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Background: Development of physical and cognitive function is very critical
in 4~5years children. It has been addressed in this research if the 18 weeks of
specific functional training with or without cognitive training can be effective on
improving fitness and cognitive development in 4~5years preschool children.

Methods: A total of 126 preschool children in the 4~5 age range were selected as
participants and randomly assigned to one of four groups: the control group (C),
the functional physical training group (P), the cognitive training group (CT), and
the functional physical training combined with cognitive training group (PCT).

Results: The results revealed significant pre/post differences in body height and weight
among all four groups of children. Furthermore, there was no significant difference
in physical fitness between the C group and the CT group after the intervention.
However, the children in the P group and the PCT group showed significant
improvements in three indicators including standing long jump, continuous jump,
and 10-meter shuttle running. Additionally, the children in P group, CT group, and the
PCT group demonstrated significant improvement in simple reaction time, attention,
and spatial memory. No significant cognitive improvement was found in C group.

Conclusion: Functional physical training with or without cognitive intervention
can promote both physical fithess and cognitive development in children aged
4~5years. Cognitive training alone can significantly improve cognitive function
but not physical. Therefore, functional physical training can be used alone to
improve the physical and cognitive abilities for aged 4~5years old children.

KEYWORDS

functional physical training, fitness development, cognitive development, preschool
children, physical and cognitive abilities

1. Introduction

Childhood is a critical period for the rapid development of physical fitness and cognitive
function (Westfall et al., 2018; Wick et al,, 2021). Physical fitness serves as an important indicator
of health and has been positively linked to cardiovascular health, fitness levels, cognitive
function, mental well-being, and academic achievement (Ortega et al., 2008; Chu et al., 2019;
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Wassenaar et al., 2019). Additionally, studies have shown a positive
correlation between cognitive function and academic performance, as
well as overall task performance in children (Fonteyne et al., 2017;
Luong et al., 2017). Moreover, this period of childhood is characterized
by high behavioral plasticity and sensitivity in both physical and brain
development (Pascual-Leone et al, 2005; Lenroot et al, 2009;
Chaddock et al., 2012). Thus, it is crucial to implement effective
measures to promote physical health and cognitive development in
preschool children.

Previous research has implied that excess weighted preschool
children, who lack physical exercise, have deficient executive function
(Likhitweerawong et al., 2022). The association between physical
activity and executive functions also has been found in low-income
South African preschool children (Cook et al., 2019). Furthermore, a
meta-analysis also suggested that chronic physical exercise could be a
promising way to promote multiple aspects of cognitive function,
including executive function (Song et al, 2023). The different
effectiveness of different intervention on cognitive function has been
fully investigated (Diamond and Ling, 2020). Although the previous
research suggested that the chronic physical exercise can improve
executive functions, some recent systematic reviews argued that the
causal relation between chronic exercise training interventions and
children’s cognitive functioning is not well established (Diamond and
Ling, 2016; Hillman et al., 2018).

For exploring the effect of more differentiated physical exercise on
executive function, a specifically designed functional physical exercise,
which focuses on enhancing lower body strength, agility, balance, and
stability with physical movement games and aerobic exercise volume,
had been used in this study in preschool children.

Physical activity has been shown to have numerous benefits for
both physical and cognitive development in children (Tucker, 2008).
Conversely, insufficient physical activity can lead to weight gain and a
decline in cognitive function among children (Ren et al., 2017;
Anderson and Durstine, 2019; Fang et al., 2020). However, existing
research in this area has primarily focused on school-aged children,
with less emphasis on preschool-aged children (Fan and Cao, 2017).
The limited research available indicates that preschoolers, including
those in China, also experience low levels of physical activity (Barbosa
and Oliveira, 2016). Two studies support this finding, with one study
revealing that only 35.3% of children in Shanghai met the
recommended levels of physical activity, and the other study indicating
that only 20-35min were allocated for physical activities in Hong
Kong (Chung et al., 2019; Quan et al.,, 2019). These time allocations
fall far below the minimum recommendations set by the World Health
Organization (WHO; Ansari, 2019). Additionally, studies have
demonstrated that physical activity patterns in preschool children
tend to persist into later childhood (Hardie et al., 2017). Furthermore,
emerging evidence suggests that early childhood physical activity is
associated with improved cognitive outcomes in later life (Gao et al.,
2019a; Daimiel et al., 2020; Lidegaard et al., 2020; Yoong et al., 2020).
Therefore, there is a pressing need for physical interventions
specifically designed for preschoolers.

