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Effects of 8 weeks
parent-accompanied swimming
on physical capacity and
intelligence in preschool children

Yichao Yu'?, Lei Xia**, Huiping Yan®** and Yifan Lu?**

The School of Sports Coaching, Beijing Sports University, Beijing, China, 2Laboratory of Sports Stress
and Adaptation of General Administration of Sport, Beijing Sport University, Beijing, China, *Shenzhen
School Affiliated to Sun Yat-sen University, Shenzhen, China, “The School of Sports Medicine and
Rehabilitation, Beijing Sports University, Beijing, China

This study aimed to explore the potential effects of 8-week parents-
accompanied swimming on the physical capacity and intelligence of preschool
children in China. Thirty-six boys (mean age 3.56 + 0.27 years) were divided
into three groups: the traditional physical exercise group (TP, n=12), the
accompanied swimming group (AS, n=12) and the independent swimming
group (IS, n=12). Participants’ physical capacity was assessed before and after
the intervention using the following indicators: height, weight, distance of
tennis ball throw, standing long jump distance, time for the 10-meter shuttle
run, time for a two-legged continuous jump, sit-and-reach distance, and time
on the walking balance beam. Intelligence was assessed at three points: pre-
test, mid-test after 4 weeks, and post-test. Data were analyzed using a two-
way repeated measures ANOVA, Bonferroni test (p <0.05) and effect size. The
time of the AS and IS groups to walk the balance beam was significantly lower
than the TP group, with a difference of 1.81s (p<0.01, [95% CI —3.22 to —0.40],
ES=153) and 1.25s (p < 0.05, [95% Cl| —2.66 to 0.16], ES = 0.81). At the mid-test,
the 1Q scores of the TP group were lower than the AS group (p <0.05, [95% CI
—12.45 to —0.96], ES = 0.89). Additionally, at post-test, the IQ scores of the TP
group were significantly lower than those of both AS (p<0.01, [95% CI —-14.12
to —2.74], ES=1.15) and IS groups (p <0.01, [95% CI —12.53 to —3.31], ES=1.21).
Swimming enhances children’s balance and IQ scores more than traditional
physical exercises. Involving parents in swimming leads to a more significant
increase in 1Q scores within 4 weeks of initial swimming exercise.

KEYWORDS

swimming, children health, physical capacity, intelligence, physical exercise

1 Introduction

Childhood development largely influences a person’s future development and
determines the rate of growth and development during adolescence. It is vital in establishing
human ethics and defining the concept of social progress (1). Regular physical exercise has
been demonstrated to improve physical fitness and lower the disease risk within the
population (2). Swimming is a popular physical exercise that improves the body’s aerobic
capacity and is widely recognized for maintaining good health (3). Previous research has
proven the benefits of swimming on children’s health. It demonstrates that swimming can
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stimulate the existing reflexes in children and generate new
neurological reflexes. Furthermore, it improves the speed of
nervous system development. Swimming is an effective way to
stimulate the development of bones, muscles, and other tissues. It
enhances multi-sensory participation and improves the formation
of future swimming skills, promoting the whole body and mind
development of children, as well as enhancing immunity (4-8).
Nevertheless, sub-standard water quality in children’s swimming
can lead to rashes, asthma, and other health problems in them
(9, 10).

Physical capacity is determined by both hereditary and
acquired factors. Individuals show variations in physical traits
under heredity, but these traits can also be fortified and developed
through acquired physical activities. Experts commonly measure
physical capacity using metrics such as cardiorespiratory
endurance, muscular strength, and body composition (11).
Previous studies have demonstrated that swimming effectively
enhances the physical capacity of children. Duncan and colleagues
(12) discovered that long-term swimming training caused
modifications in children’s body morphology and function,
particularly in their height growth. A study of Chinese children has
demonstrated that swimming effectively improves boys’ aerobic
and cardiorespiratory capacities (13). This finding has been
corroborated by the results of other studies as well (14). Besides,
further research has shown that swimming positively affects both
the cardiorespiratory health and body composition of healthy
children (15).

The intelligence quotient (IQ) is a commonly used cognitive
ability evaluation. IQ is defined as the relatively stable psychological
characteristics of an individual’s understanding of objective things,
including a combination of perceptual observation, memory,
imagination and thinking (1). Intelligence in the preschool years is a
continuous developmental process, it can influence academic
achievement, knowledge acquisition, and labor skill levels in young
adulthood (16). Physical exercise improves children’s cognitive ability
and IQ scores (17, 18). Borioni et al. (19) found significant benefits for
children’s language skills after a swimming exercise; Nissim et al. (20)
found significant improvements in arithmetic and logical reasoning
in preschoolers after 6 months swimming exercise; other studies have
also shown that learning to swim improves preschoolers’ intelligence
scores and can help reduce the number of delinquent behaviors in
children (21).

Developing good physical exercise habits is key to promoting
young children’s growth and development. Nowadays, more and more
children start learning to swim before learning to walk. Current
swimming exercise methods for children can be categorized as the
independent swimming and accompanied swimming. The main
difference between these two types of workouts is whether or not the
parents are involved in the swim workout. As mentioned earlier, there
have been many studies exploring the effectiveness of swimming
exercise. But the research on these two swimming exercise methods
on children’s health was very limited, more empirical research data is
needed to fill research gaps in this area.

Therefore, this study aimed to examine the impact of 8 weeks
parent-accompanied swimming on the physical capacity and IQ
scores of preschool children. We hypothesized that 8 weeks of parent-
accompanied swimming more effectively improve physical capacity
and intelligence in preschool children.
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2 Materials and methods

2.1 Subjects

This study recruited children between August 2021 and October
2021 from three kindergartens in Xiqging District, Tianjin, China. For
this study, participants comprised boys between 3 and 4 years old. All
participants were in good health with no recent physical complaints.
Based on the calculation of the required sample size according to
G*Power (3.1.9.4; Germany), the F test and repeated measure
ANOVA, main effects, and interaction effects were selected the
prespecified effect size was chosen as 0.30, and the statistical test
power 1-f was 0.8 and o was taken as 0.05, 30 healthy boys needed to
be recruited to participate in the study.

