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Influence of physical activity
home environment on
fundamental movement skills
development in Chinese
preschoolers: mediating role of
moderate-to-vigorous physical
activity
Pan Liu1† , Chengwen Fan1*, Fang Li2† , Zongyu Yang3 ,
Bin Yang4 and Long Yin4,5*
1Colleges of Physical Education, Hunan University of Technology, Zhuzhou, China, 2School of Physical
Education, Hunan First Normal University, Changsha, China, 3School of Physical Education and Health
Sciences, Guangxi University for Nationalities, Nanning, China, 4College of Physical Education, Hunan
Normal University, Changsha, China, 5Research Base for Public Sports Services in Hunan Province,
Changsha, China
Background: Research on how the physical activity home environment affects
fundamental movement skills (FMS) in preschool children in China is limited.
However, the role of moderate-to-vigorous physical activity (MVPA) in this
relationship is still unclear. This study aims to analyze gender differences in
FMS, explore associations between the physical activity home environment,
MVPA, and FMS, and investigate MVPA’s mediating role in these relationships.
Methods: We recruited 169 preschool children (95 boys, 74 girls; mean age 4.9
years) from four kindergartens in Hengyang, China. The Family Environment
Scale on Motor Development for Preschool Urban Children (FESMPD)
assessed physical activity home environment. Objective measurement of
MVPA used ActiGraph wGT3-BT accelerometers. The Test of Gross Motor
Development-3 (TGMD-3) evaluated FMS. Statistical analyses were conducted
using the PROCESS macro in SPSS, with sociodemographic variables as controls.
Results: Boys exhibited significantly higher levels of MVPA, parenting style,
locomotor skills, and object control skills compared to girls (P < 0.05). MVPA,
parenting style, and FMS showed positive correlations (R= 0.355–0.568,
P < 0.05). Similarly, MVPA was positively correlated with the physical activity
home environment (β=0.237–0.568, P < 0.05). Parenting style emerged as a
significant predictor of children’s MVPA levels (β=0.956, P < 0.001), and MVPA
was a predictor of the development ofFMS and its subdomains (β= 0.097–
0.207, P < 0.05). Furthermore, MVPA partially mediated the relationship
between parenting style and the development of FMS in preschool children.
The physical environment was also a significant predictor of children’s MVPA
(β=0.637, P < 0.05), and in turn, MVPA predicted the development of FMS and
its subdomains (β= 0.188–0.343, P < 0.01). Notably, MVPA fully mediated the
relationship between the physical environment and the development of FMS.
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Conclusion: Overall, this study highlights the important roles of physical activity
home environments and individual levels of MVPA in developing FMS in
preschool children, noting significant gender differences. Parenting style greatly
affects both MVPA and FMS development, while the physical environment fully
mediates this relationship. Collaborative efforts among kindergartens, families,
and communities are essential to support MVPA and improve FMS development.

KEYWORDS

preschool children, fundamental movement skills, physical activity home environment,
moderate-to-vigorous physical activity, locomotor skills, object control skills
1 Introduction

Fundamental movement skills (FMS) are essential for

mastering advanced motor skills needed for sports and

structured activities. FMS encompass two primary subcategories:

locomotor skills (such as walking, running, jumping, and sliding)

and object control skills (including throwing, catching, kicking,

and dribbling) (1). However, contemporary public health

challenges such as inadequate physical activity (PA), poor dietary

habits, and prolonged sedentary behavior are increasingly

prevalent among children and adolescents (2). These factors

significantly hinder the development of FMS in this demographic

(3), which plays a crucial role in combating childhood obesity

and promoting overall health and well-being (4, 5). Rapid

societal changes have reduced preschool children’s physical

activity time, delaying FMS acquisition (6). Given China’s unique

cultural context and large population, understanding the

determinants influencing FMS in preschool children is imperative.

The family environment plays a crucial role in children’s

engagement in PA and the development of FMS (1), significantly

influencing their behaviors and health outcomes (7). In this

context, the Chinese government emphasized the significance of the

family environment for children’s holistic development in the

“China’s Children’s Development Outline (2021–2030).” Michelle

et al. (8) categorized the physical activity home environment into

two dimensions: physical and social. The physical environment

refers to the availability and accessibility of sports resources in the

home. The social environment involves the roles and strategies

parents use during physical activities, which are commonly referred

to as parenting styles. Research shows a positive correlation

between the family physical environment and FMS in preschoolers

(9, 10). Interestingly, frequent acquisition of new toys does not

necessarily correlate with improved FMS; instead, the type and

quality of toys play a more critical role (10). Diverse toys are

effective in engaging children and providing varied opportunities to

practice motor skills, thereby promoting the development of

different movement skills across the body (10). Children with

stronger motor skills often demand more diverse toys and

equipment (11). Studies also affirm that the quantity of toys and

equipment at home correlates closely with the development

of locomotor and object control skills in preschoolers

(11).Additionally, adequate activity space encourages children to

engage more willingly in physical activities. Compared to school

physical education classes and playgrounds, the home environment
02
offers a safer and more autonomous setting for physical expression

(12). These findings underscore that a diverse array of toys and

sufficient activity space at home significantly contribute to

enhanced FMS development in preschool children. Furthermore,

compared to other environments such as childcare centers and

community settings, the physical activity home environment exerts

a more significant influence on children’s PA. Specifically, each

additional type of play equipment is associated with a 5-minute

increase in children’s daily outdoor activity time (13, 14). This

underscores that a supportive physical activity home environment

not only enhances the development of children’s FMS but also

contributes to greater engagement in PA. Nevertheless, it remains

unclear whether PA serves as a mediator in the relationship

between the physical environment and the development of FMS.

Parenting styles play a crucial role in the development of FMS in

children, particularly in preschoolers. Recent studies have increasingly

focused on how parenting styles impact FMS in this age group.

Morgan et al. highlighted that parents and immediate family

members exert the most significant influence on enhancing FMS,

given children spend a substantial portion of their leisure time at

home outside of structured physical activities (15). Engaging in

sports activities with children, encouraging exercise, and providing

sports equipment and toys all positively influence FMS development

in preschoolers (16–19). Greater parental support correlates with

enhanced motor skills development, with research indicating varied

effects on locomotor and object control skills among Chinese

children (19). Positive parental attitudes towards physical activity are

linked to improved locomotor skills but may affect object control

skills differently (19). Moreover, studies demonstrate that parents

significantly boost children’s participation in MVPA through

encouragement, direct involvement, and supervision, indirectly

supporting the development of FMS (15, 20–22).

MVPA is widely recognized for its close association with the

development of FMS in preschool children (20, 22–24). The

conceptual model proposed by Stodden et al. (25) suggests a

reciprocal and dynamic relationship between PA and FMS, where PA

influences the early development of FMS, and mastery of FMS

supports sustained engagement in PA through adulthood.

