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Abstract

Introduction. Cognitive fatigue is crucial for student-athletes who have the task of
both fulfilling their academic tasks and ensuring their athletic performance. There-
fore, it is essential to explore the predictors of cognitive fatigue in student-athletes.

Objective. This study aimed to examine mindfulness and sleep behavior as predic-
tors of cognitive fatigue in student athletes.

Method. A total of 144 student-athletes (40.3% male, 59.7% female, M age = 20.7,
SD = 3.13) with a mean sports experience of 9.03 years (SD = 3.75) were included
in the study. The Mindfulness for Sport Inventory (MIS), the Athlete Sleep Behavior
Questionnaire (ASBQ)), and the cognitive fatigue part of the Scale of Physical and
Cognitive Fatigue Perceived (SPCFP) were used as data collection tools.

Results. Cognitive fatigue was negatively associated with mindfulness while posi-
tively associated with poor sleep behavior. In addition, mindfulness and sleep were
significant predictors of cognitive fatigue.

Conclusion. Mindfulness and sleep should be taken into consideration to reduce
cognitive fatigue in student-athletes.
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Resumen

Introduccion. La fatiga cognitiva es crucial para los estudiantes deportistas que
deben cumplir con sus tareas académicas y asegurar su rendimiento deportivo. Por
lo tanto, es esencial explorar los predictores de la fatiga cognitiva en los estudiantes
deportistas.
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Objetivo. Este estudio tenia como objetivo examinar la atenciéon plena y el compor-
tamiento del suefio como predictores de la fatiga cognitiva en estudiantes deportistas.

Meétodo. Un total de 144 estudiantes depotistas (40,3% hombres, 59,7% mujeres,
M edad = 20,7, SD = 3,13) con una experiencia deportiva media de 9,03 anos (SD
= 3,75) se incluyeron en el estudio. Se utilizaron como herramientas de recoleccion
de datos el Inventario de Mindfulness para el Deporte (MIS), el Cuestionario de
Conducta del Suefio del Atleta (ASBQ) y la parte de Fatiga Cognitiva de la Escala de
Fatiga Fisica y Cognitiva Percibida (SPCIP).

Resultados. La fatiga cognitiva se asoci6 negativamente con la atencion plena,
mientras que se asocid positivamente con un comportamiento de suefio deficiente.
Ademas, la atencion plena y el suefio fueron predictores significativos de la fatiga
cognitiva.

Conclusion. La atencién plena y el suenio deben tenerse en cuenta para reducir la
fatiga cognitiva en los estudiantes deportistas.

Palabras clave
Cognicién; fatiga mental; sueno; deporte; mal comportamiento durante el suefio.

Introduction

Cognitive fatigue, characterized by a decline in cognitive performance, is a state of
mental fatigue and reluctance resulting from prolonged cognitive activities [1-4]. It
negatively impacts cognitive functions and diminishes physical performance [4-8]. In
a systematic review study conducted by Sun et al. [9], which explored the effects of
mental fatigue on skill performance among athletes, the authors concluded that mental
fatigue detrimentally affects various sports skills, including high-level athletes’ technical
and decision-making abilities. Furthermore, another study examined the impact of
cognitive fatigue on passing decision-making in professional soccer players, concluding
that mental fatigue influences the passing decisions of soccer players during matches
[10]. Cognitive fatigue is particularly significant for student-athletes who juggle aca-
demic responsibilities with their sporting careers.

