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Purpose: This study aimed to construct and assess a theoretical framework to elucidate the interrelationships between
sleep, physical activity, cognitive function, and academic outcomes in Qatari university students.

Methods: A study involving 44 students (age: 23.59 years * 4.34) was conducted. The variables included “grade” (academic
performance), rapid visual information processing (RVIP), sleeping efficiency (SE), and average weekly steps (WS). Changes
in RVIP, SE, and WS over six weeks (two weeks before, during, and after exams) were analyzed using the Friedman test.
Bivariate Spearman’s correlations and mediation and moderation analyses were performed.

Results: The Friedman test confirmed significant variations in WS over the study period, indicating fluctuating physical
activity levels. A negative correlation was observed between age and physical activity, indicating decreased physical activity
in older students. A positive correlation was observed between academic performance and physical activity, suggesting a
beneficial impact of physical activity on academic outcomes. There was a significant indirect effect of physical activity on
academic performance via cognitive functioning, highlighting cognitive mediation.

Conclusions: These findings underscore the role of physical activity in enhancing academic performance, potentially through
cognitive advantages. This study establishes positive correlations between physical activity, academic performance, among

university students.
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Introduction

The significance of the three key factors of sleep for optimal
athletic performance and sport recovery—cognitive functioning,
academic performance, and well-being—alongside reducing
injury and illness risk in athletes, has been well documented'.
Decades of research have reported positive associations of
physical activity and sleep with cognitive performance across
the lifespan 2. Emerging research suggests that sleep consistency
may be a strong predictor of academic success’. Sleep deficits
(SD) have been associated with a lack of concentration and
attention in class. While a few studies dispute these effects,*
most studies examining the impact of sleep quality and length on
academic outcomes have found that longer, high-quality sleep is
associated with improved academic outcomes, including better
grades and increased study dedication °.

A high prevalence of sleep disturbances has been reported in
the Middle East, particularly in the Kingdom of Saudi Arabia,
the United Arab Emirates, and Palestine®. Rigorous research on
SD has demonstrated that insufficient sleep not only heightens
fatigue and drowsiness but also adversely affects cognitive

abilities’.

Several studies *# identified students as a group particularly
vulnerable to sleep problems. Education-related stress and
academic workload can alter a student’s sleep pattern’. Poor
sleep quality is associated with adverse health outcomes,
such as fatigue, low energy, difficulty in concentration,
mood disturbances, cognitive impairment, and poor work
performance'®. Cross-sectional studies have established that
shortened sleep duration is associated with obesity, type 2
diabetes, hypertension, and cardiovascular diseases''. This
demonstrates the need for a multifactorial approach to research
projects examining sleep, cognitive performance, physical
activity, and academic success.

A limited number of studies have evaluated the effects of
physical activity on sleep quality and duration and suggest that
physical activity may improve sleep quality 2. A systematic
review of six clinical trials concluded that participants in
exercise interventions reported improved sleep scores, reduced
sleep latency, and reduced medication use. However, no
differences were found between groups in other sleep outcomes
such as sleep duration, sleep efficiency, or sleep disturbance.
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Recent studies have indicated potential enhancements in sleep
outcomes across various exercise interventions for diverse
groups of healthy adults and patients. A short moderate-intensity
exercise program conducted twice a week for 12 weeks was
linked with noticeable improvements in self-reported sleep
quality and symptoms of insomnia, as outlined by Sternfeld,
Guthrie, Ensrud, LaCroix, Larson, Dunn, Anderson, Seguin,
Carpenter, Newton, Reed, Freeman, Cohen, Joffe, Roberts and
Caan . However, the available clinical trials are insufficient
to implement real-world interventions on a broad scale. Only
a few studies have investigated the day-to-day relationships
between physical activity and sleep using objective measures,
as indicated by Dzierzewski, Buman, Giacobbi, Roberts, Aiken-
Morgan, Marsiske and McCrae '.

