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Objectives: The aim of the present study was investigating the associations
between physical fitness and executive function tasks in children aged 10-13 years,
with a particular focus on the contribution of physical fitness to working memory.

Findings: The findings reported significant correlations between the N-Back task (a
measure of working memory) and all three physical fitness tasks: grip strength, long
jump, and shuttle run. Additionally, the Flanker task (assessing selective attention) was
correlated only with the shuttle run task. However, no significant correlation was
found between the Stroop task (measuring inhibition control) and the physical fitness
tests. Regression analyses further demonstrated that physical fitness tasks significantly
contributed to working memory performance, independent of age and BMI.

Contributions: These findings emphasize the importance of incorporating diverse
physical activities in children’s routines to support both physical and cognitive
development, particularly in enhancing working memory, which is critical for
academic achievement. From an educational and policy standpoint, integrating
targeted fitness programs into school curricula may foster both physical health
and cognitive development. Consequently, this study underscores the need for
holistic approaches that combine physical and cognitive interventions, ultimately
enhancing overall development and academic performance in schoolchildren.
Hence, this study underscores the need for holistic educational interventions that
integrate physical fitness with cognitive development.

KEYWORDS

cognitive functions, physical fitness, preadolescents, working memory executive,
schoolchildren

Introduction

Motor skills are defined as the abilities required to control and coordinate the body’s
movements, essential for daily activities and various forms of physical exercise (Bolger et al.,
20215 Dapp et al., 2021). These skills are typically categorized into gross motor skills, which
involve large muscle groups and whole-body movements, and fine motor skills, which involve
smaller muscle groups and precise movements, such as those required for writing or
manipulating small objects (Cerit et al., 2020; Gallahue, 2010). In the early childhood such as
at pre-school and early primary school, the development of motor skills is crucial during
childhood as it not only influences physical health but also plays a crucial role in social
interaction and cognitive development including executive functions (Donnelly et al., 2016;
Han etal., 2022; Van der Fels et al., 2015). In the late childhood and early adolescents, there is
more intention to improve physical fitness. Physical fitness means the components of physical
fitness including respiratory and muscular fitness, which are related to physiological,
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psychological and cognitive development including executive
functions (Caspersen et al., 1985; Nieto-Lopez et al., 2020).

Executive functions as an umbrella term (Diamond, 2013a;
Mulder et al., 2009) is now associated with goal-directed behavior,
encompassing multiple cognitive components such as inhibition
control, selective attention, and working memory. Inhibition control
is well known as the ability to control impulsive responses (Allom
et al,, 2016). Selective attention is typically defined as the ability to
focus on selected target stimuli while ignoring other irrelevant stimuli
(Lamers et al., 2010). Working memory, which is often defined as the
cognitive function responsible for retaining and manipulating
information in memory for a short period of time, and it is a core
component of executive functions (Gray et al., 2017; Lee et al., 2013;
Miyake et al., 2000). The development of executive functions during
childhood is critical for academic achievement, social functioning,
and overall mental health (Diamond, 2013a, 2013b; Nayfeld et al,
2013). These cognitive processes are primarily governed by the
prefrontal cortex, which continues to develop throughout childhood
and adolescence (Coull et al,, 1996; Uttal et al., 2013).

The specific nature of the relationship between physical fitness and
various components of executive functions remains underexplored,
particularly in children aged 10-13 years. This age range is critical as
it encompasses the transition from middle childhood to early
adolescence, a period marked by significant cognitive, physical, and
emotional development (Borghese and Janssen, 2019; Calvert et al,
2001; Pavlovi¢ et al., 2020; Vieira et al., 2003). Understanding the
interactions between physical fitness and executive functions during
this period can provide insights into how these domains support each
other and inform interventions that promote holistic development. A
growing body of literatures have indicated that physical activity
enhances and facilitates neurocognitive performance especially
childrens executive function (Amatriain-Fernandez et al., 2021;
Niederer et al., 2011; Pontifex et al., 2014; Tomporowski et al., 2008).
One of the primary mechanisms through which exercise influences
cognitive development is its impact on brain health (Amatriain-
2021).
Aerobic exercise, in particular, has been linked to increased gray

Fernandez et al., 2021; Erickson et al., 2014; Meijer et al.,

matter volume in regions responsible for executive functions and
memory (Chaddock-Heyman et al., 2014a,b; Erickson et al., 2014;
Erickson et al., 2011; Weinstein et al., 2012). This structural plasticity
is thought to underlie improvements in cognitive abilities. A recent
systematic review (Van Waelvelde et al, 2020) concerning the
associations between physical activity PA and cognitive performance
confirmed the positive correlations between PA and certain measures
of EFs such as Flanker and Stroop (Dallaway et al., 2023).

