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Abstract

Background

University students have increasingly adopted sedentary lifestyles despite substantial evidence
that physical activity enhances cognitive function. However, limited empirical research examines
how structured physical activity programs affect academic performance in higher education
settings.

Aim

To assess the impact of structured physical activity programs on academic performance among
university students using advanced statistical methodologies.

Methodology

This quasi-experimental pre-test/post-test control group study included 100 students (50
intervention, 50 control) aged 18-25 years. The intervention comprised 8 weeks of supervised
structured physical activity (3 sessions/week, 45-60 minutes each). Academic performance,
cognitive function, and physical activity levels were measured using standardized instruments
(IPAQ, cognitive assessment battery, and researcher-developed questionnaire). Statistical
analysis included parametric and non-parametric tests, effect size calculations (Cohen's d),
multivariate analysis of variance (MANOVA), and hierarchical regression analysis.

Key Findings

Students participating in the structured physical activity program demonstrated significantly
higher post-intervention academic performance (mean GPA: 7.9 = 0.52 vs. 6.8 = 0.48 pre-
intervention; t = 8.42, p < 0.001, Cohen's d = 1.84). The intervention group showed significantly
greater improvement compared to controls (F = 21.34, p < 0.001). Hierarchical regression
analysis revealed that structured physical activity predicted 28% of variance in academic
performance (R? = 0.282, p < 0.001) after controlling for demographic variables. MANOVA
results indicated significant multivariate effects across cognitive domains (Wilks' A = 0.64, p <
0.001). Effect sizes were large (n? = 0.41).
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Conclusion

Structured physical activity programs significantly enhance academic performance among
university students through multiple cognitive and neurobiological mechanisms. Universities
should integrate supervised exercise programs into academic routines to promote student
wellness and academic success. These findings support institutional investment in comprehensive
physical activity interventions.
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1. Introduction

1.1 Background and Context

Physical activity has long been recognized as essential for physical health; however, its cognitive
and academic benefits are increasingly evident in contemporary neuroscience and educational
psychology literature. Exercise stimulates cerebral blood flow, promotes neurogenesis, and
enhances neurotransmitter activity—mechanisms that fundamentally support learning, memory
consolidation, and executive functioning[1]. These neuroscientific findings provide a compelling
rationale for examining exercise as an academic intervention.

University students occupy a critical developmental period characterized by heightened academic
demands, yet paradoxically, physical activity levels typically decline during these years.
Contributing factors include sedentary study patterns, extended screen time, online learning
demands, and cumulative academic stress[2]. This contradiction presents a significant
opportunity: integrating structured physical activity into university life could simultaneously
address physical inactivity and enhance academic outcomes.

Research in exercise science demonstrates that structured physical activity—defined as planned,
supervised, and systematically progressed exercise—produces more consistent cognitive benefits
compared to incidental or unstructured activity[3]. Despite this evidence, most empirical studies
focus on school-aged children or competitive athletes, leaving a considerable gap in
understanding how organized exercise programs influence university-level academic
performance[4].

1.2 Statement of the Problem

Although physical activity improves cognitive functioning through established neuroscientific
and psychological mechanisms, university students predominantly adopt sedentary study habits,
which negatively influence both physical health and academic performance[5]. The literature
reveals insufficient empirical research specifically examining how structured physical activity
programs—as opposed to general physical activity or recreational exercise—impact academic
outcomes in university populations. Without such evidence, higher education institutions may
continue to overlook systematic exercise programs as a legitimate intervention for enhancing
student academic success and cognitive capacity.

1.3 Research Questions and Hypotheses

Research Questions
1. Does structured physical activity influence academic performance among university
students?
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2. Are students who regularly participate in structured physical activity programs likely
to perform better academically than non-participants?

3. What specific types or intensities of structured physical activity contribute most
substantially to academic improvement?

4. What is the magnitude of effect of structured physical activity on academic outcomes?

Research Hypotheses

H. (Alternative Hypothesis): Students participating in structured physical activity programs will
demonstrate significantly higher academic performance compared to non-participants (o= 0.05).
Ho (Null Hypothesis): Structured physical activity programs have no significant impact on
academic performance among university students.

H: (Secondary Hypothesis): Structured physical activity will predict a significant proportion of
variance in academic performance after controlling for demographic variables.

1.4 Aim and Research Objectives
Aim: To assess the impact of structured physical activity programs on academic performance
among university students aged 18-25 years using comprehensive statistical methodologies.
Specific Objectives:
1. To measure baseline academic performance and cognitive function among study
participants.
2. To design and implement an 8-week structured physical activity program with
standardized components and supervision.
3. To assess changes in academic performance following the intervention period.
4. To compare post-intervention academic outcomes between intervention and control
groups using parametric and non-parametric statistical tests.
5. To quantify the magnitude of intervention effects using effect size calculations.
6. To determine the relationship between adherence to the physical activity program and
improvements in academic performance.
7. To examine multivariate effects across multiple cognitive and academic dimensions.

1.5 Significance of the Study

For Students
e Enhanced awareness of the bidirectional relationship between physical health and
academic success
e Evidence-based rationale for adopting and maintaining structured exercise habits
e Improved cognitive function and academic outcomes through a practical, accessible
intervention
e Reduced academic stress and enhanced psychological well-being

For University Administration and Faculty
e Empirical evidence supporting the integration of physical activity programs into
academic curricula
e Data-driven justification for resource allocation toward sports and exercise facilities
e Understanding of how exercise interventions can enhance institutional academic
outcomes
e Potential framework for developing university-wide wellness policies
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For Sports Science and Academic Communities
e Contribution to limited literature examining structured physical activity in higher
education
e Demonstration of quantifiable cognitive and academic benefits of exercise
e Methodological rigor using multiple outcome measures and advanced statistical
techniques
e Evidence supporting neurobiological mechanisms linking exercise to academic
performance

2. Literature Review

2.1 Neurobiological Mechanisms Linking Physical Activity to Academic Performance
Physical activity influences academic performance through multiple neurobiological
pathways[6]. The most well-documented mechanism involves brain-derived neurotrophic factor
(BDNF), a protein essential for synaptic plasticity and memory consolidation. Exercise elevates
circulating BDNF levels, particularly in the hippocampus—a region critical for learning and
memory[7]. Enhanced BDNF facilitates long-term potentiation, a cellular mechanism underlying
memory formation.

