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Analysis of the Correlation between Physical Health and
Academic Performance of Primary School Students in
Zhejiang Province and the Mediating Effect of Executive
Function

Hanchen Shao, Wang Shu and Xu Borui

Abstract- Background: Under the long-term influence of the
traditional culture, physical exercise is conducive to the
improvement of physical fitness, but not conducive to the
improvement of academic performance. Encouragingly, a
number of recent studies, whether cross-sectional or
longitudinal, have also pointed to the beneficial effects of
physical activity on the academic performance of elementary
school students. This will undoubtedly provide theoretical
support for the improvement of elementary school students'
physical health. Therefore, this thesis intends to take primary
school students in Zhejiang Province as an example, collect
relevant data for empirical research, verify the relationship
between physical health and academic performance, and
explore the mechanism of physical health affecting academic
performance by introducing the concept of executive
function. It aims to change the traditional concept, eliminate
the prejudice and negative attitude towards physical
education, and promote the healthy and high-quality
development of school physical education. Methods: The
subjects were 417 primary school students in Hangzhou,
Ningbo and Jiaxing of Zhejiang Province, including 215 boys
and 202 girls. The Flanker task was used to evaluate the
inhibition function of the student's executive function, the 1-
back task was used to evaluate the refresh function of the
student's executive function, and the More-Odd shifting task
was used to evaluate the transformation function of the
student's executive function. The scores of students' physical
fitness test items were collected and converted into standard
scores according to the national physical health standards.
The standard scores of Chinese, mathematics and English at
the end of the last semester are collected as the academic
performance indicators. AMOS23.0 and SPSS27.0 were used
to analyze the data. Results: (1) There were gender
differences in physical health and academic performance of
primary schools in Zhejiang Province. In terms of physical
fitness, the scores of female students in seated forward bend
and 50mx8 round trip race are significantly higher than
those of male students, while in other physical fitness events,
although there is no significant difference, the average scores
of female students are higher than that of male students. In
terms of academic performance, male students are
significantly higher than female students in mathematics, but
there is no significant gender difference in Chinese and
English. The subfunctions of executive function did not show
significant gender differences. (2) The physical health level of
primary school students in Zhejiang Province has a
significant positive correlation with their academic
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performance; (3) Executive function mediates the
relationship between physical health and academic
performance; The model was well fitted (x2/df =1.306, NFI =
0.94, CFI = 0.985, RMSEA = 0.027). Conclusion: (1) The
physical health level of primary school students in Zhejiang
Province is positively correlated with their academic
performance, which can be predicted positively; (3)
Executive function partially mediates the relationship
between physical health and academic performance;
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I. INTRODUCTION

The traditional educational view, while affirming the
promoting effect of physical education on physical health,
denies the possibility of its coordinated development with
intellectual education. This perspective has bred public
prejudice against sports and led to the neglect of students'
physical health. Moreover, whether it is a cross-sectional
experiment or a longitudinal tracking experiment, it has
instead been concluded that physical exercise has a
beneficial effect on the academic performance of primary
school students (Carl & Joel, 1979; Heidi, 2018; Joseph,
2016). This has led the academic community to re-
examine the impact of physical exercise on academic
performance. This has led the academic community to re-
examine the impact of physical exercise on academic
performance.

II. PROBLEM STATEMENT

In summary, the content of this study is to take the
group of primary school students in Zhejiang Province as
the research object, to further verify whether there is a
direct correlation between physical health level and
academic performance. If the result is positive, the
mechanism of mutual influence between the two will be
explored: whether executive function plays a mediating
role between them.

Question 1: Is there a significant correlation between
the physical health level and academic performance of
primary school students in Zhejiang Province?

Question 2: In the path where physical health level
affects academic performance, does executive function
play a mediating role?



International Research Journal of Education and Sciences (IRJES)

elSSN 2550-2158

III. LITERATURE REVIEW
Physical Fitness

The term '"physical fitness" is defined by
contemporary scholars as health-related fitness, which
mainly includes the components of physical fitness that
can be scientifically linked to health: aerobic endurance,
muscular endurance and strength, flexibility, and body
composition, etc. (Lian, 2009). The "physical fitness level”
of students evaluated in this article refers to the national
student physical fitness test items, including body mass
index (BMI), 50-meter shuttle run, one-minute sit-ups, 50-
meter dash, sit and reach, and one-minute rope skipping.

Academic performance

Academic performance refers to the overall learning
situation of students in various subjects at school. Shaik
Shamshuddin proposed that academic performance is a
direct reflection of whether the learning is up to standard
and generally requires examination results (S.
Shamshuddin, n.d.). This study uses the scores of Chinese,
mathematics, and English from the subjects' most recent
unified formal final exams in the district.

Execution Function

The Executive Function (EF for short) is essentially
the process in which an individual's brain recruits a variety
of basic cognitions and integrates and optimally allocates
these cognitive resources when performing specific and
complex tasks. The process of matching flexible and
coordinated advanced cognition (Shintaro Funahashi,
2001). What is currently widely accepted in the academic
circle is the view proposed by Miyake et al. In 2000, He
divided the structure of executive functions into inhibition,
updating and Shifting/Switching (Akira, 2000; Marcel &
Patricia, 1992).

Inhibition, also known as inhibitory control, is the
ability of an individual to suppress thoughts, behaviours,
attention, and emotions during cognitive processes (Liisa,
2001).

Updating refers to the ability of executive function
to continuously revise the content of existing working
memory based on newly presented information, thereby
integrating new working memory content. In general, it is
the ability to grasp information (Nelson, 2014; Rebecca &
Kimberly, 2006)

Shifting, also known as cognitive flexibility, is an
important subfunction of executive function. It refers to an
endogenous attentional control mechanism guided by
instructions, specifically manifested as the control process
of shifting between two tasks when they compete for the
same cognitive resource. It can also be understood as an
individual's ability to switch rapidly, frequently, and
repeatedly between mental set and target operation in
complex task situations. In general, it is the ability to
change thinking (Edward & John, 1999; Harvey, 1991).
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Research on Health and Academic

Performance

Physical

Physical activity enhances individual physical health,
and there is indeed a significant positive correlation
between physical health and academic performance
(Joseph, 2016).

