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Physical education interventions improve the fundamental movement skills in
kindergarten: a systematic review and meta-analysis
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Abstract

Fundamental motor skills (FMS) are the foundation for the development of advanced motor skills. To assess the effect of
physical activity intervention on the promotion of FMS and explore the influencing factor of physical activity intervention on
the development of FMS in preschool children. Trails with children aged 3-7yeas in kindergarten settings that applied physical
activity intervention programs were included. We calculated the effects on overall FMS, locomotor skill and object control skill
subscales (LMS and OCS) by weighted standardized mean differences using random-effects models. In this study, 23 trials
involving 2258 preschoolers (aged 3.3-6.5years) were selected, including 7 high quality studies, 11 medium quality studies
and 5 low quality studies. Analysis of the effects of physical activity intervention revealed significant differences among groups
in favor of intervention group, FMS (SMD = 1.50, 95% CL [1.29, 1.71], I? = 89.7%), locomotor skills (SMD = 1.56, 95% CL
[1.38,1.75], I’ = 59.2%), object control skills (SMD = 1.43, 95% CL [1.25, 1.61], I’ = 93.8%). Physical activity interventions can
significantly improve FMS in healthy preschool aged children. However, we should be cautious due to the limited researches,
low-quality evidence and immediate post-intervention effects without long-term follow-up.
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Practical Application: Fundamental motor skills (FMS) are the foundation for the development of advanced motor skills. In
this study, we assessed the effect of physical activity intervention on the promotion of FMS and explored the influencing factor
of physical activity intervention on the development of FMS in preschool children. Our results showed that physical activity

interventions can significantly improve FMS in healthy preschool aged children.

1 Introduction

Fundamental motor skills are classified into locomotor skills
that enable children to move the body in space and object control
skills that enable to manipulate and project objects (Cools et al.,
2009). FMS are the foundation movements such as running,
catching and jumping, which form the building blocks for more
complex and specialized skills which are essential for participation
in physical activities and sports and recreation. At present,
developmental coordination disorder (DCD), attention deficit
hyperactivity disorder (ADHD), autism, and obesity in preschool
children have become more and more prominent (Bryant etal.,
2014; Meng et al., 2018; Wen, 2017; Kang et al., 2017). However,
there are significant correlations with fundamental motor skills
(Robinson et al., 2015). More recent evidence has shown the
association of higher levels of FMS with better overall health
outcomes (D’Hondt et al., 2013), including a lower body mass
index and higher cardiorespiratory fitness (Fong et al., 2012),
obesity prevention (Wang et al., 2018) and cognitive function
improvement (Lloyd et al., 2014). fundamental motor skills are
positively correlated with physical activity levels (Tortella et al.,
2016), and there is a strong positive correlation between the

proficiency of fundamental motor skills at the age of 6 and the
level of physical activity at the age of 26 (Veldman et al., 2017).

In the past, several studies on physical activity intervention
on improving FMS have been published. Vassiliki et al. presented
that participation in physical activity of teacher-leading
interventions for about 10 weeks can significantly promote
FMS development in preschool children compared with free
activities (Iivonen et al., 2011; Burrows et al., 2014; Bonvin et al.,
2013). However, Burrows et al. found that the effect of physical
activity intervention on improving preschool children’s FMS
is not significantly different (Jones et al., 2016; Moher et al,,
2015; Higgins & Green, 2008). Although two reviews both
found that intervention were effective in improving FMS, these
articles were methodologically failed to provide solid evidence
of the effectiveness of FMS intervention in preschool children.
One of these systematic reviews included 20 studies showing
that physical activity of teacher-leading intervention produced
effect sizes in the range of 0.14-0.47 for overall FMS, OCS, or
LMS. The greatest limitation of the included articles was the lack
of blinding without consistencies in the frequency and duration
of activity sessions. The other review showed that 60% of the
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included studies revealed statistically significant intervention
effects, but the meta-analysis was not conducted for the low
methodological quality and large heterogeneity. Therefore, the
exact effect of physical education intervention on preschool
children’s FMS is unclear. Our study aims performed systematic
review and meta-analysis to describe and evaluate physical
education program intervention. Meanwhile, meta-regression
to analyze the influence factor of physical education improve
FMS for health preschool children was conducted. We further
performed subgroup analysis to confirm the influencing factor.
Finally, we performed exploratory analyses to identity the
intervention that were more effective than others.

2 Method

This review and meta-analysis were performed in accordance
with the guidelines outlined in the preferred reporting item for
systematic reviews and meta-analyses (PRISMA) statement
(Zhu, 2015).

2.1 Literature search

An electronic database search was conducted using Medline,
Embase, Pubmed, Eric, Cochrane library, Web of Science, China
national knowledge infrastructure, digital journal of Wanfang
Data, China Science and Technology Journal Database from
the establishment of the database to May 31, 2020. Based
on the PICOS approach, search terms included: population
(preschool* OR child* OR kindergarten OR “early child*” O
R “young child*”) ,intervention: (“structured physical activity”
OR “physical activity” OR “physical education” OR exercise),
Comparator (Non-structured sports activities), outcome (“motor
skill” OR “fundamental motor skill” OR “fundamental movement
skill” OR “object control skill” OR “locomotor skills” OR “gross
motor skill”, Study design (“controlled trial” OR “randomized
controlled trial” OR “Cluster randomized controlled trial”).

