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Evaluating the impact of motor quotient
physical fitness training on health-related
fitness indicators and obesity risk in children
aged 7-8 years in Tianjin, China
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Abstract

This study aimed to evaluate the impact of Motor Quotient (MQ) physical fitness training on health-related fitness
indicators and obesity risk in children aged 7-8 years in Tianjin, China. A total of 60 obese participants were
randomly divided into an experimental group (N=30) and a control group (N=30). The intervention program
focused on improving children’s physical, behavioral, and task-related capabilities through structured MQ training.
Key results indicated that the experimental group demonstrated significant improvements in Body Mass Index
(BMI), with a reduction from 21.28+1.15 kg/m’ to 18.86+1.24 kg/m’ for boys (p<0.001) and from 21.04+1.54 kg/
m’ to 17.47+1.07 kg/m? for girls (p<0.001). Physical performance metrics improved substantially, including
enhanced 2x30 m Shuttle Run times (boys: +12.97%, girls: +13.96%, both p<0.001) and increased Plank duration
(boys: +41.36%, girls: +35.26%, both p<0.01), reflecting improved cardiovascular endurance and core strength.
Significant gains were also observed in task-related motor skills, such as Hand-eye Coordination, Behavior Imitation,
and Reaction capability (all p<0.001). Behavioral adaptations included higher scores in exercise behavior (p<0.01),
while strong correlations were found between BMI and cardiovascular fitness indicators, such as the 20 m
Backward Run (r=0.974, p<0.001). These findings highlight the effectiveness of MQ training in reducing obesity risk
and improving multidimensional fitness outcomes. The program demonstrates significant potential as a practical
and evidence-based strategy to promote health-related fitness and motor development in children.
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Introduction

Childhood obesity is a major global public health chal-
lenge [1, 2]. Historically, China boasted one of the lean-
est populations globally; however, a concerning shift has
occurred. National statistics show a progressive climb in
the prevalence of overweight and obesity among school-
age children in China, escalating from less than 3.0% in
1985, to 5.3% in 1995, and startlingly reaching approxi-
mately 20.0% by 2020 [3, 4]. Furthermore, recent projec-
tions depict a concerning trend, anticipating a significant
increase in overweight and obesity rates among Chinese
children and adolescents aged 7-18 years, with estimates
reaching 32.7% by 2030 [5]. Obesity is a chronic disease
with far-reaching implications. It is associated with a
myriad of health problems, including cardiovascular dis-
ease, type 2 diabetes, high blood pressure, chronic liver
disease, musculoskeletal problems, and a range of psy-
chological disorders such as depression and anxiety and
low self-esteem [6, 7]. Moreover, the mental well-being of
children is often compromised as obesity renders them
susceptible to stigmatization, social isolation, binge eat-
ing [8], discrimination and bullying [6, 9].

Tacking childhood obesity in China is a multifaceted
endeavor necessitating a concerted effort among fami-
lies, schools, public health agencies, healthcare provid-
ers, and government entities. In this vein, public policies
and environmental interventions are pivotal in promot-
ing healthier nutritional and physical activity choices for
children [1, 4]. Among the myriad strategies, the positive
impact of sports and physical fitness training on children
and adolescents’ metabolic activity, obesity reduction,
and psychological well-being is well-documented. Exer-
cise, a structured form of physical activity, plays a vital
role in public health by preventing and treating a vari-
ety of physical conditions including obesity, metabolic,
and cardiovascular diseases [10]. Physical fitness train-
ing, extended physical activity, is shown to have favorable
effects on body composition, muscular fitness, cardiore-
spiratory fitness, and is associated with better psycholog-
ical well-being, including reduced psychological distress
and enhanced optimism and self-esteem in overweight/
obese children [11]. Engaging in physical activity from
a young age plays a significant role in preventing over-
weight and obesity during childhood, adolescence, and
even into adulthood [12].

The concept of physical fitness entails a person’s adapt-
ability to a variety of physical activities, and it plays a
significant role in aiding obesity reduction by accelerat-
ing metabolism, promoting fat burn, and reducing body
fat accumulation [13]. Pursuing physical fitness through
exercise can improve several metabolic risk factors inde-
pendently of weight loss, offering substantial health ben-
efits to obese and overweight individuals [14].
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With the growing problem of childhood obesity in
recent years, more and more research has begun to focus
on the role of physical education programs in alleviat-
ing childhood obesity. According to a study published in
the journal Biology [15], a structured physical education
program has a significant positive impact on weight man-
agement and overall health in obese children. The study
noted that regular participation in physical activity was
effective in reducing the body mass index (BMI) of obese
children while improving their cardiovascular health and
metabolic markers. In addition, physical education pro-
grams not only work on a physical level but also bring
about positive changes on a psychological and social level
[8]. Obese children who participate in physical activity
show higher self-esteem and self-confidence, reducing
the psychological stress associated with weight problems.
This overall health enhancement helps obese children to
better integrate into society, enhancing their social skills
and teamwork. Therefore, physical education courses
provide a comprehensive health intervention program
for obese children by increasing physical activity, improv-
ing metabolic function and enhancing psychological
well-being. These physical education programs not only
help to reduce weight but also promote the overall devel-
opment of children and lay a solid foundation for their
future health. Gender is an important factor influencing
physical function in adolescents. Studies have shown that
due to differences in developmental rates between gen-
ders, adolescents of different sexes exhibit significant
differences in motor function and physical activity per-
formance [16].