To prevent subject attrition during the study, 36 healthy children
were recruited. All children in the study completed the test without
sample loss (Table 1). At kindergarten parent meetings, the test items,
experimental protocols, and associated risks were explained to the
parents by the researchers. Parents of all children signed informed
consents form before participating in the study, clearly comprehended
the risks associated with the intervention and volunteered to
participate. The study adhered to the Declaration of Helsinki, and the
Ethics Committee of Exercise Science at Beijing Sport University
approved the study protocol (Grant no. 202008211).

2.2 Study design

Participants were randomized assigned into groups based on
different physical exercise methods, including one control group: the
traditional physical exercises group (TP, n=12) and two experimental
groups: the accompanied swimming group (AS, n=12), the
independent swimming group (IS, n=12). The AS group’ children
only participated in swimming exercises with their parents, while the
IS group’s children only participated independently, these two groups
received the same swimming exercise interventions. The TP group
only participated in traditional physical exercises practiced in
kindergarten. Each group of children was exposed to 50min of
physical training twice weekly for 8weeks. The content of the
swimming exercises was developed based on opinions from
professional swimming teachers who specialized in training children.
The exercises included floating, breathing, leg kicks, paddling and
other essential swimming techniques. Table 2 illustrates the detailed
teaching content and schedule followed for the swimming exercise.
The training content for TP group was developed by physical
education teachers and experts, which ensured the physical exercise
volume of the children in all three groups were comparable (22). In
order to ensure the accuracy and validity of the test, quality control
measures were implemented for personnel involved in testing,

TABLE 1 Basic information of subjects (n = 36).

Age (yrs) 3.56+0.27

Height (cm) 106.73+4.39
Weight (kg) 18.33+1.45
BMI (Kg / m?) 16.16+1.72
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TABLE 2 The specific teaching content and schedule of different groups.

(€17e]0] ) Phase

Warm-up part

Content
1.Children get into the water
2.Self-introduction

3.Warm-up

10.3389/fpubh.2024.1410707

Time

5-8 min

Basic part

1.Breathing movements and exercises
AS 2.Leg movements and exercises
IS 3.Arm movements and exercises

4.Practicing back float movement

35-40 min

Relaxation part

1.Course Summary
2.Relaxation

3.0ut of water

3-5min

Warm-up part

1.Self-introduction

2.Warm-up

5-8 min

TP Basic part

1.Upper body movements and exercises
2.Trunk movements and exercises
3.Lower body movements and exercises

4.Group game

35-40 min

Relaxation part

1.Course summary

2.Simple stretching and relaxation

3-5min

AS, accompanied swimming group; IS, independent swimming group; TP, traditional physical exercise group.

teaching, data collection, and other related processes. All participants
and teachers involved in the test were stabilized and trained, and the
parents of the AS group underwent brief training before the start of
the intervention on verbal guidance and precautions in effective
teaching implementation.

The flow chart of this study as depicted in Figure 1. Physical
capacity was tested before and after exercising. Physical capacity tests
included height, weight, tennis ball throwing distance, standing long
jump distance, 10-meter toss time, two-legged continuous jump time,
seated forward bend distance, and walking balance beam time. The IQ
were measured in three timepoints (pre, mid and post of intervention).
The IQ scores were obtained using the Chinese version of Wechsler
Young Children Scale of Intelligence (C-WYCSI) (23).

2.3 Test program

2.3.1 Physical capacity test

Physical capacity testing of the participants was conducted using
the Chinese National Physical Fitness Standards for Childhood
Component (24). The physical capacity test indicators include height,
weight, tennis ball throwing distance, standing long jump distance,
10-meter shuttle run time, two-legged continuous jump time, sit and
reach distance, and walking balance beam time. The test content is
shown in Table 3.

2.3.2 Intelligence quotient test

Subjects’ IQ scores were obtained using the C-WYCSI (23). The
test was completed by two trained testers, one to coordinate the
process and one to administer the test, during which the tester was
required to accurately communicate and encourage the children to
complete the test, but not to suggest or remind. Before the test, the
subjects stayed in a relatively quiet environment, and the whole testing
process was not interfered with by other factors. The testers asked
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questions individually, observed and recorded the subjects’ expressions
and answers, and the IQ test was completed after all the questions had
been answered. The specific content of the test is shown in Table 4.

The IQ test comprises four sections: a knowledge test (with a
maximum score of 23), a picture vocabulary test (with a maximum
score of 44), a picture filling test (with a maximum score of 25), and a
wooden block pattern test (with a maximum score of 29). The marks
for the knowledge test, picture vocabulary test, and picture filling test
were rated on a scale of 1 for each correct answer and 0 for an incorrect
response. The wooden block pattern test scores were based on time,
marked on a scale of 0 to 4 according to how quickly the children
solved it. Raw scores were converted to standard scores, following the
instruction manual, after examination. IQ was calculated by weighing
the scores of each subtest, following the instruction manual (normal
mean =100, SD=15.0) (25).

2.4 Statistical analyses

All data were summarized and collated using Excel 2019
software, and statistical analyses were performed using SPSS 26.0
software (IBM Corp. Armonk, NY, United States). The Shapiro-
Wilk test was used to analyze the normal distribution of the data,
and all data were presented as mean + standard deviation (SD). A
two-way repeated measures ANOVA was used to determine the
effect of time and group on physical capacity indicators (height,
weight, 10-meter dash, standing jump, tennis ball throw, two-legged
continuous jump, seated forward bending and walking on the
balance beam) and IQ test scores and a Bonferroni post-hoc
corrections test was applied for two-by-two comparisons. The
significance level was set at p <0.05, and the high significance level
was set at p<0.01. ES values were evaluated according to the
following criteria: 0 to 0.19 trivial, 0.20 to 0.59 small, 0.6 to 1.19
moderate, 1.20 to 1.99 large, >2.00 very large.
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Assessed for eligibility

(n=45)
Exclusion
———» Inclusion criteria not met (n=3)
Declined to participate (n=6)
v
Participants enrolled in the analysis
Randomized
(n=36)
' ' |

Allocated to AS group(n=12)
8 weeks swimming
accompanied by parents

Allocated to IS group(n=12)
8 weeks swimming
without parents

Allocated to TP group(n=12)
8 weeks traditional physical
exercises

'

'

'

Lost to follow up (n=0)

Lost to follow up (n=0)

Lost to follow up (n=0)

'

N

Physical Fitness test (pre, post)
1Q test (pre, mid, post)

«

v

\ 4

v

Analyzed in AS group (n=12)
Excluded for analysis (n=0)

Analyzed in IS group (n=12)
Excluded for analysis (n=0)

Analyzed in TP group (n=12)
Excluded for analysis (n=0)

FIGURE 1

Flow chart of this study. TP, traditional physical exercise group; AS, accompanied swimming group; IS, independent swimming group.