2.2 Eligibility criteria

Inclusion criteria: (1) Peer-reviewed controlled experimental
studies published in English and Chinese before May 31, 2020.
(2) Samples were composed of healthy preschool children (age
3-7 years). (3) Experimental group participates in planned,
purposeful, and organized structured sports activities by teacher
lead, while the control group students engage in non-structural
free activities. (4) Quantitative assessment of the results of
fundamental motor skills. (5) The trail had to report a fundamental
motor skill outcome measure in both groups. The outcome
indicators include at least one of the total score of motor skills
development, mobile skills, and the object control skills.

Exclusion criteria: (1) Excluding research with subjects
related to without major health or motor handicaps. such as
developmental delay and attention deficit hyperactivity disorder.
(2) Excluding studies with less than 4 weeks of intervention and
less than 10 subjects. (3) Exclude non-English or Chinese related
research. Review papers, uncontrolled trials.

2.3 Study selection and data extraction

Two authors (Liand Ying) worked independently and checked
in pairs the eligibility status of identified citations by screening

titles, abstracts, and then the full paper. Two reviewers used a
standard form to extract information from each eligible study,
including research characteristics (such as author, country, year),
participants and cluster demographics (such as sample size,
age, gender), intervention details (such as duration, frequency
and content of intervention), study methodology (such as
randomization, blinding, allocation concealment), outcome
date, etc. In case of any disagreement, consensus was reached
through discussions and also by including a third person.

2.4 Quality evaluation

The reviewers (Li and Ying) assessed the risk of bias of
each eligible study using Cochrane bias risk assessment tool
(Engel et al., 2018). Specific indicators included: selection bias,
implementation bias, measurement bias, dropout or loss to follow-
up, reporting bias and other biases, among which other biases
include less than 30 cases and are determined to be high-risk,
while 30 cases or more are recognized as low risk. If the sample
size is not reported, then the risk of bias is determined to be
unclear. Research evaluation is divided into ‘low risk; ‘unclear’
and ‘high risk’ The research quality was divided into three levels
from high to low, including Level A (low bias): Fully meet 4 items
or more, Level B (Moderate bias): satisfy 2-3 items, and Level
C (highly biased): only satisfy 1 item (Higgins & Green, 2008)
Two reviewers independently scored the items for each study.
If final results of the two investigators are in dispute, we would
consult the third investigator (Liu). We will contact the author
via email to get the missing data as much as possible if the data
information of research is not complete.

2.5 Statistical analysis

Meta-analyses were completed for continuous data by using
the change in the mean and standard deviation of outcome
measures. If not provided, the change in post-intervention mean
was calculated by subtracting baseline from post-intervention
values. Change in the standard deviation of post-intervention
outcomes was calculated using Revman 5.3. Data required was
(1) 95% confidence interval data for pre/post intervention change
within groups, or when this was not available, (2) actual p values
for pre/post intervention change within groups, or if only the level
of significance was available, (3) then we used default p -values
where p <0.05becomes p =0.049, p < 0.01 becomes p =0.0099 and
p = not significant becomes p = 0.05. A random effects inverse
variance was used with the effects measure of SMD (Higgins
& Thompson, 2002). We used Statal3.0 software to conduct a
combined analysis of the outcome indicators of the included
literature, Chi-square test was used to test the heterogeneity
between studies, and P> 0.01 means no statistical difference or
no heterogeneity (Demets, 1987). At the same time, the I? value
was used for quantitative evaluation, while I? < 40% means low
heterogeneity, 40% < I’ < 70% is moderately heterogeneous, and
I?>70% is highly heterogeneous (Stuck et al., 1998). We used a
fixed model for low heterogeneity and a random effects model
for medium or high heterogeneity (Adamo et al., 2016). Also, we
explored the source of heterogeneity through meta regression
and subgroup analysis, and applied Egger to analyze publication
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bias (Robinson et al., 2016), and then created the corresponding
funnel chart.

3 Results
3.1 Research characteristics

Overall, we identified 7794 studies and an additional
18 studies were identified through other sources to give a total
of 7872 studies, in which we assessed 78 articles for eligibility.
23 articles were eligible which included 2258 children with an age
range of 3.3-6.5 years. All included trials were shown in Figure 1.

The studies mainly included 10 items in America (6 in
USA) ( Burrows et al., 2014; Jones et al., 2016; Gao et al., 2019;
Alhassan et al., 2012; Brian et al., 2017; Wasenius et al., 2018;
Palmer et al,, 2019; Derri et al., 2001., Deli et al., 2006), 8 in
Europe(Ivonen et al., 2011; Bonvin et al., 2013; Moher et al,,
2015; Gao et al., 2019; Rocha et al., 2017; Lemos et al., 2012;
Battaglia et al., 2019; Mostafavi et al., 2013; Yang, 2017), 3 in Asia
(Wu, 2015; Jones et al., 2011; Hacke et al., 2017), and 2 in Oceania
(Higgins & Green, 2008; Stodden et al., 2008). The diversified
courses integrated with FMS was adopted in 7 documents
(Higgins & Green, 2008; Alhassan et al., 2012; Palmer et al.,
2019; Derri et al., 2001; Deli et al., 2006; Wu 2015; Stodden et al.,
2008), 2 studies used object control program (Burrows et al.,
2014; Palmer et al., 2019), and 12 reported the intervention
which was performed by physical education teachers or trained
staff (Bonvin et al., 2013; Higgins & Green, 2008; Gao et al.,
2019; Alhassan et al., 2012; Palmer et al., 2019; Derri et al.,
2001; Deli et al., 2006; Lemos et al., 2012; Mostafavi et al., 2013;
Yang, 2017; Wu, 2015; Stodden et al., 2008). Besides, 18 studies
used TGMD to test (Burrows et al., 2014; Jones et al., 2016;
Higgins & Green, 2008; Gao et al., 2019; Alhassan et al., 2012;
Brian et al., 2017; Wasenius et al., 2018; Palmer et al., 2019;
Derri et al., 2001; Deli et al., 2006; Rocha et al., 2017; Lemos et al.,

