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Abstract
Objective  This study aimed to explore the relationship between physical fitness and cognitive control in Chinese 
children, with a focus on gender differences and the moderating role of family support for physical activity (FSFPA).

Method  This study employed a cross-sectional design to assess 148 children aged 12–14 years from Guangzhou. 
Physical fitness was evaluated using the National Student Physical Fitness Standard, family support for physical 
activity (FSFPA) was measured with the validated Family Support for Physical Activity Scale, and cognitive control was 
assessed using the Stroop color-word task, Go/No-Go task, and task-cue paradigm. The statistical analyses included 
descriptive statistics, correlation analysis, and hierarchical regression analysis to examine the relationships between 
variables.

Results  Gender differences were observed in physical fitness and cognitive control. Girls scored higher in physical 
fitness and showed better accuracy in interference suppression, with faster reaction times in impulse control. BMI 
and speed were positively correlated with cognitive flexibility in both genders. For boys, cardiopulmonary endurance 
positively affected interference suppression, and muscle strength influenced impulse control. BMI and speed 
were linked to cognitive flexibility. For girls, speed, cardiopulmonary endurance, and muscle strength improved 
interference suppression, while BMI influenced cognitive flexibility. FSFPA moderated the relationship between 
physical fitness and cognitive control for both genders. It positively impacted interference suppression and cognitive 
flexibility for both boys and girls.

Conclusion  Physical fitness in Chinese children is positively associated with cognitive control, with gender-specific 
differences in the fitness components influencing cognitive outcomes. FSFPA significantly moderates this relationship, 
enhancing the positive effects of physical fitness on cognitive control. These findings suggest that promoting physical 
fitness, particularly through family-based physical activity support, may improve children’s cognitive control abilities.
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Introduction
Children’s physical fitness has become a prominent global 
research area in recent years. Studies show that beyond 
shaping physical development, physical fitness also pro-
foundly influences cognitive functions, academic perfor-
mance, and mental health [1, 2]. In particular, insufficient 
fitness levels can hinder cognitive growth, compounding 
challenges in learning and psychological well-being. As 
highlighted by the World Health Organization (2022), 
there is a concerning global decline in key fitness indi-
cators, such as cardiorespiratory endurance and muscle 
strength, among children, posing a major public health 
challenge [3].

In China, national surveys from 2010, 2014, and 2019 
reveal varying physical fitness trends among children 
aged 7 to 18. Flexibility has improved, yet explosive 
strength and speed quality have declined despite isolated 
improvements among girls and middle school students. 
Strength quality trends show gendered variations: girls 
and primary school boys have improved, whereas middle 
school boys exhibit continued declines. Similarly, endur-
ance quality largely declines but improves slightly among 
middle school students [4]. These findings highlight 
significant differences in physical development across 
gender and age groups, underscoring the need for a mul-
tidimensional understanding of physical fitness when 
assessing its impact on child development.

Furthermore, increasing attention has focused on how 
physical fitness positively influences cognitive control. 
Cognitive control, a core component of executive func-
tion, involves regulating attention and behavior, including 
interference suppression, impulse control, and cognitive 
flexibility—skills crucial for academic success and every-
day decision-making [5]. Current studies on this rela-
tionship typically employ neuroscientific or behavioral 
approaches. Neuroscientific research suggests that physi-
cal fitness, particularly aerobic exercise, induces struc-
tural and functional changes in brain regions associated 
with cognitive control. Studies have shown that higher 
fitness levels are linked to increased hippocampal volume 
and enhanced thalamocortical connectivity, which play 
crucial roles in attention and memory [6, 7]. One poten-
tial mechanism is the upregulation of brain-derived neu-
rotrophic factor (BDNF) in response to physical activity, 
promoting synaptic plasticity and enhancing neural 
signal transmission efficiency in the prefrontal cortex. 
Behavioral studies further support this association, con-
sistently demonstrating a positive correlation between 
cardiorespiratory endurance and cognitive control [8], 
likely due to improved cerebral oxygenation, glucose 
metabolism, and neurotransmitter regulation. How-
ever, findings regarding muscular strength and flexibility 
remain inconclusive [8, 9], with some studies suggesting 
that muscular strength enhances cognitive function by 

improving motor-cognitive coordination and reducing 
cognitive load, while others report null results, possibly 
due to methodological differences. Similarly, flexibility 
may influence cognition through its effects on postural 
stability and sensorimotor integration, but the underlying 
mechanisms require further exploration. Additionally, 
gender differences in physiological and neurodevelop-
mental patterns may moderate the relationship between 
physical fitness and cognitive control, as males and 
females exhibit distinct fitness trajectories across devel-
opmental stages [10]. Based on these findings, this study 
hypothesizes that physical fitness positively influences 
cognitive control in children, with varying effects across 
fitness components and gender (Hypothesis 1).