Additionally, regular physical activity increases cerebral blood flow and oxygen delivery to
neural tissues, supporting neurogenesis in the dentate gyrus of the hippocampus[8]. This
neurogenic process directly enhances cognitive capacity and learning efficiency. Exercise also
modulates neurotransmitter systems, increasing dopamine, serotonin, and norepinephrine—
neurochemicals essential for attention, motivation, and mood regulation[9].

2.2 Physical Activity and Cognitive Function in Young Adults

Epidemiological and experimental evidence consistently demonstrates that physical activity
enhances cognitive function in adolescents and young adults. A meta-analysis by Lubans et
al.[10] examining 59 studies found moderate-to-large associations between physical activity and
academic achievement across age groups. In university populations specifically, longitudinal
studies show that students engaging in regular exercise demonstrate superior performance on
tasks requiring attention, working memory, and executive function compared to sedentary
peers[11].

The relationship between exercise and cognitive performance exhibits dose-response
characteristics; greater physical activity intensity and duration correlate with larger cognitive
benefits[12]. This dose-response relationship supports the development of structured, progressive
exercise programs designed to maximize cognitive outcomes.

2.3 Physical Activity Trends in University Populations

Contemporary research documents declining physical activity levels among university
students[13]. The World Health Organization reports that approximately 81% of adolescents aged
11-17 years are insufficiently physically active, with further declines observed during university
years[14]. This decline corresponds with increased sedentary behavior, screen time, and
academic demands.

The health implications of university-level sedentary behavior are substantial. Physical inactivity
contributes to obesity, metabolic syndrome, cardiovascular disease risk, and mental health
disorders including depression and anxiety[15]. Importantly, these physical health consequences
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have cognitive and academic consequences, as systemic inflammation, altered glucose
metabolism, and mood disturbances negatively impact learning and academic performance.

2.4 Structured Physical Activity as an Academic Intervention

Whereas general physical activity may provide cognitive benefits, structured physical activity—
characterized by systematic progression, adequate intensity, professional supervision, and
evidence-based exercise prescription—produces more consistent and durable effects[16].
Research examining school-based structured physical activity programs documents
improvements in academic achievement, on-task behavior, and standardized test
performance[17].

However, few studies specifically investigate structured physical activity interventions in
university populations, particularly in Indian higher education contexts. This gap limits
institutional understanding of how exercise programs can support both student wellness and
academic success.

3. Methodology
3.1 Research Design
This study employed a quasi-experimental pre-test/post-test control group design. This design
was selected to examine causal relationships between the independent variable (structured
physical activity intervention) and dependent variables (academic performance and cognitive
function) while acknowledging practical limitations in complete randomization within university
settings.
3.2 Population and Sampling
Target Population: University students aged 18-25 years enrolled in undergraduate and
postgraduate programs at Dayananda Sagar University, Bengaluru, Karnataka, India.
Sample Size Justification: A power analysis (G*Power 3.1) determined that 50 participants per
group (n =100 total) provided 0.85 statistical power to detect a medium effect size (Cohen's d =
0.60) at a. = 0.05 using an independent-samples t-test. This sample size accommodates anticipated
15% attrition.
Sampling Method: Stratified random sampling ensured balanced representation across academic
years and gender.
Inclusion Criteria:

e Age 18-25 years

e Enrolled in full-time undergraduate or postgraduate programs

e Current GPA between 6.0 and 8.5 (representing typical academic range)

e No medical contraindications to physical activity (physician clearance obtained)

e Able to commit to 3 sessions weekly for 8 weeks (minimum 80% attendance)
Exclusion Criteria:

e Participation in competitive sports (3+ hours weekly)

e Chronic medical conditions affecting cognitive function or exercise participation

e Regular use of psychoactive medications affecting cognition

e History of neurological conditions
3.3 Intervention Protocol
Intervention Duration: 8 weeks, 3 supervised sessions weekly, 45-60 minutes per session (total
= 24 sessions).
Exercise Components:
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e Weeks 1-2 (Familiarization Phase): Basic fitness assessment, movement pattern
education, aerobic capacity building (60—70% maximum heart rate)
o Weeks 3—4 (Progressive Aerobic Phase): Interval training, sustained cardiovascular
exercise (70-80% maximum heart rate)
e Weeks 5-6 (Mixed Modality Phase): Combination of aerobic, resistance, and
flexibility training
o Weeks 7-8 (Advanced Integration Phase): High-intensity interval training, complex
movement patterns, sport-specific activities
Exercise Prescription Principles:
e Adherence to American College of Sports Medicine (ACSM) guidelines for aerobic
and resistance exercise
e Progressive overload ensuring continuous adaptation
e Variation in exercise modes to maintain engagement and address multiple fitness
domains
e Qualified fitness instructors supervising all sessions
¢ Individualized modifications based on participant capacity and preference
Attendance and Adherence:
e Attendance tracked for all sessions
e Only participants achieving >80% attendance (=19 of 24 sessions) included in final
analysis
e Session compliance documented via sign-in sheets
Control Group:
e Continued regular university routine without intervention
e Offered intervention following study completion (ethical consideration)

3.4 Outcome Measures
3.4.1 Academic Performance Assessment
Primary Outcome: Cumulative semester GPA measured at baseline and post-intervention.
Academic records obtained from official university registrar with participant consent. GPA
calculated on scale 0-10 as per university standards.
Secondary Academic Measures: Performance on standardized academic achievement tests
administered by university (if available) covering core competencies in respective disciplines.
3.4.2 International Physical Activity Questionnaire (IPAQ)
The short-form IPAQ assessed self-reported physical activity across multiple domains
(occupational, recreational, transportation-related). The validated instrument provides estimates
of physical activity intensity and duration, categorizing participants as sedentary, minimally
active, or sufficiently active[18].
Reliability: Test-retest reliability ICC = 0.76-0.81 across cultures[19].
3.4.3 Cognitive Assessment Battery
A standardized battery assessed key cognitive domains:
e Attention and Processing Speed: Continuous Performance Test (CPT)—measures
sustained attention, reaction time, and error patterns[20]
e Working Memory: Digit Span test and N-back task (2-back condition)—assess
capacity and mental manipulation of information[21]
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e Executive Function: Wisconsin Card Sorting Test (WCST)—measures cognitive
flexibility, planning, and error correction[22]
e Verbal Fluency: Controlled Oral Word Association Test (COWAT)—assesses lexical
retrieval and cognitive flexibility[23]
Validity and Reliability: All instruments have established psychometric properties with test-
retest reliability coefficients > 0.70 and construct validity demonstrated across diverse
populations.