Results from longitudinal studies support this
positive correlation (R. J. Shephard, 1984). If scholars
have confirmed through a two-year follow-up study of
students with low physical fitness and high physical fitness
that students in the high physical fitness group showed
significantly better performance in mathematics and
English than those in the low physical fitness group over
time, this advantage will be preserved (Antonio, 2016;
Mikkel, 2016; Richard, 2012). Cross-sectional studies also
support this assertion of correlation. An experimental
study of 7,961 children aged 7 to 15 in Australia confirmed
a positive correlation between physical health and
academic performance (Terence, 2001). Another study
also found that primary school students who received 30-
minute and 40-minute walk interventions performed
significantly better in mathematics than the control group
that received 20-minute walk (Dennis & Carl, 1993).

Research on Physical Health and executive Function

Existing evidence suggests that long-term scientific
physical exercise will improve an individual's physical
health level while promoting the development and
improvement of individual executive function, such as
significantly enhancing students' creativity and shortening
reaction time (Yannis, 1991). Recent studies on the impact
of physical health factors on executive function have
shown that the improvement of aerobic endurance in
children and adolescents promotes the development of
some advanced cognitive functions in individuals,
including the executive function that this paper focuses on
(Charles, 2009; Sarah, 2008). For example, some scholars
used questionnaires and psychological tests to evaluate
students' cognitive abilities, and used the shuttle run test to
evaluate students' aerobic endurance levels. After
correlation analysis, it was concluded that there was
indeed a significant correlation between aerobic endurance
and cognitive function (Darla, 2007). Hillman et al. from
the United States used the event-related potential (ERP)
technique to explore the correlation between physical
exercise and cognitive ability. His team also found that
students with high levels of acrobic endurance had shorter
P3 response times, greater amplitudes and better cognitive
abilities in the event-related potential test (Charles, 2005).
Some scholars also used magnetic resonance imaging to
study the problem and found that students with high levels
of aerobic endurance had larger volumes of dorsal striatum
and higher scores on memory tests (Laura, 2010). Some
researchers also found the significant role of body mass
index in influencing students' cognitive abilities (Yanfeng,
2008). By reviewing 26 studies on the correlation between
adolescent IQ and obesity, it can be found that adolescent
1Q may be negatively correlated with obesity (Yu., 2010).
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Studies on Executive Function and academic
performance
Studies have shown that executive function

significantly affects the academic performance of primary
school students, with the greatest impact on mathematics
and reading (John, 2011; Rebecca Bull & Gaia Scerif,
2001). Not only that, when studying the correlations
between each sub-function of executive function and
academic performance, it was also confirmed that the
better the sub-function of executive function, the better the
individual's academic performance (Liao, 2022). Li et al.
collected academic performance, refresh function,
inhibition function and conversion function in executive
function of 320 subjects from primary school, junior high
school and senior high school, and found that all sub-
functions of executive function were correlated with
academic performance to varying degrees (Li & Bai
Xuejun, 2008).

In the case of inhibitory function, some foreign
scholars asked 23 children with mathematical learning
disabilities to complete multiple tasks that required
suppressing irrelevant information in an experiment, and
the scores of the subjects were all low. There may be a
certain correlation between inhibitory control and
mathematical academic performance (M.Chiara & Linda,
2001). The refresh function has also been shown to be
associated with academic performance in children and
adolescents (Li Meihua, 2006). Swanson et al. compared
the differences in reading comprehension performance
between children with language working memory deficits
and normal children and concluded that children with
language working memory deficits could predict lower
reading comprehension performance. And children with
language  working memory deficits performed
significantly lower comprehension of long sentences than
short ones (Swanson & Lee, 2001).

The Relationship among Physical Health, Executive
Function, and Academic Performance

Researchers have found that the improvement of
physical health not only enhances brain plasticity (Chen,
2013), but also develops students' advanced cognitive
functions. And these improvements in advanced cognitive
functions boost academic performance (John, 2011; Laura,
2014). For instance, some scholars believe that aerobic
capacity, an essential element of physical health, plays a
significant positive predictive role in students' academic
performance. This is most likely because the improvement
of aerobic capacity promotes the development of students'
advanced cognition, such as executive function level,
which in turn promotes academic performance (Laura,
2012; M.W. Voss, 2011; Richard, 2012). Studies from
short-term or long-term physical activity also support this
view, and these findings prompt scholars to further verify
whether the improvement in physical health helps students
improve advanced cognitive abilities such as executive
function. And these advanced cognitive abilities mediate
to improve students' academic performance (C.H.
Hillman, 2009; Charles, 2008).
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Iv. METHOD

Participants

In this study, a cluster sampling method was used to
randomly select one ordinary primary school each from
Hangzhou, Ningbo and Jiaxing in Zhejiang Province. The
subjects were determined to be sixth graders, taking into
account whether students could independently complete
the executive function test, whether they had relatively
stable academic performance, and the participation of as
many physical students as possible in the evaluation of
physical health. The screening criteria for the subjects
were :1) No intellectual disability; 2) No severe physical
disability; 3) No history of serious illness. Four students
with a history of mild autism or cardiopulmonary disease
were excluded after confirmation with the school and
parents. A total of 417 students participated in the study,
including 215 boys and 202 girls. The demographic
characteristics of the sampled subjects are detailed in
Table I.

TABLE I: BASIC INFORMATION OF THE STUDENTS

Variables Basic Number of Percentage
Information people (%)
Name

Gender male 215 51.5
female 202 48.5

Region Hangzh 150 36

ou
Ningbo 153 36.7
Jiaxing 114 27.3

Experimental Methods and Procedures Physical fitness
Test methods

According to the National Student Physical Health
Standard, physical health data will be collected from the
students in the 2025 academic year. The test items include
1) body mass index (BMI); 2) 50-meter run; 3) Sit and
reach; 4) One-minute skipping rope; 5) One-minute sit-
ups; 6) 50-meter x8 shuttle run.