Mindfulness and sleep are two critical factors influencing cognitive performance.
Mindfulness, characterized by focusing on the present moment and non-judgmen-
tal awareness, diminishes mind wandering and cognitive stress while enhancing
mental flexibility and psychological well-being [11-15]. Amishi et al. [16] investi-
gated the effects of mindfulness training on working memory capacity and affective
experience, concluding that adequate mindfulness training can mitigate functional
impairments associated with high-stress contexts. Another study on athletes as a
quasi-experimental intervention found that mindfulness practices improve atten-
tion levels [17]. Considering these mechanisms of action, we expect that mind-
fulness has a predictive effect on cognitive fatigue. Similarly, sleep is essential for
restoring and rejuvenating cognitive functions. Sleep is of fundamental importance
for the mental and physical health of individuals. Numerous studies have demon-
strated that poor sleep habits diminish cognitive performance by affecting atten-
tion, concentration, memory, and mental flexibility [18,19]. In their study on ath-
letes, Vitale et al. [20] reported that sleep deprivation impairs cognitive functions
such as judgment and decision-making. Given these effects, we propose that sleep
behavior has a predictive impact on cognitive fatigue.
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Our research aimed to examine the predictive role of mindfulness and sleep behavior on
cognitive fatigue in student athletes. We also revealed the relationships between cognitive
fatigue, mindfulness, and sleep behavior. The current study is important in helping to de-
termine the extent to which mindfulness and sleep regulations effectively improve athletes’
performance and reduce cognitive fatigue. In addition, this study could contribute to research
in the field of sport psychology and cognitive psychology to develop new strategies for under-
standing and managing the effects of cognitive fatigue within sports.

Methods

Participants

This cross-sectional study was conducted at the Faculty of Sport Sciences at Gazi Univer-
sity and Selcuk University. To ensure a diverse representation within the sample group, par-
ticipants were selected using a sampling method supplemented with snowball sampling. The
student-athletes reached out through convenience sampling and were asked to share the link
to the scale with their student-athlete friends. The inclusion criteria included in the study were
as follows: being an active athlete, not currently taking psychiatric medication, not participat-
ing in psychotherapy, and not having significant sleep disorders.

The G*Power 3.1 program was used to determine the sample size [21]. Based on findings
in the literature, effect size criteria for use in the power analysis were determined. Howell et
al. [22] reported a positive correlation between sleep quality and mindfulness (r = 41, p =
0.001). Byun et al. [23] showed a negative correlation between sleep quality and cognitive
problems (r = -.37,p = 0.001). Zhang et al. [24] also reported a negative correlation between
mindfulness and perceived fatigue (r = - .49, p = 0.01). Relationship coefficients of .10 indi-
cate a small effect size, .30 a moderate effect size, and .50 a large effect size [25]. Accordingly;
considering that the values of .41, -.37, and -.49 fall within the moderate effect size range,
a sample size capable of providing a moderate effect size for positive correlations (.30) and
negative correlations (-.30) was considered. With an effect size of .30, a margin of error of
.05, and 95% power, the number of participants for the correlation test was calculated to be
138, and the number of participants for the regression test was 56. To account for a poten-
tial 10% missing or invalid response rate, the target sample size was calculated using Patel
and Rowe’s formula [26]. With this calculation, it was revealed that a minimum of 154 data
should be reached.

In total, 202 university student-athletes who were competing in different branches of Tur-
key in 2024 were identified. Fifty-eight individuals were excluded from the study because they
did not meet the study criteria and/or provided missing scales. Thus, a final sample of 144
student-athletes (40.3% male, 59.7% female, M age = 20.7, SD = 3.13) with a mean sports
experience of 9.03 years (SD = 3.75) was included in the analysis.

Measurements

All participants responded to the demographics, mindfulness inventory for sport, cognitive
fatigue part of the Scale of Physical and Cognitive Fatigue Perceived, and the Athlete Sleep
Behavior Questionnaire. The measurements were collected manually and through Google
Forms. There was no time interval between measurements. Before their involvement, all par-
ticipants provided informed consent. The participants were assured of the confidentiality of
their responses and their right to withdraw from the study at any time without consequence.
Ethical approval for this research was obtained from the Ethics Committee of Gazi Univer-
sity (Approval No: E-77082166-604.01.02-824995).
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Demographics

The participants were asked to complete a personal information form. This form included
questions about age, gender, athlete license status, years of involvement in sports, sports dis-
cipline, university, department, and class, any diagnosed sleep-related disorders, information
about psychotherapeutic support, and psychiatric medication usage. During the data collec-
tion phase, we took special care to distribute the scales to participants in different orders, aim-
ing to mitigate the primacy-recency effect. Control questions were added between the scales
(e.g, “We are currently in 2019”).