3.4.4 Researcher-Developed Questionnaire
A structured 5-point Likert-scale questionnaire (1 = Strongly Disagree, 5 = Strongly Agree)
assessed self-reported outcomes:
Section A: Demographics
e Age, gender, year of study, major discipline, previous exercise experience
Section B: Physical Activity Behavior
e Frequency and type of regular physical activity
e Daily activity duration
e Perceived adequacy of activity levels
e Exercise enjoyment and self-efficacy
Section C: Cognitive and Academic Factors
e Concentration during academic activities
Mental alertness and fatigue levels
Memory efficiency
Energy and productivity
Task completion efficiency
Academic motivation
Section D: Perceived Impact of Physical Activity
Self-reported improvements in concentration
Stress reduction
Academic performance perception
Post-activity productivity
Sleep quality
Reliability: Cronbach's alpha coefficients: Section A (N/A—demographic), Section B (o =0.81),
Section C (a = 0.78), Section D (a = 0.84), Overall (a0 = 0.79). All values exceed 0.75 threshold
for adequate internal consistency.
Validity: Content validity established through expert review by faculty in physical education (n
= 3), psychology (n = 2), and education (n = 2). Construct validity assessed through factor
analysis (exploratory factor analysis, KMO = 0.72, Bartlett's x> = 112.34, p < 0.001).

3.5 Data Collection Procedure

Pre-Intervention Phase (Week 0):

Baseline academic performance and GPA recorded from university transcripts
Cognitive assessment battery administered (approximately 60 minutes)

IPAQ and researcher-developed questionnaire completed

Anthropometric measurements obtained (height, weight, body mass index)
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e Informed consent and demographic information collected
Intervention Phase (Weeks 1-8):

e Intervention group: 24 supervised physical activity sessions (3 sessions/week x 8

weeks)

e Control group: continued regular university routine

e Attendance monitored via sign-in sheets

e \Weekly adherence and safety monitoring conducted

e Adverse events tracked (none anticipated given careful medical screening)
Post-Intervention Phase (Week 9):

e Academic performance and GPA measured (end-of-semester grades from official

records)

e Cognitive assessment battery re-administered by trained assessors blinded to group

assignment

e IPAQ and researcher-developed questionnaire completed

e Anthropometric measurements repeated

e Qualitative feedback collected regarding intervention benefits and implementation
Follow-Up (Optional, Week 16):

e Delayed post-test assessment (if feasible) to examine maintenance of effects

3.6 Statistical Analysis
Data analysis employed IBM SPSS Statistics version 25.0. Significance level set at o = 0.05 for
all analyses. Effect sizes calculated and reported for all primary outcomes using Cohen's d (t-
tests) and n* (ANOVA).
Preliminary Analyses
Descriptive Statistics:
e Mean, standard deviation, frequency distributions, and 95% confidence intervals for
demographic and outcome variables
e Data screening for missing values, outliers, and normality
Assumption Testing:
e Normality: Shapiro-Wilk test (o > 0.05 = normally distributed); Q-Q plots examined
visually
e Homogeneity of Variance: Levene's test; if violated, Welch's t-test employed
e Homogeneity of Regression Slopes: For ANCOVA analyses
e Linearity and Independence: Residual plots examined; Durbin-Watson statistic
computed
Data Transformation: Log or square-root transformations applied if normality assumptions
violated; non-parametric alternatives used if transformations unsuccessful.

Primary Analyses
Paired-Sample t-tests (One-Tailed or Two-Tailed as Appropriate):
e Compared pre- and post-intervention outcomes within intervention group
e Compared pre- and post-outcomes within control group
o Effect sizes calculated: Cohen's d = (M _post —M pre) / SD pooled
Independent-Sample t-tests:
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e Compared post-intervention outcomes between intervention and control groups
e Welch's t-test employed if variances unequal (Levene's p < 0.05)
e Effect sizes calculated: Cohen's d = (M_intervention — M _control) / SD pooled
One-Way Multivariate Analysis of Variance (MANOVA):
e Examined multivariate effects of intervention (factor) on multiple cognitive outcome
measures (dependent variables)
e Wilks' A statistic reported as primary test statistic
e Univariate follow-up ANOVAs conducted if multivariate effect significant
e Partial eta-squared (n_p?) reported as effect size estimate
Post-Hoc Comparisons:
e Bonferroni-corrected t-tests for multiple univariate comparisons
e Pairwise comparisons among academic year groups if appropriate

Secondary Analyses

Pearson Correlation Analysis:
e Examined associations between physical activity levels (IPAQ continuous scores) and
academic performance
e Point-biserial correlations for categorical physical activity categories (sedentary,
minimally active, sufficiently active) and continuous academic outcomes
e Spearman's rho computed for non-normal distributions

Hierarchical Regression Analysis:
e Examined predictive value of structured physical activity on academic performance
e Model 1: Demographic variables (age, gender, year of study) entered as predictors
e Model 2: Physical activity engagement (intervention participation, adherence
percentage, baseline IPAQ scores) added as predictors
e Model 3: Cognitive performance measures added as predictors
e R2change examined at each step to determine incremental validity
e Standardized beta coefficients and semi-partial correlations reported
e Collinearity assessed via variance inflation factor (VIF < 10 acceptable)

Moderation Analysis:
e Examined whether demographic variables (gender, year of study) moderate the
intervention effect on academic performance
e Computed product terms (interaction terms) and entered into regression model
e Conditional effects at different levels of moderator examined

Mediation Analysis:
e Examined whether cognitive function (attention, working memory, executive function)
mediates the relationship between physical activity participation and academic
performance
e Bootstrap resampling (5,000 samples) used to compute 95% confidence intervals for
indirect effects
o Criteria for mediation assessed per Baron and Kenny framework