Body Mass Index (BMI) item: First test your height
by placing a standard steel ruler on a level ground and
close to a wall that is sure to be vertical. The student should
stand barefoot with his back close to the side of the scale
marked on it, with an upright body and eyes looking
straight ahead to keep the shoulders, back, hips and heels
in a straight line on the scale. The test results will be
measured in centimetres (cm) and one decimal place will
be retained. The weight will be measured using an
electronic weighing scale. The student will stand on the
scale barefoot, wearing short sleeves and shorts, and the
reading will be taken when the scale shows and stabilizes.
The reading will be in kilograms (kg), with one decimal
place retained. Finally, the height and weight data of each
subject were inserted into the BMI formula: BMI= weight
(kg) divided by height (m) squared. 50-meter race: The test
was conducted using an intelligent 50-meter tester. The
subject stood behind the starting line, the tester pressed the
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"Confirm" button, the machine made a "bang" sound, the
subject started running, and the instrument displayed the
timing. When the subject reaches the finish line, the timing
stops and the result is given. The results are in seconds,
with one decimal place retained. And the second decimal
place is rounded up by the principle of non-0 to 1. The test
should be conducted in pairs, twice, and the better score
should be collected.

Sit and reach: The subject is tested using a sit and
reach instrument. They sit on a sit-up mat, keep their legs
straight and together, with the soles of their feet fully
touching the instrument's pedals. Their hands are together
and stretched forward, and they bend forward. They use
the tips of their middle fingers to push the cursor forward
smoothly at a constant speed until they can no longer push.
When recording, if the cursor exceeds the "0" point, it is
recorded as a positive value; If the cursor does not exceed
"0", a negative value is recorded. The subjects were tested
twice, and the testers recorded the maximum value in
centimetres, accurate to one decimal place.

One-minute rope skipping: The subject jumps with
the front part of the foot, completes an arc swing of the
wrist, and jumps over the rope in a loop. Each jump over
the rope is counted as one, and the test lasts for one minute.
Test twice in total and record the best one.

One-minute sit-ups: The subject lies on a soft mat
with legs slightly apart, knees bent at a 90-degree Angle,
and fingers crossed behind the head. The companion
presses on the ankle to fix the lower limb. One session was
completed when the subject sat up and the elbows touched
or exceeded the knees. The test lasts for 1 minute and is
conducted twice in total, with the best result taken.

50 m x8 round trip: Set up a turnaround marker in
the middle of the track 0.5 meters from the finish line and
the turnaround line. The subjects started the race in pairs
using a standing start. After the test began, run to the
opposite turnaround marker, reach the marker and go
around counter-clockwise, then run back to the marker
pole near the starting point and go around the marker
counter-clockwise again for one lap; Run a total of 4 laps.
Results are measured in seconds and rounded to one
decimal place. The second decimal place is rounded up by
the principle of "non-0" to "1".

Collect the results of the students' physical health
test items and import them into the National Student
Physical Health Network, which assigns scores to the
results of each test item in accordance with the National
Student Physical Health Standard (revised Edition 2014)
as an indicator of physical health.

Perform Functional Testing Methods
Testing Methods for Inhibitory Functions

This study used the Flanker task to assess the
inhibitory ability of the students in the subjects. Flanker
tasks were divided into consistent tasks and inconsistent
tasks, and the two tasks were presented immediately.
During the experiment, a "+" fixation point is presented for
1000 milliseconds, followed by a string of five English
letters that lasts for 1500 milliseconds. The consistency
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task presents "FFFFF" and "LLLLL" cases; Inconsistent
tasks will present both "LLFLL" and "FFLFF". Students
are required to respond to the middle letter of the string as
quickly as possible while ensuring it is correct. If it is an
"F", press the "F" key; if it is an "L", press the "L" key.
The test consists of 48 judgment responses, and the test
score is the average reaction time of the inconsistent task
minus the average reaction time of the consistent task. The
smaller the value, the less the difference in the
performance of the subjects in the two tasks, and thus the
better the inhibitory ability can be judged.

A Test Method for The Refresh Function

This study used the 1-back task to assess the
refreshing ability of the students in the subjects. In the
experimental task, the five numbers "1, 2, 3, 6, 9" were
used as the stimulus. During the task, a single number will
be displayed in the center of the screen one after another.
The stimulus letter will be displayed for 2000ms, and the
stimulus interval (IST) is 1000ms. If the displayed number
is the same as the previous one, press the "F" key; if not,
press the "J" key. There are 25 judgments in the formal
test. The test score is the average response time, and the
smaller the value, the better the refresh ability is evaluated.

A Test Method for Switching Functionality

This study used the Odder shifting task to assess the
shifting ability of the students in the subjects. The task
consists of three subtasks presented in the order of ABC.
Task A is to compare the size of the numbers: Randomly
present black numbers 1 to 9 in the center of a gray screen,
excluding 5, and ask the participants to compare the size
of the presented numbers with 5 within 2000ms. If the
number is larger than 5, respond the "F" key; otherwise,
respond the "D" key, for 16 attempts; Task B:
Distinguishing Odd Numbers: In this case, green numbers
1 to 9 were randomly presented in the center of the gray
screen, excluding 5. The subjects were required to
distinguish whether the current number was odd or even
within 2000ms. Odd numbers responded to the "J" key,
and even numbers responded to the "K" key. A total of 16
attempts; C is a comprehensive conversion task: Show the
numbers 1 to 9 in the center of the screen, excluding 5.
When the displayed number is black, the subject is
required to compare the size of the number with 5 within
2000ms. When the displayed number is green, the subject
is required to distinguish the parity of the number. The test
score is the difference between the average reaction time
of the conversion task and the average reaction time of the
non-conversion task. The smaller the number, the smaller
the difference, and the better the conversion ability.

Methods for Academic Performance Testing

This study retrieved the final academic performance
(out of 100) test results of sixth graders from three selected
primary schools in the three locations, including Chinese,
mathematics and English. Z = (X — X')/oxTo eliminate
the bias in academic performance caused by different
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school test papers and grading standards, the academic
performance was standardized. For the raw score, for the
average score of the subject in the class, for the standard
deviation of the subject in the class, and for the
corresponding standard score. XX'oxZX Taking into
account that values often have decimals and negative
values, for the convenience of statistical analysis, further
transformations are made: that is. ZT = 10Z + 50T =
(X —X")/ox x 10 + 50T The values are included in the
statistics as academic performance for that subject.

