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ARTICLE INFO ABSTRACT
Keywords: Background/Objective: The aim of this study was to examine the effects of school-based intervention integrating
Physical literacy physical literacy (PL) into active school recesses (ASR) on physical fitness (i.e., body composition, 20-m shuttle

Academic achievement
Physical fitness
Active break

run, 50-m run, rope skipping, sit and reach, handgrip) and academic achievement (i.e., academic result of
Chinese and Mathematics) in Chinese children.

Methods: A total of 357 children (mean age: 7.8 & 0.7 years; boys: 50.4%) were recruited from two schools and
these two schools were randomly assigned as the intervention group (IG) and the control group (CG), respec-
tively. The IG consisted of 155 children (mean age: 7.9 + 0.7 years, boys: 51.0%), and 202 children (mean age:
7.8 + 0.7 years; boys: 50%) were allocated to the CG. Children in the IG received a 10-week intervention
integrating PL that was conducted during ASR. In the CG, children’s regular school activity was remained during
the intervention period. Generalized estimating equation was performed to compare the levels of physical fitness
and academic achievement between the IG and the CG after intervention.

Results: Regarding physical fitness, there was a significant group x time interaction on 20-m shuttle run (§ =
—3.89, 95% CI [-5.08; —2.71], p < 0.001) and handgrip (8 = —0.70, 95% CI [-1.20; —0.20], p = 0.006). After
intervention, children in the IG had a greater increase than the CG (p < 0.001) in terms of 20-m shuttle run and
handgrip. In addition, the post-test analysis indicated that performance of children in the IG was significantly
greater than those in the CG (20-m shuttle run: p < 0.001, handgrip: p = 0.002). There was a significant group x
time interaction on academic result of Chinese (4 = —1.21, 95% CI [-1.91; —0.56], p = 0.001) and academic
result of Mathematics (f = 16.71, 95% CI [15.14; 18.143], p < 0.001). Statistically significant positive difference
in post-test was observed in academic result of Mathematics between the IG and the CG (p = 0.012).
Conclusion: The results of this intervention study indicate that intervention integrating PL into ASR could bring a
promising effect on physical fitness and academic achievement in children. It is recommended that future studies
are necessary to assess the effects of ASR-based PL intervention on physical and cognitive outcomes using a wide
range of sample.

1. Introduction Elevated levels of health-related physical fitness, particularly in terms of
cardiorespiratory fitness and muscular strength, were linked to a range

Physical fitness refers to an individual’s capacity to engage in of benefits on physical health, cognitive aspects and psychological
physical activity, including cardiorespiratory fitness, muscular strength, well-being.>* Prior study demonstrated positive association between
power, endurance, flexibility, agility, speed, balance, coordination and inadequate cardiorespiratory fitness and mortality.5 Moreover, other
body composition.” The level of physical fitness in children was regar- components of physical fitness were identified as important factors of
ded as a significant indicator of both current and future health status."> children’s health. Studies reflected that reduced muscular strength may

* Corresponding author. Shanghai University of Sport, Shanghai, 200438, China.
E-mail addresses: danqing0916@126.com (D. Zhang), slj7612@163.com (L. Shi), zxling1827@sina.com (X. Zhu), sitong.chen@live.vu.edu.au (S. Chen),
docliuyang@hotmail.com (Y. Liu).

https://doi.org/10.1016/j.jesf.2023.09.004

Received 31 January 2023; Received in revised form 19 September 2023; Accepted 27 September 2023

Available online 27 September 2023

1728-869X/© 2023 The Society of Chinese Scholars on Exercise Physiology and Fitness. Published by Elsevier (Singapore) Pte Ltd. This is an open access article
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).


mailto:danqing0916@126.com
mailto:slj7612@163.com
mailto:zxling1827@sina.com
mailto:sitong.chen@live.vu.edu.au
mailto:docliuyang@hotmail.com
www.sciencedirect.com/science/journal/1728869X
https://www.elsevier.com/locate/jesf
https://doi.org/10.1016/j.jesf.2023.09.004
https://doi.org/10.1016/j.jesf.2023.09.004
https://doi.org/10.1016/j.jesf.2023.09.004
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jesf.2023.09.004&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/

D. Zhang et al.

contribute to increased risks of hypertension and type 2 diabetes,® as
well as a factor of all-cause mortality.” Childhood flexibility was
recognized as a predictor of adult health.® Furthermore, a study indi-
cated the importance of maintaining physical fitness for promoting
health throughout the lifespan.” However, a global decline in cardio-
respiratory fitness among children has been observed.'® For example, six
consecutive national surveys conducted among Chinese children and
adolescents revealed a decline in physical fitness levels.'' In addition,
physical fitness garnered growing research interest among scholars
studying physical literacy (PL) in children and adolescents.'? However,
the relationship between physical fitness and PL remains yet fully
investigated.'®