3 Results

3.1 Results of the effect of swimming on
the physical capacity

All data in each group obeyed a normal distribution by the Shapiro—
Wilk test (p>0.05). A one-way ANOVA test found homogeneity among
the three groups in Pre-test (p>0.05). The results of the spherical test
showed that p<0.02, which did not meet the spherical test. The results
were calibrated in one-way ANOVA “Greenhouse-Geisser.” The results
of the calculation of the effect relationship are shown in Table 5.

As shown in Figure 2, Bonferroni post-hoc comparisons showed
time spent walking the balance beam was significantly lower in the AS
group than in the TP group by 1.81s (p<0.01, [95% CI —3.22 to
—0.40], ES=1.53); time spent walking the balance beam was
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significantly lower in the IS group than in the TP group by 1.25s
(p<0.05, [95% CI —2.66 to 0.16], ES=0.81). As shown in Table 6, all
groups showed significantly better fitness test levels following the
physical exercise intervention (p <0.01).

3.2 Results of the effect of swimming
exercise on 1Q

All data in each group obeyed a normal distribution by the
Shapiro-Wilk test (p>0.05). The results of the spherical test showed
that Machly W=0.751, p=0.02, which did not meet the spherical test.
The results were calibrated in one-way ANOVA “Greenhouse-
Geisser.” A one-way ANOVA test found homogeneity among the three
groups in Pre-test (p>0.05).
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TABLE 3 Content of physical capacity test.

10.3389/fpubh.2024.1410707

Test Content

Height and weight

with two decimal places.

The National Physical Fitness Monitoring Comprehensive Physical Assessment System (GMCS-IV Physical Fitness Test Instrument, Jianmin,
Guangzhou, China) was used to measure height and weight. During the test, children were required to stand barefoot on the tester and their

height and weight were measured in turn. Height was recorded in centimeters with two decimal places. Weight was recorded in kilograms

10-meter shuttle run

decimal point was retained.

A stopwatch (S141-Stopwatch, SEIKO, Tokyo, Japan) recorded the results of the 10-meter return run. The test was performed by a group of
two people, children set off when they hear the signal from the tester. Starting from a standing position, with the children turning quickly to
the target line by touching the return marker with their hand and any part of their body running across the finish line, the timing will

be finished. The test was performed twice and the fastest performance was used for analysis. The record was made in seconds, and one

Standing long jump

decimal places.

Subjects stood with their feet naturally open, stood behind the starting line, not exceeding the starting line, pre-swing their hands back and
forth, jumped to the furthest point with both hands and feet coordinated and forceful, and measured the straight distance between the two

points. Tested twice using a standard meter tape and the best performance was used for analysis, recorded in centimeters and retain two

Tennis ball throwing

The participant threw the ball with the feet open in front of and behind the head, holding it in one hand above the head and throwing it as far
forward as possible. The valid score was the straight distance between the line of the throw and the point where the ball first lands. Tested

twice using a standard meter tape and the best performance was used for analysis, recorded in meters and retain two decimal places.

Two-legged continuous jump

Placed 10 soft square packs in a straight line on a flat surface at 50 cm intervals, starting 20 cm from the first soft square pack and ending
20 cm from the 10th soft square pack. The subject stood behind the starting line with both feet together and jumped with both feet at the
same time after hearing the command “start,” and the timing ended when the child passed the finish line. The record was made in seconds,

tested twice using a standard meter tape and the best performance was used for analysis. One decimal point was retained.

Sit and reach

Using the National Physical Fitness Monitoring Comprehensive Physical Assessment System (GMCS-IV Physical Fitness Test Instrument,
Jianmin, Guangzhou, China) to measure sit and reach distance. The test was performed with the subject’s hands together, palms down and
flat, knees straight, torso bent forward, and using the tips of the middle fingers of both hands to push the vernier smoothly forward. Tested

twice and the best performance was used for analysis, recorded in centimeters and retain two decimal places.

Walking balance beam

One decimal point was retained.

The subject stood on the balance beam platform with arms held sideways. The timing started when the “start” was heard and ended when any

of the subject’s toes exceeded the endpoint. The record was made in seconds, tested twice and the fastest performance was used for analysis.

TABLE 4 Content of intelligence test.

Test classification Content

Knowledge test
relations.

knowledge about the child’s body, the concept of time, general knowledge of daily life, nature, personnel relations, and measurement

Picture vocabulary test
the meaning of the word.

The test material consists of four pictures in which the tester says a word and asks the child to point out one of the four pictures that fits

Picture filling test

Children are asked to recognize the contents of the picture and to identify the missing parts of the picture.

Wooden block pattern test

Children were asked to pose the same pattern as the samples in different samples for a specified period of time.

The results of the two-factor repeated measures ANOVA
showed a significant time * group interaction effect (F=26.253,
p<0.001, n*=0.455), a significant time main effect (F=252.580,
p<0.001,1?=0.800) and a significant group main effect (F=4.626,
p=0.013, n*=0.128). As shown in Table 7, Bonferroni post-hoc
comparisons revealed that the TP group had lower IQ scores than
the AS group at the mid-test (p <0.05, [95% CI —12.45 to —0.96],
ES=0.89), and the TP group had significantly lower IQ scores than
both the AS group (p<0.01, [95% CI —14.12 to —2.74], ES=1.15)
and the IS tour group (p<0.01, [95% CI —12.53 to —3.31], ES=1.21)
at the post-test. Pre-test IQ scores were significantly lower than
mid-test and post-test (p<0.01) across all three groups, and
mid-test IQ scores were also significantly lower than post-test
(p<0.01).