Experimental procedures

Each subject was required to complete the physical
health project test, the executive function test, and the
academic performance evaluation test. The physical
fitness test included height, weight, one-minute sit-ups,
one-minute rope skipping, 50-meter run, and sit and reach.
The executive function test includes tests for inhibitory
function, refresh function, and conversion function.
Executive function tests are conducted in school computer
rooms. Academic performance requires students to take
the final tests of Chinese, mathematics and English in the
previous semester.

Statistical Analysis

In this study, data were statistically analyzed using
Excel, SPSS27.0, and Amos 23.0, with P <0.05 indicating
a significant difference. Descriptive statistical analysis of
the characteristics of each indicator was performed using
SPSS22.0, and independent sample t-tests were used to
analyze gender differences among the indicators; After
controlling for grade and gender of the subjects, a
correlation analysis of the main indicators was conducted
to explore whether there was a correlation between
physical fitness, academic performance, and executive
function indicators, and based on the research hypothesis
and the results of the correlation analysis, the Structural
Equation Model of the hypothesis was established using
Amos 23.0 software. The model was evaluated and
modified based on the goodness of fit indicators of the
analysis until all indicators met the structural equation
model construction criteria. After the final model is
determined, the model results are interpreted based on the
path coefficients of the model, and whether physical health
has a direct effect on academic performance and whether
physical health has an indirect effect on academic
performance through executive function are explored
based on the path coefficients presented by the model.

V. FINDINGS
Physical health level
Basic description of physical health status

The basic information on the physical health status of
the students under test is presented in Table II.

Vol .10 Issue 1,

TABLE II: BASIC CONDITION OF PHYSICAL FITNESS

Physical Health Minimu Maximu M SD
ingredients m m

Body Mass Index 60 100 92.85 12.926
(BMI)

50-meter run score 0 100 7713 13.762
Sit and reach score 0 100 79.51 16.047
Sit-up score 0 100 85.83 11.854
Skipping rope score 70 100 96.9 6.751
50mx8 shuttle run 0 100 7835 14.805

score

Gender differences in physical health

Independent sample t-tests were used in this study to
determine the gender dimension differences in the physical
health test items of the subjects, as shown in Table 5.2.
There were no significant outliers in the study data, and the
distribution was close to normal within each group. The
results showed that except for the scores of sit and reach
and 50mx8 shuttle run, which were significantly different
by gender, all other physical health components were not
significantly different by gender. It is also worth noting
that girls performed better than boys in both of the two
significantly different physical health components.

TABLE I1I: SEX DIFFERENCES IN PHYSICAL FITNESS

Physical bealth ingredientse Gendere N M D v Sig bilateraly
Body Mass Index (BMIy- Bays | 9191 13658 -1.552¢ 0.22¢
Girls¢ 02 9586 12050
50-meter run Tating Toys 1 7670 16587 0664 0.507
Girl: 0 7758 9377
Sitand reach score: Boys 1 1= 17.236- $a21= 0
Girls¢ Do 8441 13051
Oue-minmte si-up eore: Bays 1 8,59 12857 1362 0.7
Girl: 02 §5.02 10657
One-minute e skipping scores Boys 1 9633 8052 LR 0068
Gl 0 9751 495
50m>8 sound trip-soore: Boys 1 7633 18362 2954 00
Girls- 02 $0.50 9257

The body mass index (BMI) test results were
(91.91£13.658) for boys and (93.86+12.050) for girls, with
a difference of 1.95, indicating non-uniform variance. An
independent sample t-test of the body mass index (BMI)
revealed that t (415) =-1.552, 95%CI= (-4.43, 0.522),
p=0.122 > 0.05, suggesting no statistically significant
difference in BMI between boys and girls, as shown in
Figure 5.1.

The result of the 50-meter run was (76.70+£16.887)
for boys and (77.58+9.377) for girls, with a difference of
0.88, indicating non-homogeneity of variance. An
independent sample t-test of the 50-meter run results
revealed that t (415) =-0.664, 95%CI= (-3.493, 1.729),
p=0.507 > 0.05, suggesting that there was no statistically
significant difference in the 50-meter run results between
boys and girls, as shown in Figure 5.1.

The test results of sit and reach for male students
were (74.91£17.236), and for female students, they were
(84.41£13.031), with a difference of 9.50, indicating
homogeneity of variance. An independent sample t-test for
sit and reach results revealed t (415) =-6.321, 95%CI= (-
12.459, 0.522), p=0.000 < 0.05, suggesting a statistically
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significant difference in sit and reach results between boys
and girls, with girls performing significantly better than
boys in this test, as shown in Figure 1.

The results of the sit-up test were (86.59+12.857) for
male students and (85.02+10.657) for female students,
with a difference of 1.57, indicating non-homogeneity of
variance. An independent sample t-test of sit-up scores
revealed that t (415) =1.362, 95%CI= (-0.697, 3.839),
p=0.174 > 0.05, suggesting no statistically significant
difference in sit-up scores between boys and girls, as
shown in Figure 1.

The one-minute skipping rope test results were
(96.33+8.052) for boys and (97.51+4.956) for girls, with a
difference of 1.18 and non-homogeneity of variance. An
independent sample t-test of one-minute skipping rope
scores revealed that t (415) =-1.828, 95%CI= (-2.469,
0.09), p=0.068 > 0.05, suggesting that there was no
statistically significant difference in one-minute skipping
rope scores between boys and girls, as shown in Figure 5.1.

The results of the 50mx8 shuttle run were
(76.33%18.362) for boys and (80.50+9.257) for girls, with
a difference of 4.17 and non-homogeneity of variance. An
independent sample t-test of the 50mx8 shuttle run results
revealed that t (415) =-2.954, 95%CI= (-6.947, -1.393),
p=0.003 < 0.05, suggesting a statistically significant
difference in 50mx8 shuttle run results between boys and
girls, with girls performing significantly better than boys
in this event, as shown in Figure 1.

I Fﬁ

b i SHBMI SO0 i A el 4 AL

Figure 1 The difference of physical fitness level in gender dimension
Note: "*" indicates P<0.05, "**" indicates P<0.01, "***" indicates
P<0.001.

Academic Performance
Basic description of academic performance

The basic information of the students' academic
performance is presented in Table IV.