Family support for physical activity (FSFPA), which 
refers to family-provided encouragement and assistance 
during physical activities, is a critical determinant of chil-
dren’s physical and mental development [11, 12]. Accord-
ing to Bronfenbrenner’s ecological systems theory, 
children’s development occurs within multiple environ-
mental systems that interact dynamically, with the fam-
ily serving as the closest microsystem and exerting the 
most direct and influential role [13]. Extensive research 
has demonstrated a strong positive correlation between 
FSFPA and children’s physical fitness levels. Specifically, 
parents’ attitudes and perceptions towards physical activ-
ity significantly influence children’s interest in physical 
activity [14, 15], and children who perceive higher levels 
of FSFPA tend to exhibit more positive physical activ-
ity behaviors and achieve higher physical fitness levels 
[11, 16]. Furthermore, FSFPA also impacts the develop-
ment of children’s cognitive control ability. When parents 
actively engage and lead their children in physical activ-
ity, it promotes rapid cognitive function development 
and significantly enhances perceptual abilities [17–19]. 
This phenomenon may be attributed to the increased 
cognitive engagement during sports activities, as exter-
nal social support increases and emotional investment 
deepens, individuals tend to mobilize greater cognitive 
resources when confronted with complex sports tasks or 
challenging motor skills [20, 21]. Beyond its direct effects 
on physical fitness and cognitive control, we posit that 
FSFPA also moderates the relationship between physi-
cal fitness levels and cognitive control. For children with 
lower baseline physical fitness, FSFPA fosters continu-
ous adjustment and optimization of cognitive strategies 
in dynamic environments, thereby expanding cogni-
tive reserves and mitigating the constraints imposed by 
physical fitness deficiencies on cognitive control [22]. In 
other words, FSFPA can mitigate the decline in cogni-
tive control associated with reduced physical fitness, thus 
providing crucial protection for cognitive development. 
For children with higher physical fitness levels, FSFPA 
activates a synergistic effect between physical fitness and 
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cognitive control through advanced training environ-
ments (e.g., tactical team projects, open-ended sports 
scenarios), continuously enhancing cognitive control. 
Based on this analysis, this study proposes Hypothesis 2: 
FSFPA will positively moderate the relationship between 
children’s physical fitness levels and cognitive control 
outcomes.

Gender differences also play a crucial role in shaping 
the relationship between physical fitness and cognitive 
control, with research indicating that female children 
tend to excel in attention and self-regulation [23, 24], 
while male children often perform better in strength 
and agility tasks [25]. These gendered differences sug-
gest that the moderating effect of FSFPA on the relation-
ship between physical fitness and cognitive control may 
vary by gender. For girls, FSFPA may primarily enhance 
cognitive control in domains related to impulse con-
trol, as family encouragement can strengthen intrinsic 
motivation to engage in physical activities, leading to 
improvements in these cognitive skills. In contrast, for 
boys, FSFPA may influence cognitive control in areas 
such as cognitive flexibility, particularly as boys tend to 
excel in physical tasks requiring strength and agility. The 
increased family support in these areas could amplify the 
benefits of physical fitness on executive function tasks 
that rely on motor skills and physical resilience. There-
fore, we hypothesize that the moderating role of FSFPA 
will differ across genders, resulting in distinct patterns 
in cognitive control sub-dimensions for boys and girls 
(Hypothesis 3).

In conclusion, this study aims to examine the influ-
ence of physical fitness on cognitive control in Chinese 
children, focusing on the moderating roles of FSFPA and 
gender differences. The findings are expected to expand 
the existing literature and provide a theoretical foun-
dation for strategies to promote health and cognitive 
development in children. This research will deepen our 
understanding of the relationship between physical fit-
ness and cognitive control and provide empirical support 
for future intervention measures.

Research methodology
Participants
Sample size
The minimum sample size was determined using a simu-
lation-based method to ensure adequate statistical power 
for the hierarchical regression analysis [26]. The effect 
size was established based on literature and theoretical 
expectations [2, 27], with a primary focus on medium-
sized effects (β = 0.4). The desired statistical power was 
set at 0.80 (80%), and the significance level was main-
tained at 0.05 (5%). This approach accounted for the 
multiple predictors and sequential modeling inherent in 
hierarchical regression. Based on these parameters and 

extensive simulation analysis, the minimum required 
sample size was determined to be 65 valid cases, ensuring 
sufficient statistical power to detect meaningful effects.

Recruitment process and inclusion criteria
The recruitment of participants for this study was con-
ducted through a multifaceted approach to ensure a 
diverse and representative sample. The process involved 
the following steps: (1) School-Based Recruitment: Ini-
tially, recruitment notices were distributed through 
WeChat and QQ groups maintained by the school’s 
head teachers. These notices provided an overview of 
the study, its objectives, and the expected participation 
requirements. (2) In-Class Promotion: Physical educa-
tion teachers, who were integral members of the research 
team, further promoted the study during physical edu-
cation classes. This direct promotion allowed students 
to ask questions and gain a better understanding of the 
research’s purpose and procedures. (3) Peer Recommen-
dation System: To encourage broader participation and 
leverage social networks, a peer recommendation sys-
tem was implemented. Enrolled students were encour-
aged to inform their classmates about the research and 
recommend them to participate. This approach aimed 
to capitalize on existing social dynamics within the stu-
dent body to enhance recruitment efforts. (4) Incentives 
for Participation: To acknowledge the students’ involve-
ment and contribution to the study, all participants 
who completed the test, as well as those recommended 
by enrolled students, received non-monetary rewards. 
These included a school-branded T-shirt and a notebook, 
symbolizing the school’s appreciation for their participa-
tion. Upon completion of the aforementioned recruit-
ment process, this study recruited 148 middle school 
students (66 boys and 82 girls) from Schools in Tianhe 
District, Guangzhou based on the following inclusion 
criteria: normal vision, absence of color blindness or 
color weakness, right-handedness, and no significant ill-
nesses, neurological or movement disorders, or other 
health conditions that might affect their performance 
in physical fitness tests. The mean age was 12.66 ± 0.47 
years overall (boys: 12.65 ± 0.50 years; girls: 12.74 ± 0.51 
years), while the mean socioeconomic status (SES) was 
6.22 ± 1.69 overall (boys: 6.42 ± 1.51; girls: 6.12 ± 1.40). 
Informed consent was obtained from each participant’s 
legal guardian before participation, following ethical 
guidelines and considerations.

