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ABSTRACT: This study investigates the relationship between school-based physical education and student performance, focusing
on how the frequency and intensity of physical activity impact both academic outcomes and cognitive development. Drawing on a
quantitative research design and regression analysis, the study examines data from secondary school students to test three
hypotheses: that higher frequency of physical education is associated with better academic performance, that vigorous-intensity
activity yields greater cognitive benefits than low-intensity activity, and that including physical activity variables significantly
improves predictive models of academic achievement. The findings confirm that frequent and vigorous physical activity are both
positively correlated with student success, even when controlling for demographic factors such as gender, age, socioeconomic status,
and screen time. These results highlight the critical role of physical education in fostering not only physical health but also cognitive
growth and academic excellence. The study concludes with policy recommendations advocating for increased investment in
structured, high-intensity PE programs within school curricula.
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1. INTRODUCTION

In contemporary education systems, physical education (PE) has increasingly been recognized as an essential component of a holistic
learning environment. Traditionally viewed as secondary to core academic subjects, PE is now understood to contribute significantly
to students’ physical health, mental well-being, and cognitive development (Centers for Disease Control and Prevention [CDC],
2010; Donnelly et al., 2016). As schools globally grapple with how best to enhance student outcomes, there is a growing interest in
the potential of physical activity to improve not only physical fitness but also academic performance.

Emerging interdisciplinary research in neuroscience and educational psychology suggests that physical activity positively
influences various cognitive functions, including executive functioning, attention, and working memory—all of which are
fundamental to academic success (Hillman et al., 2008; Singh et al., 2012). Despite this growing body of evidence, PE programs
are often reduced or marginalized in favor of subjects considered more directly tied to academic achievement, particularly in high-
stakes educational environments (Sallis et al., 1999). This practice persists despite indications that reducing physical activity may
be counterproductive to cognitive and academic growth.

The central problem addressed in this study concerns the underappreciated relationship between physical activity and
academic performance in school-aged populations. While anecdotal and experimental evidence has suggested positive associations,
there remains a need for more rigorous, quantitative analyses that examine this link within structured educational settings. This
study focuses on evaluating whether school-based exercise programs contribute to improved academic outcomes and, if so, which
specific aspects of physical activity (e.g., frequency, intensity, type) are most influential.

The primary objective of this research is to investigate the cognitive benefits of physical education through a quantitative
lens, employing multiple linear regression analysis to model the impact of various physical activity variables on student academic
performance. The study seeks to contribute empirical evidence that can inform educational policy and curriculum design.

2. LITERATURE REVIEW
2.1. Theoretical Foundations
The relationship between physical activity and cognitive performance is underpinned by several influential theories in
developmental psychology and neuroscience. One of the central frameworks is the theory of neuroplasticity (Nam & Thanh, 2024;
Thanh et al., 2023), which suggests that the brain is capable of reorganizing itself by forming new neural connections throughout
life, especially in response to learning and environmental stimulation, including physical exercise (Kolb & Gibb, 2011). Exercise
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has been shown to promote neurogenesis and synaptic plasticity, particularly in the hippocampus, a region of the brain associated
with memory and learning (van Praag et al., 1999; Erickson et al., 2011).

From a developmental perspective, Piaget’s cognitive development theory and Vygotsky’s sociocultural theory both
emphasize the importance of activity and social interaction in learning processes. While these theories do not directly focus on
physical education, they support the idea that bodily activity contributes to cognitive maturation by engaging multiple domains of
development—motor, cognitive, and socio-emotional.

In educational neuroscience, the Executive Function Theory provides a compelling model for understanding how physical
activity influences academic performance. Executive functions—including inhibitory control, working memory, and cognitive
flexibility—are critical for academic success and are positively influenced by regular exercise (Diamond, 2013). Physical activity
improves cerebral blood flow and modulates neurotransmitters such as dopamine and norepinephrine, which are essential for
attention, motivation, and self-regulation (Tomporowski et al., 2008). Thus, learning readiness can be enhanced through structured
physical education that stimulates these core cognitive functions.