The conflicting research results regarding the association between
physical fitness and executive function is an important rational of our
paper. For example, among children aged 8-13 years, only handgrip
strength was significantly associated with cognitive function, whereas
other physical fitness components were not which could be due to the
poor level of physical fitness among the majority of children
participants (Amenya et al., 2021). Among adolescents, speed-agility
was significantly associated with some cognitive functions, but
cardiorespiratory and muscular fitness were not (Haverkamp et al.,
2021). On the other hand, another study found an association between
physical fitness components and four cognitive functions although
these associations were mostly small (Drozdowska et al, 2021).
Although there is evidence to suggest that there are positive

Frontiers in Psychology

10.3389/fpsyg.2025.1493206

associations among physical activity, fitness, cognition, and academic
achievement, there findings are inconsistent. Even if there is
conflicting outcomes regarding physical activity, it is important for
growth and development and general health (Donnelly et al., 2016).
Hence, this study aimed to investigate the associations between
physical fitness tests and three measures of executive functions namely
Stroop, Flanker and N.Back that assess inhibition control, selective
attention and working memory, respectively. The purpose of this study
also was to examine the contribution of physical fitness tests on
executive functions specifically working memory which considers as
a core component of executive functions. By exploring these
relationships, we aim to contribute to the understanding of how
physical and cognitive development are interconnected during this
critical developmental period. Specifically, this research seeks to
determine which aspects of physical fitness are most strongly related
to different components of executive functions. This knowledge can
inform the design of targeted interventions that simultaneously
enhance physical fitness and executive functions, potentially leading
to improved academic performance, better physical health, and
enhanced social functioning in children.

Method
Participants

Participant boys aged 10-13 years from primary and middle
schools from Taif city in Saudi Arabia were recruited to the study.
Their families/parents were informed and invited to collaborate in the
study. Before conducting the study, consent forms were provided for
participants and their parents or guardians and schools. Ethical
approval for the study was obtained from the King Saud University
Ethical Review Committee (IRB: KSU-HE-24-234). We used G*Power
software (V.3.1.9.7) to calculate required sample size to obtain 95%
confident that our sample is representative of the population with a
margin of error of 5%. a sample size of at least 99 participants was
required, and we add 20% for any withdrawn and data missing.
One-hundred thirty-seven children completed cognitive assessments
and physical fitness tests, who were included in the analysis of current
study. Exclusion criteria included age, any metabolic or mobility
diseases, and not completing study requirements.

Materials

Anthropometry and body composition

Participants’ heights and weights were measured to the nearest
#0.1 cm using a Seca model 220 portable stadiometer and to the
nearest 0.1 kg using a Seca 770 digital scale, respectively. Trained
Saudi research assistants took all measurements. Body mass index
(BMI) was calculated [weight (kg)/height* (m?*)] based on the CDC
Global reference data (Cole et al., 1995), and participants classified as
underweight, normal weight, overweight or obese according to
IOTF criteria.

Physical fitness tests

Shuttle run: Cardiorespiratory fitness was assessed using the
FITNESSGRAM PACER (Meredith and Welk, 2010) a modified
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version of 20 m shuttle-run test. The test is carried out inside or outside
on a hard-court surface, and the 20 m distance was marked by two lines
of standard cones. All participants follow a standardized recorded
instruction from the PACER CD. The participants were instructed to
run back and forth over the marked 20 m distance in time with the
audible signal. The test speed starts with 8.5 km/h, with speed
increment of 0.5 km/h every 1 min which represents a stage. The test
is ended either at the point of individual volitional exhaustion or when
participants failed to maintain the required running speed twice
(Miguel-Etayo et al., 2014). Performance is quantified as total shuttles
completed, and classification of aerobic fitness level reported by
Tomkinson et al., has been used (Tomkinson et al., 2018). This test has
been used in the Saudi adolescents (Aljuhani and Sandercock, 2019).