Longitudinal research by Barnett et al. (22) has shown that MVPA at

age 3.5 positively predicts locomotor skills at age 5, though it does

not predict object control skills at any age. There is ample evidence

that the physical activity home environment influences FMS

development in preschoolers. MVPA also plays an important role in

shaping FMS and its subcategories. However, it is still unclear
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whether parenting styles impact FMS through MVPA (19, 24, 26–28).

Notably, there is currently a lack of research investigating the

relationship between parenting styles and FMS among Chinese

preschool children, especially regarding the potential mediating role

of MVPA (19, 24, 26–28). Furthermore, influenced by traditional

beliefs, many Chinese parents adopt a controlling parenting style that

may prioritize academic achievements over physical development and

lack empathy towards children. Therefore, it is crucial to understand

the potential role of MVPA in the relationship between parenting

style and the development of FMS in Chinese children.

Research indicates that Chinese children demonstrate

significantly lower levels of gross motor skills (e.g., catching and

throwing) compared to their counterparts in the UK and the US

(29, 30). Insufficient development of FMS during early childhood

not only negatively impacts physical health, mental well-being, and

social adaptation (31), but also diminishes the likelihood of

participating in physical activity in adolescence and adulthood,

thereby elevating the risk of overweight and obesity (32).

Furthermore, societal expectations related to gender often result in

parents inadvertently providing more care and physical activity

opportunities to boys. This suggests that there may be gender-

specific variations in FMS development. Identifying the factors that

influence FMS development and understanding gender differences

are crucial for advancing FMS in Chinese preschool children.

While previous research has demonstrated the influence of the

physical activity home environment and MVPA on the

development of FMS in preschool children, it remains uncertain

whether MVPA mediates the relationship between the physical

activity home environment and FMS development. This question is

particularly relevant given the unique cultural context and

educational philosophies in China. This study aims to examine the

relationships among the physical activity home environment,

MVPA, and FMS in Chinese preschool children. The study aims to

investigate the following: (1) the gender differences in FMS among

preschool children; (2) the associations between the physical

activity home environment, MVPA and FMS; and (3) the

mediating role of MVPA in the relationship between physical

activity home environment and FMS (see Figure 1). Answering

these questions will offer insights to guide parental practices in

fostering motor skills and promoting children’s health.

Furthermore, the findings will offer scientific evidence to inform

the development of targeted interventions by governments and

educational institutions. Thereby enhancing the collaborative efforts
FIGURE 1

Hypothetical model of moderate-to vigorous-intensity physical activity as
activity; FMS, fundamental movement skills.
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of families, schools, and society in supporting the comprehensive

development of children.
2 Methods

2.1 Design and participants

This study uses a cross-sectional design and employs convenience

sampling based on geographical location, socioeconomic status, and

physical education methods. Researchers selected 4 kindergartens

from the main urban area of Hengyang City, Hunan Province,

China. Each kindergarten is accredited by the Hengyang City

Education Bureau as an early childhood education and care (ECEC)

institution. To ensure a representative sample across various

educational sectors, the study includes kindergartens from 4 distinct

educational districts within the main urban area, with 1

kindergarten randomly chosen from each district, yielding a total of

4 kindergartens. Each institution included classes for nursery class,

middle class and senior class, with a total of 210 registered

preschool children invited to participate in the study. Prior to

formal testing, researchers distributed informed consent forms to

parents, briefly outlining the study’s purpose and procedures. The

aim was to obtain parental permission for their children’s

participation in the study, resulting in consent from 197 parents.

During the physical activity test, 12 children wore accelerometers

for less than a week, and the valid data collected was less than 3

days, leading to missing data. Furthermore, 9 children did not

complete the entire testing protocol for fundamental motor skills,

including all tasks for locomotor and object control skills. As a

result, 7 sets of invalid data were excluded during the data

processing stage. Ultimately, 169 valid samples were retained,

comprising 95 boys and 74 girls, with an average age of 4.9 years

(SD = 0.75) (see Figure 2). This research protocol was approved by

the Ethics Committee of Hengyang Normal University in 2021

(NO.2021003).
2.2 Measures

2.2.1 Physical activity home environment
The validated Family Environment Scale on Motor

Development for Preschool Urban Children (FESMDP) was
a mediator of the relationship MVPA, moderate-to-vigorous physical
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FIGURE 2

Process of recruitment and participant selection.
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utilized as the primary survey tool in this study (33). To meet the

study’s objectives, the scale was adjusted to focus on two

dimensions: home physical environment and parenting style. The

home physical environment was assessed across outdoor space (6

items), indoor space (6 items), fine motor toys (8 items), and

gross motor toys (8 items). Each item included pictures for

parents to accurately recognize and categorize, with scores

assigned as 1 (presence of the equipment) or 0 (absence of the

equipment). The scores of the 4 items were summed to obtain

the physical environment score, with higher scores indicating a

better physical environment. Parenting style was evaluated using

18 items that described parents’ behaviors and attitudes towards

daily self-care and activities involving children. Responses were

rated on a 5-point scale ranging from 1 (never) to 5 (always).

The cumulative score of these items reflected the overall score for

parenting behavior, with higher scores indicating more favorable

parenting styles.

The survey was administered electronically within the

kindergarten setting, where parents completed and submitted the

questionnaire online. Collected data were subsequently downloaded

by the research team, underwent thorough cleaning, and were

scored according to predefined criteria to ensure the accuracy and

reliability of the findings.
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2.2.2 MVPA
MVPA was objectively assessed using the Actigraph wGT3X-BT

accelerometer, and data extraction was performed using ActiLife

software (Version 6.13.3 from Actigraph Corps, Pensacola, Florida,

USA) with a sampling interval of 15 s (34). Prior to formal testing,

a subset of children underwent a one-week pre-test to optimize

the placement and timing of accelerometer wear, ensuring accurate

and reliable data collection. Based on pre-test results,

accelerometers were worn on the right hip for seven consecutive

days, excluding swimming, sleeping, and bathing to prevent

damage. Wear time algorithms, as recommended by Choi et al.

(35), were applied, requiring a minimum of 8 h of wear per day

and at least 3 valid days (including 2 weekdays and 1 weekend

day) for data to be considered valid for the study. Consistent with

guidelines by Butte et al. (34), PA levels were categorized using

ActiLife software into low-intensity physical activity (LPA, 240–

2119 counts/epoch), moderate-intensity physical activity (MPA,

2,120–4,449 counts/epoch), and vigorous-intensity physical activity

(VPA, ≥4,450 counts/epoch), where MVPA was calculated as the

sum of MPA and VPA. Childcare staff and parents received

detailed verbal and written instructions on accelerometer wear,

removal procedures, and were encouraged to maintain daily wear

logs to record wear times and conditions.
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TABLE 1 Descriptive statistics of physical activity home environment,
physical activity, and fundamental movement skills (n = 169).