Frontiers in Public Health

4 Discussion

Our main contribution in this study is to provide insights into the
effects of 8 weeks of parent-accompanied swimming on the physical
capacity and IQ scores of boys aged 3-4 years. This study showed that
any form of exercise effectively improved the physical capacity of
preschool boys. Swimming has a better effect on the intellectual level
of preschool children than traditional land-based physical exercise.

Physical capacity is highly influenced by genetic factors and to some
extent indicates the development of the preschool childrens bones,
muscles, and internal organs. The results of this study demonstrated that
physical exercise can promote growth in strength, flexibility, agility,
coordination, and balance (24). We found that children’s tennis ball
throw and standing long jump distance increased, which means their
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TABLE 5 The results of two-factor repeated measures ANOVA.

10.3389/fpubh.2024.1410707

Indicators Time *group Time (€17e]0] )
F 0577 158.336 0213
Height (cm) p 0.567 <0.001 0.809
n 0.034 0.828 0.013
F 3.901 271.128 0.053
Weight (kg) p 0.030 <0.001 0.948
P 0.191 0.891 0.003
F 1.010 192243 3.248
10-meter shuttle run time (s) p 0.375 <0.001 0.052
" 0.058 0.853 0.164
F 10.401 273.057 0.107
Standing long jump (cm) p <0.001 <0.001 0.899
P 0.387 0.892 0.006
F 13.419 362.580 0.158
Tennis ball throwing distance (m) p <0.001 <0.001 0.855
& 0.449 0.917 0.009
F 19.461 264.083 0.254
Two-legged continuous jump time
p <0.001 <0.001 0.777
© P 0.541 0.889 0.015
F 37.021 684.748 0.240
Sit and reach (cm) p <0.001 <0.001 0.788
P 0.692 0.954 0.014
F 2.670 132.902 1.842
Walking balance beam (s) p 0.005 <0.001 0.174
7 0.273 0.801 0.100
density than air, water can be used as a resistance medium to develop
muscle strength in children without overloading their joints. For
154 instance, a randomized controlled trial indicated that virtual treadmill
_ * AS training effectively enhanced school-age children’s gait, muscle strength,
% LIS and gross motor function (26). To a certain extent, the 10-meter shuttle
E L run time can reflect the oxygen transport ability of children’s blood at a
% 107 younger age. Our findings indicate that physical exercise training
- efficiently enhances children’s running ability. Swimming has been
§ shown to promote better cardiorespiratory fitness in children than other
8 5 forms of exercise. For instance, Beggs et al. (27) found that swimming
g training had a meaningful effect on physical capacity, such as a mean
;‘ increase in maximal oxygen uptake of 9.67 mL/kg/min. This is possibly
od due to increased hemodynamic gains caused by physical exercise.
Pre-Test Post-Test Lambrick et al. demonstrated that regular exercise increases oxygenated
FIGURE 2 hemoglobin levels, which enhance executive function during exercise
Effect of swimming on the walking balance beam time.*indicates a and, consequently, improve performance (28).
significant difference compared to the pre-test within the same Our study found improvements in the time taken for two-legged
group (*p<0.05, **p <0.01). S indicates a significant difference
compared to TP group within the same time ($p < 0.05, $$p < 0.01). continuous jumps and walking the balance beam, qualities that reflect
TP, traditional physical exercise group; AS, accompanied swimming balance and agility. Although direct evidence from studies in young
group; IS, independent swimming group. children is limited, exercising may improve sensitivity and flexibility in

muscular strength and coordination improved to some extent after the
8-week exercise. Research has demonstrated that consistent, weekly
physical exercise among children period can effectively increase their
physical capacity levels and promote improvements in muscle strength
and bone mass in the future (15). With approximately 800 times greater

Frontiers in Public Health

adolescents (29). We also found that the time spent walking the balance
beam was significantly lower in the swim training group than in the TP
group. Similar result was obtained by Baccouch et al. in a randomized
controlled trial of 36 preschool children aged 5-6years, where
swimming training was associated with better balance and motor skills
than tennis training (30). Sigmundsson et al. (8) demonstrated that the
benefits of learning to swim in preschool children facilitated the
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TABLE 6 Effect of swimming on the physical capacity.

Indicators TP (n=12) IS (h=12) AS (n =12)
M +SD M +SD M +SD
Pre 105.99 +£4.59 106.92+4.96 107.29+3.80
Height (cm)
Post 107.84+3.80%* 108.83 £5.527%* 108.86 +3.92%*
Pre 18.29+1.45 18.33+1.78 18.39+1.43
Weight (kg)
Post 19.89+1.38%* 19.45+ 1.51%% 19.55+ 1.67**
Pre 8.65+1.09 9.27+1.42 9.36+£1.09
10-meter shuttle run time (s)
Post 7.90 +1.08%* 8.20+1.60%* 8.64+1.24%*
Pre 77.07 £6.86 75.33+13.47 73.52+13.07
Standing long jump (cm)
Post 82.25+6.22%* 85.75+12.84%* 83.33+13.14%%*
Pre 3.33+0.60 3.19+0.56 3.20+0.60
Tennis ball throwing distance (m)
Post 3.87+0.64%* 4.15+0.60%* 4.28+0.68%*
Pre 7.34+1.72 8.46+1.49 8.12+2.09
Two-legged continuous jump time (s)
Post 6.67 +1.52%* 6.50 +1.20%* 6.50+1.83%*
Pre 7.53+1.33 7.02+2.06 7.28+1.84
Sit and reach (cm)
Post 8.44+1.29%* 8.86+1.96%* 9.47 £1.70%*
*indicates a significant difference compared to the pre-test within the same group (*p <0.05, **p <0.01).
TP, traditional physical exercise group; AS, accompanied swimming group; IS, independent swimming group.
TABLE 7 Effect of swimming on the intelligence quotient (points).
(€17e]0] ) Pre-test Mid-test Post-test
TP (n=12) 104.08+7.11 105.70 +7.58%* 108.90 + 6.68***
IS (n=12) 106.17 £5.69 108.30 +5.49%* 113.82 £6.36%##%
AS (n=12) 104.83+6.75 110.42 +7.68%% 114.33 £7.90%##5

*indicates a significant difference compared to the pre-test within the same group (*p <0.05, **p <0.01).
“indicates a significant difference compared to the mid-test within the same group (*p <0.05, “p <0.01).
‘indicates a significant difference compared to TP group within the same time (*p <0.05, **p <0.01).