Unfortunately, a lack of knowledge remains in the field
of sleep education, particularly among university students
from the Middle East'’’. Only a few studies have investigated
Middle Eastern athletes’ sleep schedules and quality'¢, and no
study has analyzed the quality and quantity of sleep among
university students in the Middle East, except for one conducted
in Kuwait", in which researchers used only self-reported
tools to assess sleep. While many studies have explored the
connections between sleep, academic outcomes, physical
activity, and cognitive performance, most have relied on self-
reported data regarding sleep duration and quality. There is a
notable scarcity of research that employs objective measures
to assess sleep duration and quality among students. Notably, a
set of interrelated recent studies have examined the immediate
benefits of sleep on academic performance in university settings.
In these studies, incentives such as extra credit were offered to
students if they maintained an average of eight or more hours of
sleep during the final week of a psychology course'®, or over the
five days preceding a graphics studio final project submission'’.
Students who maintained this sleep standard, as recorded by
a wearable activity monitor, notably outperformed their peers
in their final psychology exams. In another innovative study,
Suardiaz-Muro, Morante-Ruiz, Ortega-Moreno, Ruiz, Martin-
Plasencia and Vela-Bueno ° used Fitbit®—a wearable activity
monitor—to track the sleep patterns of university students
continuously throughout a semester. Their findings conclusively
showed that superior sleep quality, longer sleep durations, and
consistent sleep patterns have a robust correlation with enhanced
academic results in university students.

Recent studies have relied on objective and self-reported tools
made possible by the availability of sleep assessment equipment.
The healthcare industry has proposed various sleep wearables and
devices including Neuroon, LucidCatcher, ActiGraph, Fatigue
Science RediBand, FraSen Inc. Sleep Sense Mask, SleepImage,
Sproutling Baby Monitor, UP3 by Jawbone, Garmin VivoSmart,
Withings Pulse Ox, and Fitbit. Recent articles studying the
validation of wrist activity monitors using polysomnography
(PSG) as a reference 2 have reported high correlations for sleep
duration (i.e., .84— .90) and moderate-to-high correlations for
wake time after sleep (i.e., .53— .76). Each device has specific
advantages and disadvantages. PSG is currently the gold
standard (highest sensitive approach) for monitoring sleep. This
approach tracks many sleep variables, including sleep latency,
duration, wake-up time after sleep onset, each sleep-stage type
and duration, sleep efficiency, and the number of arousal events.
Despite its accuracy, this approach has significant drawbacks,
including movement restriction, high costs, time consumption,
and the need for a high level of competence in addition to non-
ecological settings (e.g., laboratory at a university or research
center).

The existing scholarly literature highlights the relationship
between sleep quality, physical activity, cognitive function, and
academic performance in the student population. However, there
is a lack of comprehensive research that explores the intricate
connections within these domains and examines whether
these interactions are consistent across distinct demographic
subgroups, such as academic year and gender. It is crucial to gain
a comprehensive understanding of these dynamic relationships,
particularly within the context of Qatari university students,
to provide effective mentorship and guidance to this academic
cohort.

Hence, this investigation seeks to establish and rigorously assess
a theoretical framework elucidating the interplay between sleep
architecture, physical activity levels, cognitive abilities, and
academic performance specifically within the Qatari university
student population. This empirical endeavor aims to contribute
significantly to the existing body of knowledge regarding these
intricate associations. Ultimately, the findings will inform the
development of evidence-based interventions and support
systems tailored to address the unique needs of Qatari students
pursuing higher education.

Methods

Participants

A total of 51 Qatar University students were recruited for this
study between 05/09/2021 and 30/10/2021. However, some
participants were excluded from the analysis owing to missing
data, resulting in a final sample of n = 44 students. The sample
consisted of both male (65.9%) and female (34.1%) students,
with a mean age of 23.59 years (SD =4.34) and an average grade
of 80.8% (SD = 11.70%). Prior to participation, all students
provided written informed consent in agreement with the
study protocol and data publication guidelines. The study was
conducted in accordance with the Declaration of Helsinki, and
the University Institutional Review Board approved the protocol
(QU-IRB 1467-EA/21). All participants were thoroughly
familiarized with the tests administered in this study and were
informed that they could withdraw at any point without any
repercussions.

This six-week study aimed to investigate the complex interplay
between sleep quality, physical activity, cognitive function, and
academic performance among university students. The study
focused on three distinct phases: two weeks before final exams,
two weeks during the exam period, and two weeks after exams.

