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Developing a training method for
children’s lower limb explosive power
and its predictive model
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Jiaojiao Liu', Chao Liu? and Qian Zhang?

Abstract

Background: Explosive power, an essential component encompassing both speed and strength, plays a fundamental role
in various physical activities, crucial for both competitive sports and general fitness.

Objective: This research presents an investigation into methodologies for enhancing lower limb explosive power in
children aged 6—12 years. It also employs data-driven techniques in correlation analyses and modelling.

Methods: The study involved an 8-week experiment of training lower limb explosive power using squat jump,
I5-metre sprint, hurdle hop, etc. The explosive power was measured using a TENDO device. Combined with cor-
relation analysis and linear regression, predictive models of children’s lower limb explosive power have been developed
through a data-driven approach using a fuzzy rule-based system.

Results: Correlation analyses reveal significant associations between changes in explosive power and metrics such as
vertical jump height and 30-meter sprint time. Regression analyses produce predictive equations tailored to gender-
specific differences. The predictive models derived with the fuzzy rule-based system demonstrate good accuracy.
Conclusions: The proposed training programme effectively contributes to the enhancement of the lower limb power
in children, while the advanced modelling techniques furnish precise prognostic tools, facilitating nuanced and targeted
training interventions.
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success, and a weak foundation can have serious future
repercussions.’® Moreover, physical activities can offer
significant psychological benefits for children. A study
by Faigenbaum and Myer® found that increased physical
fitness is associated with greater self-confidence and self-
esteem in youth. Children who feel capable and competent
in physical activities are more likely to engage in regular
exercise, reducing sedentary behaviour and its associated
health risks.

I Introduction

With the advancement of modern technology, including
electronic products and the internet, children’s time and
desire of doing physical activities have become increasingly
constrained. This change significantly hampers children’s
physical and mental development, leading to more pro-
nounced health issues. The 2020 Physical Fitness Inspec-
tion Report indicates a rise in obesity, myopia, and spinal
curvature rates among Chinese children, alongside a gen-
eral decline in various physical health indicators.! Other
reports also show declining physical activity levels in chil-

dren in recent years across different counties? and in some
countries, such as the UK and the USA, the data indicate
declines in strength and endurance metrics among children
over the past few decades.>*

Physical activities are critical for the health develop-
ment of children, particularly in fostering physical fitness
and preventing life-style-related diseases. Children aged
6-12 years form the foundational stage for adolescent
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Among various physical attributes, lower limb explosive
power is especially important, as it underpins fundamen-
tal motor skills such as running, jumping, and throwing.
These skills are essential not only for a child’s general
well-being but also for participation in sports.>~'?> Explosive
power, representing one’s ability to exert maximal force in
the shortest time, is vital for athletic performance across
diverse sports disciplines. It supports key movements that
are crucial for success in sports ranging from track and field
to team sports like basketball and football.!* According
to research by Behm and Sale,'* improvements in explo-
sive power lead to faster sprint times, higher jumps, and
quicker changes of direction, all of which are essential in
competitive sports environments.

Previous research has predominantly focused on the
training methodologies aimed at enhancing explosive
power in adult and adolescence. There is still a significant
gap in research regarding tailored training methodologies
for children, particularly those aged 6—12 years. This age
group experiences rapid physiological growth and develop-
mental changes, necessitating specialised approaches that
address their unique physiological and psychological needs.
Previous studies have explored modified training proto-
cols specifically designed for children to enhance explosive
power safely and effectively.>~!” For example, Faigenbaum
et al.'® advocate for the inclusion of age-appropriate ply-
ometric exercises that emphasise technique and landing
mechanics over intensity. Similarly, programs incorporat-
ing bodyweight exercises and games have been shown to
improve motor skills and agility in children while reducing
injury risks associated with high-intensity training.'®

This research aims to investigate and develop an effec-
tive training protocol for lower limb explosive power specif-
ically tailored for children aged 6-12 years. Experiments
are carried out to verify the effectiveness and the level of
improvement is studied based on the experimental data.
Furthermore, one would even like to anticipate the improve-
ment in quantity for the children with different sex, age
and physical conditions. The ability to achieve such antic-
ipation will greatly benefit the planning of a training pro-
gramme considering individual conditions and personalised
requirements.

Therefore, as the second facet of this research, statis-
tical methods are first employed to analyse the collected
data to identify key factors that influence explosive power
in this age group. Two predictive models are then devel-
oped for the designed training protocol, which can be used
in two different scenarios. One linear regression model, a
simple-structure model, is used in a relatively simple map-
ping scenario. This model can help estimate the explosive
power value from one’s performance in some standardised
training practice, such as the time of completing a 30-meter
sprint or the height in a vertical jump. One fuzzy rule-
based model, a robust model good at reasoning, is used in a
complex anticipation scenario. This model can help predict

the rough training outcome before training, according to a
child’s basic information and his/her physical conditions.