Academic achievement is defined as the ways that students accom-
plish specific goals, deal with their studies as well as the outcome of
different academic assessments.’*1® Several studies demonstrated that
exercise can promote children’s physical, psychosocial and neurobio-
logical development and also improved cognition and metacogni-
tion.'”>'® Cognitive skills were crucial for school readiness, intelligence
and academic achievement.'? *! Students’ academic achievement might
be a direct indicator of academic success in schooling education.?” A
study indicated that exercise duration, intensity and types may be fac-
tors of academic achievement.”®> However, the evidence regarding the
effects of physical activity on academic achievement in children is still
inconclusive.?* Moreover, the relationship between physical activity
and academic achievement in different subjects by teachers’ assess-
ment”® has not been extensively investigated across various countries.
Further studies are required to elucidate this relationship.?>°

Engaging in an active lifestyle during childhood offers advantages for
physical, cognitive, and brain health.?” Physical activity provides chil-
dren with greater opportunities to strengthen their bones and muscles.
Moreover, children who are more physically active tend to have better
fitness levels. In comparison to unactive peers, more active children
have exhibited superior academic achievement, improved classroom
behavior, enhanced focus, and reduced absenteeism.'® Many studies
were conducted physical activity interventions in school settings, and
the positive effects have been consistently demonstrated,”®?° and even
these benefits could extend into adulthood. Evidence has shown that
physical activity intervention in physical education (PE) curriculum has
limited impacts on behavior®® and cognition.®! Furthermore, physical
activity interventions are typically implemented in classes or occasions
that resemble formal classroom settings. In recent years, school recesses
have become a potential opportunity for students to engage in physical
activity during school days, providing a great avenue to promote
physical and psychological outcomes in children.>?> There has been
increasing interest in promoting children’s physical activity during
school recesses using various strategies.>® Studies have shown that
intervention conducted in active school recesses (ASR) have positive
impacts on physical activity,”* physical fitness and academic achieve-
ment.>>*® However, A meta-analysis suggests that the evidence on
recess interventions contributing to youth physical activity is limited,
which is insufficient to determine conclusive intervention effects on
children’s physical activity during recess.>” This could be attributed to
the variations in recess periods and durations.>" Therefore, there is a
need for integrated intervention research to inform recess physical ac-
tivity interventions. Numerous physical activity interventions have been
developed based on theory or model of behavior change; but, the
effectiveness of these interventions remain relatively small.** " One
potential solution to address the issue is to integrate theories (or models)
from multiple disciplines (i.e., physical, and psychological) into inter-
vention.*! Moreover, employing an intervention grounded in PL, which
has several philosophical foundations (i.e., monism),*? represented
spanning multiple disciplines in relation to physical activity participa-
tion. PL is a multidimensional concept® that included motivation,
confidence, physical competence, knowledge and understanding
necessary to maintain engagement in physical activity throughout
life.'>** PL can contribute to improve physical and cognitive outcomes
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through participation in physical activity.*> In a way, PL integrates
previous theories and models from sport/exercise psychology and motor
development. Conceptually, PL is associated with enhanced physical,
mental, and social well-being through engagement in physical activ-
ity.”> In addition, research showed that increasing opportunities for
young people to interact with the environment through PL can not only
increase physical activity, but also strengthen motivating children to
participate in physical activity.*® PL offers a theoretical framework to
guide intervention design.41 Meanwhile, PL has become an important
research focus for implementing intervention in children and adoles-
cents globally.*>*”:*® In 2016, among the top 10 research questions on
PL research,”® there were three questions around how to conduct PL
related interventions.’® Given the increasing emphasis on PL, a number
of studies focused on blending PL into school-based activity in children
and adolescents.

One of the most recent review studies has showed a limited number
of intervention research (only 38.6%) included all dimensions of PL,
while the vast majority of interventions focused solely on a single
component of physical competence when conducting PL-related in-
terventions, neglecting the integration of other domains of PL.'>
Meanwhile, only 25% of the studies reported the relationship between
PL and intervention content.'> Moreover, one prior study revealed
varying findings regarding the relationships between literacy, physical
abilities, and cognition in different students.! This study also explored
literacy predictors and associations with physical and cognitive out-
comes in children.”! Research has shown that PL-based intervention
effectively improve health indicators such as cardiorespiratory fitness,
overweight and obese on adolescents.”” In addition, Clutterbuck et al.
reported the improvements in cognitive-related outcomes through
transition-focused sports training program,” but another study pointed
that school-based physical activity programs did not affect cognitive
performance.®® The research on comprehensive interventions targeting
the physical and cognitive development of school-age children is
limited.'® Therefore, this study carried out an intervention integrating
PL into ASR (PL-ASR intervention) and assessed the effects on physical
fitness and academic achievement.