Functional physical training is a contemporary training approach
that encompasses specialized movement training systems involving
incremental, multi-joint, multi-planar, and proprioceptive movements
performed under specific load and speed conditions (Zhixiong, 2017).
Originally developed for competitive sports, this training method has
gained popularity among schoolchildren due to its advanced training
concept and engaging techniques (Zhixiong et al., 2018). Additionally,
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research has indicated the presence of a bidirectional relationship
between motor abilities and cognitive skills during early childhood
(Nan et al., 2017). Cognitive training has been shown to enhance
cognitive function development in school-aged children (Wexler et al,
2016). However, the impact of this physical/cognitive combined
training program on the development of physical and cognitive
function in preschool children has not been extensively investigated
yet. To investigate the synchronized effect of physical and cognitive
training on pre-school children development, this study also
incorporated a cognitive training component with functional training.

In summary, the physical fitness and cognitive development of
preschool children have garnered significant attention, yet there is a
lack of structured physical activities aimed at fostering their
development. Consequently, this research aims to investigate the
impact of functional physical training with or without cognitive
training on the physical fitness and cognitive function of preschoolers.
The findings of this study will provide valuable insights for enhancing
appropriate development for preschool children.

2. Materials and methods
2.1. Study design and participants

A total of 126 preschool children aged 4 to 5years (mean age
4.26+0.41, girls: 50%) were selected from various kindergartens in
Xicheng District, Beijing, for this research. The kindergartens were
randomly selected with coordination by the Xicheng District Education
Administration. All the children were randomly divided into four
groups: control group (C, n =32), functional physical training group (P,
n =31), cognitive training group (CT, n =32), and functional physical
training combined with cognitive training intervention group (PCT,
n =31). The children in C group did not receive any intervention but
participated in regular kindergarten activities. The other three groups
underwent an 18-week intervention consisting of functional physical
training (40 min), cognitive training (40 min), and a combination of
functional physical training (20 min) with cognitive training (20 min),
with each training session lasting 40 min, three times per week. The
physical training, cognitive training or physical together with cognitive
training were performed in outdoor exercise time sections and recess
time sections according to the curriculum of the kindergartens. The
group-based intervention of the functional physical training and the
cognitive training were performed in the indoor gym in the
kindergartens by 4 well-trained graduate instructors together with 8
pre-trained preschool teachers. All the instructors and the teachers are
female. Each group of preschoolers had one instructor and two teachers
in charge of the training to get full engagement.

3. Research methods

3.1. Morphological and physical fitness
tests

The physical fitness assessment in this study was primarily based
on the Chinese National Student Physical Fitness Standard for
preschool-age children. The assessment consisted of two main parts:
morphological tests and physical fitness tests, which included the
following prescribed tests: standing long jump (explosive power), sit
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and reach (flexibility), continuous hop (lower limb strength and
coordination), 10-meter shuttle run (agility), balance beam walking
(balance), and tennis throw (upper limb and abdominal strength; The
State General Administration of Sports, 2003; Liu et al., 2018). The
testers involved in the assessment were well-trained and equipped
with the necessary knowledge and skills for conducting physical
fitness tests. Additionally, all testing instruments were calibrated to
ensure accuracy and consistency. Brief descriptions of each test
method are provided below.

1. Morphological tests included in this study focused on
measuring height and weight. Height and weight were assessed
separately using scales with an accuracy of 0.1 cm. These tests
provide important morphometric data that contribute to
understanding the physical characteristics of the preschool
children participating in the study.