2 Methods
2.1

In this research, a random sample of pupils from Years 1
to 6 of Chinese primary schools was selected. The sam-
ple comprises 22 girls and 23 boys, totalling 45 subjects.
They were recruited and participated in China. All partic-
ipants were in good health, with no recent injury records,
and had not undergone any professional sports training.
Ethics approval was obtained from the Ethics Committee
of Shandong Sport University, dated 30.4.2022.

Participants

2.2 Experimental setup

This project presents a training protocol for children to
improve the lower limb explosive power and carried out a
set of training experiments with the participation of chil-
dren with different age and gender. Before the experiments,
experts specialising in children’s physical education and
training were interviewed and their feedback was utilised
to help designing training and assessment methodologies
for children’s explosive power. Some traditional explo-
sive power training methods were tailored and utilised,
which involved a quantitative approach targeting individ-
ual muscles by reducing work time and manipulating loads.
Training exercises included squat jump, 15-metre sprint,
hurdle hop, etc. and the details can be found in Section 2.3.

The experiment of training was conducted over a total
of 8 weeks. The training exercises were repeated 3 times
every week. Before the start and after the end of the train-
ing scheme, some basic anthropometrics were measured, as
shown in Tables 1 and 2. The height was measured with a
stadiometer, the mass was measured with a weighing scale
and the waist girth was measured with a flexible measuring
tape. BMI (Body Mass Index) was calculated by dividing a
child’s mass (kg) by his/her squared height (m>2). To mea-
sure the Achilles tendon length, one needs to identify the
point where the Achilles tendon attaches to the heel bone
and the other point where it transitions into gastrocnemius,
and measure the distance between these two points using a
measuring tape. The lower limb length was also measured
using a measuring tape as the bone length from the hip joint
to the ankle.

Besides the measurement of morphometric information,
two activities were carried out to measure the physical per-
formance of children. One was a 30-meter sprint and the
other was a vertical jump. These two activities were car-
ried out every 2 weeks, for a total of 5 times including one
before the training and one at the end of the 8-week train-
ing period. For the 30-meter sprint, the completion time was
recorded and the average speed was calculated. In the verti-
cal jump, the subject was required to jump to reach as high
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Table 1. Pre-experimental physical performance and morphometric qualities for male students.
Shapiro-Wilk test
Age group Mean SD Skewness  Kurtosis ~ Statistic W-value  p
Boys
Maximum power in vertical jump (Watt)  6—7 years old 37 2944 -0.658 0.305 0.922 0.483
8-10 years old 36.525 5.768 —0.062 —-1.511 0.94 0.608
[I-12yearsold  51.475 6449 0511 -0.831 0.94 0.607
Height in vertical jump (cm) 6—7 years old 172.857 7.081 —0.523 —-1.386 0.897 0312
8-10 years old 197.625 1525 -0.744 -1.105 0.881 0.193
[I-12 yearsold 213.375 8911l 0.517 -1.901 0.837 0.07
Completion time in 30-meter run (s) 67 years old 6.976 0416 —0.631 —0.849 0.933 0.573
8-10 years old 6.796 054 -0.64 0.424 0.963 0.842
[ 1-12 years old 6.039 0356 -0.26 0.881 0.977 0.947
Average speed in 30-meter run (m/s) 6—7 years old 1.946 032 2339 5.808 0.68 0.002
8-10 years old 1.95 0295 -0.655 0.233 0.933 0.547
I 1-12 years old 2.186 0.077 1.547 2.86 0.862 0.124
Height (cm) 6—7 years old 128.143 2.116 -0.259 —-0.795 0.965 0.863
8-10 years old 141.375 8052 022 -0.262 0.955 0.757
[I1-12 yearsold 14775  6.205 1.322 0.239 0.779 0.017
Mass (kg) 67 years old 27464 3457  0.692 —-1.612 0.844 0.108
8-10 years old 34537 844 0.293 -1.373 0917 0.405
[I-12yearsold 38481 5221 -0.24] —-0.863 0.964 0.844
Waist girth (cm) 67 years old 57.571 4.158  0.522 —1.667 0.874 0.203
8-10 years old 62 6.803  0.196 -1.798 0.908 0.338
[I-12 yearsold  60.5 4175  0.503 —1.852 0.84 0.075
BMI 67 years old 16.686 1.747  0.58 1.962 0.822 0.067
8-10 years old 18.837 4.986 1.699 3.625 0.826 0.053
I 1-12 years old 17.65 2425 —0.046 -1.085 0913 0.373
Achilles tendon length (cm) 6—7 years old 17 1.528 —0.393 —-1.114 0.896 0.31
8-10 years old 19.875 2232 0.207 2.252 0915 0.389
I 1-12 years old 21.5 233  -0.361 -1.613 0.901 0.293
Lower limb length (cm) 6—7 years old 34071 0.838 -0.309 —1.468 0.877 0.215
8-10 years old 38125 3.182  0.665 0.465 0.952 0.731
[I-12yearsold 4025 2.188  0.887 -0.279 0.866 0.139

as possible. The jump height was recorded, and the power
and speed during the jump were measured using a TENDO
unit.2%?! From these two measurements, the change of a
child’s speed and lower limb power during the training
period can be observed.