The primary purpose of this study was to examine the effect of PL-
ASR intervention on the physical fitness of Chinese children,
compared to regular recess activities. We hypothesized that the inter-
vention group (IG) would demonstrate greater effectiveness in
improving physical fitness than the control group (CG). The second aim
was to explore the effect of the IG compared to the CG on academic
achievement in Chinese children. We hypothesized that improvements
in academic achievement of children in the IG would be greater than the
CG.

2. Methods
2.1. Study design

A quasi-experimental study was designed to compare the effects of
activity after class on physical fitness and academic achievement during
a 10-week intervention (Fig. 1) within two groups (IG and CG). This
study was a part of the integrating Physical Literacy into Exercises inter-
vention on Physical Fitness and Health of Children Project. Children in the
IG participated in PL-ASR intervention for 10 weeks (Table 1). Children
in the CG received regular school activities as same as the previous daily
schedule. This intervention study was also by Institution of Review
Board at Shanghai University of Sport (Number: 102772021RT084).

2.2. Sample size calculation

The sample size was determined by priori analysis in G*Power 3.1
software (Heinrich-Heine-Universitat, Diisseldorf, Germany). According
to one previous study,*’ the effect size was 0.6, alpha level = 0.05,
power to 0.8. The total required sample size was calculated to be 90. A
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Two primary schools

(n=397)
l Randomized |
Allocated to intervention group Allocated to control group of
of one schools one schools
(n=162) (n=235)
Absent: PF (n=1) - | ,| Absent:
AA (n=2), PF(n=21)
Pre-test Pre-test
(n=161) (n=212)
Absent:
~ = 10+ k >
Absent: PF (n=6) }f wee AA (n=1), PF(n=9)
Post-test Post-test
(n=155) (n=202)

Fig. 1. Flow chart of recruitment, randomization, and participation of children in each group

Note: n, sample size; AA, academic achievement; PF, physical fitness.

Table 1
Activities plan of each group.

PL content* Sessions Intervention group Control group Frequency and
duration
Physical Morning exercise Broadcast gymnastics Broadcast gymnastics 10 ms/t, 5 ts/w
competence 20-mins active break Sports/games (two) Free arrangements 20 ms/t, 5 ts/w
Active mini-breaks Martial arts rhyme dance Rhyme dance 5ms/t, 5 ts/w
Activity before PE class Sports/games (one) Free arrangements 10 ms/t, 4 ts/w
IPA and KPA Classes in lunchtime- PL content through construct a situation for role play or Q&A None or classes of other 15 ms/t, 1 t/w
break interaction subjects
Physical Group activities Jumping short rope, swinging shuttlecock, games Free arrangements 30 ms/t, 1 t/w
competence
IPA and KPA School climate PL content with boards and posters Free arrangements 1t/pp

Note: physical competence included physical fitness, motor skill and behaviour; IPA, intention of physical activity; KPA, knowledge and understanding of physical
activity; *, Match with intervention group; Q&A, question and answer; PE, physical education; ms/t, mins/time; t(s)/w, time (s)/week; t/pp, time/per person; PL,

physical literacy.

20% drop-out rate was estimated from pre-test to post-test and at lest
108 children were needed for study analysis. Moreover, this intervention
was based on each class of school, the number of children in one class
was around 30 according to the class size. Considering the number of
children in each school class may vary, finally, two classes were
randomly recruited in each grade of each school.

2.3. Recruitment

Participants from primary schools were recruited via online poster
advertisements on WeChat APP and offline themed lectures. The
recruitment poster included the study’s aims, description, and mea-
surement (i.e., pre-test, post-test). We utilized both the "Moment" and
"Chat Group" features of WeChat for advertising. The chat group spe-
cifically targeted primary school physical education (PE) teachers who
had received training from the Shanghai Teacher Institute. The
recruitment period took place from December 2020 to February 2021.
After the recruitment phase, seven primary school contacted us.
WecChat, as a free mobile device application, emerged as a crucial and
highly popular social media platforms for information dissemination in
China. It offered various communication formats, including instant text,
voice message, video, and graphics, making it an accessible means to
share information to the public.”®
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2.4. Randomization

Simple random assignment with coin tosses was conducted by
researcher who was responsible for the intervention. Two schools were
selected as units from a pool of seven school and randomly assigned to
the IG or the CG. Within each selected school, eligible children in the
same class received an identical strategy to mitigate confounding in-
fluences, such as variations in activity types. Moreover, the details of the
IG allocation were kept blinded from both children and teachers. Data
entry involved blind processing, which was independently performed by
two researchers for data proofreading.