Variables Total Boys Girls

n= 169 M
(SD)

n= 95 M
(SD)

n = 74 M
(SD)

Age 4.9 (0.8) 5.0 (0.8) 4.9 (0.7)

BMI 15.7 (1.6) 15.7 (1.6) 15.6 (1.5)

MVPA 49.7 (14.6) 53.5 (15.6)*** 44.9 (11.6)

Parenting Style 72.8 (7.9) 74.5 (8.1)** 70.6 (7.1)

Physical
Environment

20.1 (3.9) 20.6 (3.9) 19.4 (3.9)

Locomotor Skills 29.1 (7.0) 30.3 (7.5)* 27.7 (6.2)

Object Control Skills 27.9 (7.1) 30.0 (7.7)*** 25.1 (5.1)

Total Motor Skill 57.0 (13.0) 60.3 (13.1)*** 52.8 (10.9)

Note: *, ** and *** indicate significant differences between boys and girls on this indicator,

P < 0.05, P < 0.01 and P < 0.001, respectively. M, mean; SD, standard deviation.

Liu et al. 10.3389/fped.2024.1475263
2.2.3 FMS
FMS were assessed using the Test of Gross Motor

Development-3 (TGMD-3), a tool widely utilized in China and

suitable for the current study population (36). FMS were

categorized into two subdomains: locomotor skills and object

control skills. For clarity, this study refers to fundamental

movement skills as total motor skills (Total MS). The locomotor

skills assessment comprised six subtests, while the object control

skills assessment included seven subtests. The testing procedures

strictly adhered to the TGMD-3 standards, with trained assessors

demonstrating each task followed by participants practicing to

ensure readiness before formal testing commenced. All sessions

were recorded, and these videos served as the basis for

subsequent scoring.

After testing, trained researchers evaluated performance

according to TGMD-3 criteria. Each subtest had 3–5 scoring

criteria, with scores of 1 awarded for meeting criteria and 0 for

not meeting them. Any scoring disputes were resolved through

consensus among researchers to determine final scores. Scores

from each subtest were summed to yield totals for locomotor

and object control skills. The maximum score for locomotor

skills was 46, for object control skills was 54, and the Total MS

score represented the sum of locomotor and object control skills

scores, with a maximum score of 100 indicating better overall

FMS performance in children.

2.2.4 Demographic characteristics
Upon obtaining parental consent, demographic information

was gathered using a questionnaire completed by parents, which

included the child’s age and gender. Additionally, kindergarten

health personnel recorded the child’s height and weight, from

which body mass index (BMI) was calculated using the formula

weight/height² (kg/m²) to assess body weight status. Family

socioeconomic status (SES), a recognized factor influencing

children’s FMS based on prior studies (9, 17), was assessed

through parental reports of educational attainment, occupations,

and monthly household income.

SES was determined using principal component analysis and

categorized into three levels (low, medium, high), which were

incorporated as covariates in the subsequent data analysis process.

2.2.5 Statistical analysis
In the preliminary data analysis phase, outliers and extreme

values were addressed using interpolation techniques. Data were

analyzed with SPSS 27.0 (IBM Corp., Armonk, NY, USA).

Initially, descriptive statistics (M ± SD) were computed for the

physical activity home environment, moderate-to-vigorous

physical activity (MVPA), and fundamental movement skills

(FMS) of preschoolers. Independent samples t-tests were then

conducted to examine gender differences in these variables.

Before examining mediation effects, the study first investigates

the relationships among the physical activity home environment,

MVPA and FMS in preschool children through correlational

analysis. This step identifies variables suitable for further analysis.

To explore the mediating role of MVPA between parenting style

and FMS, the study controls for age, gender, SES and BMI as
Frontiers in Pediatrics 05
covariates. The mediation effects are assessed using the

PROCESS macro in SPSS27.The study employs the bias-corrected

non-parametric percentile bootstrap method, performing 5,000

resamples to compute the 95% confidence interval for the

mediation effect. Bootstrap methods are extensively used and

yield reliable results for testing mediation effects (37, 38). A

significant mediation effect is indicated when the lower limit

(LLCI) and upper limit (ULCI) of the confidence interval do not

include 0 (38, 39). A simple mediation model (Model 4) is

applied to test the mediating effect of MVPA between PS and

FMS. All statistical analyses are conducted with a significance

level set at P < 0.05.
3 Results

3.1 Descriptive statistics of physical activity
home environment, MVPA, and FMS in
preschool children

The independent sample t-test indicated significant gender

differences in MVPA (t = 3.983, P < 0.001), parenting style

(t = 3.239, P < 0.01), locomotor skills (t = 2.424, P < 0.05), object

control skills (t = 4.763, P < 0.001), and total motor skill

(t = 3.979, P < 0.001). As shown in Table 1, boys had significantly

higher levels of moderate-to-vigorous physical activity, parenting

style, locomotor skills, object control skills, and total motor skills

compared to girls.
3.2 Correlation analysis between physical
activity home environment, MVPA, and FMS
in preschool children

As shown in Table 2, MVPA in preschool children exhibited

significant moderate positive correlations with locomotor skills,

object control skills, total motor skills, and parenting style

(R = 0.447, 0.444, 0.494, 0.568), and a significant low positive

correlation with the physical environment (R = 0.237). Locomotor
frontiersin.org
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TABLE 2 Correlation analysis of physical activity home environment, physical activity, and fundamental movement skills.

1 2 3 4 5
1. MVPA 1

2. Locomotor skills 0.447** 1

3. Object control skills 0.444** 0.627** 1

4.Total motor skill 0.494** 0.901** 0.903** 1

5. Parenting style 0.568** 0.460** 0.355** 0.451** 1

6. Physical environment 0.237** 0.080 0.138 0.121 0.304**

Note: * and ** indicate significant correlation at P < 0.05 and P < 0.01, respectively.

FIGURE 3

The mediation effect of Moderate-to-Vigorous physical activity between parenting styles and fundamental movement skills. MVPA, moderate-to-
vigorous physical activity; LOS, locomotor skills; OCS, object control skills; Total MS, total motor skills.
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skills were significantly and moderately correlated with parenting

style (R = 0.460), while object control skills also showed a

significant moderate correlation with parenting style (R = 0.355).

Additionally, total motor skills demonstrated a significant

moderate positive correlation with parenting style (R = 0.451).
3.3 Effects of physical activity home
environment and MVPA on FMS in
preschool children

Figure 3 shows that parenting style predicted MVPA (β = 0.956,

P < 0.001), which significantly predicted locomotor skills (β = 0.097,

P < 0.05), object control skills (β = 0.111, P < 0.01), and total motor

skills (β = 0.207, P < 0.01). Parenting style directly predicted

locomotor (β = 0.289, P < 0.05), object control skills (β = 0.148,

P < 0.05), and total motor skills (β = 0.437, P < 0.01). The physical

environment positively influenced MVPA (β = 0.673, P < 0.05),

which significantly predicted locomotor (β = 0.188, P < 0.001),

object control skills (β = 0.155, P < 0.001), and total motor skills

(β = 0.343, P < 0.001). However, the physical environment did not

have a direct significant effect on any of the motor skills.