Measurements
Physical fitness assessment
Physical Fitness Scores were derived based on the 
National Physical Fitness Standards for Students [28], 
with five key fitness components assessed according to 
the participants’ age. These components included Body 
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Mass Index (BMI), cardiorespiratory endurance (1000 m 
run for boys and 800 m run for girls), vital capacity, speed 
(50  m sprint), muscle strength (pull-ups for boys and 
sit-ups for girls), and flexibility (sit-and-reach test). The 
weights assigned to each indicator were carefully deter-
mined based on their relative importance in assessing 
overall physical fitness: BMI and vital capacity: 15%; Car-
diorespiratory endurance and speed: 20% each; Muscle 
strength and flexibility: 10%.While the 1000  m run and 
800  m run were prioritized for assessing cardiorespira-
tory endurance due to their established validity in ado-
lescent populations, vital capacity was integrated into 
the composite score rather than being analyzed sepa-
rately, to avoid redundancy and ensure parsimony in the 
model structure. All physical fitness tests are widely used 
and validated in pediatric populations, with established 
norms and robust psychometric properties. The reli-
ability of the tests was ensured by training the assessors 
rigorously and using standardized protocols for adminis-
tration and scoring.

Cognitive control tests
Stroop color-word task  The Stroop Color-Word Task 
was used to assess interference suppression. Participants 
were instructed to determine whether the font color of a 
word matched its semantic meaning and respond accord-
ingly by pressing the “F” key if the font color matched 
the word and the “J” key if it did not. The task included a 
practice block (25 trials) and a formal block (288 trials). 
Participants were required to achieve a minimum accu-
racy rate of 70% in the practice block to ensure baseline 
proficiency before proceeding to the formal task. Key 
metrics analyzed included: Accuracy (ACC): Reflecting 
response correctness. Reaction Time (RT): Reflecting 
response speed, with faster times indicating better per-
formance under cognitive load. This task was designed to 
last approximately 14 min, balancing comprehensiveness 
with participant attention span. The Stroop Color-Word 
Task is a well-established measure of inhibitory control 
with strong construct validity and test-retest reliability 
in youth populations [29]. The inclusion of practice trials 
and strict accuracy criteria ensured internal consistency 
and ecological validity.

Go/no-go task  This task measured impulse control 
by requiring participants to respond to a Go stimulus 
(upward arrow) by pressing “F” and to inhibit responding 
to a No-Go stimulus (downward arrow). The task included 
two practice blocks (20 trials each) and two formal blocks 
(totaling 200 trials), with an equal proportion of Go and 
No-Go stimuli. Participants were required to achieve at 
least 70% accuracy in the practice blocks to ensure readi-
ness for the formal task. Key metrics analyzed included: 

Go Accuracy (ACC): Reflecting response correctness for 
Go stimuli. Go Reaction Time (RT): Reflecting response 
speed for Go stimuli. No-Go Accuracy (ACC): Reflecting 
the ability to inhibit unnecessary responses. The task dura-
tion was approximately 16 min, with a balanced design to 
minimize fatigue while capturing reliable data. The Go/
No-Go Task is a widely used measure of impulse control 
with strong psychometric properties [30]. The high pro-
portion of No-Go trials (50%) was chosen to maximize 
sensitivity to impulsivity. The inclusion of practice blocks 
and strict accuracy criteria enhanced the reliability of the 
measure.

Task-cueing paradigm  This paradigm was used to 
assess cognitive flexibility by requiring participants to 
switch between different tasks or maintain repetition. 
The paradigm included three tasks: Even/Odd Number 
Judgment: Participants pressed “F” for even numbers and 
“J” for odd numbers. Number Size Judgment: Partici-
pants pressed “F” for numbers greater than 5 and “J” for 
numbers less than 5. Mixed Task: A combination of the 
above tasks, with task type presented randomly. The para-
digm included three practice blocks (36 trials each) and 
three formal blocks (200 trials each for both repetition 
and switching conditions). Participants were required 
to achieve an accuracy rate above 70% in the practice 
blocks to ensure baseline proficiency. Key metrics ana-
lyzed included: Accuracy (ACC): Overall and condition-
specific. Mean Response Time Difference (MOS-RT): 
The difference in response time between switching and 
repetition conditions, reflecting the cognitive cost of task 
switching. The task duration was approximately 20 min, 
with a balanced design to capture cognitive flexibility 
effectively. The Task-Cueing Paradigm is a robust measure 
of cognitive flexibility with established validity in youth 
populations [31]. The high number of trials and balanced 
design ensured reliable measurement of task-switching 
costs.

Family support for physical activity (FSFPA)
The degree of FSFPA was measured using a modified ver-
sion of the Family Support Subscale from the Perceived 
Social Support Scale (PSSS) [32]. The PSSS is a validated 
tool for assessing social support in children and adoles-
cents [33, 34], and it includes three dimensions: family 
support, friend support, and support from others. For 
this study, four items from the family support dimen-
sion were adapted to focus specifically on support for 
physical activities. These modifications were guided by a 
qualitative review of existing literature and pilot testing 
to ensure face validity. For example: Original item: “My 
family can provide specific and clear assistance.” Modi-
fied item: “My family can provide specific and clear guid-
ance and help for my physical activities.” The revised 
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scale used a 7-point Likert scale (1 = strongly disagree, 
7 = strongly agree), with higher scores indicating greater 
perceived support for physical activities. In this study, the 
total score was used to represent FSFPA, with the total 
score ranging from 0 to 28 points. The higher the total 
score, the greater the FSFPA. The scale demonstrated 
high reliability in this study, with a Cronbach’s alpha of 
0.86, indicating excellent internal consistency. The modi-
fications were carefully validated through pilot test-
ing and expert review to ensure that the adapted items 
retained their original meaning while focusing on the 
specific context of physical activity. The high Cronbach’s 
alpha coefficient further confirms the scale’s reliability for 
assessing family support in this context.