Measures

The study utilized various devices to assess different measures:

Cambridge Neuropsychological Test Automated Battery
(CANTAB) *!: A computerized tool used to evaluate a range of
cognitive functions. Specifically, it was employed to measure
spatial working memory between errors (SWMBE) and the
paired associates learning score.

ActiGraph 22 A lightweight, wrist-worn device used to
measure sleep patterns and activity levels. It tracks movements
throughout the night or day to estimate sleep and wake periods
or overall activity levels.

The study encompassed several measures, including:

Weight and height.

Spatial Working Memory Between Errors (SWMBE) 2
Assessed using CANTAB. This test requires the retention and
manipulation of visuospatial information. It is a self-ordered
task that imposes significant demands on executive functions
and provides measures of strategy as well as working memory
errors.
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Paired Associates Learning Score ?*': Evaluated using
CANTAB, this measure assesses visual memory and new
learning capabilities.

Total Sleep Time (TST) 2: Refers to the total duration of sleep
during a designated sleep period, typically overnight. TST was
estimated using the ActiGraph, which detects periods of minimal
movement indicative of sleep.

Wake After Sleep Onset (WASO) *: Indicates the amount
of time spent awake after initially falling asleep. WASO was
measured using the ActiGraph, which tracks periods of increased
movement that may signal wakefulness during the sleep period.
However, the weight and height measures and SWMBE were
excluded from the analysis owing to missing data. Additionally,
the physical activity level (PAL) score, TST, and WASO
measures were excluded because of issues with factor loading in
confirmatory factor analysis, as shown in Table 1.

The final set of measures used in the study included “Grade”
(academic performance), Rapid Visual Information Processing
or “RVIP” (cognitive function), Sleeping Efficiency or “SE”
(Sleeping Behavior), and Average Weekly Steps or “WS”
(physical activity), which is calculated using the average of
weekday and weekend steps variables.

Final measurement model stability over time

The stability of the final measurement model was assessed by
estimating separate factor models for each week of data collection
and comparing the fit indices over time. Table 2 presents the
Standardized Root Mean Squared Residual (SRMR), Chi-square,
and Root Mean Square Error of Approximation (RMSEA)
values for each week’s factor model. The results suggest that
the factor structure of the model remains relatively stable over
time, as indicated by the non-significant chi-square values and
the SRMR and RMSEA values that fall within the acceptable

Table 1. Factor loadings of different variables for different weekly models

Models (Weeks)

Factor Variable
1 2 3 4 5 6 All
. ) PAL score 901 .634 .988 578 134 358 715
Cognitive Functions
RVIP 390 706 .089 977 .983 953 .849
Sleeping efficiency .949 .966 908 .684 262 927 938
Sleeping Behavior Total sleep time .873 .646 .802 972 .607 427 .641
Wake time after sleep 373 .611 .545 .094 952 .884 .032
Weekday steps 911 .858 .680 968 970 398 935
Physical Activity
Weekend steps .897 928 998 938 972 591 908
PAL: Physical Activity Level; RVIP: Rapid Visual Information Processing
range. Specifically, the acceptable value for the SRMR is less less than or equal to .08%.
than or equal to 0.08, and the acceptable value for the RMSEA is
Table 2. Factor model fit indices for six weeks of data collection
Models SRMR RMSEA Chi-square (df) P-value
Week 1 .03 .079 245 (1) 117
Week 2 .02 .078 2.82 (1) .093
Week 3 .04 .023 .00 (1) .984
Week 4 .04 .028 A44(1) .508
Week 5 .05 .022 20 (1) .652
Week 6 .07 .024 .82 (1) 364

SRMR: Standardized Root Mean Squared Residual; RMSEA: Root Mean Square Error of Approximation.

Statistical Analysis

We performed various statistical analyses to examine the
relationships between the study variables. First, we computed
descriptive statistics for all study variables. Some variables,
such as RVIP, SE, and SWS, were measured repeatedly over six
weeks. The average scores of these variables across the six weeks
were calculated for each participant. Additionally, we used the
Friedman test to analyze the changes in RVIP, SE, and WS over
the six weeks®. For the final analysis, the average scores for
each participant were computed by combining the six-week data
on RVIP, SE, and WS. Second, bivariate Spearman correlations
were conducted to explore the relationships between the
study variables. Third, a mediation analysis was performed to
investigate the indirect effects of physical activity and sleep on

26

academic performance through cognitive functioning®’. Finally,
a moderation analysis was conducted to examine whether the
relationship between sleep and academic performance persisted
when controlling for cognitive functioning and physical
activity.”> All statistical analyses were conducted using R
software, version 4.1.2.%° The level of statistical significance was
set at P < .05 for all tests.