Table 3 shows parenting style had a total effect of 0.382 on

locomotor skills, with a direct effect of 0.289 [95% CI (0.156,

0.423)]. The indirect effect through MVPA was 0.092 [95% CI

(0.015, 0.184)], indicating that MVPA partially mediated this

relationship. For object control skills, the total effect of parenting

style was 0.254, with a direct effect of 0.148 [95% CI (0.017,

0.279)] and an indirect effect of 0.118 [95% CI (0.039, 0.205)],

showing that MVPA also partially mediated this relationship.
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Regarding total motor skills, the total effect of parenting style

was 0.625, with a direct effect of 0.437 [95% CI (0.213, 0.661)]

and an indirect effect of 0.198 [95% CI (0.076, 0.349)], indicating

that MVPA also partially mediated this relationship.

In the relationship between the physical environment and

FMS, MVPA served as a full mediator. The total effect of the

physical environment on locomotor skills was 0.038, with a

non-significant direct effect of −0.088 [95% CI (−0.326, 0.149)]
and a significant indirect effect through MVPA of 0.126 [95%

CI (0.037, 0.235)]. For object control skills, the total effect of

the physical environment was 0.098, with a non-significant

direct effect of −0.006 [95% CI (−0.230, 0.218)] and a

significant indirect effect of 0.104 [95% CI (0.029, 0.197)],

indicating that MVPA fully mediated this relationship. Lastly,

the total effect of the physical environment on total motor skills

was 0.137, with a non-significant direct effect of −0.094 [95%

CI (−0.488, 0.299)] and a significant indirect effect of 0.231

[95% CI (0.067, 0.416)], showing that MVPA also fully

mediated this relationship.
4 Discussion

This study aimed to examine the relationships between the

physical activity home environment, MVPA, and FMS in

Chinese preschool children, while also exploring the mediating

role of MVPA between the physical activity home environment

and FMS. The findings revealed significant gender differences

in FMS. Additionally, there were notable positive correlations

between MVPA and locomotor skills, object control skills, total
frontiersin.org
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TABLE 3 Mediation effect of moderate-to-vigorous physical activity between physical activity home environment and fundamental movement skills.

Type of effect Path Effect value (standard error) 95% CI Effect size
Model 1 Total effect 0.382*** (0.582) [0.267–0.497]

Direct effect PS→LOS 0.289*** (0.068) [0.156–0.423] 75.65%

Indirect effect PS→MVPA→LOS 0.092** (0.043) [0.015–0.184] 24.08%

Total effect 0.254*** (0.057) [0.140–0.367]

Direct effect PS→OCS 0.148* (0.066) [0.017–0.279] 58.27%

Indirect effect PS→MVPA→OCS 0.118** (0.041) [0.039–0.205] 46.46%

Total effect 0.625*** (0.099) [0.440–0.830]

Direct effect PS→Total MS 0.437** (0.113) [0.213–0.661] 69.92%

Indirect effect PS→MVPA→Total MS 0.198** (0.069) [0.076–0.349] 31.68%

Model 2 Total effect 0.038 (0.128) [−0.215–0.291]
Direct effect PE→LOS −0.088 (0.120) [−0.326–0.149]
Indirect effect PE→MVPA→LOS 0.126** (0.051) [0.037-–0.235]

Total effect 0.098 (0.118) [−0.135–0.332]
Direct effect PE→OCS −0.006 (0.113) [−0.230–0.218]
Indirect effect PE→MVPA→OCS 0.104** (0.043) [0.029–0.197]

Total effect 0.137 (0.216) [−0.290–0.562]
Direct effect PE→Total MS −0.094 (0.199) [−0.488–0.299]
Indirect effect PE→MVPA→Total MS 0.231** (0.090) [0.067–0.416]

Note: Bootstrap sampling was conducted 5,000 times with a 95% confidence interval. *** indicates P < 0.001, ** indicates P < 0.01, and * indicates P < 0.05. (LOS, locomotor skills; OCS, object

control skills; Total MS, total motor skill; PS, parenting style; PE, physical environment; MVPA, moderate-to-vigorous physical activity).
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motor skills, parenting style and the physical environment. FMS

showed significant positive correlations with parenting style.

Parenting style had a significant positive effect on locomotor

skills, object control skills, and total motor skills, with MVPA

partially mediating the relationship between parenting style and

FMS. Furthermore, the physical environment significantly

influenced MVPA, with MVPA fully mediating the relationship

between the physical environment and FMS.
4.1 Gender differences in FMS

The study identifies significant gender differences in FMS,

encompassing both locomotor and object control skills.

Specifically, boys demonstrate higher scores in FMS compared

to girls, which aligns with previous research (40, 41). These

observed differences may be attributed to various social and

environmental factors as well as divergent preferences for

physical activities (42). Firstly, the types of physical activities

engaged in by preschool children are shaped by multiple

influences, including family dynamics, educator interactions,

peer relationships, and the physical environment (43). Societal

expectations concerning gender roles often result in boys

receiving more encouragement and opportunities for physical

success, potentially leading to a greater emphasis on physical

exercise for boys (40, 44). In contrast, girls are more inclined

towards rhythmic activities such as dance, while boys

prefer team sports involving physical contact, such as ball

games (45). Additionally, boys generally exhibit more advanced

physical development, including increased size and strength,

which may further facilitate their proficiency in object

control skills (46). Notably, when assessing overall motor skills

(encompassing both locomotor and object control skills) boys

consistently outperform girls. This finding highlights the
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necessity of targeted interventions aimed at improving object

control skills among girls. Therefore, future strategies for

enhancing children’s FMS should carefully consider gender-

specific differences to devise more effective and tailored

intervention programs.
4.2 Relationship among physical activity
home environment and MVPA

This study categorizes the home physical environment into two

dimensions: physical environment and parenting style. It found

that physical environment and parenting styles are correlated

with MVPA in preschool children, aligning with findings from

Tandon et al. (20). Tandon et al. noted that having sports

equipment at home, such as basketball hoops, can increase

children’s MVPA levels (20). In this study, physical environment

encompass toys that enable climbing, crawling, rolling, building,

and controlling ride-on vehicles (33). While there are differences

from Tandon’s research, the relevance persists: Tandon’s study

focused on children aged 6–11 years, whereas this study

concentrated on preschool children under 6 years old. Unlike

specialized sports equipment, a diverse array of toys can engage

preschoolers’ attention and interest (47).

Moreover, the study identified that parents’ own PA levels,

support for children’s PA participation, and joint PA with children

influence children’s PA levels (48), consistent with this study’s

finding of a significant correlation between parenting style and

children’s MVPA. Additionally, research indicates that fathers are

more likely to increase their daughters’ PA time (15), as they tend

to actively engage children in varied PA types marked by lively,

stimulating, and adventurous interactive play (49, 50). This

underscores that fostering a positive physical activity home

environment effectively enhances children’s PA levels.
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4.3 Relationship among physical activity
home environment and FMS

The development of FMS in preschool children is pivotal for

their physical and mental well-being (4, 51). This study explores

the relationship between FMS, categorized into locomotor skills

and object control skills, and the physical activity home

environment. It reveals significant correlations between preschool

children’s FMS and its subdomain with parenting styles,

consistent with prior research (10, 19). According to the social

ecological model, parenting styles exert a decisive influence on

children’s behavior (52). The acquisition of children’s FMS is not

merely innate but often relies on parental guidance and role

modeling, which are crucial for skill development (53).