TP, traditional physical exercise group; AS, accompanied swimming group; IS, independent swimming group.

development of hand-eye coordination and stimulation of vestibular
functions, which in turn led to an improvement in their balance.
Aquatic training is now being utilized in the treatment of unwell
children to enhance their neuromuscular functioning (31). The similar
changes the children underwent during this study may have been linked
to improved neuromuscular function. The enhanced muscle control of
the children resulted in better balance. Swimming training involves
children performing physical exercise in water that offer considerable
resistance to motion. This type of resistance training enhanced the
children’s explosive power and neuromuscular function (32). We also
found it interesting that swimming with parental accompaniment can
improve young children’s balance. Although it is challenging to identify
comparable studies on preschoolers, a study conducted by Wilczynska
et al. yielded comparable outcomes in a cohort of child athletes. The
results demonstrated that child athletes exhibited enhanced postural
stability and balance when accompanied by coaches (33). Many factors
can affect balancing capacity, such as taking medications, pain, fatigue,
depression, anxiety, as well as auditory, visual and sensory stimuli and
distractions. We speculated that this change could be related to
psychological factors since parental accompaniment fosters a child’s
well-being and, to some extent, stimulates an inclination toward
learning the physical movements themselves (34). This phenomenon
has been observed in children aged between five and seven in Finland,
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where family factors appear to significantly influence children’s ability
to perceive movement (35). Numerous confounding factors must
be considered to determine the direct impact on the physical capacity
and motor performance metrics of young children. Further
experimental research will be necessary to investigate this in the future.

Sufficient physical exercise during preschool guarantees that
children’s brains are well-developed and helps their cognitive ability
develop further (36). The C-WYCSI contains a standard assessment of a
child’s verbal and operational IQ, quantifying the child’s cognitive ability
level (25). This instrument has been utilized in various previous studies
(37, 38). According to our findings, the IQ scores of children can
be enhanced through any form of exercise, which also responded to an
improvement in the subjects’ cognitive ability. Previous studies have
indicated that physical exercise can influence brain function in the
cognitive domain. For instance, Silva et al. (39) demonstrated enhanced
cognitive flexibility in adolescents with ADHD before and after
swimming training. A meta-analysis of children has identified a positive
correlation between consistent physical exercise and cognitive ability
development in children (40). Improvements in cognitive functioning
play an important role in children’s ability to learn (41). Khawla et al. (42)
concluded that 8 weeks of aerobic dance training improved executive
functioning in children and that physical exercise is essential for children.
It is widely believed that regular exercise can enhance the structure of the
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human brain and promote better brain development. Additionally, it can
prevent unnecessary loss of brain cells, leading to improved cognitive
performance. Researchers have observed a similar trend in experimental
animals (43). Moderate physical exercise enhances the expression and
concentration of brain-derived neurotrophic factors in the hippocampus
(44, 45), thereby improving cognitive performance levels. The results of
our experiments suggest that planned and regular swimming training
better stimulate the development of children’s nervous, muscular, and
other motor systems when compared to ordinary forms of training.
Borioni and colleagues discovered that 10 times swimming sessions were
adequate to enhance infants’ motor and cognitive functioning, implying
that swimming is an effective strategy for improving cognitive flexibility
in children (19). Swimming, as an aerobic activity, is an effective method
of improving the cardiorespiratory endurance of children. It is
hypothesized that this enhanced physical capacity may benefit
intellectual development, leading to a further increase in IQ levels, which
has been documented as a specific “mediating effect” by Ram-Tsur et al.
(20). This is supported by the results of existing studies. Buck et al. (46)
confirmed that higher aerobic capacity is usually associated with higher
performance on the Stroop task, reflecting a link between motor and
cognitive functioning. Verret et al. also found that children with ADHD
all scored significantly lower in motor skills, indirectly confirming this
‘mediating effect’ (47). Definitely, it is also possible that the subjects’
familiarity with the testing process, as a result of the multiple testing
sessions, subsequently enhanced the IQ test scores. The study found that
swimming exercises with parental accompaniment for a four-week
duration proved more effective in enhancing children’s cognitive abilities
compared to independent swimming. For children to develop and
comprehend their surroundings, they require parental support, and to
facilitate cognitive growth, they necessitate continuous interaction with
the environment, using parental figures as the point of departure.
Research has indicated that physical interaction between children and
their guardians in the water is efficacious in advancing brain and nervous
system growth, thus boosting cognitive function (48). Furthermore, the
behaviors and perceptions children acquire are often influenced by their
unique experiences at individual, parental, and familial levels. In this
regard, the swim-exercise model, which involves parental supervision,
can effectively enhance young children’s motor learning and control (49).

Our study yielded some results on the effects of swimming exercise
on children’s physical capacity and intelligence, but there are still some
limitations. First, the study included only boys, neglecting gender
differences. Previous evidence suggests that dichotomous results may
differ between boys and girls due to differences in the gonadal axis (50),
which needs to be further improved in the future; secondly, we neglected
factors such as family background and parents’ literacy level, which
need to be further considered in the future; lastly, this study only
collected indicators of physical training and IQ tests, which does not
explain the changes of exercise stimulation on the physiological level for
children. More physiological indicators such as maximum oxygen
uptake, blood routine, EEG signals, etc. should be considered to collect
in future studies. This will help us provide corresponding answers from
the perspective of physiological mechanisms.