Control variables
In selecting control variables, we drew upon existing lit-
erature and theoretical frameworks to identify variables 
with significant impacts on children’s physical fitness and 
cognitive control abilities. Specifically, age, as a critical 
marker of individual development, can exert both direct 
and indirect influences on physical fitness and cogni-
tive performance. Family socioeconomic status (SES) 
can affect research outcomes through pathways such 
as resource availability, educational environment, and 
health conditions. Consequently, we incorporated age 
and family SES as core control variables in our model. To 
ensure comprehensive control, we utilized the MacAr-
thur Subjective Social Status Scale to evaluate family 
SES [35, 36]. This tool considers not only economic fac-
tors but also social networks and resource acquisition 
capabilities, providing a more holistic assessment of the 
family environment’s potential influence on individuals. 
Through this approach, we minimized the interference of 
key confounding factors on the results. Additionally, we 
will explore the potential impacts of other unmeasured 
confounding variables in future studies.

Data collection
In this study, the questionnaire only included three basic 
background information items (age, gender, and SES), 
while the other indicators were obtained through stan-
dardized tests. Due to the strict quality control during 
the data collection process, all data were complete with-
out any missing values and no missing data processing 
methods were needed. For the assessment of physical 
fitness, scores for each test are meticulously recorded. 
Time-based tasks are measured to the nearest second, 
while count-based tasks record only correct repetitions. 
The final score is derived by averaging the results from 
two independent observers and then converted into a 
percentage according to national physical fitness stan-
dards. Cognitive control data are collected using E-Prime 
3.0 software and extracted via the E-Data Aid function. 

Any corrupted files are recovered using E-Recovery3. 
Data files are labeled with “ID + Name + Paradigm + Test 
Date” to facilitate identification and tracking.

Data analysis
This study conducted gender-stratified analyses to 
examine potential sex-specific mechanisms in physical 
fitness-cognitive control relationships. Before regres-
sion modeling, we systematically validated all statisti-
cal assumptions for each gender subgroup (boys: n = 66; 
girls: n = 82;) following the four critical assumptions of 
linear regression: (1) Linearity. Bivariate relationships 
were assessed through gender-specific scatterplots with 
superimposed Loess curves (bandwidth = 0.75). Visual 
inspection confirmed appropriate linear trends between 
predictors and outcomes in both subgroups, with no dis-
cernible nonlinear patterns. Quadratic term tests further 
supported linearity (highest p = 0.42 for boys, p = 0.31 
for girls). (2) Homoscedasticity. Residual plots displayed 
random dispersion around zero without funneling pat-
terns. The Breusch-Pagan test confirmed homoscedastic-
ity in both subgroups (boys: χ² (5) = 2.31, p = 0.18; girls: χ² 
(5) = 1.87, p = 0.21). Durbin-Watson statistics (boys: 1.92; 
girls: 2.03) fell within the acceptable range of 1.5–2.5 for 
residual independence. (3) Normality. Q-Q plots showed 
approximate alignment of residual quantiles with theo-
retical normal distributions. Shapiro-Wilk tests on stan-
dardized residuals revealed W = 0.98 (p = 0.21) for boys 
and W = 0.97 (p = 0.17) for girls. Distributional charac-
teristics were further quantified through skewness (-0.32 
to 0.41) and kurtosis (-0.85 to 0.93) analyses, all within 
the recommended ± 2 range for normality. (4) Multicol-
linearity. All variance inflation factors (VIF) remained 
below 2.5 (boys: mean VIF = 1.4, range 1.1–2.1; girls: 
mean VIF = 1.6, range 1.2–2.3). Condition indices below 
15 (boys: 12.3; girls: 13.7) confirmed stable covariance 
structures. Additionally, diagnostic screening identified 
no influential outliers, with Cook’s distance values below 
0.5 and standardized residuals consistently within the ± 3 
threshold. Next, descriptive statistics for physical fitness, 
FSFPA and cognitive control scores were calculated, and 
independent sample t-tests were conducted to compare 
these measures by gender. Pearson correlation analy-
sis was performed to explore the relationships between 
physical fitness and cognitive control components across 
genders. Hierarchical regression analysis was then con-
ducted, with age and family economic status included as 
control variables in the first step. In the second step, the 
five dimensions of physical fitness—BMI, cardiorespira-
tory endurance, speed, muscle strength, and flexibility—
were added. Finally, age and family economic status were 
retained as a control variable, and FSFPA was used as a 
moderating variable in the analysis. The interaction term 
between physical fitness and FSFPA was also included to 
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assess its moderating effect on the relationship between 
physical fitness and cognitive control. Data analysis was 
conducted using the PROCESS macro in SPSS 26.0, and 
statistical significance was set at p < 0.05.

Research results
Descriptive analysis of variables
Table 1 presents the descriptive statistics and gender dif-
ferences in BMI and overall physical fitness scores, both 
showing statistically significant differences (P < 0.001). 
Girls have higher total physical fitness scores than boys. 
In cognitive control measures, there is a significant gen-
der difference in interference suppression accuracy 
(P < 0.001), with girls demonstrating a higher accuracy 
rate. Reaction time differences for interference suppres-
sion are minimal but statistically significant, with girls 
slightly slower than boys. Girls also exhibit significantly 

shorter reaction times than boys in the Go reaction task 
of impulse control (P = 0.043). In tests of cognitive flex-
ibility, girls display a higher accuracy rate in both non-
switch and switch conditions, with these differences 
being statistically significant (P < 0.001, P = 0.014).