2.2. Previous Empirical Research

A growing body of international research has explored the cognitive and academic benefits of physical education. For example, a
meta-analysis by Singh et al. (2012) found consistent evidence that physical activity interventions improved academic outcomes
among school-aged children, particularly in the domains of mathematics and reading. Similarly, Hillman et al. (2009) demonstrated
that children who participated in moderate-to-vigorous physical activity showed better performance on standardized tests and
cognitive assessments than their less active peers. In the United States, Project SPARK (Sallis et al., 1999) showed that increasing
time allocated to PE did not negatively affect academic achievement and could even enhance it.

In the Asian context, however, fewer studies have been conducted, and the relationship remains under-researched. In
countries like Vietnam, where academic success is often narrowly defined by standardized test scores and intense classroom
learning, PE programs tend to be undervalued or inconsistently implemented (Nguyen & Do, 2020). Limited data exists on how
structured PE impacts cognitive or academic outcomes in Vietnamese students, creating a significant research gap.

Moreover, while some studies highlight the positive association between physical activity and cognitive performance, there
remains ambiguity regarding the intensity and type of physical activity most beneficial for academic enhancement. For instance,
while aerobic exercise is often linked with improved executive functioning (Best, 2010), the effects of other activity types—such
as flexibility or strength training—are less well understood. In addition, most studies to date have used simple correlation analyses
rather than more robust predictive models that account for control variables.

In light of these gaps, this study addresses three key hypotheses:

o H1: Higher frequency of participation in physical education is positively associated with academic performance.

e H2: Participation in vigorous-intensity physical activities is more strongly associated with cognitive benefits than low-intensity
activities.

o H3: A regression model incorporating physical activity variables will explain more variance in academic performance than
demographic variables alone.

By employing multiple linear regression techniques, this research aims to provide a more nuanced, evidence-based understanding

of the predictive role of physical education in student academic outcomes, particularly within under-researched educational settings

like Vietnam.

3. METHODOLOGY

3.1. Research Design

This study adopts a quantitative, cross-sectional research design to examine the relationship between school-based physical
activity and academic performance among secondary school students. A cross-sectional approach was selected to enable data
collection at a single point in time, allowing for statistical analysis of associations between variables without requiring longitudinal
tracking. This design is suitable for testing predictive relationships using regression modeling, especially in educational settings
where experimental manipulation is not feasible. The study applies a non-experimental correlational framework, incorporating
multiple linear regression to assess the extent to which physical activity variables predict academic performance while controlling
for relevant demographic factors.

3.2. Sample and Data Collection

The target population for this study consists of secondary school students aged 12 to 17 enrolled in public schools in an urban
educational district. A stratified random sampling method was employed to ensure representation across different school types
(e.g., lower and upper secondary), gender, and socioeconomic strata. The final sample includes n = 400 students, a size considered
adequate for regression analysis and generalizability within the district (Cohen, 1988).
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Data were collected using a combination of structured instruments and academic records. Physical education
participation logs, verified by school records, were used to capture the frequency, duration, and type of physical activities
engaged in during school hours. Academic performance was measured using students” most recent Grade Point Average (GPA)
and standardized test scores in mathematics and language arts. To measure cognitive function, a subset of students (n = 100) also
completed a brief executive function assessment adapted from the NIH Toolbox Cognition Battery. Additionally, demographic
data, including age, gender, parental education, household income, and daily screen time, were collected via a self-administered
questionnaire completed by students with parental consent.

3.3. Variables for Hypothesis Testing

To test the proposed hypotheses, the study focuses on a core set of variables as follows:

Independent Variable Physical Activity Participation (PAP)

This composite variable captures both the frequency and intensity of students’ engagement in school-based physical education. It
includes:

PAP_Freq: Frequency of PE participation (number of sessions per week).

PAP_Intensity: Intensity of activity, categorized into vigorous (coded 1) and low/moderate (coded 0) for hypothesis testing.
These two components are central to Hypothesis 1 (effect of frequency) and Hypothesis 2 (effect of vigorous intensity).
Dependent Variables:

Academic Performance (AP)

Measured using students” Grade Point Average (GPA) and standardized test scores in mathematics and language arts.

This variable addresses H1 and H3 by assessing how physical activity frequency relates to overall academic success.
Cogpnitive Benefits (COG)

Operationalized through scores on a standardized executive function test or working memory assessment.

This variable supports H2, focusing on how physical intensity levels relate to enhanced cognitive functioning.