Records identified through
database searching(n= 7794)

Additional records identified through
reference lists from reviews (n=18)
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papnjoug

Figure 1. Flow diagram of study selection.
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2012; Battaglia et al., 2019; Mostafavi et al., 2013; Wu S. 2015;
Jones et al., 2011; Hacke et al., 2017; Stodden et al., 2008), and
Zurich Neuromotor Assessment (ZNA) test (Moher et al., 2015),
test of motor competence (KTK) (Ivonen etal., 2011), The APM
Inventory (Bonvin etal., 2013), and Italian version of gross motor
development test (Yang, 2017) respectively tested one item.
In these studies, the shortest duration of intervention was five
weeks (Deli et al., 2006), the longest was eighty weeks (Deli et al.,
2006). The duration was shorter than or equal to ten weeks in
7 studies(Burrows et al., 2014; Alhassan et al., 2012; Brian et al.,
2017; Deli et al., 2006; Rocha et al., 2017; Lemos et al., 2012;
Wu, 2015), longer than ten weeks but shorter than or equal to
twenty weeks in 6 documents (Ivonen et al., 2011; Jones et al.,
2016; Battaglia et al., 2019; Yang, 2017; Jones et al., 2011;
Stodden et al., 2008), and that of 9 studies was longer than twenty
weeks (Bonvin et al., 2013; Higgins & Green, 2008; Gao et al,,
2019; Wasenius et al., 2018; Palmer et al., 2019; Derri et al,,
2001; Mostafavi et al., 2013; Hacke et al., 2017). Moreover, the
intervention of 8 studies was twice per weak (Burrows et al.,
2014; Bonvin et al., 2013; Palmer et al., 2019; Rocha et al., 2017;
Lemos et al.,, 2012; Battaglia et al., 2019; Yang, 2017; Jones et al.,
2011), three times per week for 5 studies (Higgins & Green, 2008;
Alhassan et al., 2012; Deli et al., 2006; Wu, 2015; Stodden et al.,
2008), and five times per week for 4 studies (Jones et al., 2016;
Brian etal., 2017; Wasenius et al., 2018; Hacke et al., 2017). Most
intervention included the time lasting for 20-60 minutes, and
all interventions were conducted in kindergartens. The basic
characteristics of the included articles were shown in Table 1.

3.2 Quality evaluation

The results of methodological quality (as shown in Figure 2)
showed that there were 7 level A studies, 11 level B studies, and
5level C studies. Among the 23 studies, 12 studies were randomly
allocated by a computer (Ivonen et al., 2011; Jones et al., 2016;
Mobher etal.,2015; Gao etal., 2019; Wasenius et al., 2018; Derri et al.,
2001; Deli et al., 2006; Rocha et al., 2017; Lemos et al., 2012;
Mostafavi et al., 2013; Yang, 2017; Stodden et al., 2008). 6 studies
used orderly and opaque sealed envelopes for distribution and
hiding (Jones et al., 2016; Gao et al., 2019; Palmer et al., 2019;
Derri et al., 2001; Lemos et al., 2012; Stodden et al., 2008).
Besides, 6 studies was adopted double-blind for participants
and implementers(Higgins & Green, 2008; Palmer et al., 2019;
Derrietal., 2001; Deli et al., 2006; Rocha et al., 2017; Lemos et al.,
2012), and test evaluators were blinded in 6 studies(Jones et al.,
2016; Higgins & Green, 2008; Wasenius et al., 2018; Rocha et al.,
2017; Hacke et al., 2017; Stodden et al., 2008), and other
6 studies did not report (Moher et al., 2015; Alhassan et al.,
2012; Palmer et al., 2019; Battaglia et al., 2019; Mostafavi et al.,
2013; Yang, 2017).

Besides, 11 studies were at the risk of measurement bias
and there was subject dropout in 4 studies (Burrows et al., 2014;
Bonvin etal.,2013; Rocha etal., 2017; Lemos et al., 2012). Other
2 studies only provided the score of sub item skill of mobile
movement, while the total score was missing (Rocha et al., 2017;
Lemos et al., 2012). In 3 studies, only partial FMS indicators
were selectively tested (Higgins & Green, 2008; Brian et al., 2017;
Hacke et al,, 2017), and it was not possible to merge the data.
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Table 1. Basic information of included studies.

Evaluation tools

Name, Year, . Sample characteristics, Intervention content, Methods and .
Countr Studydesign Intervenor means and indicators Intervention results
y
Burrows et al. QE n =40, INT =15, 11 weeks, 60 min/time, 5 times/week. TGMD-2(FMS, FMS:INT =~ CON
(2014), Canada CON =25,M = 6.5, INT: Structured sports activities. CON: LMS, OCS)
Non-physical teachers Non-structural free activities. LMS:INT =~ CON
COS:INT = CON
Adamo et al. CRCT n =83, INT = 40, 24 weeks. INT: Combine structured TGMD-2(FMS, FMS:INT > CON
(2016), Canada CON =43, M =42, and non-structured sports activities, LMS, OCS)

Trained teachers use skipping rope, ball games and other LMS:INT > CON
equipment to practice movement skills, OCS:INT ~ CON
and create a good learning environment.

