finch & Cassell, 2006; Rui et al., 2019; Ogunmayowa & Baker, 2022). The fast-paced nature of
basketball requires the integration of physical and perceptual-cognitive abilities (Almonroeder et al., 2020). The
cognitive demands of basketball arise from its dynamic and unpredictable nature, requiring players to continuously
monitor teammates, opponents, and the ball while making rapid decisions regarding passing, shooting, and defensive
actions (Klusemann et al., 2013; Fortes et al., 2025). For example, a point guard initiating a fast break must process
visual information rapidly to determine whether to pass, drive, or shoot. Similarly, defenders must anticipate
opponents’ movements and respond quickly to constantly changing game situations.

High-intensity basketball game performance can induce several forms of fatigue, including central fatigue
(associated with the nervous system), peripheral fatigue (associated with the muscles), and mental fatigue (associated
with prolonged cognitive exertion). These forms of fatigue involve distinct mechanisms and may have compounding
effects on cognitive and physical performance (Skala & Zemkova, 2022; Cao, 2022). Peripheral fatigue, characterized
by reduced muscle force production and increased perceived exertion, can impair physical function by reducing speed,
strength, and endurance. It is associated with impaired muscle contractility, which limits the ability of muscles to
sustain forceful contractions and may increase the risk of injury. In contrast, central fatigue is associated with changes
in the central nervous system and can affect motor control, motor coordination, and decision-making. Tornero-
Aguilera et al. (2022) discussed central and peripheral fatigue as complementary concepts within the Integrative
Governor theory, in which homeostatic mechanisms regulate psychological and physiological drives through dynamic
feedback mechanisms involving a central controller. Mental fatigue, which may result from prolonged cognitive
exertion, can impair attention, concentration, and mental flexibility (Sun et al., 2021).

Attentional Control Theory provides a complementary framework for understanding how anxiety can affect
cognitive performance by disrupting the goal-directed attentional system and increasing susceptibility to stimulus-
driven distractions. This framework may help explain why recreational athletes, who may have less experience with
mental preparation and fatigue management than professional athletes, could be particularly vulnerable to performance
impairments and injury. Both anxiety and fatigue can negatively affect attentional control by disrupting the balance
between goal-directed and stimulus-driven attentional systems (Spielberger, 2021).

Previous research has suggested that fatigue can reduce the ability to focus on relevant stimuli, suppress
irrelevant cues, and sustain concentration (Uttal et al., 2013; Eysenck, 2007). In basketball, where athletes must
continuously filter distractions and maintain attention under physical and mental stress, fatigue-related impairments
in attentional control may increase injury risk and negatively affect performance. The effects of fatigue on PCP are
therefore particularly important, as the literature has associated fatigue with slower reaction times, impaired decision-
making, reduced accuracy, and increased errors, all of which may elevate injury risk (Scanlan et al., 2011). Studies
have reported that reaction time may increase by approximately 80 ms under fatigued conditions, potentially impairing
responses and increasing injury risk (Ogunmayowa & Baker, 2023). Impaired decision-making may also result in
tactical errors and reduced team performance (Németh & Balogh, 2021).

The effects of fatigue may also vary according to sex. Psychological factors, including game-related stress
and anxiety, may alter neural activation patterns, affecting information processing and slowing cognitive responses
(Lucia & Aydin, 2023). Tornero-Aguilera et al. (2022) suggested that sex-related physiological differences may
contribute to differences in responses to fatigue, noting that women may have greater reliance on lipid oxidation but
lower efficiency in the anaerobic-lactic energy pathway, which may influence performance during rapid, high-
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intensity tasks. Their findings also indicated that perceptions of effort and stress may differ between men and women
when exposed to similar workloads, with women potentially reporting greater perceived fatigue despite maintaining
higher levels of concentration and focus (Tornero-Aguilera et al., 2022). Understanding these differences is important
for developing targeted training and injury-prevention strategies.