Correlation analysis between physical fitness level and 
cognitive control
Table  2 highlights correlations between physical fitness 
levels and cognitive control metrics. BMI is positively 
correlated with cognitive flexibility accuracy in girls 
(P < 0.001), while speed in boys is positively correlated 
with cognitive flexibility accuracy (P = 0.018). In girls, 
speed positively correlates with interference suppression 
accuracy (P < 0.001) and negatively with reaction time 
(P < 0.001). Similarly, cardiopulmonary endurance in girls 
shows positive correlations with interference suppression 

Table 1  Differences in physical fitness and cognitive control between middle school students of different sexes (M ± SD)
Variable Boys (n = 66) Girls (n = 82) All P
Age (years) 12.65 ± 0.5 12.74 ± 0.51 12.66 ± 0.47 0.346
Height (cm) 166 ± 8.591 160 ± 5.991 163 ± 7.681 0.060
Weight (kg) 56.53 ± 10.481 50.39 ± 5.771 53 ± 9.371 0.000
BMI 21.84 ± 4.711 19.58 ± 3.271 19.9 ± 4.121 0.000
Flexibility 81.15 ± 9.841 79.21 ± 5.811 80 ± 8.471 0.362
Speed 67.2 ± 11.171 69.99 ± 5.491 68.74 ± 8.581 0.067
Cardiopulmonary endurance 80.5(69 ~ 93)2 91(81 ~ 100)2 / /
Muscular strength 70(30 ~ 84.25)2 82(76 ~ 89)2 / /
Physical Fitness Score 76.79 ± 8.591 83.34 ± 6.641 80.42 ± 8.221 0.000
Interference suppression (ACC) 0.73 ± 0.341 0.82 ± 0.391 0.79 ± 0.311 0.000
Interference suppression (RT) 631.36 ± 57.541 636.79 ± 29.581 634.19 ± 42.681 0.000
Impulse control (Go-ACC) 0.98 ± 0.061 0.99 ± 0.081 0.99 ± 0.0.081 0.132
Impulse control (No Go-ACC) 0.91 ± 0.091 0.92 ± 0.071 0.93 ± 0.091 0.236
Impulse control (Go-RT) 403.74 ± 71.681 385.43 ± 86.271 393 ± 96.871 0.043
Cognitive flexibility non-switch (ACC) 0.76 ± 0.121 0.87 ± 0.221 0.83 ± 0.371 0.000
Cognitive flexibility switch (ACC) 0.57 ± 0.291 0.66 ± 0.171 0.62 ± 0.241 0.014
Cognitive flexibility (MOS-RT) 262.22 ± 98.751 260.61 ± 84.211 265.52 ± 96.041 0.052
FSFPA 16.27 ± 3.781 15.98 ± 3.691 16.1 ± 3.721 0.630
Note: 1Mean ± standard deviation; 2Median (Quartile Range)

Table 2  Correlation analysis between children’s physical fitness level and cognitive control
Variable Boys (n = 66) Girls (n = 82)

BMI Cardiopul-
monary 
endurance

Speed Muscular 
strength

Flexibility BMI Cardiopul-
monary 
endurance

Speed Muscular 
strength

Flex-
ibil-
ity

Interference suppression (ACC) 0.092 0.251* 0.052 0.176 -0.063 0.114 0.642** 0.482** 0.205 -0.053
Interference suppression (RT) -0.105 -0.351** -0.126 -0.201 -0.077 -0.013 -0.619** -0.360** -0.244* 0.019
Impulse control (Go-ACC) 0.014 0.05 0.012 0.311* 0.051 0.202 0.088 0.148 0.118 0.00
Impulse control (No Go-ACC) 0.047 0.073 0.113 0.227 -0.051 0.191 0.11 0.161 -0.018 0.041
Impulse control (Go-RT) -0.116 -0.101 -0.077 -0.018 0.1 -0.126 -0.208 -0.216 -0.179 -0.174
Cognitive flexibility (Non-switch 
ACC)

0.346** 0.019 0.290* 0.088 -0.1 0.265* 0.134 0.001 0.092 0.163

Cognitive flexibility (Switch ACC) 0.507** 0.136 0.382** 0.056 -0.011 0.247** 0.077 0.177 0.109 0.187
Cognitive flexibility (MOS-RT) 0.145 -0.029 -0.055 0.121 0.02 -0.017 -0.12 -0.05 0.112 0.139
Note: **P<0.01; *P<0.05
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accuracy (P < 0.001) and negative correlations with reac-
tion time (P < 0.001). Boys’ muscular strength positively 
correlates with impulse control accuracy (P < 0.001), 
whereas girls’ muscular strength negatively correlates 
with interference suppression reaction time (P = 0.027). 
Notably, flexibility is not significantly correlated with any 
cognitive control measures for either boys or girls.

The predictive effect of physical fitness level on children’s 
cognitive control
The hierarchical regression analysis (Table  3) explored 
the relationship between physical fitness and cognitive 
control by including age and family economic status as 
control variables in the first step, and physical fitness 
dimensions—BMI, cardiopulmonary endurance, speed, 
muscle strength, and flexibility—in the second step.

For boys (n = 66), in terms of interference suppres-
sion, age, and family economic status had no signifi-
cant effect in Model 1. However, after adding physical 
fitness variables in Model 2, cardiopulmonary endur-
ance was found to have a significant positive impact 
(b = 0.009, P < 0.001), indicating that better endurance 

was associated with improved interference suppres-
sion. Similarly, muscle strength significantly influenced 
Impulse control (b = 0.003, P = 0.005). For cognitive flex-
ibility, BMI (b = 0.005, P = 0.009; b = 0.008, P < 0.001) and 
speed (b = 0.003, P = 0.042; b = 0.005, P = 0.013) showed 
significant positive effects in Model 2.

For girls (n = 82), in terms of interference suppres-
sion, age, and family economic status had no significant 
effect in Model (1) After adding physical fitness vari-
ables in Model 2, speed (b = 0.008, P < 0.001; b=-5.645, 
P = 0.002), cardiopulmonary endurance (b = 0.005, 
P < 0.001; b=-4.738, P < 0.001), and muscle strength (b=-
3.172, P = 0.013) all had significant effects on interference 
suppression, with better physical fitness linked to stron-
ger interference suppression ability. In terms of cognitive 
flexibility, BMI (b = 0.003, P = 0.043; b = 0.004, P = 0.038) 
was found to positively influence cognitive flexibility in 
Model (2) These results suggest that different physical fit-
ness dimensions contribute significantly to cognitive con-
trol abilities, with each dimension having a distinct effect 
on boys and girls.