Motor Quotient (MQ) was first proposed in the 1980s
and was initially used as a means of early screening for
delays in motor skill development, based on the finding
that motor skills are interrelated and thus allow for ear-
lier detection of motor delays. Arnold J. et al. revised it
by substituting a measure of age at attainment of optimal
motor performance for the measure of optimal motor
performance at screening [17]. Scientists worldwide have
used this method to conduct studies on motor skills,
motor performance, and related topics. Numerous stud-
ies have demonstrated a strong correlation between the
Motor Quotient and the development and maintenance
of motor skills, motor performance, and motor ability,
and the Motor Quotient plays a critical role in under-
standing and improving motor skills and performance.
As researchers continue to explore this relationship, it is
apparent that the Motor Quotient can serve as a valuable
tool for assessing and improving motor skills in diverse
populations, especially for children [18, 19]. Chinese
research on Motor Quotient is exemplified by Wang
Zongping, who created a Motor Quotient assessment
scale for Chinese children by considering the develop-
mental characteristics of their motor skills, along with
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Chinese physical education scenarios and physical fitness
monitoring needs [20].

MQ seeks to elevate the importance of consistent
physical activity and embed a culture of lifelong sports
engagement. MQ offers a holistic understanding of an
individual’s physical attributes, including inherent talent,
physical quality, sports psychology, and more [21].

The combination of physical training and MQ is an
effective way to improve children’s health and athleticism.
The MQ emphasizes the comprehensive development of
motor skills and physical fitness. Through physical train-
ing, children’s muscle strength, endurance, agility and
flexibility can be enhanced, laying the foundation for the
improvement of motor quotient. For example, strength
training not only significantly improves participants’
muscle strength, but also significantly improves motor
coordination, including balance, agility and dynamic
stability. Research has shown that strength training
promotes motor skill refinement and coordination by
enhancing neuromuscular control and recruitment of
motor units [22]. At the same time, improved MQ in turn
promotes the effectiveness of physical training, making
children more confident and efficient in sport. For exam-
ple, when designing training programs, fun sports games
can be combined with physical fitness exercises to stimu-
late children’s interest and increase their participation.
This complementary training approach not only helps
to improve children’s physical fitness, but also develops
their interest and habits in sports, laying the foundation
for lifelong sports.

Research indicates a link between obesity and dete-
riorating motor skills, suggesting that early interventions
focusing on MQ could potentially boost children’s physi-
cal activity levels and overall fitness [23, 24]. Enrichment
of motor skill reserves and good motor performance can
have a positive effect on children’s physical activity and
physical activity levels, and thus have a good intervention
effect on childhood obesity [24].

Numerous studies show associations between the MQ
and motor performance, physical activity, and obesity.
However, there are few direct interventions for MQ and
obesity. This study evaluated the effects of MQ-based
physical fitness training on 7-8-year-old obese children
in Tianjin, China. Through a 13-week intervention, we
aimed to explore the effects on physical performance
indicators to reveal the potential of physical training in
mitigating the risk of childhood obesity. This study cre-
ates a fun physical activity program with a motivational
quotient and observes the intervention effects from a
motor quotient perspective on obese children to eluci-
date the potential of physical fitness training in reducing
childhood obesity. This provides support for the appli-
cation of physical fitness training program in childhood
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obesity intervention, with important theoretical and
practical implications.

Materials and methods

Research object

This study employed a stratified random sampling
method. Height and weight measurements were con-
ducted using a free-standing stadiometer. The research
focuses on the body mass index (BMI) calculation
method and the overweight and obesity thresholds for
school-age children, as defined in the Chinese health
industry standard WS/T586-2018 “Screening for Over-
weight and Obesity in School-Age Children and Adoles-
cents,” issued on February 23, 2018 [25]. For boys aged 7,
the obesity threshold for BMI is set at 17.7, while for girls
of the same age, it is 17.5. At the age of 8, these thresh-
olds rise to 19.7 for boys and 19.4 for girls. The detailed
process of stratified random sampling was as follows: (1)
The researchers divided the obese children into groups
of boys and girls according to gender. Then, 15 boys and
15 girls were randomly selected from each group using a
random number generator to ensure that the sample was
balanced in terms of gender. (2) The researchers used
SPSS to generate random numbers. Each obese child was
assigned a unique number and then sorted according to
the order of the size of the random numbers, selecting
the top 15 boys (mean BMI=21.3 kg/m?) and the top 15
girls (mean BMI=21.1 kg/m?) into the experimental and
control groups. (3) The list of 60 obese children screened
was validated to ensure that they met the inclusion crite-
ria for the study. Children with other chronic diseases or
unfit for physical activity were excluded. (4) The 60 obese
children were randomly divided into an experimen-
tal group and a control group of 30 children each. The
experimental group underwent MQ physical training for
13 weeks, while the control group participated in regu-
lar physical activities at school. Considering the subject
children’s normal participation in physical fitness moni-
toring and physical education classes at school, the study
conducted individual interviews with parents about the
health status of the subject children to ascertain that the
subject children had no other health problems.

Ethics approval

Informed consent was obtained from all participants
before the study. The research adhered to the Declaration
of Helsinki, and the protocol was approved by the Ethics
Committee of Tianjin Normal University, China (Approval
No. 2023102301) on October 23rd, 2023. Consent forms
were signed by the parents or guardians of all child par-
ticipants, agreeing to their involvement in the study, with
all information being treated with strict confidentiality.
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Intervention

The course training occurs four times weekly, incorporat-
ing MQ elements into its exercise methods. In planning
the content and intensity of MQ fitness training, we ref-
erenced the CDC’s requirements for effective modes and
intensities of physical activity for 7- to 8-year-old [26],
used moderate- or vigorous-intensity aerobic exercise,
and controlled the overall session load density with target
heart rate measurements in the trials [27], all of which
were conducted under instructor supervision and in a
safe environment. The physical fitness training program
consists of four distinct parts.

The first section, the warm-up exercise, spans 10 min
and includes various activities such as running exercises
and simple stretching under the supervision of a physical
fitness coach.