The TENDO device is used to measure the average
speed, maximum speed, average power, and maximum
power of a training movement. In our tests, it was directly
attached to a subject’s body (see Figure 1) in the vertical
jump test. The maximum power recorded was considered
as the value of the lower limb explosive power.

2.3 Training protocol

The training regimen consists of the exercises for the lower
limbs, performed three times a week following a training
plan given in Table 3. Some details of the core exercises are
introduced in the following sections (see Figure 2 for some
examples).

2.3.1 |5-meter sprint. On a track field, participants initiate
the sprint from a standing position and, upon the auditory

cue “Ready, go” from the instructor, execute a rapid sprint
to the designated 15-meter endpoint.

2.3.2  Hurdle hop. Ten hurdles are set, each with a height
of 15 cm and spaced 40 cm apart on the field. Participants,
without utilising arm momentum, rely on the strength of
their lower extremities to flex their knees and hips, followed
by a rapid extension of these joints to leap over each hurdle.

2.3.3 Squat jump. Participants place their hands on their
hips, flex their knees and hips until their thighs are approx-
imately parallel to the ground, and then perform a rapid
vertical jump. The inhalation occurs during the squat, and
exhalation occurs during the jump. Upon landing, the toes
touch the ground first, followed by a gradual cushioning
impact by the heels.

2.3.4 Vertical jump. A height-touch device is positioned at
a secure location on the field. Participants flex their knees
and hips while simultaneously swinging their arms back-
ward. When their thighs are parallel to the ground, they
rapidly extend their knees and hips, and swing their arms
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Table 2. Pre-experimental physical performance and morphometric qualities for female students.

Shapiro-Wilk test

Age group Mean SD Skewness  Kurtosis ~ Statistic W-value  p
Girls
Maximum power in vertical jump (Watt) 6-7 years old 355 7.407 0.013 —-1.247 0.92 0.429
8-10 years old 38971 6.224 -0.107 -1.912 0.874 0.2
I1-12 yearsold  47.957 3516 -1.304 1.639 0.877 0.213
Height in vertical jump (cm) 6—7 years old 170.75 5418 -0.522 —0.048 0.902 0.299
8-10 years old 195.429 6.604  0.269 —1.505 0.939 0.632
I1-12 yearsold  213.571 8.734 1.437 2.837 0.884 0.245
Completion time in 30-meter run (s) 6—7 years old 7.641 0509 -0.667 0413 0.964 0.846
8-10 years old 6.763 0.668  0.003 —-1.522 0.921 0.478
11-12 years old 6.37 0457  0.605 —0.843 0.939 0.634
Average speed in 30-meter run (m/s) 6—7 years old 205 0.231 0.49 0.155 0.967 0.876
8-10 years old 216  0.196 —-0.225 -1.089 0.947 0.705
11-12 years old 2063 0.065 0.714 —-1.262 0.866 0.171
Height (cm) 67 years old 125.625 3462  0.78 0.355 0.886 0.215
8-10 years old 137.714 6317 0438 —0.089 0.974 0.926
I1-12 yearsold 149429 7.185 -0.192 —1.411 0.941 0.645
Mass (kg) 67 years old 26 2,628 0.386 —-1.154 0.939 0.597
8-10 years old 30443 5812  0.566 —0.506 0.89 0.274
I1-12 yearsold  41.728 8058  0.27] -1.219 0.93 0.55
Waist girth (cm) 6—7 years old 5625 538 —0.147 —0.702 0.964 0.851
8-10 years old 55.571 4392  2.I55 4.701 0.674 0.002
I1-12yearsold  61.143 7403 -0.588 1.061 0.947 0.699
BMI 6—7 years old 17.088 2.739 1.134 1.616 0917 0.409
8-10 years old 15914 1.8 0.12 —-1.355 0.949 0.718
11-12 years old 18471 2629 0766 —0.877 0.909 0.391
Achilles tendon length (cm) 6—7 years old 18313 1462 -0.146 0.6 0.981 0.969
8-10 years old 19.057 3.123 -1.995 4.675 0.774 0.022
I1-12 yearsold ~ 20.571 237 0.086 —0.345 0.969 0.889
Lower limb length (cm) 6—7 years old 33375 1.188 —0.97 1.872 0.892 0.245
8-10 years old 37429 237 0716 2.695 0.874 0.202
I1-12 yearsold 41 2582 -1.22 2.202 0911 0.4

forward and upward to propel their bodies vertically, aiming
to touch the height-touch device.

2.3.5 |5-metre dash. Participants start from a standing
position and, upon the instructor’s command of “Ready,
go,” sprint to the 15-meter mark, touch the midpoint line,
and then rapidly return to the starting point.

2.4 Data analysis

The data collected from the initial, final and biweekly tests
were saved in an Excel spreadsheet, and they were further
collated and processed with SPSS 25.0 for data analysis and
linear regression modelling.