Grip strength: Strength was assessed using isometric handgrip
dynamometry (Baseline® Smedley spring-type dynamometer,
Fabrication Enterprises, Inc., White Plains, NY, USA). The dynamometer
is adjusted accordingly, to accommodate differences in participant hand
size and assure a comfortable grip position. Participants were given
verbal encouragement to apply maximal effort and ‘squeeze as hard as
possible’ for at least 2 s. The protocol and instructions were designed to
reduce the occurrence of Valsalva’s maneuver, reduce the frequency and
degree of shoulder elevation, and maintain a neutral neck position.
Researchers visually monitored each attempt to prevent participants
from pushing the hand or dynamometer against the outer thigh. Two
trials were performed using the dominant hand and the highest score is
recorded as peak grip strength (kg). In cases where the second measure
is much higher than the first attempt, a third trial will be performed and
the highest value used. Limb dominance will be determined by asking
participants which hand they wrote with. This test has been used in the
Saudi children (Algahtani et al., 2023).

Long jump: The test examines the strength of lower limbs. The
participant stands on a line at a start point, feet close to each other
bending his/her knees and try to jump pushing the body to the front
as much as possible. The connection between the heel and the ground

10.3389/fpsyg.2025.1493206

is marked, and distance from the starting point is measured using a
measuring tape. Participant is given to trials, and the highest is
recorded in Castro-Pinero et al. (2009). Results are classified based on
the reference values reported by Tomkinson et al. (2018). This test has
been used in the Saudi children (Duncan et al., 2023).

Executive function tasks
The three tasks of executive functions were performed by the
Inquisit web software which provides an access to all the tasks and also
stores the data automatically. All the tasks can be opened and
performed in tablets. All the tasks together take around 10 min.
Stroop (inhibition control): is an Arabic version designed
specifically for this study. In this task the participant has to choose the
ink for the written color name in Arabic (red, green, black and blue).
The participant has to press the assigned key for the ink of the color
name regardless the meaning of the word. For example, the word Red
is written in a blue ink, so the participant has to choose the assigned
key for the blue ink (See Figure 1). The task starts with an instruction
and practice trails to make sure the participants understand the
requirement for the task. The mean accuracy and the mean reaction
time are recorded in the software (Jensen and Rohwer, 1966).
Flanker (selective attention): is a well-known and widely used task
to assess selective attention and speed of information processing. Five
arrows inside fish appear in the screen facing different directions, a
participant is required to focus only on the central one and press the
corresponded button in the screen (See Figure 2). For example, if the
central arrow faces the right direction, then the participant has to press
the right button on the screen. The accuracy rate (number of correct
response) and the reaction time are recorded in the researcher’s platform.
N.Back (working memory): the N-back task is a continuous
performance task commonly used to assess working memory
(Pelegrina et al., 2015). In this task, participants are presented with a
sequence of stimuli (e.g., Playing Cards) and are required to indicate
when the current stimulus matches the one presented N steps earlier

FIGURE 1
A single trail of Stroop task.

Frontiers in Psychology

frontiersin.org


https://doi.org/10.3389/fpsyg.2025.1493206
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org

Alghamdi et al.

10.3389/fpsyg.2025.1493206

& P & ¥

FIGURE 2
A single trial of Flanker task.

in the sequence. If it is the same the participant has to select Yes and
if it is not the same the participant has to select No (See Figure 3).

Study design and procedure

The study was a cross-sectional design. Children who expressed
their interests with the acceptance of their parents/gradients were
included in the study. All tests were carried out in the morning
between 8 and 10 am. In the first day, anthropometry and body
composition measures were taken. Inquisit application is downloaded
on a tablet, and all three executive function tasks were performed
consequently, which is directly saved to the research account. These
tests were performed in a private room. On the second day, handgrip
strength and long jump tests were performed in the sport field
outside the school building. Shuttle run test was performed in a
separate day in the sport field. There was a minimum one researcher
or research assistant for every 10 participants during the Shuttle
run test.