5 Conclusion

In this study, a twice-weekly physical exercise program over
8 weeks was found to improve physical capacity and IQ scores in
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preschool children. Additionally, swimming was more beneficial
for balance and IQ than traditional physical exercise. Finally,
swimming with parents improved IQ more than swimming
independently over 4weeks. These findings suggest that the
inclusion of swimming exercises in physical exercise regimes for
younger children is crucial. Designing appropriate exercise
programs for children can significantly enhance their physical
capacity and cognitive abilities.

Data availability statement

The original contributions presented in the study are included in
the article/supplementary material, further inquiries can be directed
to the corresponding authors.

Ethics statement

The study adhered to the Declaration of Helsinki, and the Ethics
Committee of Exercise Science at Beijing Sport University approved
the study protocol (Grant no. 202008211). The studies were conducted
in accordance with the local legislation and institutional requirements.
Written informed consent for participation in this study was provided
by the participants’ legal guardians/next of kin.

Author contributions

YY: Conceptualization, Data curation, Formal analysis,
Investigation, Software, Validation, Visualization, Writing - original
draft, Writing - review & editing. LX: Conceptualization, Data
curation, Formal analysis, Investigation, Software, Validation,
Visualization, Writing - original draft, Writing - review & editing.
HY: Conceptualization, Methodology, Project administration,
Supervision, Validation, Writing - review & editing. YL:
Methodology,

Project administration, Resources, Supervision, Writing — review &

Conceptualization, Formal analysis,

editing.

Funding

The author(s) declare that no financial support was received for
the research, authorship, and/or publication of this article.

Acknowledgments

We would like to appreciate all the subjects participating in our
study and all the research assistants.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

frontiersin.org


https://doi.org/10.3389/fpubh.2024.1410707
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Yu et al.

Publisher's note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,

References

1. Moffitt TE, Arseneault L, Belsky D, Dickson N, Hancox R], Harrington H, et al. A
gradient of childhood self-control predicts health, wealth, and public safety. Proc Natl
Acad Sci USA. (2011) 108:2693-8. doi: 10.1073/pnas.1010076108

2. Qiu Y, Fernandez-Garcia B, Lehmann HI, Li G, Kroemer G, Lopez-Otin C, et al.
Exercise sustains the hallmarks of health. J Sport Health Sci. (2023) 12:8-35. doi:
10.1016/j.shs.2022.10.003

3. Tanaka H. Swimming exercise: impact of aquatic exercise on cardiovascular health.
Sports Med. (2009) 39:377-87. doi: 10.2165/00007256-200939050-00004

4. Cesari J, Teaching infant and preschool aquatics: Water experiences the australian
way. Human Kinetics. (2001).

5. Erbaugh SJ. Effects of aquatic training on swimming skill development of preschool
children. Percept Mot Skills. (1986) 62:439-46. doi: 10.2466/pms.1986.62.2.439

6. Moyse K. Promoting health in children and young people: The role of the nurse.
(2009). 1-408 p.

7. Protano C, Valeriani E Macedonio A, Cammarota F, Romano Spica V, Orsi G, et al.
Family-based social determinants and child health: a cross-sectional study
social determinants and child health. Pediatr Int. (2017) 59:201-8. doi: 10.1111/ped.13097

8. Sigmundsson H, Hopkins B. Baby swimming: exploring the effects of early
intervention on subsequent motor abilities. Child Care Health Dev. (2010) 36:428-30.
doi: 10.1111/§.1365-2214.2009.00990.x

9. Pandics T, Hofer A, Dura G, Vargha M, Szigeti T, Toth E. Health risk of swimming
pool disinfection by-products: a regulatory perspective. ] Water Health. (2018)
16:947-57. doi: 10.2166/wh.2018.178

10. Zyara AM, Torvinen E, Veijalainen AM, Heinonen-Tanski H. The effect of chlorine
and combined chlorine/uv treatment on coliphages in drinking water disinfection. J
Water Health. (2016) 14:640-9. doi: 10.2166/wh.2016.144

11. Morrow JJ, Zhu W, Franks BD, Meredith MD, Spain C. 1958-2008: 50 years of
youth fitness tests in the United States. Res Q Exerc Sport. (2009) 80:1-11. doi:
10.1080/02701367.2009.10599541

12. Duncan M, Hall C, Eyre E, Barnett L, James R. Pre-schoolers fundamental
movement skills predict bmi, physical activity, and sedentary behavior: a longitudinal
study. Scand ] Med Sci Sports. (2021) 31:8-14. doi: 10.1111/sms.13746

13. Mingjie G. The effect of swim drill on maximal aerobic power of childern. Acta
Anthropologica Sinica. (1997) 16:22. doi: 10.0000/1000-3193-16/01/22

14. Bostanci O, Kabadayi M, Mayda H, Yilmaz A, Yilmaz C. The differential impact of
several types of sports on pulmonary functions and respiratory muscle strength in boys
aged 8-12. Isokinet Exerc Sci. (2019) 27:307-12. doi: 10.3233/IES-192105

15. Madi¢ D, Maric D, Obradovi¢ B, Obradovi¢ ], Fratric E Bunc¢i¢ V, et al. Effects of
swimming training on body composition and bone mineral density of prepubertal boys.
HealthMED. (2011) 5:2237-42.

16. Kumpulainen S, Heinonen K, Pesonen A, Salonen M, Andersson S, Lano A, et al.
Childhood cognitive ability and physical activity in young adulthood. Health Psychol.
(2017) 36:587-97. doi: 10.1037/hea0000493

17. Moura OM, Marinho DA, Morais JE, Pinto MP, Fail LB, Neiva HP. Learn-to-swim
program in a school context for a twelve-week period enhance aquatic skills and motor
coordination in brazilian children (las clases de natacion en el contexto escolar durante
un periodo de doce semanas mejoran las habilidades acuaticas y 1). Retos. (2021)
43:316-24. doi: 10.47197/retos.v43i0.88903

18. Moura O, Neiva H, Fail L, Morais ], Marinho D. A influéncia da pratica regular de
natagdo no desenvolvimento motor global na infincia (the influence of regular
swimming practices on global motor development throughout childhood). Retos. (2020)
40:296-304. doi: 10.47197/retos.v1i40.83090