2.5. Participant

A total of 397 children from level 1 (grade 1 and grade 2) of two
schools in Shanghai were recruited for this study. Exclusion criteria for
subjects’ absence included: (1) children with cognitive barriers, (2)
those who were ill or physically unfit to participate in sports activities,
and (3) those who transferred or sustained injures during the interven-
tion. All participants were requested to provide a written informed
consent statement. Ultimately, 357 children (mean age: 7.8 + 0.7ys,
boys: 50.4%) were included in the analysis. Among them, the IG
comprised 155 children (mean age: 7.9 + 0.7ys, boys: 51.0%), while the
CG included 202 children (mean age: 7.8 + 0.7ys, boys: 50.0%) (Fig. 1).
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2.6. Intervention

Previous research indicated that behavior can be modified, and the
process of automation might require a minimum of 66 days.’® Consid-
ering the inclusion of physical and cognitive variables, as well as the
incorporation of complete semester timeframe (included pre-test,
post-test and intervention phases), this study implemented a ten-week
intervention duration.

PL-ASR intervention content, based on PL theoretical framework,
encompassed various aspects such as physical competence, intention of
physical activity (including motivation and confidence), as well as
knowledge and understanding of physical activity (Table 1). Each group
participated in seven sessions of morning exercise, active 20-min-breaks,
active mini-breaks, activity before PE class, classes during lunchtime-
breaks, group activities and consideration of school climate. These
intervention sessions were conducted over a period of 10 weeks. In
addition, it was mandatory for participants in both groups to have a
minimum attendance rate of 80% attendance (17/21) per week. The IG
was specifically encouraged to engage in more physical activity within
the school, while the CG had the freedom to engage in non-exercise
related content (i.e doing homework).

The study conducted multiple sessions with varying frequencies and
durations. Specifically, three sessions were held five times per week, one
session was conducted four times per week, two sessions were carried
out once per week, and one session occurred once per person. The
content of these sessions included the following activities: (1) broadcast
gymnastics of morning exercise, which was National Broadcast Gym-
nastics for Elementary and Middle School Students (serial of unified
activities for Chinese students). (2) Martial arts rhyme dance during
active mini-breaks, accompanied by music rhythm and involving kick-
ing, punching, and horse squatting, etc. (3) sports/games during 20-
mins active breaks in large recesses activities primarily focusing on
running, jumping, throwing and catching. Examples of these activities
include hopscotch, throwing and catching ball and playful replay
running. (4) activity (sports/games) before PE classes also involving
running, jumping, throwing, and catching, but with different durations.
(5) PL content delivered through role play or Q&A interaction based on
various topics, such as sports/sports event, exercise/Olympic knowl-
edge, table games of knowledge and understanding, and Air Studio Class
of sport). These content took place during lunchtime breaks and lasted
for 15 min. Multimedia resources, including audio, videos, and images,
were used by the teachers to facilitate the sessions. For example, “ in the
table games, students play forest animal games where four animal group were
required to complete the fragments of PL Q&A. (Q&A came from Chinese
Assessment and Evaluation of PL. Each group was given a set of Q&A pieces
of paper, which were cut into six parts. The groups had to complete the
fragments and answer. Finally, the teacher revealed the answers and expla-
nations using multimedia resources”. (6) Group activities involving
jumping short rope, swinging shuttlecock or playing games for 30 min/
time. (7) PL content displayed on boards and posters, with each student
participating once. The children created boards and posters on specific
PL topics during afterschool activities. After completing the posters, four
of them were selected and displayed per week in school info column. The
boards were only completed and displayed during sports culture theme
week. The children in the CG participated in regular activities, such as
morning exercise and class breaks, following the same schedule, fre-
quency and duration as the IG (Table 1). However, they were prohibited
from engaging in any normal physical education or exercise and were
allowed to maintain their dietary habits. The sports/games they were
involved in included hopscotch, throw and catch, jump the hula hoop,
rope skipping, hoop game, tumble, 50-m run, “catch the piglets”,
standing long jump, plaster, kick shuttlecock, backwards, “drill caves”,
rhythmic exercises, jump the long rope, 20-m shuttle run, relay race.

Responses of activity plans were obtained from primary school
teachers or experts. Two researchers conducted an interview to gather
information on: (1) whether the plan of PL-ASR intervention was
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reasonable and easy to implement; and (2) any comments on improve-
ments of PL-ASR intervention. The final intervention content reached a
consensus with the school teacher. The validity of the factor structures
underlying the intervention procedures was examined through consul-
tations with other primary education teachers and pilot studies.