Data analysis

All data analyses were conducted using JASP, a user-friendly
software for statistical analysis. Mean and standard deviation for age,
executive function tasks, BMI and physical tests are presented in
Table 1. Before performing the main analyses, we checked for outliers
in our dataset to ensure the accuracy and reliability of our results. To
explore the relationships between age, BMI, physical fitness tests (grip
strength, long jump, and shuttle run), and executive function tasks
(Stroop, N-Back, and Flanker), we conducted Pearson correlation
analyses. To examine the specific contributions of physical fitness tests
to working memory performance, assessed using the N-Back task,
we conducted multiple linear regression analyses. In these analyses,
age and BMI were included as control variables to isolate the effect of
motor skills on working memory. By controlling for these covariates,
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we aimed to determine the unique contribution of each physical
fitness tests (grip strength, long jump, and shuttle run) to working
memory performance. Beyond age and BMI, factors such as
nutritional status, family environment, socioeconomic status, and
gender (not applicable in our single-gender study) can influence both
physical fitness and cognitive outcomes. While our study design did
not allow full control of these variables, future longitudinal or
intervention-based projects should include more detailed assessments
to isolate and examine these potential confounders. All analyses were
conducted with an alpha of p < 0.05 level of significance.

Results

Associations between physical fitness tests
and executive function tasks

Table 2 presents the correlations among age, BMI, physical fitness
tests, and executive function tasks in children aged 10-13 years.
Significant correlations were observed between several variables,
highlighting the relationships between motor and cognitive measures.

Stroop accuracy showed a positive correlation with BMI
(r=0.183, p < 0.05), indicating that higher BMI was associated with
better Stroop task accuracy. However, no significant correlations were
found with age, grip strength, long jump, or shuttle run.

Stroop reaction time was negatively correlated with age
(r=—0.249, p < 0.01) and BMI (r = —0.185, p < 0.05), suggesting that
older children and those with higher BMI had faster reaction times on
the Stroop task. No significant correlations were found with grip
strength, long jump, or shuttle run.

N-Back accuracy, a measure of working memory, was positively
correlated with age (r=0.433, p < 0.001), BMI (r = 0.228, p < 0.01),
grip strength (r=0.312, p <0.001), and shuttle run performance
(r=10.176, p < 0.05), indicating that older children, those with higher
BMI, greater grip strength, and better shuttle run performance had
higher accuracy on the N-Back task.
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FIGURE 3

A trail of N.Back task where the previous stimuli is different and the participant has to choose No.

TABLE 1 Mean and SD scores for the age, executive function tasks, BMI and physical fitness tests.

Age Stroop = Stroop @ N.Back N.Back
accuracy RT accuracy RT

Mean 11.614 0.896 1,878.016 0.629 957.714
95% CI

11.806 0913 2,007.801 0.664 989.385
mean upper
95% CI

11.421 0.879 1,748.231 0.594 926.043
mean lower
SD.

1.140 0.098 768.165 0.209 187.452
Deviation

Flanker @ Flanker BMI Grip Shuttle
accuracy RT strength run
0.924 850.026 18366 19.170 134526 21.368
0.941 880.578  19.128 19.955 139.002 23.466
0.907 819.473 | 17.605 18.385 130.050 19.269
0.099 176.755 | 4.506 4.645 26.394 12.375

TABLE 2 Correlations among age, BMI, physical fitness tests and executive function tasks.

1. Stroop accuracy —0.043 0.183*
2. Stroop RT —0.249%* —0.185%
3. N.Back accuracy 0.433%%% 0.228%*
4. N.Back RT —0.4397%%%* —0.026

5. Flanker accuracy —-0.039 0.026
6. Flanker RT —0.311%%% —-0.072

0.032 —0.117 —0.104
—0.158 —0.160 —0.025
0.3127%%% 0.108 0.176*
—0.254** —0.270%* —0.234%%*
0.044 0.159 0.173%*
0.104 0.014 —0.030

BMI, Body Mass Index; RT, Reaction Time; Executive Function Tasks; Stroop (Inhibition Control and Cognitive Flexibility), Flanker (Selective Attention and Speed of Information Processing),
N.Back (Working Memory) and Physical Fitness Tests; Grip Strength, Long Jump and Shuttle Run *p < 0.05, *¥p < 0.01, **#*p < 0.001.