Insufficient parental emphasis on motor development can hinder

skill acquisition.

Furthermore, the study identifies correlations between physical

environment and the development of preschool children’s FMS.

This aligns with findings from Cools et al. (10), who observed

that a variety of sports equipment at home contributes to

preschool children’s FMS development. A randomized controlled

trial additionally indicated that interventions enhancing

interactive playtime between parents and children, coupled with

access to portable gaming facilities at home, significantly enhance

preschool children’s FMS (54). Notably, this study also

establishes a link between fine motor toys and preschool

children’s object control skills. Consistent with other research,

studies indicate that toys such as building blocks can improve

children’s small muscle groups and eye coordination, thereby

supporting fine motor skill development (55). Fine motor skills

are crucial for laying the groundwork for object control skills

(56), highlighting their importance in skill development.

Collectively, these findings underscore that, alongside increasing

physical activity levels, a diverse array of play opportunities can

foster the development of FMS in preschool children.
4.4 Mediating role of MVPA between
physical activity home environment
and FMS

This study found that MVPA partially mediates the

relationship between parenting style and preschool children’s

FMS, while fully mediating the relationship between the physical

environment and FMS. These findings suggest that the physical

activity home environment can promote the development of

FMS by increasing MVPA levels in preschool children.

The socio-ecological model posits that the development of FMS

is influenced by various factors and contextual characteristics,

including parental attributes and support. Prior research has

established that parental support and their own physical activity

levels positively correlate with children’s motor skill development

and MVPA (10, 16, 57). When parents display positive attitudes

and an interest in physical activity, their children are more likely

to develop confidence and self-efficacy (52). This positive

interaction enhances the physical activity levels of both parents and
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children, which, in turn, supports motor skill development (40).

Numerous studies affirm that physical activity, particularly MVPA,

is crucial for FMS development (22–24). Increased engagement in

physical activity enhances neuromotor development, which further

promotes FMS (25), creating a dynamic, reinforcing model.

Furthermore, children involved in physical activities often receive

guidance from peers or teachers, facilitating the acquisition of

motor skills (58). Goodway et al. (1) highlighted that FMS

development in preschool children requires structured teaching,

practice, and reinforcement rather than occurring naturally with

age. However, in China, traditional educational values often

prioritize cognitive development over physical activity, leading to

an increasingly academic-focused educational model. This

sedentary approach places excessive academic pressure on children,

reducing physical activity levels and slowing motor skill

development. Research also suggests that fathers’ involvement in

physical activity with their children is more effective in promoting

object control skills compared to mothers (59), though the impact

on locomotor skills remains unclear. Although this study confirms

the role of MVPA in both locomotor and object control skills, it

does not address the differential effects of physical activity by

fathers vs. mothers on children’s FMS. Future research should

explore and compare the impacts of fathers’ and mothers’ physical

activities on children’s FMS.

Furthermore, this study revealed that MVPA fully mediates the

relationship between the physical environment and FMS in

preschool children. To our knowledge, this finding has not been

previously reported. This suggests that improvements in children’s

FMS are primarily driven by increases in PA levels, rather than

the direct influence of the physical environment. Although

previous studies have confirmed that the physical environment can

directly affect FMS development, its role appears secondary

(9, 10). Research has demonstrated that a diverse range of toys

and equipment can stimulate higher PA levels in children (13, 14),

and increased PA provides more opportunities for engagement

in gross motor activities, thereby enhancing FMS development

(21, 22). These findings highlight that optimizing the physical

environment to promote higher MVPA levels is an effective

strategy for improving children’s FMS. In summary, this study

confirms the indirect role of MVPA in the development of FMS in

preschool children. Looking ahead, fostering a supportive physical

activity home environment, while emphasizing increased MVPA

participation, will be crucial for promoting the comprehensive

development of preschool children.
4.5 Study strengths and limitations

This study represents the first exploration into the relationship

among physical activity home environment, MVPA and FMS in

Chinese preschool children, while also verifying the mediating

role of MVPA between parenting styles and FMS. The findings

provide theoretical insights that can guide policymakers in

refining intervention measures. The study’s strengths include the

objective measurement of PA in preschool children, which

overcomes biases associated with subjective questionnaires.
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Additionally, the use of the TGMD-3 administered by trained

professionals to assess FMS enhances the study’s credibility.

However, there are several limitations to consider. Firstly, the

physical activity home environment was assessed using parent-

completed questionnaires, potentially introducing recall bias.

Secondly, the cross-sectional nature of the study limits its ability

to establish causal relationships between variables. Future

research should adopt longitudinal designs to further elucidate

these causal relationships. Additionally, this study was conducted

in a large city in the central-southern region of China, and the

impact of COVID-19 further reduced the final effective sample

size. Consequently, the findings may not be generalizable beyond

this specific context.
5 Conclusion

This study identified significant gender differences in FMS

development among preschool children, with strong positive

associations between the physical activity home environment,

MVPA, and FMS. Parenting style positively influenced both

MVPA and FMS, while the physical environment impacted

MVPA. MVPA partially mediated the relationship between

parenting style and FMS, and fully mediated the relationship

between the physical environment and FMS. These findings

highlight the need to consider school environments, gender

differences and the roles of physical activity home environment

and MVPA. Additionally, policies should be culturally tailored to

promote active lifestyles, addressing local values and beliefs.

Collaborative efforts from preschools, families, and children are

essential for effective FMS development.
Data availability statement

The raw data supporting the conclusions of this article will be

made available by the authors, without undue reservation.
Ethics statement

The studies involving human participants were approved by

the Ethics Committee of Hengyang Normal University (NO.

2021003). The studies were conducted in accordance with the

local legislation and institutional requirements. Written informed
Frontiers in Pediatrics 09
consent for participation in this study was provided by the

participants' legal guardians/next of kin.
Author contributions

PL: Data curation, Funding acquisition, Investigation,

Methodology, Software, Writing – original draft, Writing –

review & editing. CF: Supervision, Validation, Writing – review

& editing. FL: Data curation, Funding acquisition, Investigation,

Methodology, Software, Writing – original draft, Writing –

review & editing. ZY: Data curation, Formal Analysis,

Investigation, Software, Writing – review & editing. BY: Data

curation, Investigation, Writing – review & editing. LY:

Conceptualization, Data curation, Methodology, Validation,

Writing – review & editing.
Funding

The author(s) declare financial support was received for the

research, authorship, and/or publication of this article. This study

was funded by the Innovative Project for Master’s Degree

Students of the School of Physical Education, Hunan University

of Technology (No. TYCX-202407); the Philosophy and Social

Science Foundation of Hunan (No. 23YBA277); and the Hunan

Provincial Department of Education Key Project (No. 21A0579).
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed

or endorsed by the publisher.
References
1. Goodway JD, Ozmun JC, Gallahue DL. Understanding Motor Development:
Infants, Children, Adolescents, Adults. New York: McGraw-Hill Educationai (2019).