The extent to which fatigue increases injury risk may also be influenced by athletes’ experience in managing
physical demands and fatigue. University-level recreational players may be particularly vulnerable to injury, with
fatigue potentially exacerbating this risk (Lemoyne et al., 2017). Unlike professional athletes, recreational players
often have less consistent access to expert coaching, comprehensive healthcare, and structured injury-prevention
programs (Wang & Li, 2021). Consequently, fatigued recreational athletes may demonstrate poorer technique, reduced
awareness of their physical limitations, and a diminished ability to respond appropriately to dynamic game situations,
thereby increasing their risk of injury. Variability in skill levels within recreational leagues may further compound
this risk. Mismatches in competitive ability, combined with fatigue-related impairments in decision-making and
coordination, may increase the likelihood of collisions and injuries.

In addition, recreational players may have lower awareness of injury risks and may face competing demands
associated with academic life, potentially resulting in inadequate recovery and increased psychological stress. These
factors may contribute to greater fatigue, which can impair attentional control, slow reaction times, and reduce the
ability to focus on relevant stimuli, thereby increasing vulnerability to injury. Furthermore, athletes may be more
likely to overexert themselves when fatigued and may have limited awareness of the risks associated with overuse
injuries and acute muscle strains. Fatigue may also reduce proprioceptive accuracy and alter the perception of physical
discomfort, potentially increasing the likelihood of exceeding safe physical limits (Ellapen et al., 2012).

To address these gaps, the present study investigated the effects of acute, basketball game-related fatigue on
perceptual-cognitive performance in university-level basketball players using the standardized testing protocol of the
Dynavision™ D2 system. The Dynavision™ D2 is a widely used tool for assessing perceptual-cognitive performance
in sports contexts. This computerized device evaluates visuomotor coordination and cognitive reaction times in
response to central and peripheral stimuli through various testing modes and cognitive challenges (Appelbaum &
Erickson, 2018). Studies employing the Dynavision™ D2 have reported high intraclass correlation coefficients (ICCs;
0.79-0.97), demonstrating strong test-retest reliability (Wells et al., 2014). Furthermore, significant correlations have
been reported between Dynavision™ D2 outcomes and conventional psychomotor assessments, supporting its validity
for measuring sport-specific perceptual-cognitive skills (Ong, 2020; Vesia et al., 2008). By providing standardized
measures of cognitive and motor performance, the Dynavision™ D2 enables objective evaluation of the effects of
fatigue on PCP.

The primary aims of the present study were to assess the effects of acute, basketball game-related fatigue on
PCP and determine whether these effects differed between male and female recreational athletes. Using the
standardized Dynavision™ D2 testing protocol, the study examined reaction time and performance in proactive and
reactive PCP tasks. The study addresses a gap in the literature concerning the effects of acute fatigue in recreationally
active populations, specifically by examining how fatigue induced by basketball games affects perceptual-cognitive
performance in university-level basketball players and whether these effects differ by sex.

The importance of the present study lies in five key areas:

Injury prevention: By identifying fatigue-induced declines in reaction time, attention, and decision-making,
the study may help clarify modifiable risk factors associated with on-court injuries and inform targeted injury-
prevention strategies.

Performance optimization: Understanding how PCP changes under acute fatigue may enable coaches to
develop training, substitution, and recovery strategies that preserve decision-making and motor execution during
critical phases of competition.

Sex-specific insights: Investigating differences between male and female athletes may provide evidence for
tailoring training, workload management, and rehabilitation protocols to sex-specific physiological and cognitive
responses.

Methodological contribution: The use of the Dynavision™ D2 provides objective, standardized, and reliable
measures of visuomotor and cognitive-motor function under fatigued conditions, strengthening the evidence base and
supporting future research and applied monitoring in sports settings.

Focus on a vulnerable population: By specifically examining university-level recreational athletes, this study
addresses a population that may be particularly susceptible to fatigue-related injury and may have more limited access
to the resources, structured training, and fatigue-management strategies available to clite athletes.