Firstly, descriptive statistics was conducted on the data
using SPSS software and the ratios of skewness to stan-
dard error and kurtosis to standard error were calculated. If
these ratios fall between —1.96 and 1.96, the data conforms
to a normal distribution. Secondly, correlation coefficient
analysis was performed among various data, including the
outcome measures from 30-meter sprint and Tendo jump,
along with the individual characteristics and anthropometry,

i.e., the height in vertical jump, completion time in 30-
meter run, average speed in 30-meter run, children’s height,
body mass, waist girth, BMI, Achilles tendon length, and
lower limb length. This tried to find variables with sig-
nificant (sig < 0.05) correlation with the explosive power.
Next, linear regression method was established for step-
wise analysis, evaluating model fit with the RD2 value and
determining statistical significance. Finally, the regression
equations were validated in testing, where the obtained
regression equations were used to predict for the cases
that the models had not seen in training. The testing data
here were some preserved data randomly selected from the
original data set, and were not used in the training phase.

2.5 Data-driven modelling

In this study, data collected over the training programme
were also analysed and utilised in constructing predictive
models, which can facilitate early prediction and trend anal-
ysis of children’s explosive power development. In this
study, modelling was conducted using a Fuzzy Rule-based
System (FRBS), known for its capability in mapping and
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Table 3. The designed training programme for lower limb explosive power.

Training phase  Training content

Number of load groups/counts

Interval time

Load intensity

Preliminary High knee walk
Toe walk

Lunge walk

Hip twist jump
Butt kick run
Fundamental I 5-meter sprint

Hurdle hop

Squat jump (exercise)
Vertical jump (athletics)

10 reps/set, 3 sets each

| rep/set, 4 sets

12 reps/set, 4 sets
20 reps/set, 4 sets
12 reps/set, 4 sets

5 s interval between sets, 10 s
interval between drills

30 s interval between sets, | min
interval between drills

mid-to-low

high intensity

I 5-metre dash
End Quadriceps static stretch
Hamstring static stretch
Gastrocnemius (calf
muscle) static stretch
lliopsoas (hip flexor)
static stretch

| rep/set, 4 sets

30s/set, 2 sets each

5 s interval low intensity

Figure |. lllustration oyf usinga TENDO unit.

generalisation.”> FRBS can effectively learn and predict
complex relationships from data. They offer greater trans-
parency compared to most other black-box modelling tech-
niques by employing linguistically descriptive “If-Then”
rules.

In the data-driven modelling, the initial fuzzy system is
derived by implementing clustering information generated
from the samples. Subsequently, the structure and parame-
ters of the first model is refined by using a Multi-Objective
Reduced Spatial Search Algorithm (MO-RSSA).23?* Addi-
tional information and detailed insights into the modelling
approach can be found in the articles.?>°

In this work, two predictive models were developed to
anticipate the training outcome in advance, according to a
child’s basic information and his/her physical conditions.
Both of the FRBSs consist of 9 fuzzy rules. One model
aimed to predict the increase in explosive power, while
the other model focused on predicting the increase in the
30-meter speed during training. Both models utilised six
input variables: gender, age (years), height (cm), mass (kg),
leg length (cm), vertical jump height (cm), and training time
(weeks). 70% of the collected experimental data were ran-
domly selected and used in training the FRBSs, and the
remaining 30% of the collected data were used in testing
the developed models.

3 Results

3.1 Effectiveness of the training protocol

The experimental results show that the proposed training
protocol is effective in improving the maximum power dur-
ing the jump test, as well as improving the performance in
activities such as jumping and running, i.e., vertical jump
and 30-m sprint. As shown in Tables 4 and 5, after 8 weeks,
boys’ vertical jump height has increased by 4.689 cm and
girls’ vertical jump height has increased by 5.697 cm in
average. Boys’ 30-m sprint time has increased by 0.423
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Figure 2. Vertical jump, squat jump and |5-metre sprint over an 8-week training period.

Table 4. Descriptive statistics of changes in each variable before and after the 8-week training (boys, n =23).

W-value

Indicator Mean SD Skewness Kurtosis Shapiro-Wilk p

Y Max power (Watt) 14.583 6.924 0.270 —0.663 0.953 0.335
X, Vertical jump height (cm) 4.689 2.646 0.184 —1.138 0.946 0.245
X, 30 m sprint time (s) 0.423 0.164 —-0.232 1.066 0.932 0.120
X3 30 m sprint speed (m/s) 0.307 0.205 2.532 8.050 0.738 0.000
X4 Height (cm) 1.282 1.042 0.805 —-0.595 0.868 0.006
Xs Mass (kg) 0.506 1.745 —1.459 3451 0.848 0.002
X¢ Waist girth (cm) -0.217 5.402 0.737 0.185 0.945 0.225
X; BMI -1.013 3.158 -3.749 15.946 0.555 0.000
Xg Achilles tendon length (cm) 0.965 0.603 0.490 —0.686 0.933 0.128
Xg Lower limb length (cm) 1.094 0.478 1.126 1.736 0.847 0.002

s and girls’ 30-m sprint time has increased by 0.555 s in
average.