2.7. Preparing procedures

The intervention was carried out by school PE teacher. Prior to the
formal intervention study, the teachers received eight lessons of PL
training (including presentations and materials of intervention) which
covered various aspects such as the concept, dimensions, development
in different countries, association, assessment, application, and design
micro-courses of PL. Additionally, a workshop and a pilot study were
conducted to examine the contents and feasibility of the intervention.
During the pilot study, the interventionist conducted the intervention
and utilized a checklist provided by the researchers to provide feedback
on the feasibility of the recesses based on different criteria, including
time, content, frequency, and duration. An additional individual was
assigned to the IG to monitor the quality of the intervention. Moreover,
the researcher recorded any special cases that occur during the inter-
vention. In addition, the communication between the intervention
coordinator and the teachers was maintained through internet and cell-
phone contact. Any potential problems that arose during the study were
promptly addressed by the research team.

2.8. Measurements and data collection

All participants from two primary school were assessed for outcomes
at baseline (pre-test: March 2021) and the end of the intervention (post-
test: June 2021).

2.8.1. Primary outcomes (physical fitness)

The study employed a battery test based on the Chinese National
Student Physical Fitness Standard (CNSPFS) for young children.®”->® The
battery test included the following components (1) Body composition:
Height was recorded to the nearest 0.1 cm using a portable stadiometer.
Weight was measured without shoes, with participants wearing light
clothing, using a portable digital scale to the nearest 0.1 kg. Body mass
index (BMI) was calculated using the standard equation weight
(kg)/height squared (m?3). (2) 50-m run(s) test: Participants were
required to run from a standing start between two lines over a distance
of 50 m. (3) Rope skipping (counts): Participants was asked to jump rope
within 1 min, and the tester recorded the number of qualified jumps. (4)
Sit and reach (cm): Participants were instructed to straighten their legs
and place their feet flat on a longitudinal plate. They were then asked to
gradually reach forward with their fingertips as far as possible. The
measurement was recorded to one decimal place. The test was per-
formed twice, and the best result was recorded.

The study measured two components of health-related physical
fitness (cardiorespiratory fitness and muscular strength): (1) Cardiore-
spiratory fitness was assessed using the 20-m shuttle run test.”” Partic-
ipants were instructed to run back and forth between two lines over a
20-m distance within a specified time limit. The participants stood
behind the starting line and ran with the rhythm of the music, which
increased in speed. The test was concluded when a participant failed to
reach the line for two consecutive shuttles. Scores were recorded as the
level and shuttle reached, and these scores were converted to the
number of 20-m laps completed to provide a continuous variable for
analysis. (2) Muscular strength was assessed by handgrip strength test.*°
Participants were asked to grip the inner and outer handles of a grip
tester with their dominant hand and exert maximum force until the
display value stabilized. The test was performed twice, and the best
result in kilograms (kg) was recorded.
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2.8.2. Second outcomes (academic achievement)

Academic achievement, measured through standardized test scores,
was assessed using the grades obtained from the school academic
administration system’s standardized begin and end-of-term tests. The
subjects of Chinese and mathematics were evaluated using tests with a
maximum score of 100. The test scores obtained before the intervention
were compared to those obtained at the end of intervention. The aca-
demic achievement in both subjects was rated by teachers and then
converted into four test levels: very good (A = 90-100), good (B =
80-89), general (C = 60-79), and under general (D = under 60). Based
on their academic achievement level, the participants were divided into
two groups: (1) those who was rated “good” and “very good” (high
Level, coded = 2) and (2) those who was rated “general” and “under
general” (low level, coded = 1).

2.8.3. Demographic information

Demographic characteristics included gender (1 = boys, 2 = girls),
age and grade (1 = grade 1, 2 = grade 2) of participants were retrieved
from the school information administration system.

2.8.4. Data collection

The pre-test and post-test were conducted by members of the project
research group, who had no competing interests, and details of the
intervention group allocation were not available to the testers. Before
the test, all testers, who were graduate students majoring in physical
education, participated in 1-h training session of physical fitness mea-
surement at the university. The training session was conducted by pro-
fessionals from a test equipment company to ensure the quality of the
test. The workshop covered two main topics: (1) the development
characteristics and special needs of children; and (2) the basic principle,
testing procedures, and emergency plans for children at level 1.

2.9. Statistical analysis

Statistical analyses were conducted using SPSS Version 26.0 (IBM
Corp., Armonk, NY, USA). To assess baseline differences, independent
samples t-test and Chi-Square tests were used. Within-group change of
each group was examined using paired-samples t-test. The effects of the
intervention on primary and secondary outcomes were evaluated using a
Generalized Estimating Equation (GEE) model with an unstructured
correlation structure, represented as Y = A + B x Gender + C x Week +
D x Group + E x Age + F x [Week x group]. The model included the
group x time interaction term, and adjustments were made for gender
and age in both groups.