Collectively, these contributions may improve athlete safety, enhance performance, and support evidence-
based practice among coaches, sport scientists, and healthcare professionals working with recreational and university-
level basketball players.
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I also made several substantive editorial adjustments that are important for publication: I replaced “gender”
with “sex” where the discussion concerns physiological differences, standardized PCP terminology, removed
awkward or unsupported causal wording, improved transitions between fatigue, attentional control, and injury risk,
and made the final claims appropriately cautious by using terms such as “may” and “potentially” where the original
wording implied causation.

Methodology :
Study Design :

This study employed a quasi-experimental pre—post design to examine the effects of acute fatigue induced
by competitive basketball on the perceptual-cognitive performance of university-level recreational basketball players,
with sex included as a between-subjects factor.

Participants :

Twenty healthy university-level basketball players who regularly trained with the Yarmouk University
basketball team participated in the study. All participants had been free from injury during the preceding six months,
had no acute or chronic physical or mental illnesses, were not taking any medications or recreational drugs, and had
no known visual impairments. Participants were instructed to maintain their usual dietary habits, refrain from
strenuous physical activity for 24 hours before testing, and abstain from consuming caffeine or energy drinks on the
day of the examination, both before and during testing.

All participants provided written informed consent after receiving a detailed explanation of the study procedures,
benefits, and potential risks. The anthropometric characteristics of the participants are presented in Table 1.
Table (1) : Anthropometric Characteristics of Participants

Female (n= 10) Male (n= 10)
Age (Years) 21+1 20+2
Height (m) 168+ 4 178+12
Wight (kg) 69.3+6 70+13

Procedures :

Two weeks before the experimental sessions, participants attended orientation sessions and completed
practice trials familiarizing them with the Dynavision™ D2 assessments, including the Proactive Mode A, Reactive
Mode B, and Reaction Time tests. Standardized verbal instructions were provided by the primary investigator to ensure
consistency across participants and testing sessions.

On testing days, participants reported to the Peak Performance Laboratory of the Department of Sport
Science, Faculty of Physical Education, Yarmouk University. Testing sessions for male and female participants were
conducted separately within the same week and were scheduled in the morning between 9:00 and 11:00 AM.
Environmental conditions were standardized, with room temperature maintained at 24—-26°C and consistent lighting
throughout testing.

Participants were randomly assigned to teams of five players and competed against opposing teams randomly
selected from outside the study sample. Before the games, each participant completed a pre-game testing session
consisting of the three Dynavision™ D2 assessments, administered in randomized order. Following pre-testing,
participants took part in an official basketball game consisting of four 10-minute quarters separated by a 15-minute
halftime period. Two games were played with a 50-minute interval between games to induce a realistic level of
competitive fatigue.

Immediately after the conclusion of the second game, two randomly selected players from each team
proceeded to the post-game testing sessions. Each post-testing session lasted approximately 4—7 minutes, with the
order of the tests randomized and rest periods provided between assessments. Only members of the research team
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were present during testing. For example, while Player A completed Mode A, Player B performed the Reaction Time
test, after which the players switched tests according to the randomized testing sequence.

Dynavision™ D2 Assessment Protocol :

The Dynavision™ D2 (Dynavision International LLC, West Chester, OH, USA) was used to assess
perceptual-cognitive performance using three standardized assessments: the Reaction Time test, Proactive Mode A,
and Reactive Mode B.

Reaction Time Test :

Participants stood in a comfortable upright position with their knees slightly flexed and maintained a balanced
posture while the Dynavision™ D2 board was adjusted to their individual height. The test was initiated by holding
the illuminated home button with the dominant hand. When a randomly selected target button was illuminated,
participants released the home button, struck the illuminated target as quickly as possible, and then returned their hand
to the home button.

The test consisted of 10 stimulus-response trials, from which the average reaction time (RT) was recorded.
Visual RT, defined as the time required to release the home button; motor RT, defined as the time between releasing
the home button and striking the target; and actual RT, defined as the sum of visual and motor RTs, were calculated
automatically by the Dynavision™ software. Participants completed two practice trials followed by three recorded
trials, and the mean score across the three recorded trials was used for statistical analysis.