Dose-Response Analysis:
e Examined relationship between attendance rate (continuous variable: percentage of
sessions attended) and magnitude of academic performance change
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e Linear regression and non-linear (polynomial) regression compared

Advanced Analyses
Effect Size Calculations and Reporting:
e Cohen's d for all t-tests (0.2 = small, 0.5 = medium, 0.8 = large)
e Partial n? for ANOVA/MANOVA (0.01 =small, 0.06 = medium, 0.14 = large)
e Confidence intervals (95%) computed for all effect sizes
Intention-to-Treat (ITT) Analysis:
e Included all randomized participants in primary analysis regardless of intervention
completion
e Missing post-test data imputed using last-observation-carried-forward (LOCF) method;
sensitivity analysis conducted comparing ITT with complete-case analysis
Per-Protocol Analysis:
e Examined outcomes among participants meeting >80% attendance criterion
e Compared results with ITT analysis

Number Needed to Treat (NNT):
e Calculated for clinically significant improvements in academic performance (e.g., GPA
increase > 0.5 points)
e NNT =1/ (percentage improved intervention — percentage improved control)
Confidence Intervals and Precision:
e 95% confidence intervals calculated for all point estimates
e Intervals reported in text and tables

3.7 Ethical Considerations
This study received approval from the Institutional Ethics Committee of Dayananda Sagar
University (Ethics Reference: DSU/IEC/2024/001) prior to participant recruitment. The research
protocol adheres to the principles outlined in the Declaration of Helsinki and Indian Good
Clinical Practice guidelines.
Informed Consent: Written informed consent obtained from all participants prior to enroliment.
Consent forms provided in English and participant's preferred language (Kannada/Hindi) with
clear explanation of study procedures, potential risks/benefits, confidentiality protections, and
right to withdraw.
Participant Autonomy and Rights:
e Participants retained the right to withdraw at any point without penalty or loss of
university services
e No coercion employed; participation entirely voluntary
e Participants informed of alternative support services available
Confidentiality and Data Security:
e Participant anonymity maintained throughout data collection and analysis via coded
identifier system
e All data securely stored on password-protected computers with restricted access limited
to research team members
e Paper records stored in locked filing cabinets
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e Data retention period: 5 years post-publication per university policy
e De-identified data may be shared for research purposes

Risk-Benefit Assessment:
e Minimal risk to participants; structured physical activity is evidence-based safe
intervention with medical clearance obtained
e Anticipated benefits include improved academic performance, cognitive function, and
physical health
e Control group offered intervention following study completion (ethics of withholding
beneficial intervention addressed)

Safety Monitoring:

Adverse events monitored and recorded at each intervention session

Qualified instructors trained in emergency response

Participant medical information reviewed for contraindications

4. Results

Research team conducted monthly safety reviews

4.1 Participant Characteristics and Descriptive Statistics
4.1.1 Demographic Characteristics

Characteristic Intervention Group | Control Group | Total
(n=50) (n=50) (n=100)
Mean Age (years) 21.2+2.1 21.5+19 21.3+20
Gender
Male 28 (56%) 26 (52%) 54 (54%)
Female 22 (44%) 24 (48%) 46 (46%)
Year of Study
First Year 12 (24%) 14 (28%) 26 (26%)
Second Year 18 (36%) 16 (32%) 34 (34%)
Third Year 15 (30%) 16 (32%) 31 (31%)
Fourth Year 5 (10%) 4 (8%) 9 (9%)
Mean Baseline GPA 6.8 +£0.48 6.7 £0.52 6.75 + 0.50
BMI (kg/m?) 23.4+2.8 23.1+2.6 23.2+2.7
Baseline IPAQ
Category
Sedentary 32 (64%) 34 (68%) 66 (66%)
Minimally Active 15 (30%) 14 (28%) 29 (29%)
Sufficiently Active 3 (6%) 2 (4%) 5 (5%)

Table 1: Demographic and Baseline Characteristics of Study Participants

Baseline Comparison: Characteristics were compared between intervention and control groups
using independent-samples t-tests (continuous variables) and chi-square tests (categorical
variables). No significant differences observed in age (t = 0.89, p = 0.38), gender distribution (y?
=0.29, p = 0.59), baseline GPA (t = 0.72, p = 0.47), or baseline IPAQ category (> =0.41,p =
0.66), confirming successful group matching.
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4.1.2 Intervention Adherence
e Intervention Group Attendance: Mean = 22.1 + 1.8 sessions of 24 available (92.1%
attendance rate, SD = 7.5%)
e Range: 19-24 sessions attended
e Participants Meeting >80% Attendance Criterion: 48 of 50 (96%)
e Reasons for Non-Completion: 2 participants withdrew due to schedule conflicts (1 at
Week 4, 1 at Week 6); both met minimum attendance requirement and included in analysis
e Adverse Events: None reported; all participants tolerated intervention well

4.2 Primary Outcome: Academic Performance

4.2.1 Within-Group Changes in GPA

Intervention Group:

Measure Pre- Post- Change t-statistic
Intervention | Intervention (xSD)

GPA 6.8 £0.48 7.9 +£0.52 +1.1 £ 0.42 | t(49) = 18.52

p-value (one- p < 0.001***

tailed)

Cohen'sd 1.84 (Large)

95% ClI [0.97, 1.23]

Effect  Size 0.87

()

Table 2: Within-Group Changes in Academic Performance (Intervention Group)
Control Group:

Measure Pre- Post- Change t-statistic
Intervention Intervention (£SD)

GPA 6.7 £0.52 6.8 £0.48 +0.1 +0.38 t(49) = 1.86

p-value (one- p =0.034*

tailed)

Cohen's d 0.19
(Negligible)

95% CI [-0.07, 0.27]

Effect Size (n?) 0.07

Table 3: Within-Group Changes in Academic Performance (Control Group)

Interpretation: The intervention group demonstrated substantial statistically significant
improvement in GPA from baseline (t(49) = 18.52, p < 0.001), with an exceptionally large effect
size (Cohen's d = 1.84). The control group showed minimal, negligible change (t(49) = 1.86, p =
0.034, Cohen's d = 0.19). The magnitude of difference between groups' improvements was
substantial.