N-Back reaction time, was negatively correlated with age
(r=-0.439, p <0.001), grip strength (r=—0.254, p <0.01), long
jump (r=-0.270, p<0.01), and shuttle run performance
(r=—-0.234, p < 0.01), suggesting that older children and those with
better motor performance had faster reaction times on the
N-Back task.

Flanker accuracy, showed a positive correlation with shuttle run
performance (r = 0.173, p < 0.05), indicating that better shuttle run
performance was associated with higher accuracy on the Flanker task.
No significant correlations were found with age, BMI, grip strength,
or long jump.

Flanker reaction time, was negatively correlated with age
(r=-0.311, p <0.001), indicating that older children had faster

Frontiers in

reaction times on the Flanker task. No significant correlations were
found with BMI, grip strength, long jump, or shuttle run.

These results highlight the intricate relationships between age,
physical fitness, motor skills, and executive functions, suggesting that
motor proficiency and physical health may contribute to cognitive
performance in children.

The contribution of physical fitness tests
on executive function (working memory)

The multiple linear regression analyses were conducted to
examine the contribution of various physical fitness tests to working
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TABLE 3 The multiple linear regression analysis outcomes of physical fitness tests predicting working memory when controlling for age and BMI.

Dependent Predictors B t p sr R R? Adj. R?
variable
Age 0.531 5.612 <0.001 0.44
0.44 0.2 0.18
Grip strength —0.242 ~0.2.559 0.012 -0.218
Age 0.48 5.849 <0.001 0.455
043 0.22 0.2
Long jump —-0.256 —-3.126 0.002 —0.263
Age 0.443 5.208 <0.001 0.414
043 0.17 0.16
Shuttle run —0.134 -1.581 0.116 -0.137
N.Back
BMI 0.15 1.766 0.08 0.151
0.34 0.12 0.11
Grip strength 0.268 3.163 0.002 0.264
BMI 0318 3.567 <0.001 0.296
031 0.1 0.1
Long jump 0.229 2.575 0.01 0.218
BMI 0319 3.61 <0.001 0.299
0.34 0.12 0.1
Shuttle run 0.299 3.382 <0.001 0.281

BMI, Body Mass Index, according to Cohen’s guidelines, 7 > 0.10, » > 0.30, and r > 0.50, represent small, medium, and large effect sizes, respectively (Cohen, 2013).

memory performance (N-Back task) while controlling for age and
BMI. The results are summarized in Table 3.

Regression analyses reveal that age and grip strength significantly
predict working memory measured with N.Back task. The total
contribution of age and grip strength to predicting working memory
was 44%, with age accounting for 24% of the variance and grip
strength adding 20% of the variation. Age and long jump are also
significant predictors on working memory, with 43% total contribution
and long jump accounts little more on the variance with 22%. The last
physical fitness test shuttle run is not a significant predictor of
working memory.

BMI is added in the second regression analyses to determine its
contribution with physical fitness tests on working memory. When
grip strength was included as a predictor along with BMI, it was found
to be a significant positive predictor of working memory with 34%
total contribution. BMI explains 22% of the variance and grip strength
accounts for 12% of the variance. Long jump performance is also a
significant positive predictor of working memory assessed with
N-Back task when controlling for BMI. The total contribution of both
variables 31% with long jump adding around 10% of the variation.
Although shuttle run is not a significant predictor of working memory
when age is controlled, shuttle run in the second model is predicting
working memory when BMI is accounted for. The total contribution
of BMI and shuttle run is 34% with shuttle run accounting for 12% of
the variation.

These findings suggest that while age is the strongest predictor of
working memory performance among children aged 10-13 years,
certain physical fitness tests such as grip strength and long jump show
a significant relationship with working memory performance. In
contrast, shuttle run performance did not significantly predict
working memory performance when age was controlled.