2. Hadianfard AM, Mozaffari-Khosravi H, Karandish M, Azhdari M. Physical
activity and sedentary behaviors (screen time and homework) among overweight or
obese adolescents: a cross-sectional observational study in Yazd, Iran. BMC Pediatr.
(2021) 21(1):421. doi: 10.1186/s12887-021-02892-w

3. Jones D, Innerd A, Giles EL, Azevedo LB. Association between fundamental
motor skills and physical activity in the early years: a systematic review and meta-
analysis. J Sport Health Sci. (2020) 9(6):542–52. doi: 10.1016/j.jshs.2020.03.001
4. Salaj S, Masnjak M. Correlation of motor competence and social-emotional
wellbeing in preschool children. Front Psychol. (2022) 13:846520. doi: 10.3389/fpsyg.
2022.846520

5. Barnett LM, Van Beurden E, Morgan PJ, Brooks LO, Beard JR. Does childhood
motor skill proficiency predict adolescent fitness? Med Sci Sports Exerc. (2008) 40
(12):2137–44. doi: 10.1249/MSS.0b013e31818160d3

6. Bolger LE, Bolger LA, O’Neill C, Coughlan E, O’Brien W, Lacey S, et al. Global
levels of fundamental motor skills in children: a systematic review. J Sports Sci.
(2021) 39(7):717–53. doi: 10.1080/02640414.2020.1841405
frontiersin.org

https://doi.org/10.1186/s12887-021-02892-w
https://doi.org/10.1016/j.jshs.2020.03.001
https://doi.org/10.3389/fpsyg.2022.846520
https://doi.org/10.3389/fpsyg.2022.846520
https://doi.org/10.1249/MSS.0b013e31818160d3
https://doi.org/10.1080/02640414.2020.1841405
https://doi.org/10.3389/fped.2024.1475263
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/


Liu et al. 10.3389/fped.2024.1475263
7. Jarvis S, Williams M, Rainer P, Saunders J, Mullen R. The relationship of family
characteristics, parental beliefs and parenting behaviours with the fundamental
movement proficiency of primary school children in South East Wales. Eur Phy
Educ Rev. (2020) 26(4):970–86. doi: 10.1177/1356336(20915225

8. Gattshall ML, Shoup JA, Marshall JA, Crane LA, Estabrooks PA. Validation of a
survey instrument to assess home environments for physical activity and healthy
eating in overweight children. Int J Behav Nutr Phys Act. (2008) 5:3. doi: 10.1186/
1479-5868-5-3

9. Zeng N, Johnson SL, Boles RE, Bellows LL. Social-ecological correlates of
fundamental movement skills in young children. J Sport Health Sci. (2019) 8
(2):122–9. doi: 10.1016/j.jshs.2019.01.001

10. Cools W, De Martelaer K, Samaey C, Andries C. Fundamental movement skill
performance of preschool children in relation to family context. J Sports Sci. (2011) 29
(7):649–60. doi: 10.1080/02640414.2010.551540

11. Barnett L, Hinkley T, Okely AD, Salmon J. Child, family and environmental
correlates of children’s motor skill proficiency. J Sci Med Sport. (2013) 16(4):332–6.
doi: 10.1016/j.jsams.2012.08.011

12. Van der Smee C, McDonald B, Spaaij R. ‘There is more room to do it at home’:
constructing children’s physical activity spaces. Sport Educ Soc. (2024) 29(1):1–17.
doi: 10.1080/13573322.2024.2302492

13. Armstrong GP, Maitland C, Lester L, Trost SG, Trapp G, Boruff B, et al.
Associations between the home yard and preschoolers’ outdoor play and physical
activity. Public Health Res Pract. (2019) 29(1):2911907. doi: 10.17061/phrp2911907

14. Bai P, Schipperijn J, Rosenberg M, Christian H. Preschool children’s physical
activity in the home, childcare and neighbourhood environment: a latent profile
analysis using device-based measures. J Sports Sci. (2024) 42(13):1173–83. doi: 10.
1080/02640414.2024.2376392

15. Morgan PJ, Young MD, Barnes AT, Eather N, Pollock ER, Lubans DR. Engaging
fathers to increase physical activity in girls: the “dads and daughters exercising and
empowered” (DADEE) randomized controlled trial. Ann Behav Med. (2019) 53
(1):39–52. doi: 10.1093/abm/kay015

16. Rodrigues LP, Luz C, Cordovil R, Mendes R, Alexandre R, Lopes VP. Siblings’
influence on the motor competence of preschoolers. Children. (2021) 8(3):204.
doi: 10.3390/children8030204

17. Quintriqueo-Torres J, Menares-Quiroz D, Aguilar-Farias N, Salvo-Garrido S,
Carcamo-Oyarzun J. Differences in motor competence of chilean schoolchildren
according to biological and sociocultural correlates. Children. (2022) 9(10):1482.
doi: 10.3390/children9101482

18. Hu J, Zhang S, Ye W, Zhu Y, Zhou H, Lu L, et al. Influence of different
caregiving styles on fundamental movement skills among children. Front Public
Health. (2023) 11:1232551. doi: 10.3389/fpubh.2023.1232551

19. Hu BY, Wu Z, Kong Z. Family physical activities choice, parental views of physical
activities, and Chinese preschool children’s physical fitness and motor development.
Early Child Educ J. (2021) 50(5):841–53. doi: 10.1007/s10643-021-01190-5

20. Tandon P, Grow HM, Couch S, Glanz K, Sallis JF, Frank LD, et al. Physical and
social home environment in relation to children’s overall and home-based physical
activity and sedentary time. Prev Med. (2014) 66:39–44. doi: 10.1016/j.ypmed.2014.
05.019

21. Flynn RJ, Pringle A, Roscoe CMP. Direct parent engagement to improve
fundamental movement skills in children: a systematic review. Children. (2023) 10
(7):1247. doi: 10.3390/children10071247

22. Barnett LM, Salmon J, Hesketh KD. More active pre-school children have better
motor competence at school starting age: an observational cohort study. BMC Public
Health. (2016) 16(1):1068. doi: 10.1186/s12889-016-3742-1

23. Wrotniak BH, Epstein LH, Dorn JM, Jones KE, Kondilis VA. The relationship
between motor proficiency and physical activity in children. Pediatrics. (2006) 118
(6):e1758–65. doi: 10.1542/peds.2006-0742

24. Li F, Yin L, Sun M, Gao Z. Examining relationships among Chinese preschool
children’s meeting 24-hour movement guidelines and fundamental movement skills.
J Clin Med. (2022) 11(19):5623. doi: 10.3390/jcm11195623

25. Stodden DF, Goodway JD, Langendorfer SJ, Roberton MA, Rudisill ME, Garcia
C, et al. A developmental perspective on the role of motor skill competence in physical
activity: an emergent relationship. Quest. (2008) 60(2):290–306. doi: 10.1080/
00336297.2008.10483582