CON: Non-structured sports activities.
Bonvin et al. CRCT n=313,INT =187, INT: The government provides certain ZNA INT = CON
(2013), CON =201,M =3.3, financial support to incorporate sports
Switzerland Non-physical teachers activities into the daily lives of children,
but the government does not strictly
require the curriculum and frequency
of school sports activities. CON:
Non-structured sports activities.
Derri et al. (2001), RCT n =68, INT = 35, 10 weeks, 35-40 min/time, 2 times/ TGMD-2(LMS) LMS:INT > CON
Greece CON =33, M = 5.43, week. INT: Participate in structured
Non-physical teachers sports activities, strengthen movement
development, combine music and
movement practice, CON: Participate in
non-structured sports activities,
Robinson et al. RCT n=113,INT =68, 5 weeks, 40 min/time, 3 times/ TGMD-2(FMS, FMS:INT > CON
(2016), United CON =45 M =4.5, week. INT: Participate in CHAMP LMS, OCS)
States Trained teachers structured courses. CON: Participate in LMS:INT > CON
non-structured outdoor free activities. OCS:INT > CON
Gao et al. (2019), CT n =56, INT = 36, 8 weeks, 20 min/time, 5 times/week. INT:  TGMD-2(FMS) INT = CON
United States CON =20, M =4.46, Non-  The intervention content is a structured
physical teachers electronic video sports game, focusing
on the development of movements and
the cooperative practice of double and
multiplayer. CON: Participate in non-
structural outdoor sports activities and
play freely in the playground.
Alhassan et al. RCT n=71,INT =43, 24 weeks, 30 min/time, 5 times/week. TGMD-2(LMS)  LMS:INT = COM
(2012), United CON =28, M = 4.3, Non- INT: Structured LMS-AP course, 30 LEAPING:INT >
States physical teachers course plans, 3-5 minutes of music CON
warm-up, 20 minutes of FMS practice,
5 minutes of free performance, and
enhanced FMS. CON: Free play through
exercise equipment.
Deli et al. (2006), CT n=75INTI1 = 25, 10 weeks, 35 min/time, 2 times/week. TGMD-2(LMS) INT > CON
Greece INT2 =25, CON =25,  INT: Experimental group A participates in
M = 5.4, Trained teachers  structured sports, and experimental group
B consists of music plus structured sports.
CON: Non-structural free activities.
Rocha et al. RCT n=33,INT1 =11, 20 weeks, 45 min /time, 2 times/ TGMD-2 soccer VS CON
(2017), Portugal INT2=11,CON =11, week. INT: Intervention by structured LMS:INT > CON
M = 4.8, Non-physical physical activities. Experimental group OCS:INT > CON
teachers 1 uses swimming, which includes water swim VS CON

exercises and basic water exercises.

Experimental group 2 uses football,
which includes the basic skills of
dribbling, passing, shooting and

the training of communication and

cooperation skills. CON: Non-structured

sports activities, mainly free play.

LSM:INT > CON

OCS:INT > CON
soccer VS swim

LMS:soccer > swim
OCS:soccer > swim

TGMD = gross motor development measurement; INT = the experimental group; CON = the control group; FMS = the basic motor skills; LMS = the movement skills; OCS = the object
control skills; CT = the controlled trial; RCT = the randomized controlled trial; CRCT = the whole Group randomized controlled trials; QE = the quasi-trial design.
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Table 1. Continued...
Name, Year, . Sample characteristics, Intervention content, Methods and Evaluation tools .
Studydesign o Intervention results
Country Intervenor means and indicators
Tortella et al. CT n=110,INT =71, 20 weeks, 60 min/time, 1 time/week. test of motor FMS:INT > CON.
(2016), Italy CON=39,M=5.7,Non- INT: 30 minutes of structured exercise =~ competence KTK
physical teachers plus 30 minutes of free activities. Under
the guidance of the teacher, you can
practice climbing, balance and other
physical qualities through various
equipment in the amusement park.
CON: Mainly non-structured activities.
Lemos et al. RCT n =50, INT =25, 32 weeks, 50 min/time, 1 time/week. TGMD- LMS:INT > CON
(2012), Brazil CON=25M=4.7, INT: Structured physical education, 2(LMS, OCS) OCS:INT > CON
Trained teachers including cooperative games and
exercises in action skills in a fun
environment. CON: Free entertainment
activities in the playground under the
supervision of the head teacher.
Veldman et al. RCT n=>54,INT = 38, 9 weeks, 30 min/time, 2 times/week. TGMD-2(OCS) OCS:INT > CON
(2017), United CON=16,M =54, INT: Participate in 6 sports (throwing,
States Non-physical teachers  receiving, serving, kicking, dribbling and
rolling). CON: Outdoor game activities.
Jones, et al. CRCT n=297,INT =52, 20 weeks, 20 min/time, 3 times/week. TGMD- LMS:INT > OCS
(2011), Australia CON =45,M = 4.8, INT: Jump Start structured courses, 2(LMS, OCS) OCS:INT > OCS
Physical Education Teacher ~ mainly focus on children’s movement
development, encourage children to
actively explore and try different ways of
movement skills exercise. CON: Regular
activities + games.
Jones et al. (2015), RCT n=150,INT =77, 24 weeks, 20 min/time, 3 times/week. TGMD- LMS:INT = OCS
Australia CON = 73, Trained INT: JUNP START structured courses, 2(LMS, OCS) COS:INT = OCS
teachers interesting methods, guide children
to practice various motor skills. CON:
Regular activities + games.
Brian et al. (2017), QE n =57, INT = 26, 24 weeks, 30 min/time, 2 times/week. TGMD-2(OCS) OCS:INT > CON
United States CON=31,M=4.8, INT: SKIP structured course that
Trained teachers emphasizes movement development, 2-3
minutes of music warm-up, 2 10-minute
task practice of object control skills,
3-4 minutes of stretching. CON: Non-
structural free activities.
Tivonen (2011), CT n=284,INT =39, 32 weeks, 45 min/time, 2 times/week. APM(FMS) FMS:INT > CON
Finland CON =45 M =438, INT: Structured Physical Education
Trained teachers Curriculum PEC, the European Union
Early Preschool Children’s Sports
Program. CON: Unstructured gaming
activities.
Battaglia et al. CT n=119,INT =90, 16 weeks, 45 min/time, 2 times/week. Italian version LMS:INT > CON
(2019), Italy CON=29,M=5.5, INT: Structured physical activity class of gross motor OCS:INT > CON
Physical Education Teacher ~ PEP, highlighting the development of ~ development test
activity awareness, basic movement
and perception-sensory skills, and
stimulating participation motivation
through games. CON: Non-structural
physical activity.
Wasenius et al. CRCT n =215,INT1 =59, 24 weeks, 60 min/time, 5 times/week. TGMD- FMS:INT =~ CON
(2018), Canada CON =62, INT2 =94, INTI: Structured ABC activity course, 2(LMS, OCS) LMS:TIN > CON
Trained teachers INT2: Combination of ABC activity OCS:INT = CON

