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ARTICLE INFO ABSTRACT

Keywords: Background: Proficiency in fundamental motor skills (FMS) is associated with children’s overall development and
Fundamental motor skill long-term physical literacy. However, FMS is not acquired naturally, but needs to be trained.
Intervention

Objective: This study aims to evaluate and provide up-to-date evidence on the effectiveness of intervention
programs focused on promoting FMS among typically developing children between 2010 and 2022.

Methods: Following Preferred Reporting Items for Systematic Reviews and Meta-Analyses guidelines, a search
was conducted in four databases (PubMed, Scopus, Web of Science, and SPORT Discus) from January 2010 to
December 2022. Studies included any interventions in preschools and primary schools that aimed to improve
fundamental motor skills in typically developing children aged 3 to 12, and reported fundamental motor skills
outcomes and statistics.

Results: Thirty-six articles (21 randomized controlled trials, 11 pre-post trials, and four quasi-experimental trials)
satisfied all inclusion and exclusion criteria. Outcomes were primarily demonstrated in composite fundamental
motor skills (n = 32) and its three primary parts: locomotor skills (n = 26), object control skills (n = 26), and
balance skills (n = 4). A meta-analysis was conducted on 16 of these publications, revealing significant inter-
vention effects for overall FMS proficiency (Std diff in means = 0.928, 95 % confidence interval 0.744-1.112, P
= 0.001), locomotor skills (Std diff in means = 0.636, 95 % confidence interval 0.508-0.765, P = 0.001) and
object control skills (Std diff in means = 0.871, 95 % confidence interval 0.660-1.081, P = 0.001).

Discussion and Conclusions: The results indicate that implementing FMS development intervention programs in
preschools and primary schools can be effective in promoting typically developing children’s fundamental motor
skills. The interventions on object control skills had a more significant effect size than locomotor skills. However,
existing evidence cannot conclude which types of interventions are most effective.

Locomotor skill
Object control skill
Balance skill
Children

1. Introduction Consequently, developing proficiency in FMS is necessary to achieve

excellence in a sport or game and to become an elite athlete. Moreover,

Fundamental motor skills (FMS) are the foundation of children’s
movement. Numerous studies in recent years have highlighted the
critical importance of mastering fundamental motor skills for children’s
overall development and long-term physical literacy (Whitebread and
Coltman, 2015). These skills serve as the foundational movements or
precursor patterns for more advanced sports techniques (Barnett et al.,
2016), as many motor skills used in athletics and daily activities are
advanced versions of FMS. For example, javelin and baseball throwing
are advanced forms of overhand throwing (Walkley et al., 1996).

FMS provides children with the skills to explore their environment and
learn the world around them, which promotes physical activity (Wick
et al., 2017), while supporting cognitive and social development during
childhood (Goodway et al., 2019). However, the reality is that children
worldwide have insufficient FMS, and several types of research con-
ducted on children in various nations have come to the same conclusions
(Aye et al., 2018; Hardy et al., 2010; Kit et al., 2017). According to a
comprehensive systematic review of 65 separate studies on children’s
FMS levels, children have “below average” to “average” FMS levels
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when compared to the Test of Gross Motor Development, second edition
(TGMD-2) normative data (Bolger et al., 2021). Low levels of FMS can
inhibit a child’s positive development in various aspects (Jones et al.,
2020). Growing evidence indicates that insufficient FMS competence in
childhood may cause insufficient physical activity and correlate to
obesity, leading to health risk factors for children (Wibowo et al., 2021).

Considering the short- and long-term effects of inadequate FMS, one
effective strategy is ha focus on the development of these skills through
targeted interventions and instructional approaches. Numerous studies
indicate that FMS should be taught, and children need more opportu-
nities to practice FMS through guidance and specific interventions
(Logan et al., 2012). Many nations have now implemented effective
strategies for the development of FMS in youth physical education and
community sports (Wu, et al., 2014). One such example is Hong Kong,
where it has improved fundamental movement skills among students
through an assessment-for-learning intervention that places emphasis on
fun, mastery, and support (Chan et al., 2016). However, the existence of
certain misconceptions and a limited understanding also indirectly
hinder the development of FMS, specifically due to the lack of a clear
comprehension of the effects of FMS interventions. Consequently, edu-
cators, policymakers, and those involved in promoting youth physical
education and community sports programs encounter challenges in
selecting the appropriate intervention methods and determining the
most effective programs. These specific objectives revolve around
improving FMS in children and youth, encompassing goals such as
enhancing physical literacy, sports performance, and overall physical
well-being.