4.2.2 Between-Group Comparison of Post-Intervention Outcomes

Variable | Intervention (M % | Control (M + | Mean t-statistic | p-value
SD) SD) Difference

Post- 7.9+0.52 6.8 £0.48 1.1+£0.50 t(98) =|p <

GPA 10.89 0.001***
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Cohen's 2.16 (Very
d Large)
95% ClI [0.89, 1.31]

e 0.55

Table 4: Between-Group Comparison of Post-Intervention GPA
Welch's t-test: Equal variances assumption tested via Levene's test (F = 1.24, p = 0.27);
homogeneity assumed. Independent-samples t-test conducted: t(98) = 10.89, p < 0.001, indicating
highly significant between-group difference. The intervention group's post-test GPA (7.9 + 0.52)
was 1.1 points higher than control group (6.8 + 0.48). This difference represents a very large
effect size (Cohen's d = 2.16, 95% CI [0.89, 1.31]), with 55% of variance in post-test GPA
explained by group assignment.
4.2.3 Effect Size Classification
Using established benchmarks (Cohen, 1992):
e Intervention Group Within-Group Change: d = 1.84 exceeds 0.8 threshold;
classified as Large effect
o Between-Group Post-Test Difference: d = 2.16 considerably exceeds 0.8 threshold,
classified as Very Large effect
4.3 Secondary Outcome: Cognitive Function
A multivariate analysis of variance (MANOVA) examined intervention effects across multiple
cognitive domains (attention/processing speed, working memory, executive function, verbal
fluency).

Multivariate Test Statistic | Value | F p-value N _p?
Wilks' A (pre-intervention) | 0.89 3.2410.14 0.11
Wilks' A (post-intervention) | 0.64 8.92 | <0.001*** | 0.36

Table 5: Multivariate Analysis of Variance Results: Cognitive Function

MANOVA Results: Wilks' A = 0.64, F(4, 95) =8.92, p <0.001, n_p? = 0.36. The multivariate
test revealed significant intervention effects on the combined set of cognitive outcomes, with a
large multivariate effect size.

4.3.1 Univariate Follow-Up Tests

Cognitive Domain | Group Pre- Post-M(SD) F p- n_p?
M(SD) value

Attention/Processing Speed (CPT Reaction Time, ms)

Intervention 462 +48 | 392 +42

Control 468 + 51 | 451 +49 F(1,98) =21.34 | p <0.001*** | 0.42

Working Memory (Digit Span Score)

Intervention 6.2+11 |7.8x13

Control 6.3+1.2 [64+1.1 F(1,98) =18.76 | p < 0.001*** | 0.38

Executive Function (WCST Perseverative Errors)

Intervention 184+6.2|9.3x4.1

Control 179+58(16.8+£54 | F(1,98)=16.42|p<0.001*** | 0.35

Verbal Fluency (COWAT Total Score)

Intervention 382+84(48.1+£9.3

Control 376+ 389+8.2 F(1,98) = p< 0.44

7.9 22.18 0.001***

Table 6: Univariate ANOVA Results for Cognitive Domains
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Univariate Findings:
e Attention/Processing Speed: Intervention group reduced reaction time by 70 ms
(15.1% improvement), while control group improved only 17 ms (3.6%); F(1,98) =
21.34,p<0.001,m_p*>=0.42
e Working Memory: Intervention group increased digit span by 1.6 points (25.8%
improvement), compared to negligible 0.1-point change in controls; F(1,98) = 18.76, p <
0.001,m_p?>=0.38
e Executive Function: Intervention group reduced WCST perseverative errors by 9.1
(49.5% improvement), compared to 1.1-error reduction in controls; F(1,98) = 16.42, p <
0.001,n_p*>=0.35
e Verbal Fluency: Intervention group increased COWAT score by 9.9 points (25.9%
improvement), compared to 1.3-point improvement in controls; F(1,98) = 22.18, p <
0.001,n p>=0.44

Bonferroni-Corrected Post-Hoc Comparisons: All pairwise comparisons remained

significant after Bonferroni correction (o, corrected = 0.0125).

4.4 Physical Activity and Academic Performance Relationship

4.4.1 Correlation Analysis

Variable Pair Pearson | p-value 95% ClI

r
Post-Intervention IPAQ Score < 0.64 p < [0.51, 0.74]
Post-GPA (All Participants) 0.001***
Intervention Group Attendance % 0.58 p < [0.39,0.72]
<~ GPA Change 0.001***
Baseline IPAQ Score < Baseline 0.12 p=0.24 | [-0.08, 0.31]
GPA (All Participants)

Table 7: Correlation Between Physical Activity and Academic Performance

Key Finding: Post-intervention physical activity levels demonstrated strong positive
correlation with post-intervention GPA (r = 0.64, p < 0.001). Among intervention participants,
attendance percentage was significantly correlated with GPA improvement (r = 0.58, p <
0.001), supporting a dose-response relationship. Baseline physical activity showed negligible
relationship with baseline GPA (r = 0.12, p = 0.24), confirming that baseline activity levels did
not confound the intervention effect.

4.4.2 Dose-Response Analysis

Attendance Mean Mean GPA Change Mean
Quartile Attendance % Post-GPA
Q1 (Lowest) 80-85% +0.72 £ 0.35 7.52+041
Q2 86—91% +0.98 + 0.38 7.78 +0.48
Q3 92-96% +1.18 +0.41 7.98 £0.51
Q4 (Highest) 97-100% +1.34 +0.39 8.14 + 0.44
Linear Trend F(1,48) = 18.64, p <0.001

ANOVA

Table 8: Dose-Response Relationship: Attendance Percentage and GPA Change
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Dose-Response Finding: A significant linear trend emerged across attendance quartiles
(F(1,48) = 18.64, p <0.001). Mean GPA improvement increased progressively from 0.72 points
(Q1) to 1.34 points (Q4), with 95% confidence intervals showing minimal overlap between
quartiles. This dose-response relationship provides strong evidence that intervention benefit
was contingent upon program participation.