3. Results

The baseline outcomes of participants were presented in Table 2. No
significant baseline differences were observed, except for sit and reach
and academic result of Chinese. Children in the IG demonstrated
significantly better outcomes (p < 0.001) compared to those in the CG.
Children in the CG were more likely to have higher academic result of
Chinese (p < 0.001) than those in the IG.

3.1. Outcomes of physical fitness

A significant group x time interaction was observed for the 20-m
shuttle run (8 = —3.89, 95% CI [—5.08; —2.71], p < 0.001). Equation
Y = —2.51 + 0.25 x Gender - 3.05 x Week +4.52 x Group +2.00 x Age
- 3.89 x [Week x group] was used to analyze the data. Both groups
showed a significant positive improvement (p < 0.001), with the IG
demonstrating a greater increase compared to the CG. Furthermore, the
post-test performance of children in the IG was significantly higher than
that of those in the CG (p < 0.001).

A significant group x time interaction A significant on handgrip
strength (8 = —0.70, 95% CI [—1.20; —0.20], p = 0.006). Equation Y =
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Table 2
Participants characteristic and outcomes of each group at baseline.
Items Intervention group Control group P
(Proportion/mean + SD, (Proportion/mean =+ SD,
n = 155) n = 202)

Demographic

Gender 0.92
Boys 51.0% 50.0% /
Girls 49.0% 50.0% /

Age (ys) 7.9+0.7 7.8+ 0.7 0.05

Height (cm) 126.2 + 6.2 125.5 + 6.1 0.29

Weight (kg) 26.7 + 5.6 26.4+56 0.61

Physical fitness

BMI (kg/mz) 16.7 £ 2.7 16.7 £ 2.6 0.90

Sit and reach 10.5£5.3 8.5+5.1 <0.001
(cm)

50-m run (s) 11.5+14 11.5+1.2 0.89

Rope skipping ~ 82.6 + 37.8 76.2 + 32.5 0.90
(counts)

20-m shuttle 10.9 £ 4.5 10.2 + 4.4 0.11
run (laps)

Handgrip (kg) 9.2 +3.3 9.1+28 0.60

Academic achievement

Academic of Chinese <0.001
High level 67.7% 90.1%
Low level 32.3% 9.9%

Academic of Mathematics 0.28
High level 95.5% 93.8%
Low level 4.5% 6.2%

Note: n, sample size; SD, standard deviation. BMI, Body mass index.

—2.68 + 1.29 x Gender — 0.40 x Week +0.75 x Group +1.48 x Age —
0.70 x [Week x group] was utilized to analyze the data. Only the IG
showed a significant positive change (p < 0.001). In addition, there was
a significant positive difference in post-test handgrip strength between
the IG and the CG (IG: 10.34, CG: 9.47, p = 0.002).

There was a significant group x time interaction observed for sit and
reach ( = 1.26, 95% CI [0.22; 2.29], p = 0.017). Equation Y =
12.36-3.22 x Gender - 1.49 x Week +0.81 x Group - 0.10 x Age +1.26
x [Week x group] was utilized for analysis. However, no significant
group x time interactions were found for BMI, the 50-m run and rope
skipping (Table 3).

3.2. Outcomes of academic achievement

There was a significant group x time interaction on academic result
of Chinese (8 = —1.21, 95% CI [-1.91; —0.56], p = 0.001, Y =
7.00-0.04 x Gender — 0.25 x Week - 0.26 x Group — 0.57 x Age —1.21
x [Week x group]). Similarly, a significant group x time interaction
was found for the academic result of Mathematics (8 = 16.71, 95% CI
[15.14;18.143],p < 0.001, Y = —2.78 + 0.02 x Gender - 0.67 x Week -
17.24 x Group - 0.05 x Age + 16.71 x [Week x group]). However, the
intervention only resulted in a significant positive difference in the ac-
ademic result of Mathematics between the IG and the CG (p = 0.012)
(Table 4).

4. Discussion

The purpose of this study was to assess the effects of a 10-week PL-
ASR intervention on physical fitness and academic achievement. The
main finding supported the primary hypothesis and indicated that PL-
ASR intervention can improve physical fitness, especially, cardiorespi-
ratory fitness and muscular strength. These findings were consistent
with prior research that recesses during school hours led to health
benefits,’"%? such as improving cardiovascular fitness.®> These results
also supported the second hypothesis and showed that PL-ASR inter-
vention enhanced academic achievement. This study was in accordance
with previous research, which suggested active class-breaks provided a
valuable opportunity, not only to enhance physical competence, but also
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Table 3
Effects on physical fitness of each group.
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Items Groups Post-test Changed over time Group x time interaction®
Mean (SD) P Mean (SD) P p (SE) P