The maximum power shows a clear increasing trend dur-
ing the 8-week training period. As shown in Tables 4 and
5, after 8 weeks, boys’ maximum power has increased by
14.583 Watts in average, which represents an increase of
35.6% of the original power. Girls’ maximum power has
increased by 17.100 Watts in average, which represents an
increase of 42.2% of the original power. In 8 weeks of time,
the natural increases in the maximum power due to matu-
ration are very small, only about 0.498 Watts for boys and
0.415 Watts for girls. They are estimated from the baseline
data, i.e., the power differences between the children aged
7 years (37 Watts for boys and 35.5 Watts for girls) and the
children aged 12 years (51.475 Watts for boys and 47.957
Watts for girls). Compared these values, one can clearly see
the proposed training scheme is very effective.

3.2 Correlation analysis between different
variables
This work evaluated various factors that may affect or be

related to the explosive power (the maximum power in ver-
tical jump Y). It studied the data distribution of the factors

and tried to identify the ones have the strongest correlation
with the explosive power. The factors included the height in
vertical jump (X), completion time in 30-meter run (X,),
average speed in 30-meter run (X3), children’s height (X,),
body mass (Xs), waist girth (X), BMI (X;), Achilles ten-
don length (Xg), and lower limb length (Xy). The changes
in these variables before and after the 8-week training were
analysed using SPSS software with the Shapiro-Wilk test.
The results are shown in Tables 4 and 35, relating to boys
and girls, respectively.

From Table 4, it is evident that the change values of
the maximum power, the height in vertical jump, the com-
pletion time in 30-meter run and Achilles tendon length
adhere to a normal distribution (p > 0.05). The absolute val-
ues of kurtosis for average speed in 30-meter run, children’s
height, body mass, waist girth and lower limb length are less
than 10, and the absolute values of skewness are less than 3,
indicating that these variables essentially conform to a nor-
mal distribution. However, BMI exhibits a p-value less than
0.05, with an absolute kurtosis value exceeding 10 and an
absolute skewness value exceeding 3, indicating departure
from normal distribution.

From Table 5, it is evident that the change values of
the height in vertical jump, completion time in 30-meter



Liu et al. 7
Table 5. Descriptive statistics of changes in each variable before and after the 8-week training (girls, n =22).
We-value
Indicator Mean SD Skewness Kurtosis Shapiro-Wilk P
Y max power (Watt) 17.100 7.714 0.808 —-0.110 0.905 0.038
X Vertical jump height (cm) 5.697 3.210 —-0.133 —1.384 0.934 0.151
X, 30 m sprint time (s) 0.555 0.202 0.763 —0.347 0918 0.069
X3 30 m sprint speed (m/s) 0.257 0.133 0.398 —1.030 0.930 0.120
X4 Height (cm) 1.341 1.028 1.341 1.401 0.851 0.003
Xs Mass (kg) 0.591 1.225 0.070 —1.011 0.943 0.230
X¢ Waist girth (cm) 0.227 6.218 —1.039 2.031 0911 0.050
X; BMI —-0.577 1.763 -3.214 12.655 0.651 0.000
Xg Achilles tendon length (cm) 1.053 0.707 1.286 2.264 0.903 0.034
Xq Lower limb length (cm) 0.938 0.482 —0.428 —0.104 0.925 0.098
Table 6. Correlation coefficient values among various variables (boys, n =23).
Y X, X, X3 X4 Xs X X5 Xg X
Y Relevance | 794+ .602** -.044 025 —.048 .290 .073 .378 133
Sig. .000 .002 .841 .909 .827 .180 740 .075 .544
X,  Relevance T4+ | 241 -298 222 332 A445% .086 .181 —.099
Sig. .000 .268 .167 .308 122 .033 .695 407 .654
X,  Relevance .602+* 241 I 179 256 —.149 .035 —.168 A31* .145
Sig. .002 .268 414 239 498 .873 442 .040 510
X3 Relevance  —.044 —.298 179 | .190 —.140 —.282 —-.083 —.140 .154
Sig. .841 167 414 .385 .525 .192 .705 525 482
X4 Relevance  —.025 -.222 .256 .190 | —.195 —-.336 —.169 A417* .000
Sig. .909 .308 239 .385 374 117 442 .048 1.000
Xs  Relevance  —.048 332 —.149 —.140 —.195 I .505% 221 —.369 —.405
Sig. .827 122 498 .525 374 .014 312 .083 .055
X¢  Relevance .290 A445% .035 -.282 336 .505* | 270 —.064 0lé6
Sig. .180 .033 .873 .192 117 014 213 773 .940
X7 Relevance .073 .086 —.168 -.083 —.169 221 270 | —.180 —.199
Sig. .740 .695 442 .705 442 312 213 412 363
Xg  Relevance .378 .181 A31* —.140 Al7% —369 —.064 —.180 | .193
Sig. .075 407 .040 .525 .048 .083 773 412 379
Xy  Relevance .133 —.099 .145 .154 .000 —.405 016 —-.199 .193 I
Sig. .544 .654 510 482 1.000 .055 .940 .363 379

Note: ** Correlations are significant at the 0.01 level (two-tailed). * Correlation is significant at the 0.05 level (two-tailed). Y, X, X,, X3, X4, X5, X,
X7, Xg and X, denote the change between pre- and post-experiment values.

run, average speed in 30-meter run, body mass and lower
limb length adhere to a normal distribution (p > 0.05). The
absolute values of kurtosis for maximum power, children’s
height, waist girth and Achilles tendon length are less
than 10, and the absolute values of skewness are less than
3, indicating conformity to normal distribution. However,
BMI shows a p-value less than 0.05 and an absolute skew-
ness value greater than 3, indicating departure from normal
distribution.