Results

This study aimed to investigate variations in RVIP, SE, and WS
across different academic periods. Linear mixed-effects models
were employed to analyze the impact of exam schedules (two
weeks before, two weeks during, and two weeks after exams).
The analysis accounted for fixed factors such as “Period” and
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“Gender,” while controlling for “Age” and “Grade Point Average
(GPA).” A random intercept was included for each subject to
manage the repeated-measures design.

A linear mixed-effects model was utilized to analyze the impact
of various factors on RVIP among the students. The model
revealed a significant baseline RVIP score (Intercept: .7231, P <
.001), suggesting a fundamental level of RVIP in the absence of
other influencing factors. However, compared to “After” exams,
the “Before” and “During” exam periods did not exhibit a
statistically significant change in RVIP scores (Before: increase
by .0140 units, P = .205; During: increase by .0106 units, P =
.334). Gender differences indicated that male students had a
lower RVIP score than female students, though this difference
was not statistically significant (decrease by .0309 units, P =
.182). However, GPA were positively associated with RVIP
scores; however, these relationships did not reach statistical
significance (Age: increase by .0038 units per year, P = .150;
GPA: increase by .0334 units per GPA unit, P = .234). Overall,
the model in this study suggests that the considered variables—
exam periods, gender, age, and GPA—do not have a statistically
significant impact on RVIP scores among the students.

In the analysis of sleep quality (SE) reported, a linear mixed-
effects model was employed to examine the influence of
academic periods, gender, age, and GPA on sleep quality among
the students. The model accounted for individual variability by
including random intercepts for subjects.

The results indicated a significant baseline level of sleep
quality (Intercept = 95.2621, P < .001), reflecting the average
sleep quality score when other variables are zero. Regarding
time period, the “Before” and “During” exam periods did not
demonstrate a statistically significant impact on sleep quality
compared to the “After” exam period (Before: increase by .5248
units, P =.188; During: decrease by .0355 units, P = .929).
Gender differences were observed, with male students exhibiting
significantly lower sleep quality scores compared to female
students (decrease by 1.1935 units, P = .042). However, age and
GPA did not show a significant association with sleep quality
(Age: decrease by 0.0211 units per year, P =.745; GPA: increase
by .1321 units per GPA unit, P = .849).

A linear mixed-effects model was employed to elucidate the
determinants of WS among the students, considering the
influence of academic periods, gender, age, and GPA. The
analysis revealed a substantial baseline activity level, as
indicated by the significant intercept (36855.56 steps, P <.001).
This value represents the WS for a typical female student during
the “After” exam period, with baseline age and GPA.
Significant variations in WS were observed across different
academic periods. Specifically, the “Before” exam period saw
a marked decrease in steps (6456.86 fewer steps, P < .001)
compared to the “After” period, suggesting reduced physical
activity as exams approached. Similarly, during exam weeks, a
significant reduction in activity was noted (4033.95 fewer steps,
P =.021), aligning with the notion that academic demands might
contribute to decreased physical activity.

Gender differences emerged as a notable factor, with male
students engaging in significantly fewer WS than their female
counterparts (a decrease of 10427.55 steps, P < .00001). This
finding points to gender-specific patterns in physical activity
among the students. Age and GPA, while included as covariates,
did not demonstrate a statistically significant association with
WS (Age: P=.075; GPA: P =.622).

The relationships between the study variables were examined
through a Spearman correlation analysis, exploring the
associations between age, academic performance (Grade),

cognitive function (RVIP), sleeping behavior (SE), and physical
activity (WS) in a sample of 44 college students.