TABLE IV: BASIC CONDITION OF ACADEMIC RECORD

Measured scores Standard score

M SD M SD
87.56

Chinese Language 5.208 56.64 5.208

Mathematics 83.99 13.676 52.93 13.676

English 91.65 9.945 60.36 9.945
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Gender differences in academic performance

The study used an independent sample t-test to
examine the gender dimension differences in Chinese,
mathematics, and English academic performance among
the subjects, as shown in Table V. The results indicated
that only mathematics showed significant differences in
the gender dimension, with boys performing significantly
better than girls in this subject, while Chinese and English
did not suggest significant gender differences.

TABLE V: SEX DIFFERENCES IN ACADEMIC RECORD

Gende N M SD t Sig.(bilate
r ral)
Chines  Male 215 5726 5251 -1.202  0.229
e
Female 202 5787  5.157
Math Male 215 56.48 12359  3.894 0
Female 202 51.33 14.515
Englis Male 215 61.12 10.681 -1.118  0.264
h
Female 202 62.21 9.089

The Chinese test results were (57.26+5.251) for boys
and (57.874£5.157) for girls, with a difference of 0.61,
indicating homogeneity of variance. An independent
sample t-test of Chinese scores revealed that t (415) =-
1.202, 95%CI= (-1.616, 0.389), p=0.229 > 0.05,
suggesting that there was no statistically significant
difference in Chinese scores between boys and girls, as
shown in Figure 1.

The test results for mathematics were
(56.48+12.359) for boys and (51.33+£14.515) for girls, with
a difference of 5.15, indicating non-homogeneity of
variance. An independent sample t-test of math scores
revealed that t (415) =3.894, 95%CI= (2.553, 7.760),
p=0 < 0.05, suggesting a statistically significant difference
in math scores between boys and girls, as shown in Figure
5.2.

The English test results were (61.12+10.681) for
boys and (62.21+9.089) for girls, with a difference of 1.09,
indicating homogeneity of variance. An independent
sample t-test of English scores revealed that t (415) =-
1.118, 95%CIl= (-3.004, 0.825), p=0.264 > 0.05,
suggesting no statistically significant difference in English
scores between boys and girls.

Executive Function
Basic Description of the Executive Function

The basic information of the executive function of
the test students is presented in Table VI.

TABLE VI: BASIC CONDITION OF EXECUTIVE FUNCTION

N Minimu Maximu M SD
m m value
Inhibitio 417 -99.28 142.59 12.82 36.598
n
Refresh 417 496.79 6930.00 951.72 364.502
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Conversi 417 -382.785  1085.155  292.05 193.00
on 6

Gender differences in executive function

This study used the independent sample t-test to determine
the gender dimension differences in each sub-function of
executive function (inhibitory function, refresh function,
switching function) of the subjects, as shown in Table VII.
The results showed no significant differences in executive
function between genders, as shown in Table VII.

TABLE VII: SEX DIFFERENCES IN EXECUTIVE FUNCTION

Gende N M SD t Sig.(bilat
r eral)
Inhibitio  Male 215 13.21  38.613 225 822
n Girls 202 12.40 34416
Refresh Boys 215 983.2 464.55 1.829 .068
7 5
Girls 202  918.1 207.38
4 8
Convers  Boys 215 294.6 189.37 285 776
ion 6 0
Girls 202 289.2 197.23
7 6

The test results for inhibitory function were (13.21+
13,658) for boys and (12.40434.416) for girls, with a
difference of 0.81, showing homogeneity of variance.
Independent sample t-tests for inhibitory function revealed
t (415) =0.225, 95%CI= (-6.249, 7.865), p=0.822 >
0.05, suggesting no statistically significant difference in
inhibitory function between boys and girls, as shown in
Figure 5.3.

The refresh function test results were
(983.27+464.555) for boys and (918.14+207.388) for
girls, with a difference of 65.13, indicating homogeneity
of variance. An independent sample t-test of refresh
function revealed that t (415) =1.829, 95%CI= (-4.882,
135.140), p=0.068 > 0.05, suggesting that there was no
statistically significant difference in refresh function
between boys and girls, as shown in Figure 5.3.

The results of the conversion function test were
(294.66+£189.370) for boys and (289.27+£197.236) for
girls, with a difference of 5.39, indicating homogeneity of
variance. Independent sample t-tests for conversion
function revealed thatt (415) =0.285, 95%CI= (-31.828,
42.605), p=0.776 > 0.05, suggesting that there was no
statistically significant difference in conversion function
between boys and girls.

Test of the Correlation Between Physical Health,
Academic Performance and Executive Function

To explore the correlations among physical health,
academic performance and executive function of primary
school students in Zhejiang Province, Pearson correlation
was used to handle each variable separately.

In the correlation between physical health and
academic performance, all physical health components
showed significant correlations with  academic

141

Vol .10 Issue 1,

performance in Chinese, mathematics, and English, except
for sit-ups which were not significantly associated with
Chinese and mathematics scores in academic performance.
And the correlation coefficient is positive, indicating a
positive correlation between the two, suggesting that
academic performance improves as the level of physical
health increases.

The specific data showed a significant correlation
between BMI scores and Chinese language scores,
r=0.125, p<0.01; There was a significant correlation
between BMI scores and math scores, r=0.120, p<0.05;
There was a significant correlation between BMI scores
and English scores, r=0.137, p<0.01; There was a
significant correlation between the 50-meter run score and
the Chinese score, r=0.203, p<0.01; There was a
significant correlation between the 50-meter run score and
the math score, r=0.147, p<0.01; There was a significant
correlation between the 50-meter run score and the English
score, 1=0.127, p<0.01; There was no significant
correlation between sit and reach and Chinese scores,
r=0.088, p>0.05; There was no significant correlation
between sit and reach and math scores, r=0.036, p>0.05;
There was a significant correlation between sit and reach
and English scores, r=0.106, p<0.05; There was a
significant correlation between sit-ups and Chinese scores,
r=0.208, p<0.01; There was a significant correlation
between sit-ups and math scores, r=0.145, p<0.01; There
was a significant correlation between sit-ups and English
scores, 1=0.239, p<0.01; There was a significant
correlation between skipping rope and Chinese scores,
r=0.281, p<0.01; There was a significant correlation
between skipping rope and math scores, r=0.185, p<0.01;
There was a significant correlation between skipping rope
and English scores, r=0.224, p<0.01; There was a
significant correlation between the 50mx8 shuttle run
score and the Chinese score, 1=0.212, p<0.01; There was a
significant correlation between the 50mx8 shuttle run
score and the math score, r=0.104, p<0.05; There was a
significant correlation between 50mx8 shuttle run scores
and English scores, 1=0.227, p<0.01.