BMI (kg/m?) 1G 16.86 (2.46) 0.221 —-0.17 (2.20) 0.332 0.38 (0.21) 0.074
CG 17.21 (2.83) —0.56 (1.70) < 0.001

Sit and reach (cm) 1G 10.76 (4.27) 0.169 —0.23 (4.97) 0.561 1.26 (0.53) 0.017
CG 10.00 (5.87) —1.49 (4.96) < 0.001

50-m run (s) 1G 11.02 (0.92) 0.955 0.50 (1.22) < 0.001 —0.02 (0.12) 0.903
CG 11.02 (0.84) 0.52 (1.03) < 0.001

Rope skipping (counts) 1G 104.98 (28.66) 0.004 —22.41 (28.77) < 0.001 —3.14 (3.3) 0.342
CG 95.48 (31.58) —19.27 (33.80) < 0.001

20-m shuttle run (laps) 1G 17.85 (7.82) < 0.001 —6.95 (6.30) < 0.001 —3.89 (0.60) <0.001
CG 13.19 (5.55) —3.05 (4.70) < 0.001

Handgrip (kg) 1G 10.34 (2.70) 0.002 —1.10 (2.40) < 0.001 —0.70 (0.36) 0.006
CG 9.47 (2.51) —0.40 (2.40) 0.018

Note: SD, standard deviation; BMI, Body mass index; IG: intervention group; CG: control group.
@ Generalized estimated equations (GEE) coefficient () refers to the coefficient of the week * group in the GEE model, adjust gender, age, week, group; SE, standard

error.

Table 4
Effects on academic achievement of each group.

Academic Groups Post-test Group x time
achievement interaction”
% P p (SE) p
Academic of 1G High: 89.7%, 0.431 —1.21 0.001
Chinese low: 10.3% (0.36)
CG High: 92.1%,
low: 7.9%
Academic of 1G High: 100.0%, 0.012 16.77 <
Mathematics low: 0 (0.80) 0.001
CG High: 96.0%,
low: 4.0%

Note: IG: intervention group; CG: control group.

# Generalized estimated equations (GEE) coefficient (f) refers to the coeffi-
cient of the week*group in the GEE model, adjust gender, age, week, group; SE,
standard error.

to improve academic outcomes of children.®* This development of a
multicomponent (included four domains of PL) ASR intervention in this
study led to benefits of physical and cognition aspects. Moreover, the
intervention contributed to providing different activities and learning
time in school settings, which helped create physical activity opportu-
nity to promote the elements of PL.

4.1. Physical fitness

The results showed that PL-ASR intervention effectively improved
physical fitness of children, especially the levels of cardiorespiratory
fitness and muscular strength.®> Compared with the CG, the activity and
content within class-break of the IG fully utilized school recesses. Most
of the activities involved run, jump and shoot movement. These move-
ments engage the entire body and require a combination of cardiovas-
cular endurance and muscular strength. Therefore, this may explain why
intervention had an effective impact on cardiorespiratory fitness and
muscular strength. Research has demonstrated that physical activity
stimulates the body to recruit more muscle units to participate in exer-
cise, thus improving muscle strength. Additionally, it accelerated the
transition between excitation and inhibition, facilitating the rapid
reception and transmission of information within the human body. This,
in turn, enhanced physical competence and enabled quick response.
Previous study revealed that school intervention promoted students to
participate in physical activity.°® Moreover, studies reported that
structured sports activities for students, such as morning exercises and
longer breaks, provide more opportunities for students to participate in
sports activities, showcase their abilities, achieve higher step counts®””°
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and reach the daily physical activity levels.°>®” Research indicated that
an additional opportunity for exercise could have a significant impact on
overall physical activity levels.®®”? However, it should be noted that
these interventions had limited effects on improving joint and muscle
flexibility. Although the PL-ASR intervention content included dance
activities, the movements primarily involved jumping and shooting in
aerobic dances, with minimal focus on flexibility-related movements in
children.

This program adjusted extracurricular activities for school-age chil-
dren and improved the school climate by incorporating PL content, such
as lunchtime classes and campus posters promoting PL. Research
demonstrated that intervention enhanced all dimensions of PL,
including physical competence.”! A study conducted in Hong Kong*®
also supported the correlation between PL and physical competence
among students. From an indirect perspective, activity of PL-ASR
intervention increased opportunities for children to interact with the
environment. Furthermore, children may have developed more confi-
dence and motivation, which further encouraged their participation in
activities and improved physical fitness. The integration of multimedia
into school climate in this PL-ASR intervention may have an impact on
activity participation. Content aligned with learning goals’>”* or a
sports activity from videos’* could promote children’s learning. In
addition, the use of multimedia during lunch breaks provided oppor-
tunities to shape the school PL atmosphere and enhance children’s
knowledge of sports and health. Moreover, one previous study demon-
strated the correlation between the internal dimensions of PL.**
Regardless of whether healthy or obese children, motivation and con-
fidence were important factors influencing their physical competence.””
Research reflected sports activities’® in after-class programs enriched
fitness knowledge and developed children’s competitive awareness.
Regular class-break activities also contributed to the accumulation of
physical activity time for children. Furthermore, organizing group sports
activities could lead to schools providing more accessible sports equip-
ment and resources, encouraging children to participate in various
sports.®® A research revealed that when children had access to sports
resources in school, their physical activity increased threefold.””