The Mindfulness Inventory for Sport (MIS)

The Athlete Mindfulness Scale, originally developed by Thienot et al. [27] and subsequently
adapted into Turkish by Tingaz [28], comprises 15 items distributed across three subdimen-
sions: mindfulness, nonjudgment, and refocusing. The respondents rated each item on a
6-point Likert scale ranging from 1 (almost never) to 6 (almost always). Tingaz [28] reported
internal consistency coefficients using Cronbach’s alpha, indicating a high level of reliability
for the overall inventory (a = 0.82). The subdimensions also demonstrated satisfactory inter-
nal consistency, with values for awareness (a = 0.81), nonjudgment (a = 0.70), and refocusing
(a = 0.77). To assess the scale’s stability over time, Tingaz [28] reported a robust test-retest
correlation coefficient of r = 0.89 for the overall inventory. The subdimensions also exhib-
ited respectable test-retest correlations, with values for awareness (r = 0.72), nonjudgment
(r=0.77), and refocusing (r = 0.96). As a result, the scale was found to be reliable and valid.
The higher the scores obtained from the scale are, the greater the mindfulness level; the lower
the scores are, the lower the level of mindfulness [28]. The Cronbach’s alpha reliability coef-
ficient for the recent study was 0.88.

The Scale of Physical and Cognitive Fatigue Perceived (SPCFP)

The Scale of Physical and Cognitive Iatigue Perceived (SPCEP), developed by Tekkursun
Demir et al. [29], aimed to determine the perceived physical and cognitive fatigue of athletes.
The scale consists of a total of 19 items and two dimensions: perceived physical fatigue and
perceived cognitive fatigue. Participants score between 19 and 95 points. They expressed
their experiences using a five-point Likert scale (1: strongly disagree, 5: strongly agree). The
Cronbach’s alpha coeflicients were .77 for perceived physical fatigue, .82 for perceived cogni-
tive fatigue, and .80 for the total SPCIP. Since the cognitive fatigue of the participants was
examined in our study, items belonging to the “perceived cognitive fatigue” subdimension of
the SPCIP (items 9 to 19) were used. In our study, the Cronbach’s alpha coeflicient was found
to be .91.

The Athlete Sleep Behavior Questionnairve (ASBQ)

The Athlete Sleep Behavior Questionnaire (ASBQ) developed by Driller et al. [30] to deter-
mine the sleep behaviors of athletes was adapted into Turkish by Darendeli et al. [31]. The
17-item scale consists of 4 subdimensions: sport-related factors, sleep quality factors, habitual
sleep efficiency factors, and sleep disturbance factors. Participants expressed their experiences
using a five-point Likert scale (1: never, 5: always). Darendeli et al. [31] reported that the
reliability of the scale was acceptable (ICC = 0.85, r = 74, CV = 5.6). The total Cronbach’s
alpha reliability coefficient of the scale was .62, that of sport-related factors was .89, that of
sleep quality factors was .78, that of habitual sleep efliciency factors was .87, and that of sleep
disturbance factors was .67. For the 17-item ASBQ-TR, it has been suggested that a total
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score < 34 indicates ‘good sleep behavior’ and = 40 indicates “poor sleep behavior’ [31]. The
Cronbach’s alpha reliability coefficient in our study was 0.75.

Data Analysis

We used the Jamovi (version 2.3.28) program for the data analysis. 58 of the 202 student-
athletes were excluded from the study due to missing, invalid, or noncriteria data, and the
analysis was performed with the remaining 144 athletes. Iirst, the scales with invalid or miss-
ing responses were excluded from the analysis. Subsequently, the kurtosis and skewness values
of all scale items were assessed to ensure the normal distribution of the data, with values
falling within the range of £2.00 for all items, as recommended by George and Mallery [32].
Following this, the Shapiro-Wilk test was conducted to verify the assumptions for multiple
regression analysis, yielding a p-value of 0.098, which indicated a normal distribution. Ad-
ditionally, the Durbin-Watson test was performed to examine autocorrelation, resulting in a
DW statistic of 2.03 with a p-value of 0.924, a value that suggested no significant autocorrela-
tion. Collinearity diagnostics were conducted, revealing a variance inflation factor (VIF) of 1,
which indicated no issues with multicollinearity. Consequently, the data met the assumptions
for regression analysis. Pearson correlation analysis was utilized to examine the relationships
between cognitive fatigue, mindfulness, sleep, and their subdimensions. Subsequently, mul-
tiple regression analysis was employed to ascertain the predictive value of these variables.