In the correlation test between physical health and
executive function, except for no significant correlation
between 50-meter running and refreshing, and rope
skipping and inhibition, all other physical health
components showed significant correlations with the three
sub-components of executive function. It is notable that
since executive function is evaluated by the difference in
average reaction time between inconsistent and consistent
tasks, the smaller the difference, the better the executive
function, the correlation coefficient between them is
negative.

The specific data showed a significant correlation
between BMI scores and inhibitory function, r=-0.132,
p<0.01; There was a significant correlation between BMI
scores and refresh function, r=-0.115, p<0.05; There was a
significant correlation between BMI score and conversion
function, r=-0.189, p<0.01; There was a significant
correlation between 50-meter run scores and inhibitory
function, r=-0.167, p<0.01; There was no significant
correlation between 50-meter run scores and refresh
function, r=-0.095, p>0.05; There was a significant



International Research Journal of Education and Sciences (IRJES)

elSSN 2550-2158

correlation between the 50-meter run score and the
conversion function, r=-0.156, p<0.01; There was a
significant correlation between sit and reach scores and
inhibitory function, r=-0.105, p<0.05; There was a
significant correlation between sit and reach scores and
refresh function, r=-0.102, p<0.05; There was a significant
correlation between sit and reach scores and conversion
function, r=-0.103, p<0.05; There was a significant
correlation between sit-up scores and inhibitory function,
r=-0.175, p<0.01; There was a significant correlation
between sit-up scores and refresh function, r=-0.178,
p<0.01; There was a significant correlation between sit-up
scores and conversion function, r=-0.214, p<0.01; There
was no significant correlation between skipping rope
scores and inhibitory function, r=-0.087, p>0.05; There
was a significant correlation between skipping rope scores
and refresh function, r=-0.117, p<0.05; There was a
significant correlation between jump rope scores and
conversion function, r=-0.184, p<0.01; There was a
significant correlation between 50mx8 shuttle run scores
and inhibitory function, r=-0.106, p<0.05; There was a
significant correlation between 50mx8 shuttle run scores
and refresh function, r=-0.179, p<0.01; There was a
significant correlation between 50mx8 shuttle run scores
and the conversion function, r=-0.190, p<0.01.

In the test of the correlation between executive
function and academic performance, except for inhibitory
function and math performance which did not show a
significant correlation, all other executive function sub-
functions and academic performance showed a significant
correlation overall. It is worth noting that since the
evaluation of executive function is based on the difference
in average response time between inconsistent and
consistent tasks, the smaller the difference, the better the
executive function, the correlation coefficient between
them is negative.

The specific data show that there is a significant
correlation between Chinese language scores and
inhibitory function, r=-0.187, p<0.01; There was a
significant correlation between Chinese scores and refresh
function, r=-0.201, p<0.01; There is a significant
correlation between Chinese scores and conversion
function, r=-0.230, p<0.01; There was no significant
correlation between math scores and inhibitory function,
r=-0.083, p>0.05; There was a significant correlation
between math scores and refresh function, r=-0.177,
p<0.01; There is a significant correlation between math
scores and conversion function, r=-0.201, p<0.01; There
was a significant correlation between English scores and
inhibitory function, r=-0.165, p<0.01; There was a
significant correlation between English scores and refresh
function, r=-0.180, p<0.01; There is a significant
correlation between English scores and conversion
function, r=-0.223, p<0 5.5 Verification of the mediating
effect of executive function on the impact of physical
health on academic performance.

Build the model

Using AMOS statistical software and structural
equation modeling, the theoretical model of executive
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function as a mediating variable of physical health
affecting academic performance was tested, and fitting
indices such as NNFI, CFI, and RMSEA were calculated
to verify the mediating effect of executive function in the
relationship between physical health and academic
performance. The model was constructed using the
plotting tools provided by AMOS.

Validate the model with corrections

When using Amos 23.0 software to build a structural
equation model for hypothesis testing (SEM), when
conducting path analysis to test whether the model fits the
data, two aspects must be considered simultaneously,
namely the overall model fit index and the model intrinsic
structure fit index.

The criteria for the overall model fit test are mainly
based on model fitting indicators, including: adjusted chi-
square value (CMIN/DF), fit index (GFI), comparative fit
index (CFI), standard fit index (NFI), and root mean
square error (RMSEA), etc.

As shown in Table 5.7, all the indicators of the
structural equation model have reached the excellent
standard. The chi-square ratio of degrees of freedom is less
than 3, the RMSEA value is less than 0.08, and the values
of GFI, RFI, CFI, NFI, TLI, IFI and other indicators are all
greater than 0.9, reaching the excellent standard. It
indicates that the data fits well with the model.

TABLE VIII: STRUCTURAL EQUATION MODEL FITTING

TEST
CMIN GFI NFI RFI IFI TLI CFI RMS
/DF EA
1. 0 ¢ 0 0 0 0 0
306 974 .94 922 985 981 985 .027

It can be seen from Table IX that the standardized
path coefficient of physical health on executive function is
-0.241, and the corresponding p value is less than 0.05.
This indicates that physical health has a significant
negative impact on executive function, and the hypothesis
holds.

The standardized path coefficient of executive
function for academic performance is -0.302, and the
corresponding p value is less than 0.05. The hypothesis
holds that executive function has a significant negative
impact on academic performance.