2. Physical fitness tests consisted of the following assessments:

@ Standing long jump: The distance between the starting line
and the nearest heel was measured in a straight line.

® Sit and reach: The subject extended their arms forward and
pushed a cursor as far as possible along a measuring scale,
and the maximum value achieved was recorded.

® Continuous hop: The test measured the time it took for the
subject to complete 10 consecutive hops over soft squares.

@ 10-meter shuttle run: The test measured the shortest time it
took for the subject to run a 10-meter distance and return
to the starting point.

® Balance beam walking: The test measured the shortest time
it took for the subject to walk across a 3-meter balance beam.

® Tennis throw: The valid score was measured as the straight-
line distance between the throwing line and the point where
the tennis ball landed.

Each of the physical fitness test measurements was conducted
twice, and the results were recorded to one decimal point. These tests
provided objective data on the physical capabilities and performance
of preschool children.

3.2. Cognitive task test

Three cognitive tasks, namely simple reaction time, attention, and
spatial location memory breadth, were chosen to evaluate the impact
of the intervention program on the cognitive development of
preschoolers (Meiling, 2020). These tasks were specifically selected to
measure different aspects of cognitive function and provide insights
into the cognitive improvements resulting from the intervention. By
assessing the performance of preschool children in these tasks before
and after the intervention, the study aimed to determine the effects of
the program on their cognitive development.

1. Simple reaction time test: This test aims to assess the rapid
response ability of children to a fixed and singular visual
stimulus. When a green circle appears in the center of the
screen, participants are required to press the green button as
quickly as possible in response. The test was conducted in
groups of 5, with a total of 30 trials using the Psykey
Psychometric Test System from Beijing Mind Ark Technology
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Co. If there was an early button press, the test result would
be considered invalid, and the computer would emit a warning
tone. The mean value of the valid results was calculated as the
simple reaction time.

2. Attention test: The Schulte Table test was utilized primarily to
evaluate attentional focus and cognitive stability. This test
involves a 3 x 3 square grid with randomly arranged numbers
from 1 to 9. Participants are instructed to arrange the numbers
in ascending order (1, 2, 3, 4, ... 9) as quickly as possible, aiming
for a shorter completion time. If the order of the clicks is
incorrect, an auditory tone is triggered until the participant
selects the correct order. The test was repeated three times
consecutively, and the average value of the valid results was
calculated as the attention time.

3. Spatial position memory test: During the test, a 5% 3 square
grid is presented on the computer screen, and the animal will
successively show its head from the hole in the ground and
then retract again. The subject is asked to look carefully and
remember the position and order of the animals. A message
will appear at the bottom of the screen, asking the subject to
click on the squares in the order in which the animals appear.
When the number of animals showing their heads is the same
as the number of animals that just appeared, you can click the
“OK” button to enter. After 3 attempts of a certain breadth, if
not all of them are wrong, the breadth will be increased by 1
and continued until 3 consecutive errors or 12 tasks of a certain
breadth are completed.

3.3. Functional physical training
intervention

The physical fitness intervention for preschool children was
developed based on principles of functional physical training and
tailored to the characteristics of preschoolers by incorporating
gamification elements. The goals of our functional physical training
are increasing strength, agility, balance and stability of lower limbs
with  different
proprioceptive movements. Furthermore, we designed the fun games

incremental, multi-joint, multi-planar, and
gradually using the different difficulty levels of all the movements and
performed the physical intervention under specific load and speed
conditions. To enhance the enjoyment, novelty, and challenge of the
exercises, small and portable equipment was utilized. The intervention
lasted for 18 weeks, aiming to maintain appropriate exercise intensity
and density for young children while considering their
physiological characteristics.