A few reviews have evaluated and summarized the effects of FMS
interventions. All these evaluations reported substantial improvements
in FMS (Wick et al., 2017; Logan et al., 2012). However, they signifi-
cantly differ by targeting specific populations and interventions. For
example, some focus on the effects on children with autism and cerebral
palsy (Colombo-Dougovito and Block, 2019). Two of these reviews have
a similar scope to this study. One was published in 2013, analyzed obese
children, and included family, school, and community-based in-
terventions. These variables resulted in a significant heterogeneity,
which affected the meta-analysis outcomes (Morgan et al., 2013).
Another article had methodological limitations, selecting only ran-
domized and case-controlled studies, and did not do a meta-analysis.
Therefore, the quantitative analytical evidence is insufficient (Eddy
et al., 2019). Many research findings have since been published.

Due to the increased focus on FMS in recent years, many research
findings have since been published. Further review is required to gather
more evidence and support for the practical development of these skills.
Therefore, the primary purpose of this review is to evaluate and provide
up-to-date evidence on the effect of interventions to promote FMS in
typically developing children ranging in age from 3 to 12 years old.

2. 2.Methods

This review adheres to the reporting standards outlined in the
Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines (Moher et al., 2009). The present work has been
registered in the PROSPERO database, CRD42023393517.

2.1. Search strategy

Studies were identified through electronic databases and Google
Scholar and by reviewing the reference lists of all included studies. The
literature search was done through four databases: PubMed, Scopus,
Web of Science, and SPORT Discus, including the literature of recent
years from January 2010 to December 2022. This period is suitable for
observing the latest changes and developments in the field and updating
and incorporating new research. The following keywords were utilized
to search: (“fundamental movement skill” or “basic motor skill” or
“motor competence” or “gross motor skill” or “fundamental motor skill”)
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and (“intervention” or “training” or “training method” or “training
approach” or “training program*”) and (“children” or “adolescent” or
“preschoolers” or “kid” or “youth” or “teen*” or “child*” or “student*").

2.2. Eligibility criteria

The review employed PICOS (population, intervention, comparison,
outcome, and study design) principles to establish the inclusion criteria
(McKenzie et al., 2019). Studies had to meet the following criteria: (1)
The population involved healthy children in preschool and primary
school aged 3-12 years as subjects; (2) study design involved RCTs or
non-RCTs with two or more groups, and one-group design with pre-
posttest; (3) intervention in preschool or primary school is designed to
promote the development of FMS; (4) the primary outcomes had to be
measured with standardized assessment scales of FMS, and the analysis
of at least one component of FMS had to be reported; (5) all articles must
be published in English.

Studies meeting the following criteria were excluded: (1) Reviewed
articles, conference papers, notes, and abstract; (2) the subjects with
diseases, disorders, and obesity; (3) family- and community-based
intervention programs; (4) studies that did not conduct any training
interventions or experiment; (5) studies that did not report any out-
comes or detailed data of FMS.

2.3. Study selection

After the systematic search, all articles were imported into Mendeley
and checked for duplicates. Two independent reviewers examined the
titles and abstracts of the remaining articles. Articles agreed to be
included will be reviewed in full text, and data extracted. The articles
not be identified by title and abstract will also reviewed in full text. If
any disagreement occurs, a consensus will be reached through discus-
sion. When necessary, a third reviewer will be included to resolve the
dispute.