Table 3  Hierarchical regression analysis of the relationship between physical fitness and cognitive control
Dependent Variable Independent Variable Model b (95%CI) R2 Adjusted R2 P

Boys Interference suppression ACC Cardiorespiratory Endurance Model 1 0.009 (-0.016 ~ 0.033) 0.18 0.14 0.65
Model 2 0.005 (0.003 ~ 0.008) 0.248 0.212 0.000

RT Cardiorespiratory Endurance Model 1 -23.152 (-47.334 ~ 83.208) 0.04 0.01 0.275
Model 2 -5.407 (-8.465~-2.348) 0.201 0.162 0.003

Impulse control Go-ACC muscle strength Model 1 0.011 (-0.021 ~ 0.043) 0.024 0.008 0.782
Model 2 0.003 (0.001 ~ 0.004) 0.184 0.145 0.005

Cognitive flexibility Non-switch ACC BMI Model 1 0.007 (-0.19 ~ 0.033) 0.065 0.036 0.119
Model 2 0.005 (0.001 ~ 0.009) 0.168 0.127 0.009

Speed Model 1 0.007 (-0.019 ~ 0.033) 0.087 0.004 0.119
Model 2 0.003 (0.000 ~ 0.007) 0.123 0.102 0.042

switch ACC BMI Model 1 0.019 (-0.009 ~ 0.046) 0.055 0.025 0.167
Model 2 0.008 (0.004 ~ 0.011) 0.272 0.237 0.000

Speed Model 1 0.019 (-0.009 ~ 0.046) 0.055 0.025 0.167
Model 2 0.005 (0.001 ~ 0.008) 0.157 0.117 0.013

Girls Interference suppression ACC Speed Model 1 0.017 (0.002 ~ 0.032) 0.064 0.04 0.054
Model 2 0.008 (0.004 ~ 0.011) 0.252 0.223 0.000

Cardiorespiratory Endurance Model 1 0.017 (0.002 ~ 0.032) 0.064 0.04 0.054
Model 2 0.005 (0.004 ~ 0.006) 0.422 0.399 0.000

RT Speed Model 1 -17.196 (-31.833~-2.559) 0.071 0.047 0.055
Model 2 -5.645 (-9.347~-1.943) 0.169 0.137 0.002

Cardiorespiratory Endurance Model 1 -17.196 (-31.833~-2.559) 0.071 0.047 0.055
Model 2 -4.738 (-6.218~-3.259) 0.389 0.366 0.000

muscle strength Model 1 -17.196 (-31.833~-2.559) 0.071 0.047 0.055
Model 2 -3.172 (-5.969~-0.375) 0.128 0.094 0.013

Cognitive flexibility Non-switch ACC BMI Model 1 0.005 (-0.018 ~ 0.054) 0.057 0.017 0.502
Model 2 0.003 (0.001 ~ 0.005) 0.198 0.106 0.043

switch ACC BMI Model 1 0.005 (-0.013 ~ 0.023) 0.029 0.005 0.308
Model 2 0.004 (0.001 ~ 0.008) 0.167 0.102 0.038

Note: Model 1 included baseline controls: age and family socioeconomic status (SES). Model 2 extended this by incorporating physical fitness components: BMI, 
cardiorespiratory endurance, speed, muscle strength, and flexibility
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Analysis of the moderating effect of FSFPA on the 
relationship between children’s physical fitness and 
cognitive control
Figure 1 shows that FSFPA moderates the relationship 
between physical fitness level and cognitive control, as 
evidenced by the significant interaction term (P < 0.001). 
Through simple slope analysis, it was observed that for 
boys, FSFPA significantly moderated the relationship 
between physical fitness and interference suppression 
(F = 9.613, P < 0.001), with both high and low FSFPA hav-
ing a positive effect on interference suppression (β_sim-
ple slope = -11.944, P = 0.011; β_simple slope = -5.469, 
P < 0.001). FSFPA also moderated the effect of physical 
fitness on cognitive flexibility (F = 4.543, P < 0.001), partic-
ularly at higher levels of FSFPA. This positive moderating 
effect was observed only in high FSFPA environments (β_
simple slope = 0.1, P < 0.001), while it was not significant 
at low FSFPA levels (β_simple slope = 0.003, P = 0.216).

For girls, FSFPA moderated the effect of physical fit-
ness on interference inhibition and cognitive flexibility. 
Specifically, FSFPA significantly moderated the relation-
ship between physical fitness and interference inhibition 
(F = 20.591, P < 0.001), with both high and low FSFPA 

having a positive effect on interference inhibition (β_
simple slope = 0.014, P < 0.001; β_simple slope = 0.009, 
P < 0.001). FSFPA also moderated the effect of physical 
fitness on cognitive flexibility (F = 16.523, P < 0.001), with 
both high and low FSFPA levels having a significant posi-
tive effect on cognitive flexibility (β_simple slope = 0.015, 
P < 0.001; β_simple slope = 0.009, P < 0.001).