19. Borioni E, Biino V, Tinagli V, Pesce C. Effects of baby swimming on motor and
cognitive development: a pilot trial. Percept Mot Skills. (2022) 129:977-1000. doi:
10.1177/00315125221090203

20. Ram-Tsur R, Nissim M, Zion M, Dotan Ben-Soussan T, Mevarech Z. Language
development: the effect of aquatic and on-land motor interventions. Creat Educ. (2013)
4:41-50. doi: 10.4236/ce.2013.49B009

21. Gllareva I, Trajkovic N, Macak D, Scepanovic T, Kostic ZA, Pajic A, et al.
Anthropometric and motor competence classifiers of swimming ability in preschool
children-a pilot study. Int J Environ Res Public Health. (2020) 17:17. doi: 10.3390/
ijerph17176331

22. Hong-yan G, Jian-jun G, Dong-mei L, Sha QU, Years WGOP, Jian-xin WU, et al.
Physical activity guideline for chinese preschoolers aged 3-6 years. Chinese | Child
Health Care. (2020) 28:714-20 doi: 10.11852/zgetbjzz2020-0982

Frontiers in Public Health

10.3389/fpubh.2024.1410707

or those of the publisher, the editors and the reviewers. Any
product that may be evaluated in this article, or claim that may
be made by its manufacturer, is not guaranteed or endorsed by the
publisher.

23. Yaoxian G, Xiaoyang D. China-wechsler younger children scale of intelligence
(c-wycsi). Xin Li Xue Bao. (1988) 20:30-42.

24.Chongmin J, Daozhong Y, Ye JC, Rui C. Development of chinese national
physical fitness standards. China Sport Science. (2004) 3:33-36. doi: 10.16469/j.
€s55.2004.03.011

25.Quan M, Zhang H, Zhang ], Zhou T, Zhang ], Zhao G, et al. Preschoolers’
technology-assessed physical activity and cognitive function: a cross-sectional study. J
Clin Med. (2018) 7:108. doi: 10.3390/jcm7050108

26.Cho C, Hwang W, Hwang S, Chung Y. Treadmill training with virtual reality
improves gait, balance, and muscle strength in children with cerebral palsy. Tohoku ] Exp
Med. (2016) 238:213-8. doi: 10.1620/tjem.238.213

27.Beggs S, Foong YC, Le HC, Noor D, Wood-Baker R, Walters JA. Swimming
training for asthma in children and adolescents aged 18 years and under. Cochrane
Database Syst Rev. (2013) 4:CD009607. doi: 10.1002/14651858.CD009607.pub2

28. Lambrick D, Stoner L, Grigg R, Faulkner J. Effects of continuous and intermittent
exercise on executive function in children aged 8-10 years. Psychophysiology. (2016)
53:1335-42. doi: 10.1111/psyp.12688

29. Ozmen T, Aydogmus M. Effect of core strength training on dynamic balance and
agility in adolescent badminton players. ] Bodyw Mov Ther. (2016) 20:565-70. doi:
10.1016/j.jbmt.2015.12.006

30. Baccouch R, Ben WE, Laatar R, Borji R, Rebai H, Sahli S. Swimming, better than
tennis, develops sensorimotor adaptabilities involved in postural balance in 5-6-year-old
children. Somatosens Mot Res. (2023) 40:1-7. doi: 10.1080/08990220.2022.2157386

31. Suslov VM, Lieberman LN, Carlier PG, Ponomarenko GN, Ivanov DO, Rudenko
DI, et al. Efficacy and safety of hydrokinesitherapy in patients with dystrophinopathy.
Front Neurol. (2023) 14:1230770. doi: 10.3389/fneur.2023.1230770

32. Mckinlay BJ, Wallace P, Dotan R, Long D, Tokuno C, Gabriel DA, et al. Effects of
plyometric and resistance training on muscle strength, explosiveness, and
neuromuscular function in young adolescent soccer players. J Strength Cond Res. (2018)
32:3039-50. doi: 10.1519/JSC.0000000000002428

33. Wilczynska D, Bysak-Radomska A, Podczarska-Glowacka M, Krasowska K,
Perzanowska E, Walentukiewicz A, et al. Effect of workshops for coaches on the motor
ability of balance in children practicing sports in late childhood. BMC Sports Sci Med
Rehabil. (2021) 13:155. doi: 10.1186/s13102-021-00388-9

34.Li D, Guo X. The effect of the time parents spend with children on children's well-
being. Front Psychol. (2023) 14:1096128. doi: 10.3389/fpsyg.2023.1096128

35. Niemisté D, Barnett LM, Cantell M, Finni T, Korhonen E, Siikslahti A.
Socioecological correlates of perceived motor competence in 5- to 7-year-old finnish
children. Scand ] Med Sci Sports. (2019) 29:753-65. doi: 10.1111/sms.13389

36. Esteban-Cornejo I, Tejero-Gonzalez CM, Sallis JE, Veiga OL. Physical activity and
cognition in adolescents: a systematic review. J Sci Med Sport. (2015) 18:534-9. doi:
10.1016/j.jsams.2014.07.007

37.Kramer MS, Aboud F, Mironova E, Vanilovich I, Platt RW, Matush L, et al.
Breastfeeding and child cognitive development: new evidence from a large randomized
trial. Arch Gen Psychiatry. (2008) 65:578-84. doi: 10.1001/archpsyc.65.5.578

38.Li X, Atkins MS. Early childhood computer experience and cognitive and motor
development. Pediatrics. (2004) 113:1715-22. doi: 10.1542/peds.113.6.1715

39.Silva L, Doyenart R, Henrique SP, Rodrigues W, Felipe L], Gomes K, et al.
Swimming training improves mental health parameters, cognition and motor
coordination in children with attention deficit hyperactivity disorder. Int J Environ
Health Res. (2020) 30:584-92. doi: 10.1080/09603123.2019.1612041

40. Donnelly JE, Hillman CH, Castelli D, Etnier JL, Lee S, Tomporowski P, et al. Physical
activity, fitness, cognitive function, and academic achievement in children: a systematic
review. Med Sci Sports Exerc. (2016) 48:1223-4. doi: 10.1249/MSS.0000000000000966