4.5 Regression Analysis: Predictive Value of Physical Activity on Academic Performance
4.5.1 Hierarchical Regression Model

Model Predictors Rz | AR? Ap F p-value
Demographics (Age,
Model |~ Gender, Year of | 0.062| — _ 208 | p=0108
1
Study)

+ Physical Activity

Model Variables (Group, 0.282 | 0.220 | p < 0.001*** | 8.64 | p < 0.001***

2 Attendance, Baseline
IPAQ)
+ Cognitive
Model Performance (CPT, . -
3 Digit Span, WCST. 0.412 1 0.130 | p < 0.001 10.42 | p < 0.001
COWAT)

Table 9: Hierarchical Regression: Predictors of Post-Intervention GPA

Model Results:

Model 1 (Demographics): Demographic variables accounted for only 6.2% of variance in
academic performance (R? = 0.062, F(3,96) = 2.08, p = 0.108), non-significant.

Model 2 (+ Physical Activity): Addition of physical activity variables significantly improved
model prediction (AR? = 0.220, p < 0.001). Combined model explained 28.2% of variance in
academic performance (R? = 0.282, F(6,93) = 8.64, p < 0.001).

Model 3 (+ Cognitive Function): Addition of cognitive performance measures further improved
prediction (AR? = 0.130, p < 0.001). Full model explained 41.2% of variance (R* = 0.412,
F(10,89) = 10.42, p < 0.001).

4.5.2 Standardized Regression Coefficients (Model 3)

Predictor B B SE t p-value
(Standardized) | (Unstandardized)

Age 0.04 0.028 0.062 | 0.45 | p=0.652

Gender 0.12 0.156 0.148 | 1.05 | p=0.296

(Female =

1)

Year of 0.08 0.087 0.093| 0.94 | p=0.350

Study

Intervention 0.48** 0.621 0.156 | 3.98 p <

Group 0.001***

Attendance 0.32** 0.005 0.002 | 2.94 p=

Percentage 0.004**
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Baseline 0.18* 0.124 0.064 | 1.93 p=
IPAQ Score 0.057*
CPT —0.26** —0.003 0.001 | —-2.41 p=
Reaction 0.018*
Time

Change

Digit Span 0.34*** 0.287 0.082 | 3.49 p<
Change 0.001***
WCST 0.22* 0.031 0.016 | 1.95 p=
Error 0.054*
Reduction

COWAT 0.31** 0.029 0.011| 2.70 p=
Score 0.008**
Increase

Table 10: Standardized and Unstandardized Regression Coefficients (Model 3)
Notable Predictors:
e Intervention Group Status: Most powerful predictor (B = 0.48, p < 0.001);
intervention participants showed 0.62 higher post-intervention GPA independent of other
predictors
e Working Memory Improvement: Strong predictor (B = 0.34, p < 0.001); each
additional digit span point predicted 0.29 GPA points
e Attendance Percentage: Significant dose-response predictor (B = 0.32, p =0.004)
e Verbal Fluency Improvement: Significant predictor (B =0.31, p = 0.008)
e Processing Speed Improvement: Significant negative predictor (B =—0.26, p =0.018);
faster reaction times associated with higher GPA
Collinearity Assessment: Variance inflation factors (VIF) ranged from 1.12-2.84, all well below
10.0 threshold; multicollinearity not problematic.

4.6 Mediation Analysis: Does Cognitive Function Mediate Physical Activity — Academic
Performance Relationship?

Pathway Path Standard 95% CI | Interpretation
Coefficient Error

Direct Effect (Physical 0.68** 0.18 [0.33, Significant

Activity — GPA) 1.03]

Total Indirect Effect (via 0.34* 0.12 [0.12, Significant

Cognition) 0.62]

Proportion Mediated 33.3% — — Partial
Mediation

Table 11: Mediation Analysis: Cognitive Function as Mediator

Mediation Findings: Bootstrap analysis (5,000 resamples) revealed that cognitive function
partially mediates the relationship between physical activity participation and academic
performance. The indirect effect (0.34, 95% CI [0.12, 0.62]) was significant, accounting for
33.3% of the total effect. However, the direct effect remained significant (0.68), indicating that
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physical activity affects academic performance through both cognitive and non-cognitive
pathways (potentially including motivational, attentional, or physiological mechanisms).
4.7 Moderation Analysis: Does Gender Moderate Intervention Effects?

Gender Mean GPA Change 95% ClI Cohen's d
(within-
group)

Males (n=28) +1.07 £ 0.44 [0.88, 1.26] | 1.80

Females (n=22) +1.14 + 0.39 [0.98,1.30] | 1.88

Interaction (Gender x| F(1,96)=0.18,p=0.671

Intervention)

Table 12: Moderation Analysis: Gender as Moderator of Intervention Effect

Moderation Finding: Gender did not significantly moderate the intervention effect on GPA
change (F(1,96) = 0.18, p = 0.671). Both males and females experienced similar magnitude of
improvement (males: +1.07 + 0.44 vs. females: +1.14 + 0.39), with large effect sizes for both
subgroups (Cohen's d = 1.80 and 1.88 respectively).

4.8 Intent-to-Treat vs Per-Protocol Analysis

Analysis Type N | Mean GPA Change | Cohen's d
Per-Protocol (>80% attendance) | 48 +1.12 + 0.41 1.88
Intent-to-Treat (all randomized) | 50 +1.08 + 0.43 1.79
Difference — —0.04 —0.09
t(96) =0.31, p=0.76 — | (Not Significant)

Table 13: Intent-to-Treat vs Per-Protocol Analysis Comparison

Robustness Check: Intent-to-treat and per-protocol analyses yielded highly similar results
(Cohen's d = 1.79 vs 1.88, difference = —0.09, p = 0.76), indicating robust effects not dependent
on adherence threshold.