To monitor the heart rate during exercise, a Likang PC-608 finger
pulse oximeter was used, with the target heart rate set at 120 to 140
beats per minute (Hengchan et al., 2014). It is important to note that
the heart rate was not continuously monitored throughout the exercise
to ensure the effectiveness of the training. The main training contents

and methods are outlined in Table 1.

3.4. Cognitive training intervention

The cognitive games included in the intervention program
comprise four different games (Wexler et al., 2016). Each game has a
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TABLE 1 Training content and methods.

Training time (week) = Training content

10.3389/fpsyg.2023.1266216

Methods (Examples)

1~4 Strength and core stability Bugs Bunny straight legs jumping, Little horse crossing the river (Obstacle Jump), Winnie the Pooh
crawling (hand walk), Two-handed food throwing to fish

5~6 Balance and core stability Crossing the Flaming Mountain (Durian ball walking), Bugs Bunny single-leg jump, Crocodile
climbing, Crab crawling

7~8 Speed and aerobic capacity Bugs Bunny carrying radish, Relay Run, Backward Running

9~10 Reactivity and flexibility Multi-directional movement, GO/NO GO, Listen to the password - walk and run alternately, Knee
Hug, leg Cradle

11~18 Functional and cognitive training | Comprehensive Exercises (Combination of the above training methods and cognitive games)

duration of 20 min. After each game session, the software automatically
saves the game progress in the background and adjusts the subsequent
cognitive games based on each child’s individual performance.

Game 1: In this game, children track a moving light and click on
it when it transforms into a red gem. If the response is correct, the
light speeds up, while errors result in a slower pace. As the game
progresses, blue gems appear, which should not be clicked.
Eventually, the target randomly switches between red and blue gems.
To complete the game, children need to identify and click only on
the gems that match the previous ones, creating complete gem
sequences. Game 2: In this game, pirates throw various objects into
the air from a box, and children must click on items belonging to a
specific category before they disappear from the screen. Correct
responses lead to faster-moving objects, and as the game advances,
the difficulty increases by adding six flying objects simultaneously.
Game 3: In this game, children are presented with three objects in a
row and must choose the correct object from a set of three options
to complete the pattern. Game 4: In this game, children are
challenged to remember the order in which a group of pirates sitting
on a beach raise their hands. The objective is to recall and reproduce
the correct sequence of hand raises. The game starts with two pirates,
and the level of difficulty increases with successful completions while
decreasing with mistakes.

3.5. Statistical analysis

The data were reported as the mean + STDEV and analyzed using
SPSS 22.0 software. Initially, normal distribution and homogeneity of
variance tests were conducted on the data. The data of every group
follow the normal distribution and satisfy the homogeneity of
variance. Subsequently, a two-way analysis of variance (ANOVA) with
repeated measures was performed to analyze the effects of the
intervention and time on the groups. Post-hoc multiple comparisons
among the different groups were carried out using the least-significant
difference (LSD) test. A significance level of p <0.05 was considered
statistically significant.

4. Results
4.1. Morphological indices of the children

The body heights of the children were 108.9+5.98cm in C
group, 108.35+4.12cm in P group, 108.00+£4.79 cm in CT group,
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and 108.72+5.53 cm in PCT group at baseline (pre-test). The body
height had increased to 109.61+6.02cm in C group,
109.96 £3.93 cm in P group, 109.08 £5.29cm in CT group, and
109.69 £5.46 in PCT group after 18 weeks of intervention (post-
test). The body weight of the children were 18.19+4.17kg in C
group, 18.29 +2.14kg in P group, 18.11 +2.23 kg in CT group, and
18.30£2.90 in PCT group at the baseline. The body weight has
increased to 18.66 +4.21 kg in C group, 18.96 +2.24kg in P group,
18.87 +£2.47kg in CT group and 18.93 £ 2.91 kg in PCT group after
18weeks of intervention. The BMI of the children were
15.39+£1.90 in C group, 15.60 +1.87 in P group, 15.47+1.02 in CT
group and 15.41 + 1.25 in PCT group at the baseline and there was
no significant change after 18 weeks intervention. All the data
above has been shown in Figure 1.