The second segment, lasting 20 min, is dedicated to
sports quality exercise. This part concentrates on teach-
ing children’s various sports skills, including basketball,
volleyball, soccer, and shot-put. It also aims to boost their
basic physical fitness, encompassing strength, speed,
endurance, and multiple sensory abilities like agility, bal-
ance, and coordination.

(c) The third part involves team sports games,
occupying 10 min.

(d) The final section, spanning 5 min, consists of
relaxation activities. In this section, the physical
fitness coach leads children stretching and relaxing
their entire body muscles.

Subjects in the experimental group completed an 8-week
MQ physical fitness program, with four sessions per
week, each lasting at least 45 min. The collective practice
density should not be lower than 75%, while the individ-
ual practice density should be maintained at no less than
50%. The control group followed the regular physical
education curriculum of the school, which was designed
in accordance with the Compulsory Education Physical
Education and Health Curriculum Standards (2022 Edi-
tion) [28].

Experimental group subjects were instructed not to
engage in any other training during the 13-week experi-
ment, which included 2 weeks of screening, 1 week of
pre-experiment, 1 week of pre-test, 8 weeks of interven-
tion, and 1 week of post-test. The physical education
instructors involved in the intervention were blinded
to the specific research hypotheses and received train-
ing solely on the exercise intervention protocols. The
project has established a collaborative relationship with
the school where the experiment was conducted. After
obtaining explicit consent from the guardians of the
participants, the school coordinated the scheduling
to ensure the smooth progress of the study and the full
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participation of the subjects. To enhance the motivation
and compliance of the participants, the project team pro-
vided small gifts to those who fully participated in the
intervention on a weekly basis.

Result measurement and evaluation indicators

The evaluation system in this study is based on the New-
ell model [20]. A consensus among twelve field experts
confirmed that the scale’s content is relatively inde-
pendent and effectively represents the development of
motor abilities in children. The scale encompasses mul-
tiple dimensions, including physical fitness (e.g., strength,
endurance, speed, flexibility, and agility), motor skills
(both fundamental and specialized), sports psychology
(e.g., motivation, self-confidence, and teamwork), and
behavioral performance (e.g., exercise habits and atti-
tudes). The scale was developed through a structured
process involving theoretical foundation, item design,
sample testing, data analysis, and optimization, exhibit-
ing strong reliability and validity with internal consis-
tency reliability coefficients (Cronbach’s Alpha) ranging
from 0.6 to 0.8 across different age groups and genders.
The measurement scale comprises three dimensions:
Body Quotient, Behavioral Quotient, and Task Quotient,
with an accompanying distribution map of MQ tasks and
measurement indicators.

The body quotient dimension integrates various refer-
ences, such as the Chinese student physical health stan-
dards, FITNESSGRAM, ACSM exercise testing, and
exercise prescription guidelines. It comprises seven test-
ing indicators: BMI, strength, speed, endurance, agility,
flexibility, and balance. The behavioral quotient dimen-
sion employs a questionnaire specifically designed for
7-8-year-old children, created by the research team. This
questionnaire, drawing from resources like the Inter-
national Physical Activity Scale [29], Exercise Behavior
Scale [30], and Exercise Attitudes and Beliefs Scale [31].
For the questionnaire comprises 20 questions, high cor-
relation coefficients—0.93 for exercise behavior, 0.93 for
exercise psychology, and 0.97 for living labor—indicate
the questionnaire’s high reliability. In the task quotient
dimension, the action development test is based on the
Peabody motor development scale [32] and the assess-
ment for the development of large muscle groups, among
others.

Statistical analysis

Descriptive statistics were utilized to present the anthro-
pometric data and task quotient test results, including
mean values, standard deviation, minimum, and maxi-
mum. The normality of the BMI distribution in obese
children was initially confirmed. An independent samples
t-test, post-hoc Anova analysis was conducted to investi-
gate gender differences within the sample. Subsequently,
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the pre- and post-intervention task quotient indicators
for both genders were analyzed to assess the interven-
tion’s effectiveness and identify potential gender-based
disparities. Additionally, a correlation analysis using
Pearson’s coefficient was performed to explore the rela-
tionship between BMI and motor quotient indicators. All
analyses were conducted with a significance level set at
p<0.05, using SPSS 29.0 software.

Results

Comparison of test results between two groups of children
before and after the experiment

The present study investigated the effects of interven-
tion on children’s physical, behavioral, and task-related
capabilities through a comprehensive assessment frame-
work. Statistical analysis using independent t-tests
revealed significant differences between the experi-
mental (N=30) and control groups (N=30) across mul-
tiple dimensions (Table 1). In terms of Body Quotient
indicators, the experimental group demonstrated sub-
stantial improvements post-intervention. Body Mass
Index (BMI) showed a significant reduction in the
experimental group (18.16+1.34 kg/m?®) compared to
the control group (21.14+1.2 kg/m? t=9.044, p<0.01).
Physical performance metrics exhibited notable enhance-
ments, including 2x30 m shuttle run (experimental:
21.22+1.53 vs. control: 23.99+1.2; t=7.821, p<0.01),
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plank exercise duration (experimental: 18.03+4.58 vs.
control: 13.04 + 3.65; t=-4.67, p<0.01), sit and reach flex-
ibility (experimental: 3.27 +1.21 vs. control: 2.53 +1.40;
t=-2.197, p<0.05), and 20 m backward run (experimental:
22.86+1.57 vs. control: 24.20+0.95; t=4.005, p<0.01).
Regarding Behavioral Quotient measurements, signifi-
cant improvements were observed in exercise behav-
ior (experimental: 23.93+2.38 vs. control: 22.50 +0.94;
t=-3.072, p<0.01) and living labor capabilities (experi-
mental: 11.07+0.91 vs. control: 11.53+0.63; t=2.316,
p<0.05). These findings suggest enhanced behavioral
adaptation and motor learning outcomes in the experi-
mental group. Task Quotient analysis revealed significant
advancements in multiple domains. The experimental
group showed superior performance in arm-up squat
(4.00+£0.59 vs. 2.67+0.48; t=-9.633, p<0.01), hand-
eye coordination (3.97+0.67 vs. 3.00+£0.53; t=-6.227,
p<0.01), behavior imitation (3.97+1.03 vs. 3.03+0.41;
t=-4.592, p<0.01), specialized skills (3.70+0.53 wvs.
2.93+0.52; t=-5.624, p<0.01), and reaction capability
(3.40+0.86 vs. 2.67+0.61; t=-3.832, p<0.01). Notably,
several parameters including one-minute rope skipping,
throw solid balls, exercise psychology, ball handling,
lunge squat, and dynamic context showed no statistically
significant differences between groups (p>0.05). These
findings collectively demonstrate that the intervention
protocol effectively enhanced multiple aspects of physical