Correlation analysis was then conducted to explore the
relationships between the changes of these factors. Pearson
correlation coefficient was used to quantify these relation-
ships, as detailed in the following results.

From Table 6 relating to the training of boys, it is evi-
dent that there is a significant positive correlation between

the change of maximum power and the change in vertical
jump height (r=0.794, p<0.01), as well as between the
change of maximum power and the change in 30-meter run
time (r=0.602, p <0.01). This can also be observed from
the scatter plots in Figure 3. Additionally, the change in
maximum power may have a little relation with the changes
in waist girth, Achilles tendon length and lower limb length,
with correlation coefficients of 0.290, 0.378, and 0.133,
respectively. However, there is no significant correlation
observed between maximum power and average speed in
30-meter run, children’s height, body mass and BMI (cor-
relation coefficients of —0.044, —0.025, —0.048 and 0.073,
respectively; p > 0.05).

From Table 7 relating to the training of girls, it can
be observed that the change of maximum power shows
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time.

Table 7. Correlation coefficient values among various variables (girls, n =22).

Y X, X, X3 X4 Xs Xg X, Xg Xo
Y  Relevance | 873 768" 254  —314 105 179 257 161 —473%
Sig. .000 000 254 154 642 425 248 475 026
X, Relevance  .873% | 544 042 —305 176 373 356 213 —458%
Sig. .000 .009 851 168 433 087  .103 341 032
X, Relevance  .768% 544t | 433%  —203 —279 025 000 031 —324
Sig. .000 009 044 364 208 913 999 892 142
X; Relevance  .254 042 433 | 347 —.178 —046 —303 166 009
Sig. 254 851 044 114 427 839 .17 460 967
X; Relevance —.314 ~.305 -203 347 | -394 043 —75I% 250  435%
Sig. 154 168 364 114 070 849 000 263 043
Xs Relevance  .105 176 -279 —178 -394 [ 230 704% 208 —.280
Sig. 642 433 208 427 070 304 .000 353 207
Xs Relevance  .179 373 025 —.046 043 230 | 070 404 —.199
Sig. 425 087 913 839 849 304 757 062 376
X; Relevance 257 356 .000 —303  —751%  704% 070 | —377  —453*
Sig. 248 103 999 171 .000 .000 757 084 034
Xg Relevance .16l 213 031 166 250 -208 404 —377 | 244
Sig. AT5 341 892 460 263 353 062 084 274
Xo Relevance —473%  —458%  —324 009 435% 280 —.199  —.453* 244 |
Sig. 026 032 142 967 043 207 376 034 274

Note: ** Correlations are significant at the 0.01 level (two-tailed). * Correlation is significant at the 0.05 level (two-tailed). Y, X, X,, X3, X4, Xs, X,
X7, Xg and Xq denote the change between pre- and post-experiment values.

a significant positive correlation with the change in ver-
tical jump height (r=0.873, p<0.01) and the change in
30-meter run time (r=0.768, p<0.01). This can also be
observed from the scatter plots in Figure 3. Interestingly,
the change of maximum power exhibits a negative corre-
lation with the change of lower limb length (r=-0.473,
p <0.05). Moreover, the change in the maximum power

may have a little relation with the change in average
speed in 30-meter run, children’s height, body mass, waist
girth, BMI and Achilles tendon length, yielding correlation
coefficients of 0.254, —0.314, —0.105, 0.179, 0.257 and
0.161, respectively, although these correlations were not

statistically significant (p > 0.05).
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Table 8. Summary of regression models for lower limb explosive power in boys.

Modelling R R-square Adjusted R2 Standard Error Change in R2 F Significance (F)
| 794 631 613 4.30756 631 35.849 .000
2 .900 810 791 3.16542 179 42.637 .000

Note: Case |, independent variable: vertical jump X,; Case 2, independent variables: vertical jump X, and 30 meters X,.

Table 9. Regression model coefficients for lower limb explosive power in boys.

Unstandardized

Standardised

Covariance

Modelling coefficient (B) ~ Standard error  coefficient Beta t Significance  statistics tolerances  VIF
I (Constant) 4.839 1.859 2,604 017
vertical jump 1.039 174 794 5.987  .000 1.000 1.000
2 (Constant) —1.672 2.027 -.825 419
vertical jump 901 131 .689 6.862  .000 942 1.062
30 metres 18.420 4238 436 4346  .000 942 1.062

Note: Case |, independent variable: vertical jump X;; Case 2, independent variables: vertical jump X; and 30 meters X,.