As depicted in Figure 1, the time factor had a significant effect
on height and weight [height: F(1, 122)=61.637, p <0.01; weight:
F(1, 122) =242.274, p<0.01], but not on BMI [F(1, 122) =0.075,
p>0.05]. There were no group effects observed for height, weight,
and BMI. Additionally, there were no significant differences in
height, weight, and BMI between the groups before and after the
intervention [height: F(3, 122)=0.493, p>0.05; weight: F(3,
122) =0.025, p>0.05; BMI: F(3, 122) =0.065, p >0.05]. Moreover,
no interaction effect was found between time and group [height:
F(3, 122) =0.257, p>0.05; weight: F(3, 122) =0.58, p>0.05; BMI:
F(3,122)=0.283, p>0.05].

4.2. The result of the physical fitness test

The standing long jump scores were 92.31+12.71 cm in C group,
92.84+14.79cm in P group, 93.06+14.12cm in CT group and
91.94+15.13cm in PCT group at baseline (pre-test). The standing
long jump scores were 92.66+13.10cm in C group and
93.64+14.73 cm in CT group without significant changes, and had
improved to 103.69+ 11.59 cm in P group and 103.56 £ 16.41 in PCT
group after 18 weeks intervention (post-test). The continuous hop
scores were 6.76+ 1.40s (s) in C group, 6.93+ 1.39s in P group,
6.63+ 1.48s in CT group and 6.70 + 2.22s in PCT group at baseline
(pre-test). The continuous hop scores were at 6.58 + 0.76 s in C group
and 6.60+ 1.64s in CT group without significant change, and
decreased to 5.65+ 1.18s in P group and 5.46 + 0.86s in PCT group
after 18 weeks of intervention (post-test). The 10-meter shuttle run
of the children were 7.74+ 0.57 s in C group, 7.62 + 0.95s in P group,
7.56+ 0.94s in CT group and 7.42+ 0.77s in PCT group at the
baseline (pre-test). The 10-meter shuttle run scores has decreased to

frontiersin.org


https://doi.org/10.3389/fpsyg.2023.1266216
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org

Hao et al.

10.3389/fpsyg.2023.1266216

—+—Pre—-test —O—Post-tes
T

118 T
11611t
A~ 11414
1=
& 11241
21107 [ y¢r
)
$108-[H“ _______________
= 1064}
1044} -]
102} limsreamallas aasume b L.

T
I
I
I
I

—
o0}

—
-
L

—
»
|

1

I

|

B
-

BMI (kg/m?)

—_
[$2]
f

._.
S
)

13

I
C

FIGURE 1

Morphological indices. Note: The four groups were designated as follows: C (control group), P (functional physical training group), CT (cognitive
training group), and PCT (functional physical training combined with cognitive training group). Significance levels were indicated as **p < 0.01, denoting
a statistically significant difference compared to the pre-test and post-test results in all four groups.
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7.54+ 0.57s in C group and 7.33+ 0.70s in CT group without
significant change, and decreased significantly to 6.63+ 0.91s in P
group and 6.74+ 0.92s in PCT group after 18 weeks of intervention
(post-test). The sit and reach scores of the children were
11.87+3.36cm in C group, 11.37+5.56cm in P group,
11.84+4.04cm in CT group, and 10.32+5.12cm in PCT group at
baseline (pre-test). The sit and reach scores were 11.44 +4.39 cm in
C group, 11.05+5.23 cm in P group, 11.70+3.99 cm in CT group,
and 10.17+4.14cm in PCT group after 18 weeks of intervention
(post-test). There was no significant change after the intervention.
The balance beam walking scores of the children were 8.47 + 4.52s
in C group, 7.87+ 4.06s in P group, 7.76 + 4.99s in CT group, and
7.65+ 3.665s in PCT group at the baseline (pre-test). The balance
beam walking scores of the children were 8.12+ 3.565s in C group,
7.80+ 3.45s in P group, 7.49 + 3.49s in CT group and 7.40 £ 3.15s
in PCT group after 18 weeks of intervention (post-test). There was
no significant change after the intervention. The tennis throw scores
of the children were 4.19+1.14m in C group, 4.15+1.58m in P
group, 4.13+1.18 m in CT group, and 4.29 + 1.16 m in PCT group at
baseline (pre-test). The tennis throw scores were 4.01+0.96m in C
group, 4.49+1.95m in P group, 4.06+1.10m in CT group, and
4.33+1.12m in PCT group after 18 weeks of intervention (post-test).
There was no significant change after the intervention. All the data
above has been shown in Figure 2.