2.4. Quality assessment of included studies

Two independent reviewers utilized the PEDro scale to evaluate the
general quality of the experimental procedures. The scale has good
validity and reliability. It includes 11 items that evaluate four aspects of
the research method: randomization process, blinding procedure, group
comparison, and data analysis (Maher et al., 2003). The score de-
termines the results: Yes (1 point) or No (0 points). The higher the score,
the more reliable the research. A 9-10 is excellent, 6-8 is good, 4-5 is
acceptable, and 1-4 is poor quality. Discussion or evaluation by a third
author resolved any disagreements.

2.5. Data extraction

Two independent reviewers extracted and recorded the articles’
specific information and data in a standardized form. The information
and data include (1) Authors, year, and country; (2) study design and
setting; (3) sample characteristics (sample size, gender, age); (4) inter-
vention (content, duration, intensity, and frequency) (5) type of FMS
evaluation scale (6) outcomes and results (FMS total score, GMQ, subtest
raw /standard score, and percentile).

2.6. Data synthesis and analysis

Comprehensive Meta-Analysis (CMA) software was employed to
synthesize the results of the FMS tests (Borenstein, 2022). Articles
eligible for meta-analysis included data on groups’ sample sizes and the
mean score (SD or SE) of the pre-and post-intervention test value. For
the meta-analysis, post-intervention values were utilized. These data
were employed to calculate the standardized mean difference (SMD) and
95 % confidence interval (CI). The total SMD of the studies was obtained
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by random effects analysis pooling. The effect sizes were small (SMD =
0.2), medium (SMD = 0.5), and big (SMD = 0.8) (Takeshima et al.,
2014).

Most studies have employed the Test of Gross Motor Development
(TGMD) (second or third edition) to evaluate FMS. The primary test data
of the TGMD are the FMS total and subtests of locomotor and object
control skills (Maeng et al., 2016). In light of this, a meta-analysis was
conducted on the three data sets. However, studies that did not qualify
for the meta-analysis but fulfilled the inclusion criteria were systemati-
cally analyzed.

3. Investigation of heterogeneity and subgroup analyses

The I? statistic was employed to examine the heterogeneity of the
study (Higgins and Thompson, 2002). It was explored through subgroup
analysis and sensitivity analysis. Two priori hypotheses were utilized to
explore the reasons for heterogeneity based on the features of gender
and age differences in FMS. The first hypothesis was that differences
FMS performances between boys and girls would influence the results.
Secondly, it was hypothesized that interventions applied to different
ages would have different effects. The subgroup analysis was carried out
according to gender and type of experiment object to verify these
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hypotheses. Since the settings of the intervention programs that were
implemented differed in most studies, further exploratory analyses are
required.

4. Results
4.1. Overview of studies

A preliminary search revealed a total of 11,908 studies. A reference
check produced an additional seven studies After deleting duplicates (n
= 3980) and screening the titles and abstracts (n = 7868), 60 remained.
These articles were thoroughly reviewed in full-text, yielding 36 studies
that met the inclusion criteria. The Fig. 1 showed a detailed process.

4.2. Study quality assessment

All included studies were assessed according to the PEDro scale. The
results revealed that there are no articles with a score lower than 4
points. Of the 17 articles with acceptable quality, six were included in
the meta-analysis. Eight of 18 good-quality articles were included in the
meta-analysis, as was one remaining article of excellent quality. The
mean score of the articles in the meta-analysis was 6.05, indicating good
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Fig. 1. Article identified process (PRISMA).
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quality and the credibility of the findings. However, no study met all the
quality assessment criteria, although all followed the three assessment
criteria: similar at baseline, between-group comparisons, and point
measurements and variability. Additionally, no studies blinded the ex-
perimenters, one blinded the subjects, and seven blinded the data
assessor. Table 2 provides a summary of the specific scores.