26. He Y, Zhou L, Liang W, Liu Q, Liu W, Wang S. Individual, family, and
environmental correlates of fundamental motor skills among school-aged children:
a cross-sectional study in China. BMC Public Health. (2024) 24(1):208. doi: 10.
1186/s12889-024-17728-2

27. Zhang D, Chen S, Xin F, Drenowatz C, Hu X, Tang Y. Associations between
fundamental movement skills and accelerometer-measured physical activity in
Chinese children: the mediating role of cardiorespiratory fitness. PeerJ. (2024) 12:
e17564. doi: 10.7717/peerj.17564

28. Xie S, Zhou Y, Yin Y, Shao R, Fang L, Shao W. Effects of fundamental movement
skills on health-related quality of life in Chinese school-age children: the mediating
role of physical fitness level. Front Public Health. (2023) 11:1023662. doi: 10.3389/
fpubh.2023.1023662
Frontiers in Pediatrics 10
29. Chow SM, Henderson SE, Barnett AL. The movement assessment battery
for children: a comparison of 4-year-old to 6-year-old children from Hong Kong
and the United States. Am J Occup Ther. (2001) 55(1):55–61. doi: 10.5014/ajot.55.1.55

30. Ke L, Du W, Wang Y, Duan W, Hua J, Barnett AL. The movement ABC-2 test in
China: comparison with UK norms for 3–10 year olds. Res Dev Disabil. (2020)
105:103742. doi: 10.1016/j.ridd.2020.103742

31. Wick K, Leeger-Aschmann CS, Monn ND, Radtke T, Ott LV, Rebholz CE, et al.
Interventions to promote fundamental movement skills in childcare and kindergarten:
a systematic review and meta-analysis. Sports Med. (2017) 47(10):2045–68. doi: 10.
1007/s40279-017-0723-1

32. Barnett LM, van Beurden E, Morgan PJ, Brooks LO, Beard JR. Childhood motor
skill proficiency as a predictor of adolescent physical activity. J Adolesc Health. (2009)
44(3):252–9. doi: 10.1016/j.jadohealth.2008.07.004

33. Hua J, Wu ZC, Gu GX, Meng W. Assessment on the validity and reliability of
family environment scale on motor development for urban Pre-school children.
Zhonghua Liu Xing Bing Xue Za Zhi. (2012) 33(5):464–9. doi: 10.3760/cma.j.issn.
0254-6450.2012.05.004

34. Butte NF, Wong WW, Lee JS, Adolph AL, Puyau MR, Zakeri IF. Prediction of
energy expenditure and physical activity in preschoolers. Med Sci Sports Exerc. (2014)
46(6):1216–26. doi: 10.1249/MSS.0000000000000209

35. Choi L, Liu Z, Matthews CE, Buchowski MS. Validation of accelerometer wear
and nonwear time classification algorithm. Med Sci Sports Exerc. (2011) 43(2):357–64.
doi: 10.1249/MSS.0b013e3181ed61a3

36. Xia X, Chao L, Nan C, Yin X, Zheng H, Zhang S. Fundamental motor skills of
kindergarten children in different environments and ethnic groups in Northwest
China. BMC Pediatr. (2022) 22(1):423. doi: 10.1186/s12887-022-03497-7

37. Zhao X, Lynch JG, Chen Q. Reconsidering baron and kenny: myths and truths
about mediation analysis. J Consum Res. (2010) 37(2):197–206. doi: 10.1086/651257

38. Hayes AF, Rockwood NJ. Regression-based statistical mediation and moderation
analysis in clinical research: observations, recommendations, and implementation.
Behav Res Ther. (2017) 98:39–57. doi: 10.1016/j.brat.2016.11.001

39. Hayes AF. Beyond baron and kenny: statistical mediation analysis in the new
millennium. ComM. (2009) 76(4):408–20. doi: 10.1080/03637750903310360

40. Barnett LM, Lai SK, Veldman SLC, Hardy LL, Cliff DP, Morgan PJ, et al. Correlates
of gross motor competence in children and adolescents: a systematic review and meta-
analysis. Sports Med. (2016) 46(11):1663–88. doi: 10.1007/s40279-016-0495-z

41. Barnett LM, Webster EK, Hulteen RM, De Meester A, Valentini NC, Lenoir M,
et al. Through the looking glass: a systematic review of longitudinal evidence,
providing new insight for motor competence and health. Sports Med. (2022) 52
(4):875–920. doi: 10.1007/s40279-021-01516-8

42. McKenzie TL, Sallis JF, Broyles SL, Zive MM, Nader PR, Berry CC, et al.
Childhood movement skills: predictors of physical activity in Anglo American and
Mexican American adolescents? Res Q Exerc Sport. (2002) 73(3):238–344. doi: 10.
1080/02701367.2002.10609017

43. Hardy LL, King L, Farrell L, Macniven R, Howlett S. Fundamental movement
skills among Australian preschool children. J Sci Med Sport. (2010) 13(5):503–8.
doi: 10.1016/j.jsams.2009.05.010

44. Velija P, Allen G. ‘Every day we’d have an arranged activity, so she’d have
football, swimming, dance, gymnastics’: a sociological analysis of parenting and
sports-based enrichment activities for the under-fives. Int Rev Sociol Sport. (2024)
59(6):903–20. doi: 10.1177/10126902241238236

45. Booth ML, Denney-Wilson E, Okely AD, Hardy LL. Methods of the NSW
schools physical activity and nutrition survey (SPANS). J Sci Med Sport. (2005) 8
(3):284–93. doi: 10.1016/s1440-2440(05)80039-8

46. Spring KE, Carroll AV, Wadsworth DD. The relationship in early childhood
body composition and physical activity levels regarding fundamental motor skill
development. BMC Pediatr. (2023) 23(1):461. doi: 10.1186/s12887-023-04298-2

47. Feda DM, Lambiase MJ, McCarthy TF, Barkley JE, Roemmich JN. Effect of
increasing the choice of active options on children’s physically active play. J Sci
Med Sport. (2012) 15(4):334–40. doi: 10.1016/j.jsams.2011.12.004

48. Jimenez-Pavon D, Fernandez-Alvira JM, Te Velde SJ, Brug J, Bere E, Jan N, et al.
Associations of parental education and parental physical activity (PA) with children’s
PA: the ENERGY cross-sectional study. Prev Med. (2012) 55(4):310–4. doi: 10.1016/j.
ypmed.2012.07.011

49. Beets MW, Cardinal BJ, Alderman BL. Parental social support and the physical
activity-related behaviors of youth: a review. Health Educ Behav. (2010) 37(5):621–44.
doi: 10.1177/1090198110363884

50. Paquette D, Dumont C. Is father–child rough-and-tumble play associated with
attachment or activation relationships? Early Child Dev Care. (2013) 183(6):760–73.
doi: 10.1080/03004430.2012.723440

51. Barnett LM, Stodden D, Cohen KE, Smith JJ, Lubans DR, Lenoir M, et al.
Fundamental movement skills: an important focus. J Teach Phys Educ. (2016) 35
(3):219–25. doi: 10.1123/jtpe.2014-0209