Linguistic revisions were conducted in collaboration with an artificial intelligence (Al) lan-
guage model. The manuscript underwent automated linguistic analysis and revisions using
the Al tool to ensure linguistic appropriateness. This process involved examining various lin-
guistic aspects, including grammar and syntax, with the assistance of ChatGPT 3.5. The
revisions were integrated into the manuscript to enhance its clarity and coherence.

Results

Relationships among Cognitive Fatigue, Mindfulness, and Sleep Behavior

Using the Pearson correlation, we examined the relationships between cognitive fatigue,
mindfulness, and sleep behavior among student-athletes. Table 1 presents the correlations
between cognitive fatigue, mindfulness, sleep behavior, and their subdimensions.

Cognitive fatigue was negatively correlated with mindfulness (r = -0.384; p < .001). Re-
garding the subdimensions of mindfulness, cognitive fatigue was negatively correlated with
both nonjudgment (r = -0.325; p <.001) and refocusing (r = -0.178; p <.05). However, there
was no significant correlation between cognitive fatigue and awareness (r = -0.108; p > .03).

Cognitive fatigue was positively correlated with poor sleep behavior (r = 0.340; p <.001).
For the subdimensions of sleep behavior, cognitive fatigue was positively correlated with sport-
related factors (r = 0.239; p <.03), sleep quality (r = 0.271; p <.001), and sleep eficiency (r =
0.313; p < .001). Interestingly, no significant correlation was found between cognitive fatigue

and sleep disturbance (r = 0.148; p > .03).
Predictors of Cognitive Fatigue: Regression Analysis

Multiple regression analysis was conducted to explore whether mindfulness and sleep behav-
1or predict cognitive fatigue among university student-athletes. The results, presented in Table
2 and Table 3, revealed significant predictors of cognitive fatigue.
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Table 1. Correlation Matrix.

1 2 3 4 5 6 7 8 9
r -
1. Cognitive
Fatigue df -
p -
r -0.384* -
2. MIS Total df 142 -
p .000 -
-0.108 | 0.661** -
3 df 142 142 -
Awareness
p 0.199 .000 -
r -0.325"* | 0.261* | -0.436*** -
4 Non- df 142 142 142 -
Judgment
p .000 0.002 .000 -
r -0.178* | 0.772** | 0.674**  -0.288*** -
5 . df 142 142 142 142 -
Refocusing
p 0.033 .000 .000 .000 -
0.340** | -0.009 0.153 -0.312** | 0.197* -
6. ASBQ df 142 142 142 142 142 -
Total
p .000 0.916 0.068 .000 0.018 -
0.239* 0.100 0.182* -0.271* | 0.307** | 0.760*** -
7. Sport df 142 142 142 142 142 142 -
Related
p 0.004 0.233 0.029 0.001 .000 .000 -
0.271** | 0.011 0.189* | -0.330** | 0.217** | 0.811** | 0.501* -
8. Sleep
) df 142 142 142 142 142 142 142 -
Quality
p .000 0.897 0.023 .000 0.009 .000 .000 -
0.313** | 0.006 0.155 -0.198* 0.089 | 0.780** | 0.386**  0.568*** -
9. Efficiency df 142 142 142 142 142 142 142 142 -
p .000 0.946 0.063 0.017 0.289 .000 .000 .000 -
0.148 -0.213* | -0.161 -0.049 -0.153 | 0.492** 0.105 0.194* | 0.338***
19' df 142 142 142 142 142 142 142 142 142
Disturbance
p 0.077 0.010 0.054 0.561 0.067 .000 0.209 0.020 .000