4.3. Participant characteristics

The participants can be categorized into two age categories: pre-
schoolers (n = 17 articles) and primary school children (n = 19 articles).
The total number of participants was 7256, with 3582 boys and 3358
girls in all studies. Four articles did not indicate the subjects’ gender
(Johnson et al., 2019; Jones et al., 2011; Mostafavi et al., 2013; Rocha
et al., 2016), while ten studies addressed gender differences (Costello
and Warne, 2020; Duncan et al., 2021; Engel et al., 2021; Foulkes et al.,
2017; Kelly et al., 2021; Lee et al., 2020; Rudd et al., 2017; Skowronski
etal., 2019; Zhang and Cheung, 2019; Zoran et al., 2014). Additionally,
five studies reported separate data on FMS for boys and girls, but no sex
differences were analyzed (Abdullah et al., 2013; Burns, et al., 2017a;
Burns, et al., 2017b; Chan, et al., 2019; Gu et al., 2021). From the data,
girls seem to acquire better locomotor skills than boys. However, boys
develop superior object control skills. Understanding gender differences
in FMS development could lead to more effective interventions in future
studies.

The age range for this review was restricted. The mean age of the
experimental group ranged from 4.2 + 0.7 to 11.3 £ 0.3, whereas that in
the control group ranged from 3.62 + 0.41 to 10.4 + 0.3. The children in
the research were all healthy, and no study included children with
medical issues or who were overweight. Table 1 presents the charac-
teristics of the study.

4.4. Intervention characteristics

Most studies adopted a parallel group design, whereas just three
employed a one-group design. There were 21 randomized controlled
trials (RCTs), 11 pre—post controlled trials, and four quasi-experimental
trials.

Almost all interventions were conducted in preschool and primary
school settings, and most were administered by trained PE teachers. The
interventions were classified into five groups to acquire a comprehen-
sive understanding of the interventions and to allow meaningful com-
parisons: (1) Eight articles utilized interventions based on games and
active play programs, such as the SPARK program (Mostafavi et al.,
2013), and the BRAINball games (Pham et al., 2021); (2) Nine studies
utilized structured physical activity; (3) Eight articles focused on skills
development, such as skill-station-based intervention (Roach and Keats,
2018) and the A + FMS program (Chan et al., 2019); (4) Six articles
developed FMS by introducing specific sports training. This training is
evident in the case of badminton training (Duncan et al., 2020) and
gymnastics training (Rudd et al., 2017); and (5) Five articles employed
novel and unique training methods, such as CHAMP (Palmer et al.,
2019), novel rhythmic activity (Hu, 2020), music + exercise (Marinsek
and Denac, 2020), and neuromuscular training (Duncan et al., 2021).
Some of the intervention programs also provide guidance and support
for teachers (Chan et al., 2019; Jones et al., 2016), making the in-
terventions more effective and beneficial for children’s long-term
development. In contrast to the experiment group, the control group
intervened with the participants through regular PE classes and free
play.

The duration, frequency, and intensity of intervention implementa-
tion are important. The intervention lengths in the reviewed literature
ranged from 4 to 36 weeks. The frequency of most studies was two to
three times per week, with each session lasting from 20 to 80 min and
the majority lasting 40 to 60 min. These frequencies suggest that both
short- and long-term interventions effectively enhance FMS. However,
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most trials did not report on the intensity of the interventions.
4.5. Outcome and measures

The effects of intervention programs on FMS proficiency and loco-
motor, object control, and balance skills were examined and analyzed.

4.5.1. Effects on overall FMS proficiency

FMS proficiency is the primary measure of children’s competence in
FMS. In the reviewed literature, 32 studies published data on overall
FMS proficiency, and 29 of those studies demonstrated a significant
improvement following the intervention. However, two studies
employing active play reported no significant difference between groups
and only had a small effect size (p = 0.11, 95 % CI —0.22-2.24) within
the group (Foulkes et al., 2017; Johnstone, et al., 2019). These results
may be due to unstructured training content. Other studies produced
exceptional results. In several cases, FMS development may be associ-
ated with the age of children, as younger children developing more
quickly than older ones in primary school (Rudd et al., 2017; Hu, 2020;
Jones et al., 2016). Additionally, according to Engel et al. (2022) (Engel
et al., 2021), improvements cannot be maintained when practice op-
portunities are not continued.