4.2. Academic achievement

Studies presented controversial findings regarding the effectiveness
of physical activity intervention and the acute effects of physical activity
on brain function, brain structure and cognitive functions.”® Moreover,
it identified improvements in neurobiological factors like BDNF and
IGF-1.”° Another meta-analysis demonstrated that engaging in physi-
cally active tasks requiring higher cognitive involvement yielded posi-
tive effects.®” The higher level of neural plasticity in children suggested
that more physical exercise could enhance cognitive function.>’ A
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previous study indicated that the relationship between physical activity
and academic achievement was supported by the activation of neural
regions during motor tasks, which were associated with cognitive
function.®!,%? Furthermore, engaging in physical activity was found to
promote cerebral blood flow, which could enhance academic achieve-
ment.®® A review demonstrated that physical fitness and interventions
involving physical activity had positive effects on children’s cognitive
function and academic achievement.'® Recess activities, which encom-
passed physical activities of varying intensities, were found to influence
a child’s school aptitudes, creativity, and cognitive flexibility in children
aged 8-12 3°. Prior study have summarized that incorporating active
class-recesses provides excellent opportunities to meet daily physical
activity guidelines and offered benefits across multiple domains of
cognition and metacognition in youth.>>*° Studies have shown that
students exhibit greater willingness to engage in academic tasks
following active recess periods. This finding could be explained by the
fact that exercise induced both general and specific physiological
changes in the brain, leading to an immediate neurochemical response
that may enhance academic achievement.®*

A previous study indicated a positive correlation among all domains
of PL.”® PL-ASR intervention of the IG aimed to enhance the dissemi-
nation of knowledge and sports awareness of PL, potentially impacting
children’s understanding and knowledge levels. Moreover, children
were inclined to participate in activities to develop positive
self-perception and academic self-confidence, which may be associated
with academic learning.®® Intervention comprised diverse games and
activities, offering children more opportunities for participation and
facilitating their holistic learning potential.®® Aerobic fitness and motor
skills significantly contributed to cognitive development during child-
hood and young adulthood.®” The use of situational and dramatic games
in activities was found to be effective. Integrating these activities may
enhance cognitive functioning,®® attention®” and understanding abil-
ity.”® Specifically, different skills and activities require varying cognitive
loads and involve sophisticated cognitive processes. For example, tasks
like throwing, catching, and striking demand higher cognitive demands.
Locomotor tasks, such as walking, running, and hopping, involve re-
petitive movements that engage automated cognitive processes.g1 Lo-
comotor tasks, such as walking, running, and hopping, involve repetitive
movements that engage automated cognitive processes.

5. Strengths and limitations

This intervention contributed to the development of an active class-
break integrated all domains of PL among primary school children. The
study strengthened opportunities to promote physical and cognitive
abilities by the novel implementation of sessions during school recesses.
However, there were several limitations in this study. Firstly, although
the study was based on the PL framework, the assessment and results did
not include all domains of PL, such as motivation, This limitation was
also been reported in another study”?, which suggested that the under-
lying impact may not be specifically determined. In future research, it
would be necessary to highlight the holistic nature of PL, and we plan-
ned to explore this in our future studies. Secondly, objective measures,
such as polar monitors or accelerometers, were not used to monitor
physical activity and heart rate levels during recesses, which may have
led to inconsistency in activity intensity. For larger-scale interventions,
more attention should be laid on the intensity of physical activity in
school days between the IG and the CG. Thirdly, the study was con-
ducted in two separate schools, one for the IG and the other for the CG. It
is important to note that these schools may have been affected by
various environmental factors. We planned to further promote and
involve more schools in the future. Finally, the current study only tested
the acute intervention effects using pre- and post-tests. It would be
beneficial for future studies to understand the longer-term impacts of the
intervention on young children.

Journal of Exercise Science & Fitness 21 (2023) 376-384

6. Conclusion

This study indicated that intervention integrating PL into ASR can
promote health-related physical fitness especially for aerobic fitness and
strength. Also, such intervention is beneficial to enhance academic
achievement. These findings suggest that blended PL framework based
on school setting could be a potential approach to promote health and
development for children. It is recommended that future studies eval-
uate the longer-term effects PL intervention.
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