Proactive Mode A:

Proactive Mode A was used to assess motor accuracy and visuomotor interaction. Participants responded
continuously for 1 minute by pressing randomly illuminated buttons as quickly and accurately as possible.
Performance was assessed by the total number of targets successfully pressed during the 1-minute test period.

Participants completed two practice trials followed by three recorded trials. The mean number of hits across
the three recorded trials was used for statistical analysis.

Reactive Mode B:

Reactive Mode B was used to assess peripheral awareness, visual scanning, and reaction speed. As in Mode
A, participants responded to randomly illuminated buttons; however, each target remained illuminated for 1 second
before automatically turning off. Performance was assessed using the total number of successful hits and the average
reaction time per hit during the 1-minute test period.

Participants were instructed to rely primarily on peripheral vision, maintain a balanced posture, and avoid
crossing their hands during testing. They were permitted to use any part of their hands to press the illuminated targets.
Two practice trials followed by three recorded trials were completed, and the mean number of hits and mean reaction
time per hit across the three recorded trials were used for statistical analysis.

All procedures were standardized to ensure consistent testing conditions and reliable measurement of fatigue-
related changes in perceptual-cognitive performance.

Statistical Analysis :

Data were analyzed using IBM SPSS Statistics, version 25.0. Descriptive statistics, including means and
standard deviations (SDs), were calculated for all Dynavision™ D2 performance measures. Paired-samples t-tests
were used to assess pre- to post-game differences within each sex group (male and female athletes) for visual RT,
motor RT, Mode A hits, Mode B hits, and average RT per hit.

Statistical significance was set at p < .05. Cohen’s d effect sizes and 95% confidence intervals (Cls) were
calculated to quantify the magnitude of pre- to post-game performance changes. In addition, a two-way analysis of
variance (ANOVA; sex x time [pre-game vs. post-game]) was conducted to examine the interaction between sex and
time for visual RT. Pearson correlation coefficients were calculated to examine potential associations between age
and changes in performance. A significance level of p < .05 was used for all statistical analyses.
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Results :

This section presents the results of the paired-samples t-tests and two-way ANOVA examining pre- to post-
game changes in Dynavision™ D2 performance following competitive basketball games. Descriptive statistics for
male and female athletes are also presented.

Dynavision™ D2 Performance :

Table 2 presents the mean pre-game and post-game performance scores for the Dynavision™ D2
assessments. Paired-samples t-tests revealed a significant post-game increase in visual RT among female participants,
t(9)=4.12,p<.05,d =0.92 (95% CI [0.03, 0.11]). In contrast, the increase in visual RT among male participants was
not statistically significant, t(9) =1.74, p=.11,d = 0.41.

Motor RT did not change significantly following the games in either group (p > .05). The number of hits in
Mode A decreased significantly following the games among both male athletes, t(9) = 2.31, p <.05,d=0.73 (95% CI
[0.54, 7.46]), and female athletes, t(9) = 2.28, p <.05, d =0.72 (95% CI [0.25, 5.75]).

The number of hits in Mode B decreased significantly among male athletes, t(9) = 2.60, p < .05, d = 0.82
(95% CI [0.54, 7.46]), but not among female athletes, t(9) = 1.45, p = .18, d = 0.46. Average reaction time per hit in
Mode A increased significantly among male athletes, t(9) = 2.56, p <.05, d = 0.81 (95% CI [0.02, 0.09]), whereas the
increase among female athletes was not statistically significant, t(9) = 1.80, p = .10, d = 0.57. Average reaction time
per hit in Mode B did not increase significantly following the games in either group (p > .05).

A two-way ANOVA (sex x time [pre-game vs. post-game]) revealed a significant interaction for visual RT,
F(1, 18) =5.67, p <.05, n?> = .24, indicating that the change in visual RT from pre- to post-game differed significantly
between male and female athletes. Specifically, female athletes demonstrated a greater increase in visual RT following
the games.

Correlation analyses revealed no significant associations between age and changes in any of the measured
performance variables (all p > .05).