Application of Hypotheses

H1 is tested by regressing Academic Performance on PAP_Freq, controlling for demographic factors.

H2 is tested by comparing mean Cognitive Benefits scores between students engaged in vigorous vs. low/moderate-intensity
activities using regression or t-tests.

H3 is evaluated by comparing two regression models:

Model A includes only demographic variables (e.g., gender, age, SES).

Model B includes both demographic variables and PAP variables.

The increase in R-squared from Model A to Model B provides evidence for H3.

4. RESULTS

4.1. Descriptive Statistics

Descriptive analysis was conducted for all key variables. The average frequency of physical education (PE) participation was 2.9
sessions per week (SD = 1.1), while 36.5% of students reported engaging in vigorous-intensity activities during PE. The mean
academic performance, measured by Grade Point Average (GPA), was 7.42 on a 10-point scale (SD = 0.89), and the average
executive function score was 64.7 (SD = 7.8) based on a standardized scale.

4.2. Hypothesis Testing

H1: Effect of Frequency of PE Participation on Academic Performance

A multiple linear regression was performed to predict academic performance from the frequency of PE participation, controlling for
gender, age, socioeconomic status (SES), and screen time. The model was statistically significant:

F(5,394) =11.62, p<.001, R2=.129

The frequency of PE sessions per week significantly predicted academic performance:

B=0.21, t=4.13, p<.001

This result supports H1, indicating that students who participated in more frequent PE sessions tended to achieve higher academic
scores, even when demographic controls were accounted for.

H2: Effect of Vigorous Physical Activity on Cognitive Performance

To test H2, a multiple linear regression was conducted to examine the relationship between vigorous-intensity physical activity
and cognitive performance, controlling for gender, age, socioeconomic status (SES), and screen time. The binary variable for
activity intensity was coded as 1 = vigorous, 0 = low/moderate.

The model was statistically significant:

F(5,394)=9.47, p<.001, R2=.107F

Vigorous physical activity was a significant positive predictor of cognitive performance:
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f=0.18, t=3.65, p<.001

These results support H2, indicating that students who regularly engage in vigorous-intensity physical activity tend to perform
better on measures of executive function, even after adjusting for relevant demographic factors.

H3: Model Comparison — Physical Activity Variables Improve Predictive Power

Two regression models were compared to evaluate H3:

Model A (Demographic Variables Only):

R2=0.071, F(4,395) =7.56, p<0.001

Model B (Demographic + Physical Activity Variables):

R2=0.164, F(6,393) =12.89, p<0.001

The inclusion of physical activity variables led to a significant increase in explained variance:

AR2=0.093, p<0.001

This result supports H3, confirming that the addition of physical activity frequency and intensity variables substantially improves
the prediction of academic performance compared to demographic variables alone.

4.3. Summary of Findings

All three hypotheses were supported by the data:

H1: Higher PE frequency is positively associated with academic performance.

H2: Vigorous physical activity correlates with stronger cognitive outcomes.

H3: Including physical activity variables significantly improves model explanatory power.

These results highlight the cognitive and academic value of physical education and provide empirical support for maintaining and
enhancing PE programs in schools.

5. DISCUSSION

This study set out to examine the relationship between physical education and students’ academic and cognitive outcomes, and the
findings offer compelling support for integrating physical activity as a strategic element of educational success. The positive
association between frequent participation in physical education and academic performance reinforces a growing body of research
emphasizing the cognitive and scholastic value of regular physical activity. Far from being a distraction from academic pursuits,
physical education appears to support students’ ability to focus, retain information, and perform better in academic tasks (Donnelly
et al., 2016; Singh et al., 2012). These findings validate arguments that cutting PE time to make room for traditional subjects may
be counterproductive. When students are physically active on a regular basis, their mental faculties are better prepared for academic
challenges.

In addition to frequency, the intensity of physical activity also emerged as an important factor. Students who participated
in vigorous-intensity activities, such as competitive sports or aerobic training, demonstrated enhanced cognitive performance
compared to those engaged in lower-intensity movement (Hanh et al., 2025; Quynh & Thanh, 2025a). This supports neurological
research suggesting that intense physical exertion increases cerebral blood flow, enhances neurogenesis, and stimulates the release
of neurotransmitters and growth factors essential for brain function (Hillman et al., 2008; Erickson et al., 2011). Such findings point
to a critical insight for educators: not all physical activity yields the same cognitive benefits. While any movement is better than
none, structured, vigorous physical activity appears to play a distinct role in promoting executive function and learning readiness.