4.9 Physical Activity Level Changes (IPAQ)

IPAQ Intervention Intervention Control Control 1* Test

Category Baseline Post Baseline Post

Sedentary 32 (64%) 2 (4%) 34 (68%) | 33 (66%) v(2) =
52.18

Minimally 15 (30%) 12 (24%) 14 (28%) 15 (30%) p <

Active 0.001***

Sufficiently 3 (6%) 36 (72%) 2 (4%) 2 (4%)

Active

Table 14: Changes in Physical Activity Level Classification (IPAQ)

Physical Activity Changes: Intervention group showed dramatic shifts in physical activity
classification. From baseline, 64% (n=32) were sedentary; post-intervention, only 4% (n=2)
remained sedentary. Conversely, 72% (n=36) reached "sufficiently active" status post-
intervention versus only 6% (n=3) at baseline. Control group showed no meaningful change in
physical activity distribution (}*(2) = 52.18, p < 0.001, reflecting dramatic group differences).
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4.10 Effect Size Summary and Clinical Significance

Outcome Cohen's d Effect Size Clinical Significance
/ P Classification
Within-Group GPA Change d=184 Very Large Equivalent to ~1.1
(Intervention) GPA points
Between-Group Post-GPA d=2.16 Very Large Intervention >Control
Difference by 1.1 points
Attention/Processing Speed n*>=0.42 Large 42% variance
explained
Verbal Fluency n*>=0.44 Large 44% variance
explained
Working Memory n*>=0.38 Large 38% variance
explained
Executive Function n>=0.35 Large 35% variance
explained
Multivariate Cognitive Effect n_p*= Large 36% variance
0.36 explained

Table 15: Summary of Effect Sizes Across Primary and Secondary Outcomes

Clinical Interpretation: Effect sizes substantially exceed conventional thresholds for "large"
effects. The 1.1-point GPA improvement represents approximately one letter grade change on
typical university grading scales, constituting clinically meaningful academic improvement.
4.11 Number Needed to Treat (NNT)

Defining "clinically significant improvement" as >0.5 GPA-point increase:

Group % Achieving >0.5 GPA Improvement | NNT
Intervention | 96% (48/50)
Control 14% (7/50) 1.18

Table 16: Number Needed to Treat

NNT Interpretation: NNT = 1.18 indicates that approximately 1-2 additional students must
receive the intervention for one additional student to achieve clinically meaningful academic
improvement (>0.5 GPA points), reflecting exceptional intervention efficiency.

5. Discussion

5.1 Primary Findings Interpretation

This study demonstrates that an 8-week structured physical activity program significantly
enhances academic performance among university students. The intervention group's post-
intervention mean GPA increased by 1.1 + 0.42 points (from 6.8 £ 0.48 to 7.9 = 0.52),
representing a very large effect size (Cohen's d = 1.84, p < 0.001). This improvement markedly
exceeded changes in the control group (0.1 + 0.38 points, Cohen's d = 0.19, p = 0.034).

The between-group comparison revealed an exceptionally large post-intervention difference (d =
2.16, p < 0.001), with the intervention group achieving 1.1 points higher GPA than controls.
These findings provide robust empirical evidence that structured physical activity causally
influences academic outcomes in university populations—addressing a critical gap in higher
education research.
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5.2 Mechanisms Underlying Academic Improvement

5.2.1 Cognitive Function Enhancement

The multivariate analysis of variance revealed significant intervention effects across multiple
cognitive domains (Wilks' A =0.64, F(4,95)=8.92, p <0.001, n_p?=0.36). Post-hoc univariate
tests demonstrated improvements in:

e Attention and Processing Speed: 70-millisecond reduction in CPT reaction time

(15.1% improvement, n? = 0.42)

e Working Memory: 1.6-point increase in digit span (25.8% improvement, n? = 0.38)

e Executive Function: 9.1-error reduction in WCST perseverative errors (49.5%

improvement, n? = 0.35)

e Verbal Fluency: 9.9-point increase in COWAT score (25.9% improvement, n> = 0.44)
These cognitive improvements align with established neurobiological mechanisms. Physical
exercise enhances synaptic plasticity through elevated BDNF, facilitates neurogenesis in the
hippocampus, and improves neurotransmitter function—yprocesses directly supporting attention,
memory, and executive functioning[24][25].

5.2.2 Mediation Pathway Analysis
Mediation analysis revealed that cognitive function partially mediates the physical activity —
academic performance relationship, accounting for 33.3% of the total effect. However, the
significant direct effect remained (0.68 points, 95% CI [0.33, 1.03]), suggesting that additional
mechanisms contribute to improved academic performance:
1. Physiological pathways: Enhanced cardiovascular fitness improves cerebral blood
flow and oxygen delivery
2. Motivational pathways: Structured activity may increase self-efficacy and intrinsic
motivation for academic pursuits
3. Psychological pathways: Stress reduction and improved mood through exercise may
enhance academic engagement
4. Sleep quality: Regular physical activity enhances sleep architecture and restorative
processes critical for memory consolidation[26]

5.3 Dose-Response Relationship

A significant linear dose-response relationship emerged between attendance percentage and GPA
improvement (F(1,48) = 18.64, p < 0.001). Students in the highest attendance quartile (97-100%)
achieved mean GPA improvement of 1.34 £ 0.39 points, compared to 0.72 £+ 0.35 points in the
lowest attendance quartile (80—85%). This 62% increase in benefit with increased adherence
demonstrates intervention efficacy is contingent upon program participation.

Correlation analysis confirmed attendance percentage significantly correlated with GPA change
(r = 0.58, p < 0.001), supporting the hypothesis that intervention benefits demonstrate dose-
dependent characteristics typical of exercise interventions[27].

5.4 Predictive Value: Hierarchical Regression Findings

Hierarchical regression analysis revealed physical activity variables predicted 22% of variance
in academic performance beyond demographics (Model 1: R? = 0.062; Model 2: AR? = 0.220).
Addition of cognitive performance measures increased prediction to 41.2% variance explained
(Model 3: Rz =0.412).
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Within the full model, intervention group status emerged as the strongest predictor (f = 0.48, p
< 0.001), with working memory improvement ( = 0.34, p < 0.001) and attendance percentage
(B =0.32, p = 0.004) also demonstrating substantial predictive power. These findings indicate
that both the intervention itself and resulting cognitive improvements predict academic success.
5.5 Generalizability and Moderator Analysis

Gender did not moderate intervention effects (F(1,96) = 0.18, p = 0.671); both males (d = 1.80)
and females (d = 1.88) experienced equivalent benefits, supporting the intervention's
generalizability across genders. While this study did not examine other potential moderators (e.g.,
baseline fitness, socioeconomic status, academic discipline), the robust within-group effect sizes
and successful randomization suggest findings may generalize across diverse university student
populations.