Important statistical issues to verify before submission :

There are a few points in the original text that I did not silently “correct,” because they require checking
against your raw data/output:

The reported 95% Cls appear unusual. For example, a Cohen’s d of 0.92 is accompanied by a CI of [0.03,
0.11]. That interval looks more like a CI for a mean difference than for Cohen’s d. Please check the SPSS output and
confirm what those Cls represent.

The procedure says that two players from each team were selected after the second game. If all 20 participants
completed post-testing, this wording needs to be revised because it implies that only a subset of participants underwent
post-testing.

The text alternates between “competitive basketball game” and “two games.” If fatigue was induced by two
consecutive games, the manuscript should consistently describe the intervention as two competitive basketball games
rather than a single game.

The phrase “official basketball game” should only be retained if the games were formally
officiated/organized as official competitions. Otherwise, “competitive basketball game” is safer and more precise.

In the Reaction Time test, the original manuscript reports visual RT, motor RT, and actual RT, but the Results
section reports only visual and motor RT. If actual RT was analyzed, it should also be reported; if it was not analyzed,
this should be made explicit in the Methods.

I changed “gender” to “sex” throughout because the analysis concerns male/female groups and the
manuscript discusses physiological differences. If the study actually collected gender rather than biological sex, the
terminology should instead remain “gender” consistently.

Table (2): Dynavision™ D2 Performance Before and After Competitive Basketball (Mean * SD)

Performance Metric Male Pre-Game Male Post-Game Female Pre-Game Female Post-Game
Visual RT (s) 0.62 +0.08 0.67£0.09 0.67 £0.08 0.74 +0.08*
Motor RT (s) 0.41+0.10 0.44 +0.09 0.46 £0.09 0.49 +£0.09
Hits — Mode A (count) 72+7 68 + 8* 69+7 66 + 7*

Hits — Mode B (count) 70+9 66 £ 10* 68 +9 65+9

Avg. RT — Mode A (s) 0.66 +0.07 0.71 £0.07* 0.68+0.07 0.72 £0.08
Avg. RT — Mode B (s) 0.68 =£0.08 0.72 £0.09 0.70 £ 0.07 0.74 £0.08

Note. RT = reaction time. * p < .05, significant difference compared to pre-game.
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Discussion :

The current study aimed to investigate the influence of acute basketball game-related fatigue on perceptual-
cognitive performance (PCP) and to explore whether these effects varied between male and female recreational
athletes, thereby addressing a gap in the literature. There is a particular need to investigate university-level recreational
players because, compared with elite athletes, this population may be at greater risk of injury, potentially compounded
by fatigue, due to the intersection of academic demands, less structured training, and potentially limited awareness of
optimal recovery strategies. The use of the Dynavision D2 in the current study provides an objective measure of
alterations in visuomotor and cognitive-motor function resulting from fatigue. This approach strengthens the evidence
base for understanding these effects and may inform strategies for injury prevention, performance optimization, and
the development of sex-specific training and rehabilitation protocols (Vesia, Esposito, Prime, & Klavora, 2008; Wells
etal., 2014).

Fatigue can be defined as difficulty initiating or sustaining voluntary activities, often resulting from
prolonged mental or physical exertion. It can significantly impair cognitive functions such as attention, visual
processing, and decision-making. Research has shown that fatigue is associated with reduced performance and an
increased risk of injury in athletic settings (Klusemann et al., 2013; Ogunmayowa & Baker, 2023; Pernigoni et al.,
2024).

Reaction time is an important indicator of fatigue. Prolonged mental or physical exertion can impair the
brain's ability to process stimuli and execute appropriate motor responses. Previous research has demonstrated that
fatigue can adversely affect reaction time, which may have important implications for performance in dynamic athletic
environments. In the current study, reaction time differed significantly between the pre- and post-game Dynavision
D2 assessments when participants were considered as a whole. Reaction-time assessment using the Dynavision D2
measures how quickly an individual responds to a visual stimulus (Uttal et al., 2013; Scanlan et al., 2011; Pernigoni
et al., 2024). The Dynavision D2 is widely recognized as a reliable tool for assessing and training visuomotor and
reaction-time performance. By incorporating both choice reaction-time tasks and reactive ability tests, the Dynavision
D2 allows for the assessment of multiple components of cognitive-motor performance under dynamic conditions.