Table 1 T test results of two groups of children before and after the experiment

Before the Experiment

After the Experiment

Test Indicators Control Experimen- F t p Control Experimen- F t p
Group tal Group Group tal Group
(N=30) (N=30) (N=30) (N=30)
Body BMI(kg/m?) 2127127  21.16+134 0058 0326 0746 21.14+£12 18.16+1.34 0.147  9.044 0.000**
Quotient 2x30m ShuttleRun 24.30+1.26  2453+148 0242 -0630 0531 2399+12 21.22+153 0503 7.821 0.000**
Plank 13.10£3.73  13.02+458 0857 0.071 0944 13.04+3.65 1803+4.58 1494 -467 0.000**
One-minute Rope  2280+5.12 23.13+570 0.040 -0.238 0812 2353+503 258+507 0.021 -1.738 0.088
Skipping
Sit and Reach 2.60+1.63 248+2.19 1571 0241 0811 253+140 327+1.21 0.092 -2.197 0.032*
Throw Solid Balls 230+043 230+2.19 0.000 0.000 1.000 242+045 244+040 0323 -0.183 0.855
20m Backward Run 24.33+1.17  2427+096 1443 0205 0.838 2420+£095 2286+1.57 4468 4.005 0.000**
Behav-  Exercise Behavior  2237+1.17 2427+096 0001 0309 0.758 22.50+094 2393+238 26498 -3.072 0.004**
ioral Exercise 2263+£093  2267+109 0595 -0.127 0.899 2263+£056 22.13+143 12040 1.783 0.083
Quotient  psychology
Living Labor 11.37+0.81 11.23+1.01 1360 0.566 0574 11.53+£063 11.07+091 3425 2316 0.024*
Task Arm-up Squat 2.87+0.51 2.93+0.52 0.125 -0.502 0617 267+048 4.00+0.59 1450 -9.633 0.000**
Quotient B3|l Handling 1.67+048 1.60+0.50 1.069 0528 0599 1.77+050 1.67+066 4960 0659 0513
Hand-eye 3.17+0.53 3.33+0.88 8119 -0.885 0380 3.00+0.53 397067 2325 -6.227 0.000**
Coordination
Behavior Imitation 3.10+0.61 3.20+0.76 4245 -0.562 0576 3.03+041 3974103 27485 -4.592 0.000**
Specialized Skills 2.70+047 2.70+0.53 0.683 0.000 1.000 293+0.52 3.70+0.53 3.128 -5.624 0.000**
Lunge Squat 1.93+0.52 1.70+047 1.728 1892 0073 2.10+055 1974049 0929 0.99%4 0.325
Dynamic Context ~ 1.67+0.55 1.60+0.56 0326 0465 0644 1.73+058 1531057 0473 1342 0.185
Reaction 240+0.50 240+0.81 6.197  0.000 1.000 2.67+061 3.40+0.86 3.896 -3.832 0.000**

Note: *p<0.05, **p<0.01
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Table 2 Post-hoc Anova result between two groups before and
after the experiment

Test Indicators F p

Body Quotient BMI 41.373 <0.001%*
2x30 m Shuttle Run 37.900 <0.001**
Plank 10.732 <0.001**
One-minute Rope 2010 0.116
Skipping
Sit and Reach 1.521 0.213
Throw Solid Balls 0.902 0443
20 m Backward Run 10.544 <0.001**

Behavioral Quotient Exercise Behavior 7.627 <0.001**
Exercise Psychology 1.781 0.155
Living Labor 1633 0.186

Task Quotient Arm-up Squat 39.110 <0.001**
Ball Handling 0.485 0.694
Hand-eye Coordination 11.993 <0.001**
Behavior Imitation 10.297 <0.001**
Specialized Skills 25418 <0.001**
Lunge Squat 3.229 0.025%
Dynamic Context 0.693 0.558
Reaction 13339 <0.0071**

Note: *p<0.05, **p<0.01

fitness, behavioral adaptation, and task-specific perfor-
mance capabilities, particularly in areas requiring com-
plex motor control and coordination. The results provide
compelling evidence for the efficacy of the implemented
intervention strategy in improving children’s overall
physical and behavioral development.

The post-hoc ANOVA analysis revealed signifi-
cant differences between the two groups across mul-
tiple dimensions (Table 2). In terms of Body Quotient,
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significant differences were observed in BMI (F=41.373,
p<0.001), 2x30 m Shuttle Run (F=37.900, p<0.001),
Plank (F=10.732, p<0.001), and 20 m Backward Run
(F=10.544, p<0.001). However, One-minute Rope Skip-
ping, Sit and Reach, and Throw Solid Balls showed no sig-
nificant differences between groups (p >0.05). Within the
Behavioral Quotient category, Exercise Behavior demon-
strated significant differences (F=7.627, p<0.001), while
Exercise Psychology and Living Labor showed no signifi-
cant differences between groups (p >0.05). The Task Quo-
tient analysis revealed significant differences in several
parameters: Arm-up Squat (F=39.11, p<0.001), Hand-
eye Coordination (F=11.993, p<0.001), Behavior Imita-
tion (F=10.297, p<0.001), Specialized Skills (F =25.418,
p<0.001), and Reaction (F=13.339, p<0.001). Lunge
Squat showed moderate significance (F=3.229, p<0.05),
while Ball Handling and Dynamic Context showed no
significant differences between groups (p >0.05).