41. Davis CL, Tomporowski PD, Mcdowell JE, Austin BP, Miller PH, Yanasak NE, et al.
Exercise improves executive function and achievement and alters brain activation in
overweight children: a randomized, controlled trial. Health Psychol. (2011) 30:91-8. doi:
10.1037/a0021766

42. Zinelabidine K, Elghoul Y, Jouira G, Sahli S. The effect of an 8-week aerobic dance
program on executive function in children. Percept Mot Skills. (2022) 129:153-75. doi:
10.1177/00315125211058001

43. Matta MPE, Cevada T, Sobral MR, Teixeira GT, Da CRE, Lattari E, et al.
Neuroscience of exercise: from neurobiology mechanisms to mental health.
Neuropsychobiology. (2013) 68:1-14. doi: 10.1159/000350946

44. Park H, Poo MM. Neurotrophin regulation of neural circuit development and
function. Nat Rev Neurosci. (2013) 14:7-23. doi: 10.1038/nrn3379

frontiersin.org


https://doi.org/10.3389/fpubh.2024.1410707
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://doi.org/10.1073/pnas.1010076108
https://doi.org/10.1016/j.jshs.2022.10.003
https://doi.org/10.2165/00007256-200939050-00004
https://doi.org/10.2466/pms.1986.62.2.439
https://doi.org/10.1111/ped.13097
https://doi.org/10.1111/j.1365-2214.2009.00990.x
https://doi.org/10.2166/wh.2018.178
https://doi.org/10.2166/wh.2016.144
https://doi.org/10.1080/02701367.2009.10599541
https://doi.org/10.1111/sms.13746
https://doi.org/10.0000/1000-3193-16/01/22
https://doi.org/10.3233/IES-192105
https://doi.org/10.1037/hea0000493
https://doi.org/10.47197/retos.v43i0.88903
https://doi.org/10.47197/retos.v1i40.83090
https://doi.org/10.1177/00315125221090203
https://doi.org/10.4236/ce.2013.49B009
https://doi.org/10.3390/ijerph17176331
https://doi.org/10.3390/ijerph17176331
https://doi.org/10.11852/zgetbjzz2020-0982
https://doi.org/10.16469/j.css.2004.03.011
https://doi.org/10.16469/j.css.2004.03.011
https://doi.org/10.3390/jcm7050108
https://doi.org/10.1620/tjem.238.213
https://doi.org/10.1002/14651858.CD009607.pub2
https://doi.org/10.1111/psyp.12688
https://doi.org/10.1016/j.jbmt.2015.12.006
https://doi.org/10.1080/08990220.2022.2157386
https://doi.org/10.3389/fneur.2023.1230770
https://doi.org/10.1519/JSC.0000000000002428
https://doi.org/10.1186/s13102-021-00388-9
https://doi.org/10.3389/fpsyg.2023.1096128
https://doi.org/10.1111/sms.13389
https://doi.org/10.1016/j.jsams.2014.07.007
https://doi.org/10.1001/archpsyc.65.5.578
https://doi.org/10.1542/peds.113.6.1715
https://doi.org/10.1080/09603123.2019.1612041
https://doi.org/10.1249/MSS.0000000000000966
https://doi.org/10.1037/a0021766
https://doi.org/10.1177/00315125211058001
https://doi.org/10.1159/000350946
https://doi.org/10.1038/nrn3379

Yu et al.

45. Whiteman AS, Young DE, He X, Chen TC, Wagenaar RC, Stern CE, et al.
Interaction between serum bdnf and aerobic fitness predicts recognition memory in
healthy young adults. Behav Brain Res. (2014) 259:302-12. doi: 10.1016/j.bbr.2013.11.023

46. Buck SM, Hillman CH, Castelli DM. The relation of aerobic fitness to stroop task
performance in preadolescent children. Med Sci Sports Exerc. (2008) 40:166-72. doi:
10.1249/mss.0b013e318159b035

47. Verret C, Gardiner P, Béliveau L. Fitness level and gross motor performance of
children with attention-deficit hyperactivity disorder. Adapt Phys Act Q. (2010)
27:337-51. doi: 10.1123/apaq.27.4.337

Frontiers in Public Health

10

10.3389/fpubh.2024.1410707

48. Wayan NN, Fitria. The impact of baby spa on the growth and development of
infants aged 3-6 months at puskesmas i Denpasar selatan. Int ] Res Med Sci. (2018)
6:2601-05. doi: 10.18203/2320-6012.ijrms20183239

49. Ogilvie KM, Rivier C. Gender difference in alcohol-evoked hypothalamic-
pituitary-adrenal activity in the rat: ontogeny and role of neonatal steroids. Alcohol
Clin Exp Res. (1996) 20:255-61. doi: 10.1111/j.1530-0277.1996.tb01637.x

50. Baker LD, Frank LL, Foster-Schubert K, Green PS, Wilkinson CW, Mctiernan A,
et al. Effects of aerobic exercise on mild cognitive impairment: a controlled trial. Arch
Neurol. (2010) 67:71-9. doi: 10.1001/archneurol.2009.307

frontiersin.org


https://doi.org/10.3389/fpubh.2024.1410707
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://doi.org/10.1016/j.bbr.2013.11.023
https://doi.org/10.1249/mss.0b013e318159b035
https://doi.org/10.1123/apaq.27.4.337
https://doi.org/10.18203/2320-6012.ijrms20183239
https://doi.org/10.1111/j.1530-0277.1996.tb01637.x
https://doi.org/10.1001/archneurol.2009.307

	Effects of 8 weeks parent-accompanied swimming on physical capacity and intelligence in preschool children
	1 Introduction
	2 Materials and methods
	2.1 Subjects
	2.2 Study design
	2.3 Test program
	2.3.1 Physical capacity test
	2.3.2 Intelligence quotient test
	2.4 Statistical analyses

	3 Results
	3.1 Results of the effect of swimming on the physical capacity
	3.2 Results of the effect of swimming exercise on IQ

	4 Discussion
	5 Conclusion
	Data availability statement
	Ethics statement
	Author contributions

	 References