In contrast, the ANOVA conducted in the current study indicated a significant sex x time interaction, with a
greater fatigue-related effect observed among female participants (p <.05). These findings are consistent with previous
research indicating sex-related differences in PCP and susceptibility to injury under conditions of fatigue (Hillman,
Erickson, & Kramer, 2009; North, Williams, Hodges, Ward, & Ericsson, 2009; Skala & Zemkova, 2022). In
comparison, male participants did not demonstrate a significant difference in reaction-time performance between the
pre- and post-game assessments. These findings indicate that male basketball players were able to maintain their
reaction-time performance despite the presence of acute game-related fatigue. Similar results were reported by
Sansone et al. (2025), who examined whether subjective ratings of mental fatigue were associated with technical-
tactical performance in 14 semiprofessional male basketball players (age = 22.1 + 3.8 years). Their findings indicated
that subjective mental fatigue was not associated with technical-tactical performance in semiprofessional male
basketball players.

Furthermore, the current study utilized the Dynavision D2 Proactive Mode A test. This test is an important
component of the Dynavision D2 system for assessing and training visual, motor, and cognitive skills. It evaluates an
individual's ability to process visual information, make rapid decisions, and perform quick motor responses in dynamic
environments and is therefore relevant to tasks requiring multitasking and problem-solving under pressure. Previous
studies have shown that mental fatigue increases perceived exertion and reduces cognitive performance, even among
trained athletes. The results of the current study are consistent with this literature, demonstrating a significant decrease
in post-game Mode A test scores among both male and female participants (p < .05). Fatigue may impair PCP by
reducing the brain's capacity to efficiently process information and make rapid decisions.

Finally, the current study investigated the impact of basketball game-related fatigue on PCP as assessed using
the Dynavision D2 Reactive Mode B protocol. The results revealed a significant decrease in post-game test scores
among male participants (p < .05), whereas no statistically significant differences were observed among female
participants. The Reactive Mode B task on the Dynavision D2 assesses sensorimotor integration by measuring how
quickly a participant responds to visual stimuli. The test records visual reaction time (from light onset to hand
movement), motor reaction time (from hand movement to button press), and physical reaction time (total task
completion time). These findings may be interpreted in the context of sex-related differences in PCP and the effects
of fatigue, as discussed in the introduction. Specifically, males and females may exhibit distinct patterns of cognitive
fatigue following a basketball game, potentially resulting in different effects on sensorimotor integration and
visuomotor performance. The sex-specific differences observed in Reactive Mode B performance and visual reaction
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time may therefore be further contextualized by research examining the neural mechanisms underlying visuomotor
tasks.

Bianco et al. (2020), using event-related potentials (ERPs), demonstrated sex-related differences in cognitive
and motor preparation during the pre-stimulus phase of visuomotor tasks. Their findings support the established
speed—accuracy trade-off, whereby males tend to respond more quickly and females tend to demonstrate greater
accuracy during visuomotor cognitive tasks. Notably, Bianco et al. (2020) identified corresponding differences in
brain activity, with males exhibiting greater motor preparation and females exhibiting greater cognitive preparation.
These differences may provide a potential explanation for the findings of the current study, particularly the decline in
male performance during tasks such as Reactive Mode B, which place greater demands on rapid and complex
responses. In contrast, female participants may have maintained greater accuracy despite fatigue.

Further supporting the potential value of sex-specific training approaches, recent research on cognitive-motor
dual-task (CMDT) training in semi-elite basketball athletes demonstrated improvements in both sport-specific and
cognitive performance, although sex-related compensatory effects were also observed (Lucia, Aydin, & Di Russo,
2023). Specifically, Lucia et al. (2023) found that females in the CMDT group performed faster than males on a
discrimination response task (DRT) following the intervention. ERP findings also suggested that different neural
mechanisms may underlie these improvements in males and females. These findings reinforce the potential importance
of considering sex-specific responses when designing interventions intended to enhance cognitive-motor performance
and suggest that different training approaches may target distinct neural mechanisms or pathways.