5.6 Comparison with Existing Literature

These findings substantially expand limited existing research on structured physical activity in
university populations. Lubans et al.'s meta-analysis[10] reported moderate-to-large associations
between physical activity and academic achievement but noted heterogeneity and limited studies
in higher education. This quasi-experimental study provides the methodological rigor (pre/post
design, control group, validated outcome measures, large effect sizes) necessary to establish
causal inference, advancing beyond previous cross-sectional or descriptive work.

The magnitude of effects observed here (Cohen's d = 1.84 within-group, d = 2.16 between-group)
substantially exceeds typical academic interventions. For comparison, meta-analytic reviews of
educational interventions report average effect sizes of d = 0.40[28], rendering these physical
activity effects approximately 4-5 times larger than typical educational modifications.

5.7 Implications for University Policy and Practice
5.7.1 Integration into Academic Curriculum
Findings support institutional integration of supervised exercise programs into academic routines.
Universities should consider:
e Mandatory Physical Activity Requirements: Incorporating structured exercise into
undergraduate curricula as credit-bearing coursework
e Campus Fitness Infrastructure: Investment in accessible, high-quality exercise
facilities staffed by qualified instructors
e Integrated Wellness Programs: Linking physical activity initiatives with academic
support services, mental health resources, and nutrition counseling
e Faculty Engagement: Training faculty to recognize and support physical activity
participation among students
5.7.2 Academic Support Strategy
Rather than viewing physical activity as peripheral to academics, institutions should recognize it
as a legitimate academic enhancement strategy. This reframing could justify:
e Resource Allocation: Budget prioritization for exercise programs comparable to
tutoring, writing centers, or academic counseling
e Student Success Programs: Incorporation of physical activity into first-year seminars
and academic success initiatives
e At-Risk Student Support: Recommendation of structured exercise for students
demonstrating academic difficulty or cognitive concerns
5.7.3 Health Promotion Framework
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University health promotion should emphasize bidirectional benefits of physical activity:
e Simultaneous Health and Academic Gains: Messaging that exercise simultaneously
improves physical health, cognitive function, and academic success
e Evidence-Based Communication: Dissemination of research findings to students,
faculty, and families
e Accessibility: Ensuring physical activity programs accommodate diverse fitness levels
and abilities
5.8 Limitations and Methodological Considerations
Study Strengths:
e Rigorous quasi-experimental design with control group and pre-post measurement
Large effect sizes and robust statistical findings across multiple outcome measures
Validated instruments (IPAQ, cognitive assessment battery)
Attention to statistical assumptions and multiple analytical approaches
Intent-to-treat analysis demonstrating robust effects independent of adherence
thresholds
e Dose-response analysis supporting mechanistic pathway

Study Limitations:
1. Quasi-Experimental Design: Although stronger than correlational designs,
randomization was not complete; unmeasured confounding variables theoretically could
explain findings (though group matching and baseline equivalence testing mitigate this
concern).
2. Sample Characteristics: Study conducted at single Indian university with
predominantly young (21.3 £ 2.0 years), relatively healthy students. Generalizability to
older students, students with chronic conditions, or non-Indian university populations may
be limited.
3. Intervention Duration: 8-week intervention represents short-term assessment. Long-
term sustainability of benefits and required "maintenance™ intervention frequency remain
unknown.
4. Outcome Measures: Academic performance measured via GPA; other academic
outcomes (specific course performance, standardized achievement tests, retention) not
examined.
5. Cognitive Assessment: Cognitive testing occurred in laboratory setting; transfer to
real-world academic performance, while suggested by GPA improvements, may not be
complete.
6. Potential Placebo/Expectancy Effects: Blinding not feasible given intervention
nature; participants aware of group assignment, theoretically introducing expectancy
biases (though large effect sizes and control group design partially mitigate concern).
7. Measurement Timing: Post-test conducted at Week 9; longer-term follow-up (4+
weeks post-intervention) would clarify effect durability.
8. Missing Data: Two participants withdrew; while per-protocol analysis yielded similar
results to intent-to-treat analysis, missing data remained minimal.

5.9 Future Research Directions
1. Longitudinal Studies: Extended follow-up (3—6 months post-intervention) examining
effect maintenance and optimal intervention spacing
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2. Mechanism Specification: Neuroimaging studies (fMRI, diffusion tensor imaging)
examining structural and functional brain changes accompanying academic improvement
3. Comparative Effectiveness: Direct comparison of different exercise modalities,
intensities, and frequencies on academic outcomes
4. Population Diversity: Replication in diverse university populations (different
geographic regions, socioeconomic backgrounds, academic disciplines)
5. Integration Research: Investigation of optimal methods for integrating physical
activity into academic curricula and assessment of implementation barriers/facilitators
6. Cost-Effectiveness Analysis: Economic evaluation of structured physical activity
programs compared to alternative academic interventions
5.10 Conclusion
This quasi-experimental study provides robust empirical evidence that an 8-week structured
physical activity program significantly enhances academic performance among university
students. The intervention produced very large improvements in post-intervention GPA (7.9 +
0.52 vs. 6.8 + 0.48 pre-intervention, Cohen's d = 1.84, p < 0.001) compared to minimal control
group changes. Between-group post-intervention differences were exceptionally large (d = 2.16,
p <0.001).
Significant improvements occurred across multiple cognitive domains (attention, working
memory, executive function, verbal fluency), with large multivariate effect sizes (n_p? = 0.36).
Hierarchical regression analysis revealed that structured physical activity predicted 28% of
variance in academic performance after controlling for demographics, with cognitive function
partially mediating this relationship (33.3% indirect effect).
Dose-response analysis confirmed that intervention benefits increased with attendance (F(1,48)
= 18.64, p < 0.001), demonstrating efficacy depends on program participation. Effects
generalized across gender and remained robust in intent-to-treat analysis.
Key Recommendations:
1. Universities should integrate supervised exercise programs into academic
curricula as evidence-based academic enhancement strategies
2. Investment in campus fitness infrastructure and qualified personnel offers
institutional returns through improved student academic outcomes
3. Physical activity should be recognized as equivalent to traditional academic
support services (tutoring, counseling) in resource allocation and policy prioritization
4. Student health promotion initiatives should emphasize bidirectional benefits
linking physical activity to both health and academic success
These findings challenge the traditional separation of physical and academic domains within
higher education, providing empirical justification for comprehensive wellness approaches
integrating structured physical activity as a core academic support strategy.
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