course + family intervention. CON:
Non-structural physical activity.

TGMD = gross motor development measurement; INT = the experimental group; CON = the control group; FMS = the basic motor skills; LMS = the movement skills; OCS = the object
control skills; CT = the controlled trial; RCT = the randomized controlled trial; CRCT = the whole Group randomized controlled trials; QE = the quasi-trial design.
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Table 1. Continued...

Name, Year, . Sample characteristics, Intervention content, Methods and Evaluation tools .
Studydesign L Intervention results
Country Intervenor means and indicators
Palmer et al. RCT n =102, INT = 64, 5 weeks, 40 min/time, 3 times/week. INT: TGMD- LMS:INT > CON
(2019), United CON =38, M=5.2, The structured CHAMP course focuses on 3(LMS, OCS) OCS:INT > CON
States Physical Education Teacher movement development. The basic structure
includes a 2-minute warm-up, 3-4 minutes
of motor skills station instruction, 32-35
minutes of motor skills practice, and 2-3
minutes of relaxation activities. CON: Free
physical activity on the regular playground.
Mostafavi et al. CT n =90, INT1 = 30, 8 weeks, 3 times/week. INT1: SPARK TGMD-2(FMS, spark VS CON
(2013), Iran INT2 = 30, CON = 30, structured curriculum, using a LMS, OCS) FMS:INT > CON
Physical Education combination of sports, play and LMS:INT > CON
Teacher entertainment. INT2: Gymnastics OCS:INT > CON
intervention group. CON: Free play gym VS COM
activities. FMS:INT = COM
LMS:INT = COM
OCS:INT = COM
Veldman et al. RCT n=78,INT1 =21, 80 weeks, 45 min/week, 2 times/week. TGMD- Mixed intervention
(2016), Crolia INT2 = 14, INT3 =22, INT1: Use mixed sports interventions 2(LMS, OCS) VS football and
CON =21, M = 5.3, Non- (football, volleyball, handball, aerobics LMS:INT
physical teachers badminton, tennis, gymnastics, > CON OCS:INT
martial arts, etc.), INT2: use rhythmic > CON Football,
gymnastics, including balance, flexibility aerobics and regular
and dance, etc., INT3: football, including activities
basic skills and competitions. CON: LMS:INT =~ CON
School sports activities arranged daily. OCS:INT ~ CON
Wu (2015), China RCT n =80, INT = 40, 48 weeks, 20-30 min/time, 5 times/ TGMD-2(FMS, FMS:INT > CON
CON =40,M =4.5,Non-  week. INT: Rhythmic physical activity LMS, OCS) LMS:INT > CON
physical teachers that integrates fundamental movement OCS:INT > CON
development, with music. CON: Free
activities.
Yang (2017), RCT n =120, INT = 60, 12 weeks, 30-40 min/time, 2 times/ TGMD-3(FMS, FMS:INT > CON
China CON =60,M =5.7,Non-  week. INT: Structural sports from the LMS, OCS) LMS:INT > CON
physical teachers perspective of movement development. OCS:INT > CON

CON: Free activities.

TGMD = gross motor development measurement; INT = the experimental group; CON = the control group; FMS = the basic motor skills; LMS = the movement skills; OCS = the object
control skills; CT = the controlled trial; RCT = the randomized controlled trial; CRCT = the whole Group randomized controlled trials; QE = the quasi-trial design.
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Figure 2. A schematic of quality evaluation based on Cochrane methodology.

In addition, 12 papers have other risk of bias due to sample size ~ 2001; Deli et al., 2006; Lemos et al., 2012; Battaglia et al., 2019;
less than 30(Burrows et al., 2014; Jones et al., 2016; Higgins &  Mostafavi et al., 2013; Wu, 2015). Most studies have detailed
Green, 2008; Alhassan etal., 2012; Brian etal., 2017; Derrietal.,  description of the intervention content, organization form and
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training plan of the experimental group, but lack of detailed
description of the intervention method, content and form of
the control group.