Conclusion :

In conclusion, this study provides novel insight into the effects of acute basketball game-associated fatigue
on perceptual-cognitive performance (PCP) in university-level recreational basketball players and demonstrates that
these effects may differ by sex. Although both male and female athletes demonstrated reductions in PCP across some
variables, female participants in the current sample experienced a greater fatigue-related increase in visual reaction
time. In contrast, male participants demonstrated a significant decrement in Reactive Mode B performance. These
findings are consistent with existing literature on sex-related differences in cognitive-motor performance and
responses to fatigue and align with research suggesting a speed—accuracy trade-off, whereby males may prioritize
response speed, whereas females may demonstrate greater accuracy. Potential differences in the neural mechanisms
underlying these cognitive-motor responses may also contribute to the observed patterns.

The findings underscore the importance of considering sex-specific responses to acute fatigue when
evaluating injury risk and developing recovery strategies for recreational athletes. Furthermore, understanding how
fatigue affects PCP in males and females may facilitate the development of targeted interventions to optimize
performance under conditions of acute game-related fatigue. For example, female recreational athletes may benefit
from strategies aimed at improving cognitive endurance and visual processing speed, whereas male recreational
athletes may benefit from interventions designed to maintain sensorimotor integration during acute game-related
fatigue.

Study Limitations :

The current study has several limitations that should be considered when interpreting the findings. First, the
relatively small sample size may limit the generalizability of the results and reduce statistical power, thereby limiting
the ability to detect smaller sex-related differences. Second, the inclusion of only university-level recreational
basketball players limits the extent to which the findings can be generalized to elite or professional athletes.

Although standardized testing procedures were implemented, individual differences in motivation,
psychological state, physical preparedness, and other human factors could not be fully controlled. These factors may
have influenced performance and, consequently, the assessment of fatigue-related changes in perceptual-cognitive
function. In addition, objective physiological and biochemical indicators of fatigue, such as heart rate variability
(HRV), blood lactate concentration, and other fatigue-related biomarkers, were not measured. The absence of these
measures limited the ability to objectively characterize participants' fatigue states and to examine the relationship
between physiological fatigue and changes in PCP.

Nevertheless, the study provides preliminary evidence supporting the potential utility of the Dynavision D2
system for assessing fatigue-related changes in cognitive-motor performance among recreational athletes. These
findings provide a foundation for further research investigating the use of objective visuomotor assessments to
evaluate the effects of acute fatigue in non-elite athletic populations.
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Recommendations for Future Research :

Future research should include larger and more heterogeneous samples comprising athletes from different
competitive levels to improve the generalizability of the findings. Incorporating objective physiological and
biochemical indicators of fatigue, such as HRV, blood lactate concentration, and other validated fatigue-related
biomarkers, would provide a more comprehensive assessment of participants' fatigue states and could help clarify the
relationship between physiological fatigue and perceptual-cognitive performance.

Further research should also investigate the relationship between perceptual-cognitive performance and
injury occurrence using real-world injury surveillance and longitudinal performance monitoring. Linking injury data
with repeated PCP assessments could provide valuable insight into whether changes in perceptual-cognitive
performance can serve as predictors of injury risk.

Finally, longitudinal studies examining the effects of targeted cognitive and neuromuscular training or injury-
prevention programs are warranted. Such studies could determine whether appropriately designed interventions can
mitigate the adverse effects of fatigue on perceptual-cognitive performance, reduce injury risk, and ultimately enhance
athletic performance. Future research should also consider whether these interventions produce different outcomes in
male and female athletes, which may contribute to the development of more individualized and sex-specific fatigue-
management and injury-prevention strategies.

This version also removes some potentially problematic causal language—for example, changing claims that
the study “demonstrates that gender has an impact” to the more scientifically defensible “these effects may differ by
sex.” This is preferable because the study appears to demonstrate observed sex x fatigue/performance differences,
rather than establish that sex itself causes those differences.
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