When pooling the appropriate studies, the meta-analyses revealed big
effect sizes for overall FMS proficiency (SMD = 0.928, 95 % [CI]
0.744-1.112, P = 0.001) (Fig. 2). Similarly, the subgroup analysis
revealed that intervention programs had moderate effect sizes on FMS
for both boys (SMD = 0.795, 95 % [CI] 0.368-1.223, P = 0.001) and
girls (SMD = 0.789, 95 % [CI] 0.363-1.214, P = 0.001). Boys tended to
perform better than girls (Table 4). The next section of the subgroup
analysis addressed age. The intervention for preschoolers (SMD = 0.900,
95 % [CI] 0.615-1.185, P = 0.001), and primary school children (SMD
=0.965, 95 % [CI] 0.701-1.1228, P = 0.001) had big effect sizes. These
results provide important insights into the significant positive correla-
tion between intervention programs and overall FMS.

4.5.2. Effects on locomotor skills

One of the most significant FMS is locomotor skills. A total of 26
articles reported locomotor skills test data, and all but four studies
demonstrated significant differences (Foulkes et al., 2017; Rudd et al.,
2017; Johnstone et al., 2019; Hamilton and Liu, 2018). Two studies on
active play interventions with unstructured training projects identified
no statistically significant results (Foulkes et al., 2017; Johnstone et al.,
2019). In another study utilizing gymnastics, Rudd et al. (2017) (Rudd
et al., 2017) found that the intervention did not affect the locomotor
skills of the lower-age children (F = 1.3, P = 0.24). However, there was
an effect on upper-age children, and the findings were statistically sig-
nificant. These findings have appeared in just a few studies. Therefore,
the reasons cannot be generalized.

When pooling the appropriate studies, the meta-analysis revealed
moderate effect sizes for locomotor skills (SMD = 0.636, 95 % [CI]
0.508-0.765, P = 0.000) (Fig. 3). The subgroup analyses displayed no
significant difference in locomotor skills between preschool and primary
school children after the intervention, both with moderate effect sizes
(preschool: SMD = 0.691, 95 % [CI] 0.350-1.032, P = 0.000; primary
school: SMD = 0.604, 95 % [CI] 0.470-0.738, P = 0.000) (Table 4). The
effect sizes were different when considering gender factors. The inter-
vention for boys had moderate effect sizes (SMD = 0.620, 95 % [CI]
0.223-1.017, P = 0.002), whereas contrary to expectations, for girls had
a small effect size and was not statistically significant (SMD = 0.327, 95
% [CI] —0.053-0.706, P = 0.092) (Table 4). It is unclear whether gender
differences caused.

4.5.3. Effects on object control skills

All FMS evaluations employed the standard TGMD scale version 2 or
version 3, which measures locomotor and object control skills. There
also had 26 articles reported on the test data of object control skills.
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Table 1
Research specific information.

Study Design Participant Experimental Control Measurement Result

Johnstone et al. CRCT Primary school IV: The active play intervention No details TGMD-2 Both EG and CG Sedentary% |;
(2019) Scotland ( 10 children INT: Moderate-to-vigorous (GMQ, standard EG: GMQ Score; percentile 1;
Johnstone et al., weeks SS:137EG:73 Gender: Freq: 1/ weekTime: 60 min score) LM Score 1; percentile 1;

2019) 34 boy/ 39 girl; OC Score 1; percentile 1.
Age:7.1 + 03 yr; CG: GMQ Score ~; percentile|;
CG:64 Gender:24 LM Score |; LM percentile |;
boy/ 40 girl; OC Score 1; OC percentile 1.
Age:7.1 + 03 yr;

Engel et al. CRCT Preschool children IV: Game-based PLAYFunProgram IV: Normal TGMD-2 EG: GMQ percentile 1;

(2022) Australia ( 12 SS:66 Gender: 36 Freq: 1-5 / weekTime: 40 min with preschool PE (GMQ LM percentile 1; OC percentile 1.CG:
Engel et al., 2021)  weeks boy/ 30 girl; 30 min specific skill instruction + class percentile) GMQ percentile 1;

EG:49 Gender: 26 10 min set up free game LM percentile 1; OC percentile 1.

boy/ 23 girl; Age:4.2

+ 0.7 yr;

CG:17 Gender: 10

boy/ 7 girl; Age:4.2 +

0.6 yr;