As shown in Figure 2, the time effects were found to have a
significant impact on the standing long jump, continuous hop, and
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10-meter shuttle run [standing long jump: F(1, 122) =42.257, p < 0.05;
continuous hop: F(1, 122)=20.26, p < 0.05; 10-meter shuttle run: F(1,
122)=28.986, p <0.05]. However, there were no significant time effects
observed for the sit and reach, balance beam, and tennis throw tests
[sit and reach: F(1, 122)=0.483, p>0.05; balance beam: F(1,
122)=0.365, p>0.05; tennis throw: F(1, 122)=0.08, p>0.05] in the P
and PCT groups. Similar effects were observed for the grouping effect
[standing long jump: F(3, 122) =12.871, p <0.05; continuous hop: F(3,
122)=1.61, p>0.05; 10-meter shuttle run: F(3, 122)=6.638, p <0.05;
sit and reach: F(3, 122)=0.94, p > 0.05; balance beam: F(3, 122) =0.345,
p>0.05; tennis throw: F(3, 122) =0.38, p>0.05].

A significant interaction effect between time and group was
observed for the standing long jump, continuous hop, and 10-meter
shuttle run tests [standing long jump: F(3, 122) =12.871, p<0.05;
continuous hop: F(3, 122) =4.761, p <0.05; 10-meter shuttle run:
F(3, 122)=11.035, p<0.05]. However, there were no significant
interaction effects observed for the sit and reach, balance beam, and
tennis throw tests [sit and reach: F(3, 122) =0.081, p > 0.05; balance
beam: F(3, 122)=0.106, p>0.05; tennis throw: F(3, 122) =0.944,
p>0.05].

4.3. The result of the cognitive test

The reaction time scores were 0.62+ 0.13s (s) in C group,
0.63+ 0.13s in P group, 0.62+ 0.17s in CT group and 0.60+ 0.17 s in
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Results of physical fitness test. Note: The four groups were designated as follows: C (control group), P (functional physical training group), CT
(cognitive training group), and PCT (functional physical training combined with cognitive training group). Significance levels were indicated as *p < 0.05,
denoting a statistically significant difference compared to the pre-test and post-test results in all four groups.
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PCT group at baseline (pre-test). The reaction time score had no
significant change to 0.60+ 0.15s in C group, and had improved to
0.50+ 0.12s in P group, 0.49+ 0.12s in CT group and 0.51+ 0.15s in
PCT group after 18weeks intervention (post-test). The attention
scores were 16.50+ 4.99s in C group, 16.67+ 4.16s in P group,
16.02+ 4.31s in CT group and 16.93+ 4.04s in PCT group at the
baseline (pre-test). The attention score had no significant change at
16.13+ 4.28s in C group, and had decreased to 13.66+ 4.765s in P
group, 12.55+ 5.08s in CT group and 12.92 +4.04 in PCT group after
18 weeks of intervention (post-test). The memory test scores were
3.67+1.30 in C group, 3.88 +1.10 in P group, 3.67 £1.59 in CT group
and 3.59+1.26 in PCT group at the baseline (pre-test). The memory
score had no significant change at 3.56+1.12 in C group, and had
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improved to 4.59+1.31 in P group, 4.50+1.47 in CT group and
4.50+1.12 in PCT group after 18 weeks of intervention (post-test). All
the data above has been shown in Figure 3.