Discussion

The present study aimed to investigate the associations between
physical fitness and executive function tasks in children aged
10-13 years. Our findings reveal that the N-Back task, a measure of
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working memory, is significantly correlated with all three physical
fitness tasks (grip strength, long jump, and shuttle run). These results
are consistent with previous research highlighting the relationship
between physical fitness and cognitive functions, particularly working
memory in children and preadolescents (Chaddock-Heyman et al.,
2014a,b; Hsieh et al., 2018; Serra et al., 2021; Wassenberg et al., 2005).
The observed correlations suggest that higher physical fitness levels
are associated with better working memory performance in children.
This finding supports the notion that physical activities requiring
strength, coordination, and endurance may enhance cognitive
processes underlying working memory (Becht et al., 2020; Erickson
et al., 2014; Erickson et al., 2011; Niederer et al., 2011; Van der Fels
et al, 2015; Van Waelvelde et al., 2020). The present results also can
be attributed to the hypothesis that significant striatal pathways exist
between the cerebellum and the dorsolateral prefrontal cortex, which
are crucial brain regions for both intricate movements and advanced
cognitive functions (Diamond, 2000; Koziol et al., 2014; Leisman
etal., 2016).

Interestingly, the Flanker task, which assesses selective attention,
was only significantly correlated with the shuttle run task. This aligns
with prior studies highlighting the importance of aerobic fitness, often
measured through tasks like the shuttle run, in supporting attentional
control (Chaddock et al., 2011; Donnelly et al., 2016; Paez-Maldonado
etal, 2020). In a systematic review by Meijer et al. (2020), the findings
indicated that in some studies there were insignificant improvements
in physical fitness on selective attention assessed with the Flanker task
between the intervention groups, which is in line with our findings.
The absence of significant correlations between the Flanker task and
grip strength or long jump may suggest that cardiovascular endurance,
rather than muscular strength, plays a more critical role in enhancing
selective attention (Amenya et al., 2021). For the Stroop task, which
measures inhibition control, there was no significant correlation with
the three physical fitness tests. This aligns with previous research
suggesting that only certain aspects of cognitive functions are
associated with specific components of physical fitness (Amenya et al,,
2021; Haverkamp et al., 2021; Van der Fels et al., 2015; Van Waelvelde
et al., 2020). The absence of an association between Stroop and the
fitness tests highlights the complexity of EF and underscores the need
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to examine specific subcomponents of cognition (Amenya et al., 2021;
Haverkamp et al., 2021). One explanation might be that inhibition
control relies on distinct neural pathways that are less influenced by
acute or moderate fitness levels, whereas working memory and
selective attention share more overlapping neural substrates with
motor function and cardiovascular endurance (Diamond, 2000;
Koziol et al., 2014). Thus, while our results align with emerging studies
that link physical activity to improved EFE they also emphasize that the
relationship may be task-specific. This variation in associations was a
key reason for selecting multiple cognitive tasks in this study, aiming
to capture different dimensions of cognitive functions.

The second objective of this study was to determine the
contribution of physical fitness tasks to working memory
performance, assessed with the N-Back task, when controlling for age
and BMI. The regression analyses demonstrated that physical fitness
tasks had an additional significant contribution to working memory
beyond the effects of age and BMI. This finding highlights the unique
role of physical fitness in enhancing cognitive functions in children,
independent of their developmental stage and body composition
(Kao et al,, 2017). Grip strength, long jump, and shuttle run each
showed a significant positive contribution to working memory
performance, suggesting that both muscular strength and
cardiovascular fitness are crucial for cognitive development (Amenya
etal., 2021; Caspersen et al., 1985; Chaddock-Heyman et al., 2014a,b;
Chaddock et al., 2011; Donnelly et al., 2016; Drozdowska et al., 2021;
Erickson et al., 2014; Erickson et al., 2011; Haverkamp et al., 2021;
Kao et al.,, 2017; Anna Meijer et al., 2021; Niederer et al., 2011; Nieto-
Lopez et al,, 2020; Paez-Maldonado et al., 2020). The positive
relationship between these physical fitness tasks and working memory
underscores the importance of incorporating diverse physical
activities in children’s routines to foster both physical and cognitive
health (Serra et al., 20215 Syvioja et al., 2021). Additionally, working
memory is critically important for academic achievement in children,
as it underlies essential cognitive processes such as problem-solving,
reasoning, and comprehension (Gathercole et al., 2004; Alloway et al.,
2009; Peng et al., 2016). Enhanced working memory capacity has
been linked to better performance in subjects like mathematics and
reading, highlighting its role in supporting learning and academic
success (Barker, 2016; Gray et al., 2017; Kao et al., 2017; Syvéoja et al.,
2021). This was proven by Syvioja et al. (2021) when physical fitness
and physical activities were associated significantly with math
performance through working memory as a mediating factor in
12-17 years populations.