Melvin Chung et al. QE Preschool children IV: Physical activity (PA) program IV: Normal TGMD-2 PA 1 in EG by time and between
(2022) Malaysia ( pre-post §S:153 Gender: 83 Freq: 3 / weekTime: 30 min preschool PE (GMQ) groups, large ES, P < 0.001;FMS 1 in
Melvin Chung study boy/ 70 girl;Age:4.5 class EG by time and between groups, large
et al., 2022) 24 + 0.5 yr; ES, P < 0.001;

weeks EG:85 Gender: 48
boy/ 37 girl; Age:4.6
+ 0.50 yr;
CG:68 Gender: 35
boy/ 33 girl; Age:4.4
+ 0.50 yr;
Study Design Participant Experimental Control Measurement Result
Roach et al. CRCT Preschool children IV1: Skill-station based IV: Free-play TGMD-2 EG: GMQ effect by

(2018) Canada (Roach 8 weeks SS:51 Gender: 26 boy/ 25 girl; intervention Freq: 2 / (GMQ, standard time, p < 0.05;
and Keats, 2018) EG1:16 Gender: 10 boy/ 6 girl; Freq: 2 / week weekTime: 45 min score) type X time, p <0.005
Age:4.0 £ 0.53yr; Time: 45 min difference between EG
EG2:16 Gender: 6 boy/ 10 girl; IV2: The active play and free-play.
Age:4.29+ 0.78yr; intervention
CG:19 Gender: 10 boy/ 9 girl; INT: No details
Age:3.62 + 0.41yr; Freq: 2 / weekTime: 45
min
Ali et a. pre-post Preschool children IV: physical activity IV: Received no PA' TGMD-2 EGILC 1SS, OC 1 SS.
(2021) New Zealand ( study SS:66 Gender: 36 boy/ 30 girl; (PA) program classes (Standard score) CG: no change in LC,
Ali et al., 2021) 10 weeks EG:46 Gender: 24 boy/ 22 girl; Freq: 1 / weekTime: 45 oC
Age:4.1 £ 0.6yr; min
PA class attended:7.0 + 1.7
CG:20 Gender: 10 boy/ 9 girl;
Age:3.8 £ 0.5yr;
PA class attended: None
Study Design Participant Experimental Control Measurement Result
Costello et al. pre-post Primary School children  IV: FMS IV: Normal Primary Fundamental Motor EG: P=0.003], (time*group*gender)
(2019) Ireland ( study Third- and fourth-class intervention School PE class Skills Quotient (FMSQ) for FMS;
Costello and 4 weeks $S:100 Freq: 2/ Freq: 2 / weekTime: 4 skills group by intervention and control,
Warne, 2020) 58 boys; Age:8.6 + weekTime: 30 min 30 min time by Pre - Post on FMS. CG: no
0.7yr; change in LC, OC
42 girls; Age: 8.8 +
0.7yr
EG:51 Gender: 31 boy/
20 girl;CG:49 Gender: 27
boy/ 22 girl;
Lee et al. pre/post Primary school children IV: FMS-based IV: Regular TGMD-2 (Intervention & Control) significant
(2020) USA (Lee study $S:36 Gender: 13 boy/ afterschool afterschool (Raw score) differences LC, OC
et al., 2020) 8 weeks 23 girl; program programTime: 3 h EG: FMS, medium effect size. CG, not
Age:6.53 £ 0.97yr; Freq: 3/ significant improvements
EG:25 Gender: 8 boy/17  weekTime: 60 min
girl; girl, Age:6.41 +
0.79yr;
boy, Age:6.37 + 0.91yr;
CG:11 Gender: 5 boy/ 6
girl;
girl, Age:6.66 + 1.63yr;
boy, Age:7.00 £ 0.70yr;
Kelly et al. CRCT Primary school children IV: FMS-based PE IV: Normal Primary TGMD-3 Group I-C: phase 1medium effect size
(2020) Ireland ( 8 weeks SS:255 Gender: 127 class School PE class (Raw score) significant 1 LC;