Note. * p <.05, ** p <.01, "™ p <.001, N = 144, MIS: Mindfulness for Sport Inventory, ASBQ: Athlete Sleep Behavior
Questionnaire. For the ASBQ and its subdimensions, higher scores indicate poorer sleep behavior.
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Model 1 showed moderate fit with an R? of 0.116, indicating that 11.6% of the variance in
cognitive fatigue was explained by sleep behavior alone. Model 2, which included both sleep
behavior and mindfulness, demonstrated improved model fit, with an R? of 0.261. This sug-
gests that 26.1% of the variance in cognitive fatigue was explained by the combined influence
of sleep behavior and mindfulness (Table 2). The AR? of 0.145 and the significant F-statistic
(F=27.7,p <.001) demonstrate that the addition of mindfulness to the model significantly
increased its explanatory power compared to the model with sleep behavior alone (Table 2).

Table 2. Model Fit Measures for Multiple Regression.

Model Fit Measures — Cognitive Fatigue

Model R R?

ASBAQ (1) 0.340 0.116

MIS (2) 0.511 0.261

Model Comparisons
Comparison
Model Model AR? F df1 df2 p
1 2 0.145 27.7 1 141 <.001

Note. ASBQ: Athlete Sleep Behavior Questionnaire, MIS: The Mindfulness Inventory for
Sports.

The standardized estimate of 0.337 (95% CI: 0.194, 0.480) indicates that poorer sleep be-
havior positively predicts cognitive fatigue among student-athletes (lable 3). Conversely,
the standardized estimate of -0.381 (95% CI: -0.524, -0.238) suggests that higher levels of
mindfulness negatively predict cognitive fatigue. In other words, student-athletes with greater
mindfulness tend to experience lower levels of cognitive fatigue (Lable 3).

Table 3. Multiple Regression Results.

Model Coefficients — Cognitive Fatigue

95% Confidence 95% Confidence
Interval Interval
Predictor | Estimate | SE Lower | Upper t P Stand. | Lower | Upper
Estimate

Intercept 3.163 | 0.530 | 2.117 | 4.210| 5.97 | <.001
ASBQ 0.565| 0.121 | 0.325| 0.805| 4.65 | <.001 0.337 | 0.194| 0.480
MIS -0.563 | 0.107 | -0.775| -0.351| -5.26 | <.001 -0.381 | -0.524 | -0.238

Note. MIS: The Mindfulness Inventory for Sports, ASBQ: Athlete Sleep Behavior Questionnaire.
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Discussion

We investigated the correlation between cognitive fatigue, mindfulness, and sleep behavior,
as well as the predictive effects of mindfulness and sleep patterns on cognitive fatigue. Our
findings revealed a negative correlation between cognitive fatigue and mindfulness, indicat-
ing that higher levels of mindfulness were associated with lower levels of cognitive fatigue.
Specifically, cognitive fatigue showed negative correlations with both nonjudgment and
refocusing, two subdimensions of mindfulness. These results are consistent with previous
studies [33,34], which also reported a negative correlation between mindfulness and cogni-
tive fatigue. In a study by Zhu et al. [35], the acute effects of mindfulness-based interven-
tion (MBI) on mental fatigue were examined in athletes, with results indicating a reduction
in mental fatigue levels following MBI. Similarly, Zadkhosh et al. [36] investigated the
impact of Mindfulness-Based Cognitive Therapy on cognitive skills in athletes, observing
an improvement in cognitive skills. These findings align with the theoretical foundations
of mindfulness. The attentional control theory of Derakshan and Eysenck [37] provides
a theoretical framework for understanding the mechanisms through which mindfulness
may mitigate cognitive fatigue. According to this theory, cognitive fatigue arises from the
depletion of cognitive control resources required for tasks involving sustained attention. By
enhancing attentional control and cognitive flexibility, mindfulness may replenish cognitive
resources and prevent their depletion, thereby reducing cognitive fatigue. Additionally, the
self-awareness, self-regulation, and transcendence (S-ART) model proposed by Vago and
Silbersweig [38] suggests that mindfulness practices cultivate self-awareness and self-regu-
lation, thereby modulating cognitive processes related to fatigue. By increasing awareness
of cognitive states and emotions, individuals can better regulate their cognitive resources
and prevent cognitive fatigue.