3.3 Effect of intervention on FMS

Among the 23 included studies, we described 12 of them
only qualitatively since the data in these studies did not meet
the requirements (Table 2). Among them, 6 studies pointed out
that compared with free activity, structured sports activities
have a significant role in promoting the development of FMS
in preschool children (Ivonen et al., 2011; Bonvin et al., 2013;
Rocha et al,, 2017; Lemos et al., 2012; Yang, 2017; Wu, 2015;
Stodden et al., 2008). Besides, the results of 3 studies showed that
the difference between sports and free activity after intervention
did not have statistical significance (Moher et al., 2015; Higgins
& Green, 2008; Brian et al., 2017). 2 research results showed
that the sports activities only promoted the basic movement
skills (Gao et al., 2019; Wasenius et al., 2018). Moreover, the left
1 study conducted comparative intervention through diversified
SPARK curriculum, gymnastics and free exercise and showed
significant differences between the diversified SPARK course
group and the single gymnastics and free exercise group, while
the difference between gymnastics and free exercise was not
significant (Wu, 2015).

Meta-analysis was carried out on 11 eligible studies and
the overall FMS, LMS and OCS forest maps were drawn in
Figure 3. The results of 5 meta-analysis (Alhassan et al., 2012;
Derrietal., 2001; Deli et al., 2006; Jones et al., 2011; Hacke et al.,
2017) showed that there was a significant difference in the
impact of sports intervention and free activity on the overall
FMS (SMD = 1.50,95% Cl1[1.29, 1.71], I’ = 89.7%) (Figure 3A).
In the summary of FMS subscale, 8 meta-analysis (Jones et al.,
2016; Alhassan et al., 2012; Derri et al., 2001; Deli et al., 2006;

Table 2. Intervention characteristics of included studies.

Battaglia et al., 2019; Mostafavi et al., 2013; Jones et al., 2011;
Hacke et al.,, 2017) results showed that compared with free
exercise, the influence of physical activity intervention on LMS
in preschool children was statistically significant (SMD = 1.56,
95% Cl [1.38, 1.75], I = 59.2%) (Figure 3B). The results of
10 meta-analysis (Burrows et al., 2014; Jones et al., 2016;
Alhassan et al., 2012; Palmer et al., 2019; Derri et al., 2001;
Deli et al., 2006; Battaglia et al., 2019; Mostafavi et al., 2013;
Jones et al., 2011; Hacke et al., 2017) showed a significant
difference between physical activity intervention and free activity
on OCS in preschool children (SMD =1.43,95% CI [1.25, 1.61],
I* =93.8%) (Figure 3C). The results of the combination of overall
FMS and OCS were significantly heterogeneous.

3.4 Heterogeneity, subgroup and exploratory analysis

In order to explore the source of heterogeneity, multivariate
meta-regression analysis was carried out on the research
characteristics that may lead to heterogeneity. The results showed
that (Table 3), in terms of LMS, the correlation of LMS with
curriculum and teachers was statistically significant (P < 0.05),
while its correlation with project, intervention frequency,
intervention cycle, intervention time was not significant
(P > 0.05). In terms of OCS, the correlation between project
and OCS was very significant (P < 0.01), while the correlation
between curriculum, teachers, intervention dose and other
factors was not significant (P > 0.05). Therefore, curriculum,
teachers, projects and other factors may be the main causes of
heterogeneity. In addition to the above factors, exercise intensity
may also be the cause of heterogeneity, but it cannot be verified
due to lack of effective data.

The results showed that after grouping, the heterogeneity of
each group decreased to medium and low levels (Tables 4 and 5).
In terms of LMS (Table 4), through subgroup analysis of

Content Proportion (%) Effective rate (%) Content Proportion (%) Effective rate (%)

Intervention Course

duration

20-30min 30 25 Multi-courses integrated with FMS 53 57

30-45min 15 100 Regular course 46 33

45-60min 30 100

Not reported 23

Frequency Teacher

(times/week)

1-3 69 88 Physical education teachers or trained 53 57
teachers

4-5 15 0 Non-physical teachers 46 50

Not reported 15

Period (week) Teaching content

5-10 30 75 Object control sports 30 75

10-20 23 100 Non-control sports 69 44

20 > 46 50

Proportion (%): the proportion of the number in total 23 studies; Effective rate (%): the proportion of intervention group significantly higher than that of control group in a certain

classification standard.
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Figure 3. (A) the forest map of the impact of structural sports activities on the overall FMS; (B) the forest map of the impact of structural sports
activities on LMS; (C) the forest map of the impact of structural sports activities on OCS.