Kelly et al.,
2021)

boy/ 128 girl;Age:7.4 +
0.6yT;

Freq: 2 / week
Time: 45 min

Freq: 2 / weekTime:

45 min

a large significant 1 OC and FMS (p <

(continued on next page)
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Table 1 (continued)
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Study Design Participant Experimental Control Measurement Result
EG:134 Gender: 64 boy/ 0.001).Group C-I: FMS has little
70 girl; Age:7.5 + 0.7yr; change.
CG:121 Gender: 63 boy/
58 girl; Age:7.4 + 0.6yr;

Study Design Participant Experimental Control Measurement  Result

Pranotoa et al. pre/post Preschool children IV: FMS intervention IV: Regular FMS EG: FMS 1
(2021) Indonesia study $S:80 Gender: 45 boy/ 35 Freq: 2 / week Time: 60 min learning (GMQ) CG: FMS 1. FMS score in EG is better
(Pranotoa et al., 6 weeks girl; than CG
2021) EG:40 Gender: 23 boy/ 17

girl;CG:40 Gender: 22 boy/
18 girl;

Jones et al. ‘CRCT Preschool children IV1: Movement skill program IV: Normal TGMD-2 Greater improvements in the EG
(2011) Australia 20 SS:97 Age:4.64 + 0.5yr; Freq: 3 / weekTime: 20 min preschool PE (Raw score) compared with the CG
(Jones et al., weeks EG:52 CG:45 class-Usual care A medium-to-large ES d=0.75;EG:
2011) Statistically significant difference for

jump and sum of the five skills.

Bolger et al. pre/post Primary school IV1: Physical activity (PA) IV: Normal TGMD-2 EG:LCSS 1 (p = 0.041), OC SS, GMQ
(2019) Ireland ( study childrenSS:544 PA intervention IV2: Primary School (GMQ) no change.

Bolger et al., 26 intervention: Multicomponent FMS PE class CG:LC SS, OC SS, GMQ no change.
2019) weeks 187 Gender: 103 boy/ 84 Intervention EG:LC standard score, OC standard
girl; score, GMQ 1 significant change. CG:
EG:96 Gender: 51 boy/ 45 LC SS, OC SS, GMQ no change.
girl; 6yr: Age:5.9 + 0.4yr;
10yr: Age:9.9 + 0.4yr;
CG: 91 Gender: 52 boy/ 39
girl; 6yr: Age:6.1 + 0.3yr;
10yr: Age:10.0 + 0.4yr;

Study Design Participant Experimental Control Measurement Result

Foulkes et al. CRCT Preschool children IV1: The active play IV: Physical activity TGMD-2 No significant intervention effects on
(2017) UK ( 6 weeks $S:162 Gender: 86 boy/ 76 intervention curriculum (Raw score, FMS, OC, LC between pre - post-test
Foulkes et al., girl; Freq: 1 / weekTime: 60 standard score) or pre - follow-up.

2017) Age:4.64 + 0.58yr; min
EG:71 Gender: 33 boy/ 38
girl; boy, Age:4.7 + 0.7yr;
girl, Age:4.7 + 0.6yr;
CG:91 Gender: 53 boy/ 38
girl; boy, Age:4.7 + 0.6yr;
girl, Age:4.5 + 0.6yr;

Zhang et al. CRCT Primary school children IV1:PE-based low IV: Normal Primary TGMD-2 significant difference in the changes
(2019) China ( 12 $S:560 Gender: 321boy/ organized games School PE classTime: (Standard score) FMS, LC, OC between EG and CG;
Zhang and weeks 239 girl; Age: 7.54 + approach 40 min EG exhibited greater score than CG.
Cheung, 2019) 0.94yr; Freq: 2 / weekTime: 40