Comparison of test results for children of different genders
Table 3 presents the MQ Indicator Test results for
boys in the experimental group after the interven-
tion (N=15). Significant improvements were observed
in several key indicators. The Body Mass Index (BMI)
decreased from 21.28 + 1.15 kg/m” before the experiment
to 18.86+1.24 kg/m?* afterwards, representing a reduc-
tion of 11.40% (p <0.001). The 2 x 30 m Shuttle Run time
improved significantly, with the average time dropping
from 23.69+0.68 to 20.62+0.99, a 12.97% increase in per-
formance (t=11.152, p<0.001). Additionally, the Plank
performance showed a notable increase from 13.34 +4.46
to 18.86+5.85, demonstrating a 41.36% improvement

Table 3 MQ Indicator Test results of boys in the Experimental Group after the experiment(N=15)

Test Indicators Before the Experiment  After the Experiment t p Significant Increase Rate
Body Quotient BMI(kg/m?) 21.287+1.146 18.86+1.243 19.753  0.000**  -11.40%
2 %30 m Shuttle Run 23.693+0.682 20.62+0.986 11.152  0.000** 12.97%
Plank 13.347+4457 18.867 +5.847 -4403  0.001**  41.36%
One-minute Rope Skipping 24.467+5.939 28.333+£4.169 -2591  0.021* 15.80%
Sit and Reach 1.533+£2214 3407 +1.499 -3.622  0.003**  122.24%
Throw Solid Balls 2.367+0.564 23410414 0.156  0.879
20 m Backward Run 24.827+0.811 23.593+£1425 5.486 0.000**  4.97%
Behavioral Exercise Behavior 22.8+0.862 25+245 -3.696  0.002**  9.65%
Quotient Exercise Psychology 22933+0.799 224+1.682 1258 0229
Living Labor 11.267+1.033 11.067+1.033 0.509 0.619
Task Quotient  Arm-up Squat 3.067+0.258 4.133+0.64 -5.87 0.000**  34.76%
Ball Handling 1.6+0.507 1.733+£0.594 -0.564 0582
Hand-eye Coordination 3440633 44+0.507 -4583  0.000** 29.41%
Behavior Imitation 3.533+0516 4.133£1.06 -1.964  0.07
Specialized Skills 2.667+0.488 3.733+0458 -16 0.000**  39.97%
Lunge Squat 1.933+0.258 2.067+0458 -1 0.334
Dynamic Context 1.533+£0.516 1.6+0.507 -0.323 0751
Reaction 2467+0.834 3467+0916 -3.623  0.003**  40.54%

Note: *p<0.05, **p<0.01
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(t=-4.403, p=0.001). Furthermore, the One-minute
Rope Skipping improved by 15.80% (p=0.021), and the
Sit and Reach test indicated a remarkable enhancement
of 122.24% (p=0.003). Similarly, Table 4 illustrates the
MQ Indicator Test results for girls in the experimental
group (N=15). The average BMI decreased significantly
from 21.04+1.54 kg/m® to 17.47+1.07 kg/m? mark-
ing a substantial 16.98% reduction (t=5.802, p<0.001).
The 2x30 m Shuttle Run times also demonstrated sig-
nificant improvement, decreasing from 25.36+1.60 to
21.82+1.76, yielding a 13.96% enhancement (t=5.338,
p<0.001). Additionally, the performance in the Plank
was notably enhanced, increasing by 35.26% (t=-2.989,
p=0.010). A significant improvement was noted in
the Throw Solid Balls test, with scores rising by 13.39%
(p=0.008). These results indicate that the intervention
program was effective in enhancing various physical per-
formance indicators for both boys and girls in the experi-
mental group.

Analysis of association factors for the effect of the MQ
training program on BMI values in obese children

The correlation analysis revealed significant associations
between Movement Quotient (MQ) training factors and
Body Mass Index (BMI) among obese children. Within
the Body Quotient domain, cardiovascular endurance
indicators demonstrated strong positive correlations
(Table 5). In the Body Quotient dimension, One-minute
Rope skipping demonstrated a strong positive correla-
tion with BMI across all participants (r=0.968, p <0.001),
with similar strong correlations observed in both boys
(r=0.947, p<0.001) and girls (r=0.984, p<0.001). The
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20 m Backward Run also showed a robust positive cor-
relation with BMI (r=0.974, p <0.001), maintaining con-
sistency across gender groups (boys: r=0.988, p<0.001;
girls: r=0.947, p<0.001). Conversely, the 2x 30 m Shut-
tle Run exhibited a weak negative correlation with BMI
in the total sample (r=-0.352, p<0.05). Regarding the
Behavioral Quotient, Exercise Behaviors demonstrated a
moderate to strong positive correlation with BMI in the
total sample (r=0.681, p<0.001) and particularly among
boys (r=0.732, p<0.001), while no significant correlation
was found among girls (p>0.05). Within the Task Quo-
tient category, several indicators showed significant cor-
relations: Hand-eye Coordination (r=0.922, p<0.001),
Behavior Imitation (r=0.796, p<0.001), and Arm-up
Squat (r=0.425, p<0.05) all demonstrated positive corre-
lations with BMI in the total sample. Notably, these cor-
relations remained consistent across gender groups for
Hand-eye Coordination (boys: r=0.889, girls: »r=0.916,
both p<0.001) and Behavior Imitation (boys: r=0.856,
girls: r=0.838, both p<0.001). Other indicators within
the Task Quotient dimension, such as Ball Handling,
Specialized Skills, and Dynamic Context, showed no sig-
nificant correlations with BMI (all p > 0.05).