The results also revealed a significant positive correlation
between sleeping behavior and physical activity (R = .337, P =
.025). However, no significant correlations were found between
cognitive function and the other study variables. These findings
suggest that physical activity may positively influence academic
performance and sleeping behavior, and that age is negatively
associated with PAL and academic performance. As previously
mentioned, one research question hypothesized whether a
relationship between physical activity, sleep, and cognitive
functioning was necessary for better academic performance.
To explore this question, a mediation analysis was conducted
to examine the indirect effects of physical activity and sleep on
academic performance through cognitive functioning.

A mediation analysis was conducted to explore the indirect
effects of physical activity and sleep on academic performance
through cognitive functioning for students in the sample. The
analysis revealed a significant positive direct effect of physical
activity on academic performance ( = .0006, P =.016) and no
significant direct effect of sleep on academic performance (3
=.000001, P = .972). However, the indirect effect of physical
activity on academic performance through cognitive functioning
was found to be significant (f = .0007, P = .018). These results
suggest that the relationship between physical activity and
academic performance was partially mediated by cognitive
functioning, whereas sleep did not seem to have a significant
direct or indirect effect on academic performance of the students.
This study also aimed to investigate the relationships between
physical activity, sleep, cognitive functioning, and academic
performance in college students. Specifically, the study sought
to explore the indirect effects of physical activity and sleep
on academic performance through cognitive functioning, and
the direct causative relationship between sleep and academic
performance.

Based on the causal mediation analysis results, the average causal
mediation effect estimate was - .075, indicating that the indirect
effect of sleeping behavior on academic performance through
cognitive function was not significant (P = .74). The average
direct effect was .604, suggesting that the direct effect of sleeping
behavior on academic performance was not significant after
controlling for cognitive function. The total effect of sleeping
behavior on academic performance (total effect) was .528,
which was not statistically significant, with a p-value of .61. The
proportion mediated (Prop. Mediated) was - .001, suggesting
that cognitive function did not mediate the relationship between
sleeping behavior and academic performance.

Discussion

This study aimed to investigate the complex relationships
between academic performance, cognitive function, sleep quality,
and physical activity patterns among 44 university students. The
findings of this six-week study offer valuable insights into the
dynamics of these associations and their potential implications
for academic settings.

Regarding cognitive function, the analysis commenced by
scrutinizing the RVIP scores across the six-week study period.
The model revealed a significant baseline RVIP score (Intercept:
7231, P < .001), suggesting a fundamental level of RVIP in
the absence of other influencing factors. However, compared
to “After” exams, the “Before” and “During” exam periods
did not show a statistically significant change in RVIP scores
(Before: increase by .0140 units, P = .205; During: increase by
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.0106 units, P = .334). This observed stability in RVIP suggests
that cognitive function, in relation to physical activity, remained
relatively stable throughout the study.

The investigation then focused on SE. The results revealed a
significant baseline level of sleep quality (Intercept = 95.2621, P
<.001), reflecting the average sleep quality score when the other
variables were zero. However, when comparing the “Before” and
“During” exam periods to the “After” exam period, there was no
statistically significant impact on sleep quality (Before: increase
by .5248 units, P = .188; During: decrease by .0355 units, P =
.929). This finding underscores the notion that the participants’
sleeping efficiency exhibited a consistent pattern and was not
significantly affected by the study’s temporal progression.
Further scrutiny was directed toward WS, a measure quantifying
physical activity. Significant variations in WS were observed
across different academic periods. Specifically, the “Before”
exam period saw a marked decrease in steps (6456.86 fewer
steps, P < .001) compared to the “After” period, suggesting
reduced physical activity as exams approached. Similarly,
during the exam weeks, a significant reduction in activity was
noted (4033.95 fewer steps, P = .021), aligning with the notion
that academic demands might contribute to decreased physical
activity. These findings emphasize the temporal variability in
physical activity levels among the participants, with specific
periods displaying divergent mean step counts. These fluctuations
in physical activity levels have implications for the dynamic
nature of the relationship between physical activity and the
variables under investigation, including academic performance
and cognitive function.

It is important to recognize that physical activity levels are
influenced by multiple factors, as outlined by Cavill et al.’” While
age, gender, and socioeconomic status represent non-modifiable
determinants, they are not the sole factors shaping physical
activity patterns. Modifiable determinants include personal
characteristics, such as attitudes, motivation, and self-efficacy;
the social environment, including family, friends, and social
support; and the physical environment, comprising variables
such as weather conditions, access to athletic facilities, and
transportation infrastructure. Understanding the multifaceted
nature of these factors is crucial for devising effective strategies
to promote physical activity and overall well-being among
university students.