curriculum and teachers, the heterogeneity of LMS has reduced
to alow level, and it integrated into the multi-structure courses
with FMS (SMD = 1.88, 95% CI [1.62, P < 0.05], 2.14]) was
better than that of single structured activity course (SMD =1.23,
95%CI [0.96, 1.50]), and that of PE major or trained teachers
(SMD = 1.86,95% CI [1.59, 2.13]) was better than that of ordinary

teachers (SMD = 1.29, 95% CI [1.03, 1.54]). In terms of OCS
(Table 5), through subgroup analysis of project characteristics,
the heterogeneity of each group decreased to a lower level,
and the effect of equipment manipulation (SMD = 9.61, 95%
CI [8.26, 10.96]) on OCS was significantly better than that of
non-apparatus manipulation (SMD = 1.29,95% CI [1.11, 1.47]).
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Table 3. Results of multivariate meta-regression analysis
LMS 0CSs
Regres§10n Standard error t P Regres§10n Standard error t P
coeflicient coeflicient
Course 0.676 0.227 2.98 0.021* 0.291 0.708 0.41 0.702
Item 0.648 0.674 0.96 0.368 8.068 0.788 10.24 0.001**
Teacher 0.576 0.241 2.38 0.049 0.074 0.751 0.1 0.926
Frequency -0.631 0.289 -2.18 0.081 -0.489 0.484 -1.01 0.369
Period -0.093 0.174 -0.53 0.616 -0.033 0.279 -0.12 0.911
Duration 0.189 0.131 1.45 0.208 -0.06 0.223 -0.27 0.798
*The difference was significant (P < 0.05); **The difference was very significant (P < 0.01).
Table 4. LMS subgroup analysis.
. Number of ”
Grouping standard . VA p P(%) SMD SMD 95%cl
literature
Course Multi-structure courses 5 9.05 0.25 25.8 1.88 1.62,2.14
integrated with FMS
Single-structure activity 4 14.23 0.479 0 1.23 0.96,1.50
courses
Teacher PE teacher / trained teacher 13.68 0.169 40.4 1.86 1.59,2.13
Non-PE teacher 5 9.74 0.25 25.8 1.29 1.03,1.54
Table 5. OCS subgroup analysis.
. Number of )
Grouping standard : VA P (%) SMD SMD 95%cl
articles
Types of exercises Equipment manipulation exercises 2 10.83 0.199 39.5 9.61 8.26,10.96
Non-apparatus manipulation exercises 9 9.66 0.043 49.9 1.29 1.11,1.47
Table 6. Subgroup analysis.
LMS OCS
SMD SMD
2 (0 2 (0,
Sort Number P P (%) SMD 95%l Number p P (%) SMD 95%cl
Frequency 1-3 6 0.00 28.7 1.81 1.57,2.05 8 0.00 95.1 1.71 1.49,1.93
(times /week) 4-5 3 0.00 0 1.16 0.86,1.47 3 0.00 0 0.94 0.64,1.23
Period <10 2 0.00 0 2.08 1.72,2.44 3 0.00 96.5 2.01 1.67,2.35
10-20 4 0.00 25.2 1.39 1.08,1.7 4 0.00 31 1.19 0.89,1.49
20> 3 0.00 59.3 1.37 1.07,1.67 4 0.00 96.4 1.23 0.94,1.51
Duration (min) 30 2 0.00 36.4 1.28 0.97,1.58 4 0.00 98 1.5 1.21,1.79
45 4 0.00 0 2 1.68,2.33 4 0.00 0 1.73 1.42,2.04
60 3 0.00 57 1.43 1.09,1.77 3 0.00 0 1.02 0.7,1.34

Hierarchical multi-level subgroup analysis showed that the
intervention effect of each subgroup on FMS was statistically
significant (Table 6). In terms of intervention frequency,
1-3 times a week (SMD,, = 1.81, 95% [1.57, 2.05], I’ = 28.7%)
had better effect on FMS than 4-5 times a week (SMD . = 0.86,
95% [0.86, 1.47], I = 0%). Regarding the training duration,
45 minutes (SMD,, - = 2, 95% [1.68,2.33], I’ = 0%) were better
than 30 minutes (SMD, . = 1.28,95% [0.97,1.58], I’ = 36.4%) and
60 minutes (SMD,, . = 1.43,95% [1.09,1.77], I = 57%). In terms
of intervention cycle, the intervention effect less than 10 weeks
(SMD,, = 2.08, 95% [1.72, 2.44], I’ = 0%) was better than that
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0f 10-20 weeks (SMD, = 1.39, 95% [1.08, 1.7], I = 25.2%) and
more than 20 weeks (SMD, . =1.37,95% [1.07, 1.67], I = 59.3%).

3.5 Publication bias

According to Begger’s analysis (Figure 4), there was obvious
asymmetry in small and medium sample of OCS studies (Figure 4A).
The results show that OCS (t = 3.71, P = 0.005) had publication
bias, and the difference was statistically significant. However, the
symmetry of LMS funnel plot was apparent (Figure 4B), and the
results showed no publication bias in LMS (t = 0.44, P = 0.67).
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Figure 4. (A) shows the funnel diagram of OCS publication bias; (B) shows the funnel chart of LMS publication bias.

4 Discussion

In this study, preschool children with typical development
were selected as the research objects. By participating in
planned, purposeful and organized structural sports activities
led by teachers, the comprehensive quantitative results showed
that sports activities can obviously promote the overall FMS
proficiency (SMD=1.50), mobile movement skills (SMD=1.56)
and object control skills (SMD=1.43) of preschool children.

Stodden et al. (2008), Williams et al. (2008) and Ji (2019)
proposed the development model of FMS and pointed out that
there was a bidirectional interaction between FMS and physical
activity, and physical fitness and body perception ability were
the intermediate variables of bidirectional interaction (Van
Capelle et al., 2017). Preschool children’s physical activities are
composed of teaching, learning and practice, etc. Therefore,
teachers, courses, teaching methods, exercise intensity, exercise
density and other important factors significantly affect the
physical and mental health development of preschool children
(Hamstra-Wright et al., 2006).

Capelle’s research believes that physical activity intervention
has a great influence on preschool children’s object control skills
(SMD=1.06), while it has a smaller influence on locomotor skills
(SMD=0.62) (Robinson et al., 2017). Our study showed that
physical activity had a better effect on preschoolers’ locomotor
skills than their object control skills.