The standardized path coefficient of physical health
for academic performance is 0.352, and the corresponding
p value is less than 0.05. The hypothesis holds that
physical health has a significant positive impact on
academic performance

Table IX: Structural equation model path analysis

Path relationship Path Standa S.E. C.R. P
coeff rdized
icien path
ts coeffici
ents
Execu - Physic 021  -0.241 0.10 - 0.04
tive - al 7 6 2.04 1
health 7
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functi
on
Acade < Execu - -0.302 0.05 - 0.04
mic - tive 0.10 204 1
perfor functi 2 5
mance on
Acade < Physic  0.10  0.352 0.02 505  HFk*
mic - al 7 1 1
perfor health
mance
VI DISCUSSION

Gender differences in each indicator
Gender differences in physical health levels

The results showed that among the elements of
physical health, there were significant gender differences
in the sit and reach and 50mx8 shuttle run events, and girls
performed significantly better than boys. This is similar to
previous research results. As Sun Huanhuan did in his
study, she also observed a highly significant advantage for
girls in sit and reach (Fan & Yang, 2018). The possible
reason is that, first of all, girls have significantly better
flexibility than boys, so they have a significant advantage
in the scores of the sit and reach. Secondly, in the upper
grades of primary school, girls have entered puberty, a
period of rapid physical development, and their
cardiopulmonary function is more developed than that of
boys. Therefore, they also have a significant gender
advantage in the 50mx8 shuttle run, which focuses on
cardiopulmonary endurance.

The study did not find significant gender differences
in all elements of physical health except for sit and reach
and 50mx8 shuttle run. Previous studies have also
supported this view. Li Jidong found no significant gender
difference in one-minute rope skipping performance after
testing 240 primary school students (Li , 2016), and Zhu
Lin also supported this view in her study (Zhu Lin, 2012).
The study's inference that there was no gender difference
in one-minute sit-ups among primary school students was
also supported by Li Jidong et al. (Li, 2016), and Li
Jidong's research also confirmed the study's conclusion
that there was no gender difference in the 50-meter run (Li,
2016). The study's assertion that there was no gender
difference in BMI was supported by previous researchers
such as Liao Yingying. The possible reason for the above
results is that in the sixth grade of primary school, the
advantages of these men in body type, speed, and strength
were compensated by the girls' bodies entering the
development stage first, so there was no gender difference.

Differences in academic performance based on gender

In terms of academic performance, data from the
independent sample t-test show that there is a significant
gender difference in mathematics scores, with boys
performing significantly better than girls in mathematics.
Some previous research results support the assertion in this
paper that men are better than women in logical thinking,
which makes men perform better than women in science
subjects such as mathematics, physics and chemistry.
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The findings show no significant gender differences
in language and English. This is contrary to previous
studies. Previous similar studies have mostly concluded
that girls perform significantly better than boys in
language subjects such as Chinese and English (Allison,
2012), They attribute it to girls' innate talent for language
expression and the natural advantage of imagination and
empathy brought by their rich and delicate emotions to
language subjects. The findings of this study do not yield
similar results, possibly because the students in this study
are located in provinces like Zhejiang where basic
education is well developed, where parents generally
attach great importance to their children's education,
involve them in various language-related activities and
interest classes, and the average educational attainment of
parents here is relatively high. The subtle nurturing and
influence on children in daily life, these postnatal changes
invisibly bridge the huge gender gap in language ability.

Gender Differences in Executive Function

In terms of executive function, the argument of this
paper is consistent with that of most related studies that
there is no gender difference in executive function among
primary school students. For example, Chen Aiguo found
no difference in executive function between third-grade
and fifth-grade students of different genders in the effect
of short moderate-intensity aerobic exercise on children
(Chen Aiguo et al., 2011). This is most likely because the
samples were all from sixth-grade students of the same
age, and the comparison samples were all in the same
school and the same teaching environment, so the
difference in their executive function did not reach a
significant level.

The Relationship Between Physical Health, Executive
Function, And Academic Performance and its
Mechanism

Correlation Between Physical Health and Academic
Performance

In the correlation between physical health and
academic performance, except for sit-ups which showed
no significant correlation with Chinese and mathematics
scores, all other physical health components showed
significant correlations with Chinese, mathematics, and
English scores. And the correlation coefficient is positive,
indicating a positive correlation between the two,
suggesting that academic performance improves as
physical health levels rise. This is in line with the
assumption mentioned earlier in this paper: there is a
significant positive correlation between physical health
and academic performance, and it has a good predictive
effect. When intervening in physical health, the academic
community often uses physical exercise as a method, and
many similar conclusions have been drawn.

For example, studies have shown that skipping rope
not only tests students' cardiopulmonary system ability and
body coordination, but also has a positive predictive effect
on their academic performance (Fan & Yang 2018). Wen



International Research Journal of Education and Sciences (IRJES)

elSSN 2550-2158

Xu found in his study that one minute of rope skipping had
a highly significant regression coefficient for academic
performance in all subjects (p < 0.01) (Wen, 2018).

The results of this study on sit-ups are in dispute with
those of previous studies. Sit-ups, as a test of response
strength quality, are not just the subject of this study; there
are many different opinions in the academic circle. Such
as Brandi, DuncanP.vanDusen, and others in the
discussion on whether sit-ups can significantly improve
academic performance, based on their positive results, are
more inclined to give affirmative answers (Brandi M.
Eveland-Sayers et al., 2007; Duncan P. Van Dusen et al.,
2011). Further research suggests that muscle strength can
enhance an individual's working memory ability, thereby
having a positive enhancement effect on academic
performance (Shih-Chun, 2017). However, data from
Darla gave the opposite view, arguing that there was no
significant  correlation between strength quality
components in physical fitness tests, including sit-ups and
push-ups, and academic performance (Darla, 2007). And
this pessimistic speculation about the impact of strength
quality on academic performance seems to be increasingly
confirmed. Some scholars have changed the measurement
of strength quality to grip strength, but still have not found
a significant correlation with academic performance
(Brandi M. Eveland-Sayers et al., 2007). Of course, some
scholars believe that strength qualities such as sit-ups have
a separate effect on academic performance in various
subjects and only have a positive predictive effect on
academic performance in certain subjects, which is more
in line with the results of this experiment. As Brandi’s
study found, sit-ups were positively correlated with math
scores, but not with language scores (Brandi, 2007).
Therefore, this study still holds the inference that sit-ups
have no significant correlation with Chinese and math
scores, but a significant correlation with English scores.