3.3 Linear regression models for the lower limb
explosive power

Based on the correlation analysis results, the estimation
of lower limb explosive power was achieved using regres-
sion equations incorporating the change values of the
vertical jump height and the 30-meter sprint time. Such
regression models can help estimate the explosive power
values from the performance in exercises, without using
any specific measurement device. In the case that one
does not have the Tendo unit, he can still estimate the
power value from the jump height measured by a ruler
and the sprint time measured by a stopwatch. Stepwise
regression was employed to select significant independent
variables, eliminating non-significant variables from the
model. The fit of the regression equation model was initially
assessed using the R-square value. The results of the regres-
sion equation modelling are presented in the following
paragraphs.

As observed from Table 8, the stepwise regression
analysis using the change of explosive power as the
dependent variable, and the change in vertical jump
height, along with the change in 30-meter sprint time,
as independent variables, resulted in two regression
equation models for boys. As illustrated in Table 9,
Model 1 is AY=4.839+1.039*AX,, and Model 2 is
AY =-1.672+0.901*AX, + 18.42*AX,, where AY, AX|,
AX, denote the value change of the explosive power, the
vertical jump height and the 30-meter sprint time, respec-
tively. The R-square values for Models 1 and 2 are 0.631
and 0.810, respectively. Both models passed the F-test
(F, =35.849, p=0.000; F,=42.637, p=0.000), demon-
strating their validity in explaining the variance in explosive
power.

Similar to the case of boys, the stepwise regres-
sion analysis for girls’ explosive power used the same

dependent variable and independent variables. As can
be seen from Table 10, the R-square values of Mod-
els 3 and 4 were 0.762 and 0.872, respectively. As
shown in Table 11, Model 3 is AY =5.145 + 1.049*AX;
and Model 4 is AY =-0.574 4+ 0.777*AX, 4+ 15.893*AX,.
Both models passed the F-test (F;=64.172, p=0.000;
F,=72.845, p=0.000), indicating that the models are
valid.

3.4 Predictive models for the lower limb explosive
power based on FRBS

Two predictive models were developed to anticipate the
training outcome in advance, according to a child’s basic
information and his/her physical conditions. Both of the
FRBSs consist of 9 fuzzy rules. One model aimed to pre-
dict the increase in explosive power, while the other model
focused on predicting the increase in the 30-meter speed
during training. Both models utilised six input variables:
gender (binary variable, O represents boy and 1 represents
girl), age (years), height (cm), mass (kg), leg length (cm),
vertical jump height (cm), and training time (weeks). Sev-
enty percent of the collected data was allocated for training
the models, with the remaining 30% used for testing. The
root mean square error (RMSE) for the power model during
training and testing was 4.60 W and 5.08 W, respectively.
For the speed model, the RMSE values were 0.0770 m/sec
during training and 0.0832 m/sec during testing.

Figure 4 illustrates the prediction performance of both
models, demonstrating that the predicted outputs closely
align with the measured outputs, with the majority falling
within a 15% error band. This error band represents a
range of output values bounded by a central value +15%.
Figures 5 and 6 provide specific examples of how the
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Table 10. Summary of regression models for lower limb explosive power in girls.

Modelling R R-square Adjusted R2 Standard Error Change in 2 F Significance (F)
3 .873 762 751 3.85318 762 64.172 .000
4 941 .885 .872 2.75467 122 72.845 .000

Note: Case 3, independent variable: vertical jump X,; Case 4, independent variables: vertical jump X, and 30 meters X,.

Table 11. Regression model coefficients for lower limb explosive power in girls.

Unstandardized

Standardised

Covariance

Modelling coefficient (B) Standard error  coefficient Beta t Significance  statistics tolerances  VIF
3 (Constant) 5.145 1.704 3.020 .007
vertical jump 1.049 131 873 8.011  .000 1.000 1.000
4  (Constant) —-.574 1.763 -.326 .748
vertical jump I77 112 .647 6.964 .000 .704 1.420
30 metres 15.893 3.542 417 4.487  .000 .704 1.420

Note: Case |, independent variable: vertical jump X; Case 2, independent variables: vertical jump X; and 30 meters X,.

models predict training improvements for selected exper-
imental participants. These figures underscore the mod-
els’ effectiveness in forecasting the trajectory of training
improvements.

Figure 7 illustrates five fuzzy rules for the power model
as examples. Fuzzy rules may also be presented by linguis-
tic rules including linguistic terms (such as small or high)
and hedges (such as very or more or less). The details about
the linguistic terms can be found from the fuzzy mem-
bership functions shown in Figure 7. As an example, the
second rule in the power module R, can be represented
as follows, where the linguistic terms and hedges were
decided by observing the location and the shape of the
corresponding fuzzy membership functions:

R,: IF the gender is female, AND the age is high, AND the
height is medium, AND the mass is medium, AND the leg
length is more or less short, AND the vertical jump height
is medium, AND the training time is short, THEN the power
increase is low.

Through inspecting such linguistic rules, one may obtain
some useful knowledge about how a complex system
behaves with multiple influencing factors varying.