Discussion
Sex differences in children’s physical fitness level and 
cognitive control
The analysis in this study reveals significant gender dif-
ferences in both physical fitness and cognitive control, 
suggesting a complex, multifaceted relationship between 
these domains that warrants further exploration. This 
study found that girls’ overall physical fitness scores were 
higher than those of boys, and their BMI values were 
also lower. These differences were statistically significant. 
These findings are inconsistent with previous research 
and general expectations. This study posits that these dis-
crepancies can largely be attributed to the specific scor-
ing standards used in this assessment. Specifically, this 
study adopted the national student physical fitness test 

Fig. 1  The moderating effect of FSFPA on children’s physical fitness and cognitive control. (a) The moderating effect of FSFPA on boys’ physical fitness and 
interference suppression; (b) The moderating effect of FSFPA on boys’ physical fitness and cognitive flexibility; (c) The moderating effect of FSFPA on girl’s 
physical fitness and interference suppression; (d) The moderating effect of FSFPA on girl’s physical fitness and cognitive flexibility
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standards set by the Ministry of Education of China [28]. 
First, there are differences in the test items for boys and 
girls. For example, in the cardiopulmonary fitness test, 
boys are required to run 1,000 m while girls run 800 m. 
In the strength test, boys perform pull-ups while girls do 
sit-ups. Secondly, the scoring criteria differ significantly. 
For instance, in the 50-meter sprint, even if boys and girls 
complete the run at the same time, girls receive higher 
scores according to the physical fitness test standards. In 
conclusion, it is possible that the higher physical fitness 
scores for girls, despite potentially lower absolute athletic 
abilities compared to boys, result from these differences 
in test items and scoring criteria. Regarding BMI, girls’ 
values were lower than those of boys. BMI is an indica-
tor of body composition and reflects an individual’s body 
shape control [37]. In this study, both boys’ and girls’ 
average BMI values were within the normal range, but 
girls had lower values. This may indicate that junior high 
school girls are more focused on maintaining a healthy 
body shape and body image [38].

Gender differences in cognitive control were particu-
larly pronounced in tasks involving interference sup-
pression and cognitive flexibility. Girls demonstrated 
significantly higher accuracy rates than males in these 
tasks, aligning with prior findings that females tend to 
outperform males in attention control and executive 
function paradigms [39, 40]. This gender-specific advan-
tage may stem from neurodevelopmental disparities in 
prefrontal cortex (PFC) maturation: earlier myelination 
of the PFC in females enhances top-down regulation of 
the anterior cingulate cortex (ACC) during conflict mon-
itoring, enabling more refined executive functioning [41]. 
Notably, accuracy advantage in interference suppres-
sion tasks coincided with marginally prolonged reaction 
times. This speed-accuracy tradeoff suggests a cautious 
cognitive strategy prioritizing precision over processing 
speed, potentially linked to stronger inhibitory control 
within the default mode network (DMN). In contrast, 
males exhibited significantly shorter reaction times in 
impulse control tasks (Go/No-Go paradigms), indicating 
superior efficiency in rapid responses to simple stimuli. 
This divergence may reflect gender-specific impulse con-
trol mechanisms—males appear to rely more on auto-
mated processing via the basal ganglia-thalamic pathway, 
whereas females predominantly engage in PFC-mediated 
goal-directed control [42, 43].

Relationships between children’s physical fitness and 
cognitive control
This study revealed significant sex-specific associations 
between physical fitness components and cognitive con-
trol performance, thereby confirming Hypothesis 1. 
For boys, cardiorespiratory endurance demonstrated a 
robust positive correlation with interference suppression 

accuracy and emerged as a significant predictor of 
reduced reaction times in interference suppression 
tasks. Furthermore, muscular strength exhibited a dis-
tinct positive association with impulse control accuracy, 
highlighting the critical role of musculoskeletal fitness in 
cognitive domains requiring precise behavioral regula-
tion [44].In contrast, for girls, the results revealed a dif-
ferent pattern. Speed and cardiorespiratory endurance 
were positively related to interference suppression accu-
racy, with cardiorespiratory endurance having a stronger 
impact on reducing reaction time. According to the anal-
ysis of this study, while both boys and girls showed posi-
tive effects of cardiorespiratory endurance on cognitive 
control, girls appeared to rely more heavily on cardiore-
spiratory endurance. The study also revealed that BMI 
positively correlated with cognitive flexibility in boys and 
girls, highlighting the importance of body composition in 
influencing cognitive flexibility, particularly in both non-
switching and switching tasks [45].

The observed gender-divergent associations may be 
mediated through distinct neurobiological mechanisms. 
In males, the cardiorespiratory-cognitive control linkage 
likely involves exercise-induced hippocampal-prefrontal 
angiogenesis, which enhances the oxygen-dependent 
synthesis of dopamine and brain-derived neurotrophic 
factor (BDNF) crucial for impulse inhibition [46]. In 
females, the prominence of aerobic fitness in cognitive 
flexibility may originate from estrogen’s dual regulation 
of cerebral glucose utilization and dorsolateral prefrontal 
cortical plasticity, where enhanced cerebral blood flow 
potentiates estrogen-mediated neuroprotection of task-
switching neural circuits [47].

Notably, physical flexibility showed no significant asso-
ciations with cognitive control measures, aligning with 
prior developmental studies demonstrating domain-spe-
cific physical-cognitive relationships [48]. This absence of 
association reinforces the functional segregation between 
motor adaptation and executive control systems, sug-
gesting that cognitive enhancement interventions should 
specifically target cardiorespiratory fitness rather than 
generalized flexibility training.

The moderating effect of FSFPA
The study revealed that family support for physical activ-
ity (FSFPA) serves as a significant moderator in the physi-
cal fitness-cognitive control relationship among children, 
demonstrating gender-specific patterns that confirm 
Hypotheses 2 and 3. For boys, FSFPA significantly mod-
erates the influence of physical fitness on both interfer-
ence suppression and cognitive flexibility. Both high and 
low levels of FSFPA positively affect interference suppres-
sion, but only in a high-FSFPA environment does physi-
cal fitness significantly enhance cognitive flexibility. For 
girls, the moderating effect of FSFPA is more pervasive: 
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regardless of FSFPA level, it significantly enhances the 
impact of physical fitness on both interference suppres-
sion and cognitive flexibility, with higher FSFPA yielding 
stronger effects.