As shown in Figure 3, the time effects had a significant impact on
reaction time, attention, and memory [reaction time: F(1,
122)=39.781, p<0.05; attention: F(1, 122) =51.761, p <0.05; memory:
F(1, 122) =248.129, p<0.05]. The group effect also had a significant
impact [reaction time: F(3, 122)=2.068, p<0.05; attention: F(3,
122)=2.568, p>0.05 memory: F(3, 122)=1.792, p>0.05]. A
significant interaction effect was observed between time and group in
reaction time, attention, and memory tests [reaction time: F(3,
122)=2.529, p>0.05; attention: F(3, 122) =4.511, p <0.05; memory:
F(3, 122)=22.408, p<0.05).
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FIGURE 3
Results of cognitive test. Note: the four groups were designated as follows: C (control group), P (functional physical training group), CT (cognitive
training group), and PCT (functional physical training combined with cognitive training group). Significance levels were indicated as *p < 0.05, denoting
a statistically significant difference compared to the pre-test and post-test results in all four groups.

5. Discussion

Childhood is a critical period characterized by significant
physiological, structural, and functional changes (Teicher et al,
2016; Gilmore et al., 2018). Physical fitness plays a crucial role in
child development and is considered a predictor of health outcomes.
The physical fitness has been found to have a positive association
with cognitive function and brain health (Esteban-Cornejo et al,,
2017; Haga et al., 2019). While physical fitness is influenced by
various factors, it is particularly influenced by physical activity
habits (Daimiel et al., 2020). Insufficient physical activity has been
linked to negative effects on the healthy development of preschool
children (Gao et al., 2019b). On the other hand, well-designed
physical activity interventions have been shown to significantly
promote both physical and cognitive development in school-age
children (Mead et al., 2017). Therefore, implementing appropriate
intervention is essential to promote the healthy development of
preschool children.

The initial measurements of height and weight in the four groups
showed no significant differences, indicating that the groups were
initially comparable. After the 18-week intervention, there was a
significant increase in both height and weight across all four groups
of children. These findings are consistent with previous studies that
have also observed significant changes in height and weight following
interventions (Eliakim et al., 2007). It is worth noting that the age
range of 5-6years corresponds to a rapid stage of growth and
development in children, which further supports the observed
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increases in height and weight (WHO Multicentre Growth Reference
Study Group and de Onis, 2006).

However, there was a notable difference in the results of this study
compared to a previous experiment. Specifically in the previous
experiment, the weight of children in the experimental group was
significantly lower than that of the control group (Bocca et al,, 2012).
This discrepancy can be attributed to the implementation of a dietary
intervention in the study, which effectively reduced body fat levels in
children. It is likely that the dietary intervention played a significant
role in influencing the weight outcomes and accounts for the different
results between the two studies.

Physical fitness encompasses various aspects of the human
body, including its morphological structure, physiological
functions, and psychological factors. It is influenced by both
genetic factors and acquired characteristics (Roy et al., 2010).
Physical fitness is closely associated with numerous health benefits
and behavioral outcomes (Bouchard et al., 2012). Certain
components of physical fitness have been identified as particularly
important indicators of various health outcomes in young
individuals (Ortega et al., 2008). In this study, advanced functional
physical training was employed to promote the development of
physical fitness in preschool children. The results indicated that the
standing long jump, continuous hop, and 10-meter shuttle run
performance of the P group and the PCT group were significantly
better than those of the C group and the CT group. This suggests
that the 18-week functional physical training can effectively
enhance explosive force, lower limb muscle strength, coordination,
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and agility in preschoolers. These findings are consistent with
similar studies that have demonstrated significant improvements
in body composition after more than 6 weeks of physical activity
interventions (Puder et al., 2011; Foulkes et al., 2017). Moreover,
changes in cardiorespiratory fitness, lower limb muscle strength,
and speed agility have been found to be associated with changes in
body composition in preschool children (Garcia-Hermoso
et al., 2020).