Cognitive fatigue was positively correlated with poor sleep behavior, suggesting that higher
levels of cognitive fatigue were related to worse sleep behavior. For the subdimensions of sleep
behavior, cognitive fatigue was positively correlated with sport-related factors, sleep quality,
and sleep efliciency, indicating that higher levels of cognitive fatigue were related to poorer
sleep quality and efficiency. This was not surprising, as there are many findings that indicate
poor sleep behavior is related to cognitive functions [23,39-45].

Surprisingly, our study did not find a significant correlation between cognitive fatigue and
sleep disturbance, contrary to findings in other populations [46,47]. This discrepancy may
be attributed to the unique stressors and demands inherent in the student-athlete population,
which may modulate the relationship between sleep disturbance and cognitive fatigue. Addi-
tionally, the absence of a direct correlation underscores the multifactorial nature of cognitive
fatigue, implicating the presence of mediating variables or moderating factors that warrant
further exploration.

The initial model, focusing solely on sleep behavior, elucidated a noteworthy but partial un-
derstanding of cognitive fatigue, explaining 11.6% of its variance. This underscores the sub-
stantial influence of sleep on cognitive functioning among student-athletes. Consistent with
previous research [48,49], poorer sleep behavior was found to reduce cognitive performance.
This underscores the critical importance of sleep in mitigating cognitive fatigue and optimiz-
ing psychological performance, which expands upon this model by incorporating mindfulness
yielded compelling results. The augmented model, encompassing both sleep behavior and
mindfulness, exhibited a substantial enhancement in explanatory power, explaining 26.1% of
the variance in cognitive fatigue. This highlights the complementary nature of mindfulness in
conjunction with sleep behavior in influencing cognitive well-being among student-athletes.
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The substantial increase in R? and the significant F-statistic corroborate the pivotal role of
mindfulness in bolstering the predictive accuracy of the model. The observed difference in
R-squared of 0.145 underscores the unique contribution of mindfulness above and beyond
sleep behavior alone, signifying its potential as a targeted intervention avenue. Notably, the
standardized estimates provided further granularity to the predictive relationships within the
model. Consistent with theoretical expectations [50], higher levels of mindfulness were asso-
ciated with diminished cognitive fatigue, as evidenced by the negative standardized estimate.
This underscores the complementary relationship between mindfulness and sleep behavior
in shaping cognitive fatigue among university student-athletes. Conversely, the positive stan-
dardized estimate for sleep behavior reaffirms its detrimental impact on cognitive fatigue,
emphasizing the need for comprehensive sleep interventions tailored to the unique demands
of student-athletes.

In sum, the findings underscore the interdependent roles of mindfulness and sleep behav-
lor in shaping cognitive fatigue among university student-athletes. Interventions targeting
both domains hold promise in optimizing cognitive well-being, thereby fostering holistic ap-
proaches to student-athlete welfare.

Limitations

Our research has several limitations. Our study has a cross-sectional design. This design limits
the possibility of capturing changes over time and shows that correlational relationships are
correlational rather than causal. Furthermore, the fact that the study was conducted only
in public universities limits the generalisability of the results and suggests that there may be
different results among students in private universities or in different geographical regions.
The fact that sleep and cognitive fatigue were assessed indirectly through the scales used to
measure sleep and cognitive fatigue may also not have provided a complete picture of par-
ticipants’ actual sleep habits and cognitive status. These limitations should be considered in
future research to ensure that more comprehensive methods are adopted and that the results
are evaluated in a wider context.

Conclusions

As a result of this study, mindfulness and sleep should be considered to reduce cognitive fa-
tigue in student-athletes.
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