In our analysis, we observed a notable positive correlation
between academic performance and physical activity levels,
suggesting that engagement in physical activity may have a
positive influence on academic outcomes. it is imperative to
acknowledge contrasting results reported by Hattie and Clinton
Zwho found no significant association between academic success
and physical activity. Moreover, von Hippel and Bradbury ¥
posted that a direct link between academic performance and
physical activity may not be entirely valid, as both academic
outcomes and physical activity can be influenced by various
socioeconomic factors. Additionally, Tomporowski, Davis,
Miller and Naglieri **explored the relationship between physical
activity and academic achievement and suggested minimal to
negligible impacts of physical activity on academic success.
However, Redondo-Florez, Ramos-Campo and Clemente-
Suérez’' identified a positive correlation between students’
academic accomplishments and their PAL, particularly among
those engaged in high-intensity physical activities. These varied
findings underscore the complexity of the relationship between
physical activity and academic performance, warranting further
investigation to elucidate the underlying mechanisms and
contextual factors influencing this association.

Mediation analyses were employed to gain a deeper
understanding of the complex relationships between
physical activity, sleep, cognitive functioning, and academic
performance. The initial mediation analysis sought to elucidate
the indirect effects of physical activity and sleep on academic
performance, with cognitive functioning serving as a mediating
variable. The outcomes revealed a statistically significant
indirect effect of physical activity on academic performance,
through the mediation of cognitive functioning. This implies
that the relationship between physical activity and academic
performance can be partially attributed to the influence of
physical activity on cognitive function. Conversely, our analysis
observed no significant direct or indirect effects of sleep on
academic performance.

Our findings align with a cross-sectional study conducted by
McPherson, Mackay, Kunkel and Duncan* which demonstrated
a significant association between physical activity and academic
outcomes (R = .225). However, upon introducing cognitive
function into the model, this direct relationship attenuated
(R = .121), highlighting the mediating role of cognition in
this association. Our study also revealed a robust correlation
between cognitive abilities and academic achievement (R =
.750), emphasizing the critical role of cognition in academic
performance. A modest yet noteworthy correlation was also
identified between physical activity and cognitive abilities (R
= .138). These collective findings underscore the complexity of
the relationship between physical activity, cognitive function,
and academic performance, emphasizing the mediating role of
cognitive function in the association between physical activity
and academic outcomes.

The second mediation analysis aimed to investigate the mediating
role of cognitive functioning in the relationship between sleeping
behavior and academic performance. The results revealed that
cognitive function did not mediate this relationship. According
to Okano et al.,'”? college students’ academic performance is
significantly correlated with their sleep quality and quantity.
Sufficient sleep positively affects grades, a measure of academic
performance, and promotes cognitive function. Consequently,
insufficient sleep is associated with poor student performance?®.
This study also explored the potential moderating effects of age
and gender on the relationships between sleep, physical activity,
cognition, and academic performance. The results showed no
significant moderation effects of age and gender, except for a
marginal effect of age on the relationship between sleep and
academic performance. Iri, Ibis and Aktug * found no significant
correlation between academic success and physical activity in
female and male students. Additionally, studies by Liu, Li and
Li ¥support the findings reported in this study; they also indicate
that there is no significant correlation between academic success
and physical activity in female and male students.

Finally, a comprehensive multiple regression analysis was
undertaken to rigorously assess whether the connection between
sleep and academic performance retained significance while
accounting for the potential effects of cognitive function
and physical activity. The analysis revealed no significant
relationship between sleep and academic performance. This
study's unexpected finding that sleep did not show a significant
direct or indirect effect on academic performance could be
attributed to several factors. One possible explanation is the
methodological limitations inherent in our study design. Our
reliance on self-reported measures of sleep quality, which are
inherently subjective, might have introduced variability and
inaccuracies that obscure the true relationship between sleep
and academic performance. Objective measures of sleep, such
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as polysomnography or actigraphy, could provide more reliable
data and potentially reveal associations not detected by self-
reports.