Discussion

Childhood obesity remains a critical global public health
issue, particularly due to its long-term health risks and
rising prevalence. This study highlights the significance
of Motor Quotient (MQ) physical fitness training as an
effective intervention for improving health-related fitness
indicators in obese children aged 7-8 years. By demon-
strating significant improvements in key fitness metrics

Table 4 MQ Indicator Test results of girls in the Experimental Group after the experiment(N=15)

Test Indicators Before the Experiment After the Experiment t p Significant Increase Rate
Body Quotient BMI(kg/m?) 21.04+1.542 17467 £1.068 5.802 0.000** -16.98%
2% 30 m Shuttle Run 2536+£1.599 21.82+1.759 5338 0.000** 13.96%
Plank 12.707 +4.83 17.187+2.779 -2989 0.01*  35.26%
One-minute Rope Skipping 21.8+5308 23.267+4.713 -0721 0483
Sit and Reach 342+1.766 3.133+£0.853 0496 0.627
Throw Solid Balls 224+0.22 25440372 -3059 0.008** 13.39%
Behavioral Quotient 20 m Backward Run 23.713+0.76 22.127+1.381 4.047 0.001** 6.69%
Exercise Behavior 21.733+1.438 22.867+1.807 -1568 0.139
Exercise Psychology 224+1298 21.867+1.126 1.169 0262
Task Quotient Living Labor 11.2+1.014 11.067+£0.799 0435 0670
Arm-up Squat 28+0.676 3.867+0.516 -4000 0.001** 38.11%
Ball Handling 1.6+0.507 1.6+0.737 0.000 1.000
Hand-eye Coordination 3.267+1.1 3533+0516 -0695 0.499
Behavior Imitation 2.867+0.834 38+1.014 -2064 0.058
Specialized Skills 2.733+£0.59%4 3.667+0.617 -4.09 0.001** 34.17%
Lunge Squat 14670516 1.867+0.516 -1.871 0.082
Dynamic Context 1.667+0.617 1.467+0.64 0.823 0424
Reaction 2.333a+£0817 3.333a+£0.817 - -

Note: *p<0.05, **p<0.01
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Table 5 Pearson correlation analysis of MQ training factors and BMI in obese children

Test Indicators with BMI Pearson Correlation Sig.

Total Boys Girls Total Boys Girls

Body Quotient 2% 30 m Shuttle Run -0.352*% -0.098 -0.254 0.028 0.364 0.181
Plank 0.099 0.042 -0.103 0.302 0.441 0.358
One-minute Rope skipping 0.968** 0.947** 0.984** 0.000 0.000 0.000
Sit and Reach 0.195 0.128 0233 0.151 0325 0.202
Throw Solid Balls -0.009 0174 0.126 0482 0.267 0327
20 m Backward Run 0.974** 0.988** 0.947** 0.000 0.000 0.000

Behavioral Quotient Exercise Behaviors 0.681** 0.732%* 0.349 0.000 0.001 0.101
Exercise Psychology 0.094 0.128 -0.242 0310 0.325 0.193
Living Labor -0.006 -0.131 0.179 0487 0320 0.262

Task Quotient Arm-up Squat 0425* 0.537* 0.121 0.010 0.019 0334
Ball Handling -0.006 0.207 -0.336 0.486 0.229 0.110
Hand-eye Coordination 0.922%* 0.889%* 0.916** 0.000 0.000 0.000
Behavior Imitation 0.796** 0.856** 0.838** 0.000 0.000 0.000
Specialized Skills -0.122 -0.083 -0.278 0.261 0.385 0.158
Lunge Squat 0.124 0.156 -0.125 0.257 0.290 0.328
Dynamic Context 0.008 0.154 -0.268 0482 0.292 0.167
Reaction -0.101 0215 -0.109 0.298 0.221 0.349

Note: *p<0.05, **p<0.01

such as agility, strength, and flexibility after a structured
13-week MQ program, this research underscores its
practical implications for combating childhood obesity
within school environments. Theoretically, it contributes
new insights into the relationship between targeted fit-
ness programs and obesity-related health variables, offer-
ing a valuable framework for early intervention strategies
in similar populations. These findings emphasize the
need for further research with larger samples to explore
the long-term impact and scalability of MQ training in
diverse educational settings.

Designing MQ training programs to improve physical
fitness in obese children

Obesity among children has emerged as a serious public
health threat, increasing morbidity risk while simulta-
neously diminishing quality of life. Studies demonstrate
the devastating consequences of sedentary lifestyles on
this population’s physical development, with numer-
ous reports documenting its negative influence. Studies
confirming its detrimental impact both physically and
psychosocially are numerous. Zongping Wang’s Motor
Quotient (MQ) training program serves as the corner-
stone for improving physical fitness of obese children.
This program stresses the significance of recogniz-
ing and developing students’ motor quotient to unlock
their athletic potential, advocating the necessity of con-
sistent physical activity as part of an overall sports cul-
ture that honors life-long participation [20]. The MQ
Training program represents an innovative solution to
increase multidimensional physical fitness while decreas-
ing child obesity. Optimizing the design and delivery of