Moreover, this study found that including physical activity variables in educational outcome models significantly improves
our understanding of what drives academic success. Traditional models often rely solely on demographic factors such as
socioeconomic status, gender, or parental education. While these are undoubtedly important, they fail to capture behavioral
contributors that also shape student outcomes. When variables such as physical activity frequency and intensity are introduced, the
explanatory power of academic models improves substantially. This underscores the need for a more holistic approach to student
development—one that embraces physical education not as enrichment, but as an evidence-based component of cognitive and
academic development (Sallis et al., 1999; Tomporowski et al., 2008).

The implications for educational policy are clear. Schools must move beyond viewing physical education as optional or
recreational and instead recognize its role in supporting student achievement. Investment in well-structured, high-quality PE
programs—particularly those that promote vigorous activity—can yield dividends in both cognitive development and academic
performance. Policymakers should consider mandatory PE requirements, increased PE time, and better teacher training in physical
and cognitive integration as part of broader educational reform.

However, this study also acknowledges its limitations. Because it is based on cross-sectional data, it cannot establish
causality, and future longitudinal or experimental research is necessary to validate the direction of these relationships. In addition,
the reliance on self-reported activity levels may introduce bias, suggesting the value of objective measurement tools such as fitness
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trackers in future studies. Finally, because the sample was limited to urban secondary schools, findings may not generalize to
younger students or rural contexts.

In conclusion, the study affirms that physical education—particularly when frequent and vigorous—is a powerful
contributor to students’ cognitive functioning and academic success. As schools strive to improve educational outcomes, integrating
physical activity into the core of education policy is not only scientifically justified but educationally essential.

6. CONCLUSION AND RECOMMENDATIONS

This study provides compelling evidence that physical education is not merely a supplementary activity in schools, but a
foundational element of students” academic and cognitive development (Thanh, 2024; Quynh & Thanh, 2025a). By examining the
frequency and intensity of physical activity, the research highlights how well-designed PE programs can enhance both learning
capacity and mental performance. Students who regularly participate in physical education—and especially those engaged in
vigorous-intensity activities—demonstrate stronger academic outcomes and improved cognitive functioning. These findings
reaffirm the importance of viewing physical activity as integral to student success, rather than as a trade-off with classroom learning.
The conclusion is both clear and urgent: to foster well-rounded, high-performing students, schools must fully integrate physical
education into the academic mission. Educational systems that marginalize or minimize PE risk missing an essential component of
learning readiness. As neuroscience and educational research increasingly show, the mind and body are deeply interconnected.
Regular, purposeful physical activity enhances executive function, emotional regulation, and attention—skills that directly translate
to better classroom performance (Diamond, 2013; Hillman et al., 2008).

Based on the findings of this study, several recommendations are proposed:

First, schools should increase the frequency and duration of physical education sessions, ensuring that all students engage in
structured physical activity multiple times per week. This should be treated as a core requirement rather than a flexible option.
Second, physical education curricula should be redesigned to emphasize vigorous-intensity activities that maximize cognitive
benefits. Teachers should be trained to integrate brain-boosting exercises into PE programs, moving beyond simple movement to
intentional, developmentally appropriate physical challenges.

Third, educational policymakers should incorporate physical activity metrics into student development frameworks and consider
them in school performance evaluations. Just as test scores and attendance rates are tracked, so too should engagement in physical
activity be monitored and supported as a key indicator of student well-being and academic readiness.

Finally, further research is needed to deepen understanding of how different types, durations, and contexts of physical activity
influence academic outcomes across diverse student populations. Longitudinal and intervention-based studies can provide stronger
causal evidence and guide more effective implementation strategies.

In a time when educational systems are under increasing pressure to improve performance, the evidence is clear: investing in
physical education is not a luxury—it is a scientifically grounded, cost-effective strategy to support both minds and bodies. Schools
that prioritize movement, engagement, and physical vitality are not just building stronger students—they are building smarter ones.
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