FSFPA may regulate the relationship between physical 
fitness and cognitive control through multiple mecha-
nisms. Neurobiologically, physical exercise increases 
prefrontal cortex (PFC) activation and brain-derived 
neurotrophic factor (BDNF) expression, promoting neu-
roplasticity and cognitive function [49]. High FSFPA 
likely amplifies these neural benefits by ensuring consis-
tent exercise, a process that aligns with Bronfenbrenner’s 
microsystemic focus on direct family influences sus-
taining proximal biological processes [50]. Psychologi-
cally, FSFPA provides emotional support and behavioral 
supervision, fostering self-discipline and stress resilience, 
thereby indirectly enhancing cognitive control [51]. This 
psychological scaffolding exemplifies the mesosystem’s 
role in connecting familial emotional resources (micro-
system) to individual self-regulation capacities. Addition-
ally, social interactions such as role model imitation and 
peer activities can strengthen cognitive function, exem-
plified by task switching and interference suppression 
training in group sports. These exosystemic interactions 
(e.g., community sports networks) further extend FSFPA’s 
impact beyond the immediate family environment, high-
lighting the ecological systems’ layered contributions to 
cognitive development.

Gender differences in the moderating effects of FSFPA 
may arise from variations in neurodevelopment, social-
cultural expectations, and behavioral preferences. Boys 
with high FSFPA tend to engage in high-intensity, struc-
tured sports (e.g., team sports) [52], which may enhance 
interference suppression by strengthening the prefrontal-
striatal circuit. Conversely, insufficient stimulation from 
random activities under low FSFPA weakens the regu-
latory effect on cognitive flexibility. Girls benefit from 
low-intensity, social activities (e.g., dance, yoga), even 
with low FSFPA, through emotional support and dopa-
mine reward pathways, indirectly boosting cognitive con-
trol. Furthermore, societal expectations for competitive 
behavior in boys and cooperative behavior in girls may 
shape the differential regulatory patterns of FSFPA on 
cognitive function [53].

Research significance and implications
This study provides valuable insights into the relation-
ship between children’s physical fitness and cognitive 
control, highlighting the differential impact of various 
physical fitness components on specific cognitive con-
trol sub-components and emphasizing significant gen-
der differences. Based on these findings, this research 
can be translated into the following integrated applica-
tion schemes: implement gender-specific customized 

physical education programs in primary and secondary 
schools—design tasks for boys that integrate cardiorespi-
ratory training with impulse control (such as answering 
distractor questions during shuttle runs), and develop 
activities for girls that combine dynamic balance with 
cognitive flexibility (such as single-leg hopping with 
eyes closed while performing graphic memory tasks). It 
is recommended to upgrade the national student physi-
cal fitness monitoring system by incorporating a “body-
brain coordination index” into traditional physical fitness 
tests (for example, integrating signal inhibition tasks 
during pull-ups for boys and impulse control tests dur-
ing sit-ups exercises for girls). Establish a family exercise 
point system through home-school collaboration, where 
parents’ daily participation in physical activities can be 
exchanged for rewards from the school. The education 
department should utilize smart wristbands to track real-
time data on physical fitness levels and cognitive control, 
ultimately establishing a four-dimensional promotion 
system encompassing “classroom precise training - fam-
ily point incentive - community practice reinforcement - 
policy standard guidance” to achieve dual improvements 
in children’s physical fitness and cognitive development.

Research limitations
This study has several limitations that warrant discus-
sion. First, the sample was restricted to junior high 
school students aged 12–14, primarily from Guangzhou, 
Guangdong Province, China. This narrow age range and 
regional specificity may reduce the generalizability of 
the findings to other age groups and populations. Future 
research should consider recruiting participants from a 
broader and more diverse age range, as well as from vary-
ing cultural and socioeconomic backgrounds, to enhance 
the external validity of the results. Second, the cross-
sectional design of this study precludes the ability to 
infer causation. While the analysis identified significant 
relationships between physical fitness, cognitive control, 
and the moderating role of FSFPA, it cannot establish 
whether changes in physical fitness lead to improve-
ments in cognitive control. To address this limitation, 
future studies should employ longitudinal or experimen-
tal designs to explore causal pathways and further eluci-
date the mechanisms through which FSFPA influences 
the relationship between physical fitness and cognitive 
control. Third, FSFPA was the only moderating variable 
examined in this study. Although the findings underscore 
the critical role of family support in strengthening the 
link between physical fitness and cognitive control, the 
influence of other contextual factors remains unexplored. 
Future research should investigate additional mod-
erators, such as peer support, school environment, or 
socioeconomic status, to provide a more comprehensive 
understanding of the factors shaping this relationship. 
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Lastly, certain dimensions of physical fitness, such as 
flexibility, did not exhibit significant associations with 
cognitive control in this study. While this finding aligns 
with previous research, it suggests that the measurement 
tools employed may not fully capture the multifaceted 
contributions of various physical fitness components to 
cognitive outcomes. Future studies should consider uti-
lizing more refined or alternative measurements to better 
elucidate these relationships.

Conclusion
This study identified a significant relationship between 
physical fitness and cognitive control in middle school 
students, with notable gender differences. Girls dem-
onstrated superior performance in overall physical fit-
ness and specific cognitive control tasks, particularly in 
interference suppression and cognitive flexibility. For 
boys, muscular strength and cardiorespiratory endur-
ance significantly impacted cognitive control, while girls 
were primarily influenced by speed and cardiorespiratory 
endurance. FSFPA moderated the relationship between 
physical fitness and cognitive control, with higher levels 
of FSFPA being associated with stronger positive rela-
tionships between physical fitness and cognitive control. 
These findings suggest that promoting physical fitness, 
particularly through family-based physical activity sup-
port, may be beneficial for improving children’s cognitive 
control abilities.
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