such programs merits further discussion, particularly
as regards meeting the unique needs of obese pediatric
cohorts. A key design principle should be targeting spe-
cific aspects of fitness that have been most compromised
due to obesity. Obese children tend to show reduced
strength, motor skills, agility, flexibility and cardiovas-
cular endurance compared with their leaner peers [33,
34]. Combining continuous aerobic activity to increase
peak VO2, along with resistance training, motor skills
exercises, and stretching as part of an integrated fitness
approach offers a strategic way of combatting obesity-
related fitness deficits [35]. Beyond fitness outcomes, MQ
programming must address the negative psychosocial
correlates of pediatric obesity to maximize adherence and
health benefits. Obese children are disproportionately
prone to low self-efficacy, negative body image, and peer
victimization, all of which militate against participation
in physical activity [36]. Sensitively structured sessions
that focus on enjoyment, inclusion, and cooperation can
overcome these barriers, as can family-based initiatives
to cultivate support [37]. Key design considerations of
MQ obesity interventions for MQ cohorts should cen-
ter around optimizing training frequency, intensity and
duration - though no consensus exists as of yet regard-
ing optimal sessions for obese cohorts, it appears 3-5
weekly 30- to 60-minute training sessions may provide
the greatest return [38]. Moderate-to-vigorous intensity,
eliciting 60-90% of maximal heart rate, prevents overex-
ertion while stimulating cardiorespiratory and metabolic
adaptations [39]. Such programming parameters help to
strike a balance between efficacy and feasibility. In this
context, the Motor Quotient (MQ) training program,
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as highlighted by Zongping Wang, emphasizes the rec-
ognition of the motor quotient to enhance the athletic
potential of Chinese children, emphasize the importance
of regular physical activity, and promote a culture of life-
long sports participation. The design of the training pro-
gram within the MQ paradigm was carefully tailored to
address both the physical fitness and MQ assessments.
The physical fitness assessment consisted of a series of
seven observational measures, namely body mass index
(BMI), a 2 x 30 m shuttle run, a one-minute jump rope, a
plank hold, a seated forward bend, an in-place medicine
ball throw, and a 20 m backward run. These tests were
carefully selected to provide a comprehensive assess-
ment of the children’s physical abilities, such as strength,
speed, endurance, coordination, and flexibility, thus pro-
viding a nuanced understanding of their fitness profiles
[40]. Recent research by Xu et al. has described a non-
linear relationship between weight status and physical fit-
ness, showing that both underweight and obese children
and adolescents have lower levels of physical fitness com-
pared to their normal weight counterparts, underscoring
the complexity of the relationship between body compo-
sition and physical performance [41]. The MQ training
program is not monolithic, but rather consists of a vari-
ety of modalities, including both dynamic and isometric
exercises, carefully curated to enhance coordination and
agility. This multifaceted approach has borne fruit, as evi-
denced by significant improvements in lower extremity,
upper extremity, and core strength. Accompanying these
physical improvements were observable gains in coordi-
nation and agility, which may collectively contribute to
increased physical fitness and enriched quality of life for
the obese pediatric cohort. These findings lend credence
to the proposition that integrated training methodologies
are instrumental in mitigating the challenges posed by
childhood obesity.

Overall, MQ training program represents an innova-
tive paradigm shift in its approach to childhood obesity
by going beyond traditional exercise programs to fos-
ter holistic development of physical and motor skills.
Empirical evidence collected so far supports expansion
and continuation of such programs to bring significant
and long-lasting improvements in children with obesity’s
health trajectories.

The effect of MQ training programs on BMl in obese
children
According to the results of this study, exercise program
has shown some effect in improving children’s BMI, as
well as potentially having a positive impact on children’s
cognitive and learning abilities at that age.

This study suggests that training methods based on
basic motor skills such as running backwards, jumping
rope and throwing a solid ball may be more advantageous
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in improving children’s physical and mental ability to per-
form specific movements, but there is a lack of direct evi-
dence that these methods are more effective than other
training programs. This is because interventions in rel-
evant studies typically include multiple training modali-
ties, and the effectiveness of each training method has
not been compared individually.

These activities focus on fundamental motor skills
crucial for children’s physical development, making
them more accessible and impactful in this age group
(Table 5). In contrast, team-based, rule-bound programs
like the Lucky Spin, which require a deeper understand-
ing and processing of information and rely on collabora-
tive efforts, may not be as effective within the constraints
of limited classroom practice. Research indicates that
insufficient physical activity, especially in conjunction
with obesity, can lead to poor health-related fitness and
reduced confidence in participating in sports and physi-
cal activities [42, 43]. However, enhancing motor skills
through tailored physical activities can boost a child’s
motivation for physical engagement, often accompanied
by improved self-esteem and enjoyment [44].

The impact of various exercise interventions on Body
Mass Index (BMI) in obese children highlights the effi-
cacy of activities that focus on enhancing fundamental
motor skills appropriate for their age group. The study
showed that individual exercises, such as the 20 m back-
ward run and the one-minute rope skipping, significantly
outperformed multiple program combinations. These
exercises, which require singular execution, place high
demands on specific physical attributes that are crucial
at this developmental stage. The importance of various
types of exercises, including weight lifting and aerobic
exercise, in positively impacting BMI is well established
[45]. This is further supported by a pilot randomized
controlled trial, which found that either caloric restric-
tion alone or combined with rope-skipping exercise sig-
nificantly reduced weight, BMI, PBF, and BFM in young
adults over eight weeks [46]. This underscores the role of
targeted exercise in improving cardiometabolic health. In
the context of this study, the one-minute rope skipping,
which demands power and agility, effectively exercised
these attributes, leading to significant effects in test out-
comes. This suggests that the observed reduction in BMI
among obese children is not solely due to a particular
exercise, but rather the overall enhancement of physical
qualities such as muscular strength and coordination. By
engaging in rope skipping, children were able to improve
these skills comprehensively, which in turn facilitated
greater proficiency in activities requiring strength and
coordination. This not only contributed to weight man-
agement but also aided in lowering BML. In summary, the
key to reducing BMI in obese children lies in advancing
their physical capacities through targeted training that
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Motor

Quotient

Fig. 1 Relation between motor quotient and obese problems

focuses on essential motor skills and attributes, rather
than merely participating in specific types of exercises.