52. Kuppens S, Ceulemans E. Parenting styles: a closer look at a well-known
concept. J Child Fam Stud. (2019) 28(1):168–81. doi: 10.1007/s10826-018-1242-x
frontiersin.org

https://doi.org/10.1177/1356336(20915225
https://doi.org/10.1186/1479-5868-5-3
https://doi.org/10.1186/1479-5868-5-3
https://doi.org/10.1016/j.jshs.2019.01.001
https://doi.org/10.1080/02640414.2010.551540
https://doi.org/10.1016/j.jsams.2012.08.011
https://doi.org/10.1080/13573322.2024.2302492
https://doi.org/10.17061/phrp2911907
https://doi.org/10.1080/02640414.2024.2376392
https://doi.org/10.1080/02640414.2024.2376392
https://doi.org/10.1093/abm/kay015
https://doi.org/10.3390/children8030204
https://doi.org/10.3390/children9101482
https://doi.org/10.3389/fpubh.2023.1232551
https://doi.org/10.1007/s10643-021-01190-5
https://doi.org/10.1016/j.ypmed.2014.05.019
https://doi.org/10.1016/j.ypmed.2014.05.019
https://doi.org/10.3390/children10071247
https://doi.org/10.1186/s12889-016-3742-1
https://doi.org/10.1542/peds.2006-0742
https://doi.org/10.3390/jcm11195623
https://doi.org/10.1080/00336297.2008.10483582
https://doi.org/10.1080/00336297.2008.10483582
https://doi.org/10.1186/s12889-024-17728-2
https://doi.org/10.1186/s12889-024-17728-2
https://doi.org/10.7717/peerj.17564
https://doi.org/10.3389/fpubh.2023.1023662
https://doi.org/10.3389/fpubh.2023.1023662
https://doi.org/10.5014/ajot.55.1.55
https://doi.org/10.1016/j.ridd.2020.103742
https://doi.org/10.1007/s40279-017-0723-1
https://doi.org/10.1007/s40279-017-0723-1
https://doi.org/10.1016/j.jadohealth.2008.07.004
https://doi.org/10.3760/cma.j.issn.0254-6450.2012.05.004
https://doi.org/10.3760/cma.j.issn.0254-6450.2012.05.004
https://doi.org/10.1249/MSS.0000000000000209
https://doi.org/10.1249/MSS.0b013e3181ed61a3
https://doi.org/10.1186/s12887-022-03497-7
https://doi.org/10.1086/651257
https://doi.org/10.1016/j.brat.2016.11.001
https://doi.org/10.1080/03637750903310360
https://doi.org/10.1007/s40279-016-0495-z
https://doi.org/10.1007/s40279-021-01516-8
https://doi.org/10.1080/02701367.2002.10609017
https://doi.org/10.1080/02701367.2002.10609017
https://doi.org/10.1016/j.jsams.2009.05.010
https://doi.org/10.1177/10126902241238236
https://doi.org/10.1016/s1440-2440(05)80039-8
https://doi.org/10.1186/s12887-023-04298-2
https://doi.org/10.1016/j.jsams.2011.12.004
https://doi.org/10.1016/j.ypmed.2012.07.011
https://doi.org/10.1016/j.ypmed.2012.07.011
https://doi.org/10.1177/1090198110363884
https://doi.org/10.1080/03004430.2012.723440
https://doi.org/10.1123/jtpe.2014-0209
https://doi.org/10.1007/s10826-018-1242-x
https://doi.org/10.3389/fped.2024.1475263
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/


Liu et al. 10.3389/fped.2024.1475263
53. Clark JE. On the problem of motor skill development. J Phys Edu Rec Dance.
(2007) 78(5):39–44. doi: 10.1080/07303084.2007.10598023

54. He Q, Ha ASC, Zheng B, Okely AD. Feasibility and potential efficacy of a family-
based intervention on promoting physical activity levels and fundamental movement
skills in preschoolers: a cluster randomised controlled trial. Appl Psychol Health Well
Being. (2024) 16(3):1266–88. doi: 10.1111/aphw.12527

55. Sary YNE, Ambarsari N, Suhartin S. Pengaruh permainan lego terhadap
perkembangan motorik halus pada anak usia 3–6 tahun. J Obsesi J Pendidikan
Anak Usia Dini. (2023) 7(5):6273–80. doi: 10.31004/obsesi.v7i5.5350

56. Winges SA, Kornatz KW, Santello M. Common input to motor units of intrinsic
and extrinsic hand muscles during two-digit object hold. J Neurophysiol. (2008) 99
(3):1119–26. doi: 10.1152/jn.01059.2007
Frontiers in Pediatrics 11
57. Cleland V, Timperio A, Salmon J, Hume C, Telford A, Crawford D. A
longitudinal study of the family physical activity environment and physical activity
among youth. Am J Health Promot. (2011) 25(3):159–67. doi: 10.4278/ajhp.090303-
QUAN-93

58. Dapp LC, Gashaj V, Roebers CM. Physical activity and motor skills in children: a
differentiated approach. Psychol Sport Exerc. (2021) 54:101916. doi: 10.1016/j.
psychsport.2021.101916

59. Morgan PJ, Grounds JA, Ashton LM, Collins CE, Barnes AT, Pollock ER, et al.
Impact of the ‘Healthy Youngsters, Healthy Dads’ program on physical activity and
other health behaviours: a randomised controlled trial involving fathers and their
preschool-aged children. BMC Public Health. (2022) 22(1):1166. doi: 10.1186/
s12889-022-13424-1
frontiersin.org

https://doi.org/10.1080/07303084.2007.10598023
https://doi.org/10.1111/aphw.12527
https://doi.org/10.31004/obsesi.v7i5.5350
https://doi.org/10.1152/jn.01059.2007
https://doi.org/10.4278/ajhp.090303-QUAN-93
https://doi.org/10.4278/ajhp.090303-QUAN-93
https://doi.org/10.1016/j.psychsport.2021.101916
https://doi.org/10.1016/j.psychsport.2021.101916
https://doi.org/10.1186/s12889-022-13424-1
https://doi.org/10.1186/s12889-022-13424-1
https://doi.org/10.3389/fped.2024.1475263
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/

	Influence of physical activity home environment on fundamental movement skills development in Chinese preschoolers: mediating role of moderate-to-vigorous physical activity
	Introduction
	Methods
	Design and participants
	Measures
	Physical activity home environment
	MVPA
	FMS
	Demographic characteristics
	Statistical analysis


	Results
	Descriptive statistics of physical activity home environment, MVPA, and FMS in preschool children
	Correlation analysis between physical activity home environment, MVPA, and FMS in preschool children
	Effects of physical activity home environment and MVPA on FMS in preschool children

	Discussion
	Gender differences in FMS
	Relationship among physical activity home environment and MVPA
	Relationship among physical activity home environment and FMS
	Mediating role of MVPA between physical activity home environment and FMS
	Study strengths and limitations

	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	References