Karrie’s research points out that boys benefit more from the
physical activities on FMS than girls (Hung et al., 2017). Therefore,
sports activities to improve FMS of preschool children may be
affected by multiple factors such as gender and program. In this
study, the intervention programs were compared in stratified
subgroups and showed that combined equipment manipulation
exercise (SMD=9.61) had a significantly greater impact on OCS
in children than non-appliance control exercise (SMD=1.29).

10

Relevant studies have also pointed out that ball games and
programs of object control are more conducive to developing
children’s hand-eye, upper and lower limbs and whole body
coordination ability, which are more beneficial for the development
of children’s OCS (Xin etal., 2019; Logan et al., 2012). Therefore,
the gender ratio of participants in the study and the differences in
the intervention programs may be the main reasons for the two
different results of the studies. The research above also suggests
that the adjustment of FMS by gender and sports program should
be considered in the arrangement of children’s physical activity.

Dose of physical education intervention is an important
influence factor for physical activity to promote FMS development
in preschool children (Cattuzzo et al., 2016). Logand et al.
suggests that at least twice-weekly intervention can improve
FMS for preschool children (Wick et al., 2017), while Maria
believes that intervention should be at least three times a week
and last more than 30 minutes every time in order to improve
FMS (Lai et al., 2014). There is still lack of prescriptive basis
regarding what kind of intervention dose is more beneficial to
the development of preschool children’s FMS. Our results show
that structured physical activity for about 10 weeks, 1-3 times
a week for 45 minutes each time, is more beneficial to FMS
development in preschool children. The effect of physical
activity intervention at less than 10 weeks (SMD=2.08) and 10-
20 weeks (SMD=1.39) on FMS in preschool children was better
than that at more than 20 weeks (SMD=1.37). WicK’s study also
believed that intervention lasting from 4 weeks to 5 months
had a significantly better effect on FMS than the intervention
lasting more than 6 months (Brian et al., 2017). Regarding the
intervention does, our study show that the effect of physical
activity on FMS of preschool children is not linearly related to
the intervention does, it was consistent with Wick’s conclusion.

Abbey et al. pointed out that the single intervention lasted
more than 30 minutes every time, 4-5 times a week, and the
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intervention even in a higher frequency produced greater
benefits for FMS (Robinson et al., 2017). Consistently, we showed
that the training effect of 1-3 times (SMD=1.81) per week was
better than that of 4-5 times (SMD=1.16). The training effect
of 45 minutes (SMD=2.00) was better than that of 30 minutes
(SMD=1.28) and 60 minutes (SMD=1.43). The effect of physical
activity on FMS in preschool children does not improve with the
increase of intervention cycle, frequency and duration of single
intervention, which may be due to the following reasons: First
of all, excessive intervention frequency may lead to children’s
compliance with physical activities, the novelty of teaching content
and the interest of organizational methods are decreased, which
weaken children’s motivation to participate in physical activities,
thus preschooler children lose their enthusiasm (Riethmuller,
2009). Secondly, the intervention with long period may be
influenced by FMS proficiency, and the ceiling effect forms
(Cattuzzo et al,, 2016). Thirdly, because preschool children’s
attention is generally maintained for about 10-15 minutes, a
too-long or too-short intervention may affect the development
of FMS. As reported in many researches, the intervention is
divided into warm-up, basic part and relaxation part, and the
time for warm-up and relaxation part is generally controlled at
about 10 min (Brusseau et al., 2018). If a single practice time
lasts for 20-30 min, the basic action practice time is only about
10 min, which may cause unfavorable to FMS development due
to lack of exercise. However, if a single intervention lasts too
long, it may cause cognitive decline of children due to fatigue,
which is not conducive to the development of FMS (S H. 1980).

Asan important part of structured physical activity, curriculum
design is an important factor affecting children’s participation
in physical activity (Maluly et al., 2020; Barreto et al., 2018).
Subgroup analysis shows that hybrid intervention courses are
obviously superior to the first two courses (Xiong et al., 2017).
We show that the multi-structure curriculum integrated with
FMS (SMD=1.88) is better than the single structure activity
curriculum (SMD=1.23) in promoting children’s FMS, and
integrating fundamental movement skills is more beneficial to
the development of preschool children’s FMS, which is consistent
with JANE’s research results.

Our study has some limitations. The results are limited by
study design and not completely consistent, such as CTs or RCTs
with unclear randomization procedures and lack of information
regarding allocation concealment. Our study only reviews articles
of English and Chinese, which could be one of the reasons for
publication bias. We suggest that the following study should
pay more attention to the long-term effect of physical activity
on FMS of preschool children, and not only consider the basic
demographic characteristics, but also social factors.

5 Conclusions and suggestions

Sports activities have positive promotion value for preschool
children’s fundamental motor skills. Multi-structure courses
with fundamental motor skills, equipment control sports and
professional teachers are more conducive to the development
of preschool children’s fundamental motor skills. Structured
physical activity intervention for 45 minutes every time, 1-3 times
a week for 10 weeks, can effectively promote the development

Food Sci. Technol, Campinas, v42, e46721, 2022

of preschool children’s fundamental motor skills. We suggest
that kindergartens should design fundamental motor skills
development courses in a targeted way, to constantly improve the
quality of children’s physical activity teaching by supplementing
professional sports teacher and training teacher, and develop
children’s fundamental motor skills, so as to promote the overall
development of children’s health level.
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