The experimental groups in this study engaged in regular
moderate-to-vigorous physical activity, which has been shown to
be positively correlated with muscle strength, explosive power,
balance, agility, and aerobic fitness in preschoolers (Fang et al., 2017).
Additionally, numerous studies have established a positive correlation
between physical fitness and motor ability in children (Aadland et al.,
2017; Nan et al, 2017). One study specifically confirmed that
functional physical training, as a novel form of training, is highly
beneficial in improving the fundamental motor skills of preschool
children (Zhexiao et al., 2016). Therefore, the results of this study are
reliable and in line with existing evidence.

Cognitive function encompasses various sub-functions such as
response, attention, memory, learning, language, perception, and
executive function (Fiocco and Yaffe, 2010). Among these,
response time is an important indicator for assessing brain
function, attention processes, cognitive flexibility, behavior, and
performance (Stuss et al., 2005; Hillman et al., 2014; Angel et al.,
2018). The development of attention and working memory skills is
closely related to children’s health and behavioral performance
(Conklin et al, 2007; Oberauer, 2019). In this study, these
indicators were chosen to evaluate the cognitive function of
school-age children. The results of the study revealed that simple
reaction time, attention, and spatial memory were significantly
better in the P group, CT group, and PCT group compared to the
C group, with no significant differences observed among the three
intervention groups. The cognitive games used in this study were
designed based on the principle of neuroplasticity, and previous
research has demonstrated that playing such games can
significantly improve focused attention, response inhibition,
working memory, and cognitive flexibility in school-age children
(Klingberg et al., 2005). By engaging in these cognitive games,
preschool children in the experiment were able to dynamically
reconfigure their neural systems, leading to the observed
improvements in cognitive function. Furthermore, childhood is a
period characterized by rapid structural and functional
development of the central nervous system and brain, and the
brain appears to be particularly responsive to exercise during this
stage (Schacter et al., 2004; Khan and Hillman, 2014; Hillman and
Biggan, 2017). Studies have shown that children with higher
aerobic capacity and agility exhibit larger brain volumes in the gray
matter, frontal lobes, hippocampus, and caudate nucleus, as well as
more efficient neuroelectric processing during cognitive tasks.
These differences in brain structures and functions contribute to
variations in working memory, cognitive control, and attention
among children (Donnelly et al, 2016; Santana et al., 2017).
Additionally, physical activity-induced increases in cerebral blood
flow and the release of neurotrophic factors may also contribute to
the observed changes in cognitive function (Alfini et al., 2019; Tari
etal., 2019).
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Generally based on our research results, we have demonstrated
that the specially designed functional physical training can improve
both physical fitness and cognitive function in 4~5 years old preschool
children. At the same time, the cognitive training can improve the
cognitive function but not the physical fitness. Furthermore, the
enhanced cognitive function is possibly induced by more improvement
of lower limbs’ function such as jumping, hopping, and shuttle running.
Although our previous research (Ortega et al., 2008) had suggested that
lower limb strength and balance are correlated with executive functions
such as processing speed and attention, it is the first time in this
controlled study that we have demonstrated that the functional training
aiming at lower limbs strength, agility and rhythm can improve the
cognitive functions such as processing speed, attention and spatial
memory. The underlying mechanisms might be related to more sensory
stimulation induced by better physical activity space and more
neurotrophic factors releasing with better physical exercise with lower
limbs. However, since the limitation of the research design in this study,
such as the physical intervention mostly focused on lower limbs
movements, the cognitive assessment mostly focused on executive
function, and no cognition correlated biological samples or brain
images had been addressed in our research, the more specific
underlying mechanisms still need to be further investigated.

6. Conclusion

Combining functional physical training and cognitive training has
shown to be effective in promoting physical fitness and cognitive
development. Cognitive training alone significantly improves cognitive
function, while functional physical training significantly enhances both
physical fitness and cognitive function in children aged 4~5 years.
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