In terms of practical applications, there is growing evidence that
integrating targeted physical activity programs into children’s daily
routines can yield cumulative cognitive benefits (Amatriain-
Ferndndez et al., 2021; Amenya et al., 2021; Bolger et al., 2021;
Drozdowska et al,, 2021; Gomez-Apo et al, 2021). If schools
implement structured exercise sessions-encompassing both aerobic
and strength exercises- children might experience lasting
improvements in cognitive flexibility and working memory, essential
skills for academic success. Indeed, consistent engagement in physical
fitness routines over multiple years might reinforce neural adaptations,
sustaining EF advantages into adolescence and beyond (Dallaway
et al., 2023; Duncan et al., 2023; Nguyen et al., 2024). Schools and
educators should consider promoting physical fitness programs that
include strength training, aerobic exercises, and activities that enhance
coordination. Such programs can potentially improve not only the
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physical health of children but also their cognitive functions,
particularly working memory, which is critical for academic success
(Barker, 2016; Gray et al., 2017; Kao et al., 2017; Syvéoja et al., 2021).
Similarly, similar findings might be utilized in the context of sports
practice. Coaches and youth sports programs can enhance their
training sessions by integrating activities that promote cardiovascular
endurance (e.g., shuttle runs) alongside those that focus on muscular
strength and motor abilities (e.g., grip strength and leaping drills).
Integrated techniques may produce cognitive and physical benefits,
hence endorsing a more comprehensive perspective of child
development. Moreover, integrating strength training with cognitively
challenging tasks—such as coordinating movements in reaction to
fluctuating signals—can enhance and develop children’s executive
skills (de Zarate et al., 2024; Syvdoja et al,, 2021). Consequently,
training regimens in after-school programs or community sports clubs
should priorities a combination of aerobic and anaerobic exercises to
enhance children’s concentration, working memory, and overall
cognitive abilities.

Our findings also resonate with neuroimaging literature
suggesting that exercise-induced changes in the prefrontal cortex and
cerebellum may underpin improvements in executive functions
(Erickson etal,, 2014; Leisman et al., 2016). While we did not directly
measure neural activity, the observed correlations between specific
physical fitness tests and working memory highlight a plausible link
to those motor and cognitive brain regions (Diamond, 2000). Future
research that incorporates functional MRI or EEG data could clarify
these underlying mechanisms. Investigating neurobiological pathways,
such as changes in brain structure and function due to physical
activity, can provide deeper insights into how physical fitness enhances
executive functions (Barenberg et al.,, 20115 Erickson et al.,, 2011;
Niederer et al., 2011).

Considering the positives of the current study, which encompasses
a rather extensive array of physical fitness and executive function
measurements, certain limitations must be recognized. Our cross-
sectional design limits the establishment of causality, and our
sample—restricted to male children within a particular geographic
area—may limit the generalizability of our results. Future longitudinal
studies should aim for more diverse samples, including female
children and participants from various socioeconomic and cultural
backgrounds, to elucidate the directionality of these relationships and
to investigate how specific training modalities may enhance executive
function development over time.

In conclusion, this study offers additional evidence that several
aspects of physical fitness are significantly correlated with executive
functioning in children, especially working memory and selective
attention. Recent research supports our findings, indicating that both
aerobic fitness and muscular strength might positively affect children’s
cognitive function, possibly through neurobiological mechanisms
such as improved cerebral blood flow and elevated Brain-Derived
Neurotrophic Factor BDNF levels. These findings highlight the
necessity of advocating for varied, age-suitable physical activities—
such as running, jumping exercises, and strength-training tasks—both
within and outside educational environments.

By enhancing physical education curricula and promoting
extracurricular sports, educators and policymakers can assist students
in improving their physical health while simultaneously fostering vital
cognitive abilities that facilitate academic success and daily
functioning. However, additional comprehensive and long-term
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investigations are required to clarify causality, examine specific
intervention methods, and enhance sample diversity. This research
enables the formulation of evidence-based solutions that incorporate
physical fitness into comprehensive educational and public health
initiatives, thereby enhancing children’s well-being and performance
both academically and socially.
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