Regarding BMI calculations, they were derived directly
from height and weight measurements in the study. The
minimal changes in height observed among most chil-
dren during the intervention period suggest that BMI
changes were primarily due to weight fluctuations.
Research indicates that obese children often have poorer
physical coordination due to their excess weight, which
can impede their ability to engage effectively in physical
activities [47]. Moreover, while physical activity is cru-
cial for developing basic motor skills in younger children,
the association between BMI and these skills, or physical
activity levels, may not be as pronounced in preschool-
ers [48]. Regression and correlation analyses in the study
showed that exercises focusing on a single physical qual-
ity had a more significant impact on BMI than those
involving multiple qualities. This is likely because exer-
cises demanding multiple skills require synchronized
mastery of diverse physical capacities, which can vary in
development among obese children. In our study, we also
found that behavioral tasks were significantly correlated
with BMI, which is consistent with previous findings in
the category of motor performance. Obese children’s
motor skills and performance can be compromised to
some extent due to body shape limitations [34], which
can adversely affect sports participation and increased
physical activity in obese children.(Fig. 1).

The effect of school physical education on childhood
obesity

In recent years, research has shown that methods such
as High Intensity Interval Training (HIIT) and Tabata
training in school physical education programs have sig-
nificant potential to improve childhood obesity. These
training methods are not only effective in reducing body
fat in obese children, but also in improving their overall
health. Tabata training, a high-intensity interval train-
ing method that alternates short bursts of high-intensity
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exercise with brief periods of rest, has been shown to
have a significant effect on improving body composition
and health-related fitness in obese children. For example,
a study by Domaradzki et al. (2020) [49] demonstrated
that Tabata training significantly reduced body weight,
body fat percentage, and waist-to-hip ratio in overweight
adolescents, while improving their aerobic capacity. A
study by Popowczak et al. (2022) [50] also found that
10 weeks of Tabata training significantly improved body
fat percentage and cardiovascular efficiency in 16-year-
old middle school students. These findings suggest that
Tabata training is not only effective in reducing body
fat in obese children, but also in improving their over-
all health. In addition to Tabata training, other forms of
high-intensity interval training (HIIT) have also shown
positive effects on obese children. A systematic review
and meta-analysis by Costigan et al. (2015) [51] showed
that HIIT had significant effects in improving cardio-
respiratory endurance and body fat in adolescents. In
particular, for overweight and obese children, HIIT sig-
nificantly reduced body fat percentage while improving
cardiorespiratory fitness. These findings further confirm
the effectiveness of HIIT in improving health-related
fitness in obese children. Despite the significant poten-
tial of HIIT and Tabata training to improve the health
of obese children, there are still some challenges to its
implementation in school physical education program.
For example, Liu et al's (2024) [52] systematic review and
meta-analysis noted that HIIT interventions in school
physical education curricula have deficiencies in process
evaluation, with many studies under-reporting details
of the intervention process. This may have affected the
accurate assessment and replication of intervention
effects. Therefore, future studies need to focus more on
process evaluation, including the implementation of the
intervention, mechanisms of influence and contextual
factors, in order to improve the feasibility and effective-
ness of the intervention. In addition, research should also
focus on the potential impact of these training methods
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on children’s mental health, such as self-esteem, anxiety
and depression. By considering both physical and mental
health together, the potential of these training methods in
improving childhood obesity can be more fully assessed.
Research should also focus on the individualization of
training methods and gender differences to ensure that
training programs are better adapted to the needs of dif-
ferent children.

In this study, we identified three major limitations.
First, sample size limitations had an impact on our find-
ings. As this study was part of an exercise participation
intervention study under the MQ perspective, obese sub-
jects participated in the MQ physical education program
with normal weight subjects. This setting was designed
to assess the variability of the intervention effects of the
MQ physical education program on different weight
groups. Although we have found the effectiveness of the
intervention on BMI, Behavioral task, etc. in obese chil-
dren in our study, to assess the effectiveness of the inter-
vention more accurately for a group of obese children in
future studies, we plan to implement a more customized
MQ obesity intervention training program or curriculum
design in a larger sample group. Second, the limitations
of the assessment instruments are also a noteworthy
issue. In monitoring weight changes in obese children, we
only used BMI as a measurement tool due to operational
limitations. Thirdly, as the interventions in this study
included multiple means of exercise and the effective-
ness of each means of exercise was not compared indi-
vidually, it was not possible to directly demonstrate that
a single means of exercise (e.g., running backwards, skip-
ping rope, solid ball, etc.) was more effective than a com-
bination of exercises. In future studies, further stratified
analyses should be done to compare the effects of dif-
ferent combinations of exercise programs on the BMI of
obese children to assess the independent effect of single
exercise.

In addition, we only used target heart rate as an indi-
cator of training intensity during the intervention. To
obtain more comprehensive assessment results, future
studies should consider incorporating relevant physiolog-
ical indicators such as maximal oxygen uptake and motor
function for more comprehensive monitoring and assess-
ment of intervention effects.

Conclusions

The results of the study indicate that Motor Quotient
(MQ) Physical Fitness Training exerts a pronounced
positive effect on health-related fitness parameters and
mitigates obesity risk in children aged 7-8 years. This is
substantiated by marked reductions in Body Mass Index
(BMI) as well as significant enhancements in cardiovas-
cular endurance, core muscular strength, and motor
coordination. Furthermore, the study reveals significant
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correlations between BMI and key health indicators,
including cardiovascular endurance and motor skills,
validating the positive intervention effects of MQ train-
ing on childhood obesity and comprehensive physical
development. These results not only expand the theo-
retical framework of Motor Quotient in children’s health
promotion but also provide robust evidence for imple-
menting structured, scientific physical training programs.
This study offers valuable insights and practical solutions
for obesity prevention and health promotion, contribut-
ing significantly to both theoretical advancement and
practical applications in the field of children’s physical
development.
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