The 50m run, which reflects students' speed quality,
is considered to have a significant correlation with
academic performance in this study. This has been
supported by predecessors. Irene et al. evaluated students'
speed quality with 4x10m round-trip running results and
found that it was significantly positively correlated with
Chinese and mathematics scores (Irene, 2014).

The relationship between BMI and academic
performance has also been controversial in the academic
circle. Most literatures support the negative correlation
between BMI and academic performance, but a
considerable number of literatures also attempt to deny
such a view (Ashlesha Datar et al., 2004). Although the
study by Jennifer showed weak positivity (Jennifer, 2014),
they all gave a cautious attitude that their correlation could
not be judged based on data alone because of the obesity
problem caused by BMI, The impact of negative social and
psychological factors on academic performance is also
worthy of attention (Jennifer, 2014). That is to say, if BMI
is associated with academic performance, it is more likely
that it is not an abnormality of BMI itself, but rather
through the effect of some derivative or mediating factor,
which is worthy of further study in the future. This study
is more inclined to suggest a significant negative
correlation between BMI and academic performance.
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The study suggests that the score of the 50mx8 shuttle
run can positively predict academic performance in
Chinese, mathematics and English. There seems to be little
controversy on this point, as the 50mx8 shuttle run reflects
students' aerobic endurance ability, and the existing
literature basically gives a consistent positive opinion on
the positive impact of aerobic endurance on academic
performance. A longitudinal follow-up study of
adolescents aged 11-14 also expressed this view: students
with higher levels of aecrobic endurance mean they perform
better in Portuguese and foreign language tests (Antonio,
2016).

The Correlation Between Physical Health and Executive
Function

In the test of the correlation between physical health
and executive function, except for no significant
correlation between 50m running and refreshing and rope
skipping and inhibition, all other physical health
components showed significant correlations with the three
sub-components of executive function. It should be noted
that since the evaluation of executive function is based on
the difference in average reaction time between
inconsistent tasks and consistent tasks, the smaller the
difference, the better the executive function, the
correlation coefficient between them is negative. Based on
the changes in cerebral cortex activation in children from
the perspective of FMRI, Davis et al. applied short-term
moderate-intensity aerobic exercise intervention five times
a week for fifteen consecutive weeks and found significant
improvement in executive function in children (Catherine,
2011). Ames' (1992) suggested that students who
performed well in physical activity tasks might also use the
same task orientation to achieve good results in cognition
and academic performance (Carole, 1992).

The possible reason for these results is the
improvement in physical health under physical exercise
intervention, which promotes the optimization of brain
structure and the activation of regional functions, thereby
enhancing the level of executive function.

Correlation Between Executive Function and Academic
Performance

In the correlation test between executive function
and academic performance, except for the inhibitory
function and mathematics performance which did not
show a significant correlation, all other sub-functions of
executive function and academic performance generally
showed a significant positive correlation. This is largely
similar to the results of previous studies. Swanson et al.
found that abnormalities in the refresh function of
executive function led to poor reading comprehension
performance in children, especially struggling in the
context of long sentence comprehension tasks (Swanson &
Carole, 2001).

But there are also studies that have different
conclusions from the results of this experiment. In terms
of inhibitory control, Passolunghi found in a study of
children with math learning difficulties that they generally
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did not perform well in inhibitory tasks, so he believes that
inhibitory ability is related to math academic performance.
The study is cautious about this inference and hopes that it
will be further confirmed by future generations.

Mechanisms of the Mediating Effect of Physical Health
on Academic Performance and Executive Function

This study verified the mediating effect of executive
function in the path of physical health influencing
academic performance through structural equation model
analysis. That is, the improvement of physical health has a
beneficial effect on students' cognitive function, and the
improvement of cognitive function helps students improve
their academic performance. There is no consensus in the
academic community on its internal mechanism of action.
But most of the literature attempts to be self-consistent
from the dimensions of physiological and psychological
mechanisms.

From the perspective of neurophysiology, it is a
consensus among recent studies that the first explanation
is that physical exercise intervention in physical health
leads to the optimization of brain structure and the
activation of regional functions, thereby affecting
academic performance. But the academic community is
clearly not content with simply explaining the mechanisms
related to physical health function, executive function, and
academic performance from the macroscopic perspective
of brain structure and brain function. They are more eager
to find theoretical breakthroughs in this mechanism of
action from research results at the cellular or molecular
level. And as research progresses, people are beginning to
notice the microscopic mechanisms that bring about this
improvement in brain function and plasticity: Physical
exercise, especially aerobic exercise, promotes nerve
growth factors such as brain-derived neurotrophic factor
(BDNF) and insulin-like growthfactor-1 Expression and
release of IGF-1 (Huang Tao et al,, 2006) Promoting
neuronal survival and differentiation (Cassilhas R C,
Viana V A R, Grassmann V) et al. The Impact of
Resistance Exercise on the Cognitive Function of the
Elderly.[J]. Med Sci Sports Exerc, 2007, 39(8):1401-
1407., n.d.; DeAnna L. Adkins et al., 2006), increased
blood supply to related brain regions (Adam G. Thomas et
al., 2012; Andrew S. Whiteman et al., 2014; C Cotman,
2002) and metabolic efficiency (Bente K. Pedersen &
Mark A. Febbraio, 2012), thereby improving students'
cognitive and memory functions. Studies suggest that
BDNF is abundantly present in the hippocampus, which is
associated with memory formation and spatial orientation,
and in the brain regions responsible for advanced cognitive
functions (Robert H. Lipsky & Ann M. Marini, 2007).

VIL CONCLUSION (OR LIMITATION OR

SUGGESTION FOR FURTHER STUDIES

There are gender differences in physical health and
academic performance among primary schools in Zhejiang
Province. In terms of physical health, girls scored
significantly higher than boys in sit and reach and 50mx8
shuttle run, while in all other physical health items,
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although there was no significant difference, girls scored
higher than boys on average in each item. In terms of
academic performance, boys scored significantly better
than girls in mathematics, but there was no significant
gender difference in Chinese and English scores; Finally,
there were no significant gender differences in the sub-
functions of executive function;

The overall physical health level of primary school
students in Zhejiang Province was significantly positively
correlated with their academic performance;

Executive function plays a mediating role between
physical health and academic performance.
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