Additionally, the focus of our mediation analysis on cognitive
function as a mediator in the physical activity-academic
performance relationship may have overshadowed the potential
mediating role of sleep. It is possible that sleep influences
academic performance through complex interactions with
cognitive function, which were not fully captured in our analysis.
Moreover, the six-week study period may have been insufficient
to observe the long-term effects of sleep patterns on academic
outcomes.

These results contrast with some existing literature that suggests
a direct correlation between sleep quality and academic
performance. However, it aligns with other studies that have
found no significant relationship, suggesting that the impact of
sleep on academic performance may vary depending on factors
such as measurement methods, sample characteristics, and study
design.

Future research should consider larger, more diverse samples
and employ objective sleep measures to enhance the accuracy
of findings. Additionally, a more comprehensive exploration of
potential mediating variables, including both cognitive function
and sleep, is needed to better understand the complexities of
how sleep may influence academic achievement. This approach
would provide a more nuanced understanding of the interplay
between sleep and academic success. In contrast, physical
activity continued to exhibit a significant association with
academic performance, even after adjusting for the potential
influences of sleep and cognitive function.

Limitation

This study provides valuable insights into the relationship
between sleep patterns and academic performance; however,
several limitations warrant consideration. First, the six-week
observation period may not be enough to capture the long-term
effects of sleep patterns on academic performance. Chronic
sleep issues, which develop over longer periods, may exert
more substantial impacts that are not evident within the short
timeframe of this study. Additionally, while we focused on sleep
efficiency (SE) as the primary measure of sleep quality, this does
not fully capture the complexity of sleep. Other factors such as
total sleep duration, sleep architecture (including different sleep
stages), and daytime sleepiness could also significantly influence
academic performance, yet these were not comprehensively
assessed in our study.

Furthermore, any missing data could potentially weaken our
conclusions about the impact of sleep on academic performance.
Although we employed methods to handle missing data,
a significant amount of missing data could still affect the
robustness of our findings. The relatively small sample size of
44 university students and the specific population studied also
limit the generalizability of our results. This sample may not
represent broader student populations, reducing the applicability
of our findings to other groups.

Our choice of outcome measures was based on relevance
and feasibility, which necessitated the exclusion of other
potentially informative measures due to constraints in time and
resources. This selection could have influenced the scope and
depth of our findings. Lastly, both qualitative and quantitative
assessments used in the study have inherent limitations.
Quantitative assessments, while providing precise data, may not
capture the nuances of individual experiences and behaviors.

In contrast, qualitative assessments, though rich in detail, can
be subjective and harder to generalize. Future research should
consider extending the observation period, incorporating a more
comprehensive range of sleep measures, and involving larger
and more diverse samples. These steps would help in better
understanding the complex interactions between sleep and
academic performance.

Practical Applications

In summary, these findings substantially enhance our
understanding of the intricate dynamics underpinning the
interrelationships between academic performance, cognitive
function, sleep, and physical activity within a university student
population over a six-week period (before, during, and after
exams). The results highlight the pivotal role of physical activity
in enhancing academic performance, implying that regular
exercise may bestow cognitive benefits that may contribute to
improved academic outcomes. However, it is worth noting that
this study did not discern a direct impact of sleep on academic
performance. Consequently, future research should delve deeper
into elucidating the mechanisms through which physical activity
influence’s cognitive function and academic performance, while
also exploring additional potential factors that may mediate or
moderate these multifaceted relationships. These investigations
will undoubtedly further enrich our understanding of the intricate
interplay between lifestyle factors and academic success in
university students.

Conclusions

Our investigation revealed noteworthy findings regarding the
complex interplay between physical activity, sleep, age, and
academic performance among college students. Notably, a
positive association was identified between physical activity and
both academic performance and sleeping behavior, underscoring
the potential cognitive benefits of regular exercise contributing
to improved academic outcomes. Conversely, age exhibited a
negative association with both physical activity and academic
performance, suggesting a potential age-related decline in
these domains. These findings enhance our understanding of
the multifaceted interactions between lifestyle factors, age, and
academic performance in college students. Further research
should explore the underlying mechanisms linking physical
activity, cognitive function, sleep, and academic performance to
inform interventions and support strategies tailored to the unique
needs of the student population.
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