4 Discussion

4.1  Changes in children’s body shape and motor

qualities

Childhood represents a phase of growth and development,
characterised by rapid changes. Referring to Tables 1 and 2,
significant differences in height, mass and waist circumfer-
ence are observed between boys and girls prior to training.
Boys tend to be taller than girls, while differences in lower

limb length and Achilles tendon length are less pronounced.
This may suggest that during childhood, lower limb length
contributes proportionately more to girls’ overall height.

As shown in Tables 4 and 5, after 8 weeks of training
in this experiment, both boys and girls show improvements
in overall height, mass, lower limb length, and Achilles ten-
don length. Additionally, girls exhibit a reduction in average
BMI, whereas the decrease in boys’ BMI was less pro-
nounced (p <0.05). This indicates that physical exercise
effectively reduces BMI in girls, which is beneficial for
obese children.

4.2 Correlation between children’s lower limb
explosive power and training factors

Training focused on lower limb explosive power is closely
linked to the body’s anaerobic metabolism. Research has
shown that anaerobic exercises, such as plyometric and
sprinting, significantly enhance the explosive power of the
lower limbs by improving fast-twitch muscle fiber recruit-
ment and energy production in anaerobic pathways.?’30

The lower limb explosive power training program in
this study was designed around exercises where children
must overcome their body weight quickly, including squat
jumps, hurdle runs, vertical jumps, sprinting and folding
runs. These exercises were tailored to suit the intensity
levels appropriate for children’s growth and development
characteristics. 33132

Tables 4 and 5 illustrate that after 8 weeks of train-
ing, both boys and girls showed significant improvements
in explosive power and other performance in jumping and
running. However, as shown in Tables 6 and 7, correlations
between lower limb explosive power and body morphology
variables (such as height, mass, waist firth and BMI) were
not significant (p > 0.05). This suggests that improvements
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Figure 5. Examples of predicted maximum power using the generated fuzzy model: (a) subject 4 and (b) subject 40.

in lower limb explosive power in both genders are predom-
inantly influenced by acquired training rather than natural
developmental factors.

Moreover, exercises such as sprinting and running
involve horizontal stresses that enhance children’s abili-
ties in horizontal plane motions, acceleration, and changes
in direction. In Tables 6 and 7, correlations between
changes in lower limb explosive power and 30-meter sprint
time were observed (1, =0.602, p<0.05; ryyy=0.768,
p<0.05), suggesting a connection between lower limb
explosive power and lateral motor skills for both genders.

4.3 Estimation and prediction models for lower
limb explosive power

In this study, linear regression models have been success-
fully developed to estimate the explosive power value from
one’s performance in the training practice, such as the time
of completing a 30-meter sprint or the height in a verti-
cal jump. The models with one independent variable show
R-square values of 0.631 and 0.762, for boys and girls,
respectively, which indicate acceptable accuracy. The mod-
els with two independent variables show R-square values
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of 0.810 and 0.885, for boys and gitls, respectively, which
indicate good accuracy in prediction. Such models are very
useful for estimation of the true explosive power values, in
the case of only exercise performance known while specific
power measurement device not available.

On the other hand, another predictive model for chil-
dren’s lower limb explosive power was developed using a
fuzzy rule-based system, which can anticipate the training
outcome considering a child’s gender, age, height, mass,
limb length, vertical jump height and training duration.
This model demonstrates superior accuracy compared to
traditional multivariate linear regression equations, partic-
ularly when including additional morphological indicators.
Another advantage of this modelling paradigm is that it
offers deeper insights into the complex systems by provid-
ing linguistic IF-THEN rules. This model is very helpful for
predicting the training performance well in advance of the
training and allows one anticipate the difference in training
outcomes for different children with different age, gender,
morphometric conditions and physical conditions.

5 Conclusion

In this study, a training protocol was proposed for improv-
ing the lower limb explosive power of boys and girls aged
6-12 years through an 8-week experimental intervention.
The training regimen consisted of specific exercises includ-
ing 15-metre sprint runs, hurdle hops, squat jumps, vertical
jumps and folding runs, conducted 3 times per week. The
designed protocol worked well in a case study conducted
with Chinese children. Boys’ explosive power has increased
by 14.583 Watts (35.6%) in average and girls’ explosive
power has increased by 17.100 Watts (42.2%) in average.

Through correlation analysis, it was found that the
change of children’s explosive power was highly correlated
with the change in 30-meter sprint time. Linear regres-
sion models have been developed to estimate the explosive
power value from one’s vertical jump height, or from ver-
tical jump height and 30-meter sprint time. The obtained
models showed good accuracy in prediction, and were prac-
tical for estimation of the true explosive power values
without using any specific measurement device.

Furthermore, a fuzzy rule-based prediction model was
developed to estimate the improvement in explosive power
relative to training duration, incorporating children’s age,
height, mass, limb length, and other information. The devel-
oped model provided accurate predictions and enabled
coaches or participants to anticipate the outcomes of lower
limb explosive power training prior to initiating train-
ing programs, facilitating tailored interventions based on
individual profiles.
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