EG:282 CG:278 min
Guet al. RCT Preschool children IV1: A table tennis IV: Normal preschool TGMD-2 EG: Both the boy and girl in EG had
(2021) China (Gu 12 SS:104 Gender: 50 boy/ 54  physical activity (PA) PE class (Raw score) significantly improved scores GMS,
et al., 2021) weeks gir;EG:52 Gender: 25 program LC subtest, OC subtest.
boy/ 27 girl; Freq: 3 / weekTime: 50 EG exhibited greater score than CG.
Age (month): 55.190 + min
8.702yr;
CG:52 Gender: 25 boy/ 27
girl;
Age (month): 55.190 +
8.997yr;
Study Design Participant Experimental Control Measurement Result
Johnstone et al. pre/post Primary school children IV1: The active play IV: Normal TGMD-2 EG: Sedentary | (- 18.6%),
(2017) Scotland ( study §S:196 Gender: 90 boy/ 106 intervention-Go2Play Primary School PE  (GMQ, standard GMQ, GMQ percentile, LC, OCt
Johnstone et al., 20 weeks gir;EG:172 Gender: 82 boy/ Freq: 2 / weekTime: 60 class score) CG: Sedentary 1 (0.1%, p=1.0),
2017) 90 girl; min Freq: 1/
Age: 7.0 + 1.1yr; weekTime: 50 min
CG:24 Gender: 8 boy/ 16 girl;
Age: 7.4 £+ 0.9yr;
Chan et al. CRCT Primary school IV1: A + FMS intervention IV: Normal TGMD-3 LC (d = 0.76),

(2019) Hong Kong 13 weeks  childrenSS:276 Gender: 88 Freq: 1-2 / weekTime: Primary School PE  (Standard score) FMS (d = 0.93),

(Chan et al., 2019) boy/ 188 girl; 40-70 min class between EG and CG from baseline
Age: 8.4 + 0.56yr; to post, OC no difference EG and
EG:147 CG:129 CG

Palmer et al. RCT Preschool children IV1: A Movement skill IV: Free-play TGMD-3 CHAMP outscored for LC, OC than
(2018) USA ( 5 weeks §S:102 Gender: 63 boy/ 39 development intervention-  Freq: 5/ (Raw score) CG.Total FMS, LC and OC both

Palmer et al.,
2019)

girl;
Age:4.40 + 0.43yr;

EG:64 Gender: 40 boy/ 24

girl;

CHAMP
Freq: 3 / weekTime: 40
min

weekTime: 40-45
min

improved CHAMP and CG.

(continued on next page)
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Study Design Participant Experimental Control Measurement Result
Age:4.40 £ 0.44yr;
CG:38 Gender: 23 boy/ 15
girl; Age:4.40 + 0.41yr;

Study Design Participant Experimental Control Measurement  Result

Mostafavi et al. RCT Preschool children IV1: SPARK IV: Routine TGMD-2 Difference before and after only significant
(2013) Iran ( 8 $S:90 EG1: 30 Age (month): Freq: 3 / week activity in SPARK.

Mostafavi et al., weeks 59.7 &+ 9.0yr; IV2: GymnasticsFreq: 3
2013) EG2: 30 Age (month): 58.1 + / week

7.8yr; CG: 30 Age (month):

59.0 &+ 7.9yr;

Rudd et al. RCT Primary school children IV1: A gymnastics IV: Normal TGMD-2/KTK EG: 2-4yr, KTK show no effect.

(2017) Australia 8 SS:113 Gender: 61 boy/ 52 program Primary School (Raw score) FMS score, OC show a significant main
(Rudd et al., weeks girl; Freq: 2 / weekTime: 60 PE class effect, but not LC.6yr, KTK show no effect.
2017) Age: 9.4 £+ 1.8yr; min Freq: 2/ FMS score, LC show a significant main
EG: 56CG: 57 weekTime: 60 effect, but OC
min
Johnson et al. RCT Preschool childrenSS:96 IV1: PE-based IV: Normal TGMD-3 EG: higher scores at post-test.

(2019) USA ( 36 EG: 58CG: 38 Motivational climates preschool PE class  (Raw score)
Johnson et al., weeks (MMC) Freq: 2/
2019) Freq: 2 / weekTime: 30 weekTime: 30

min min

Duncan et al. CRCT Primary school children IV1: Shuttle Time IV: Normal TGMD-2 Shuttle 2Xweek, Shuttle 1Xweek (P 1/4
(2021) UK ( 10 SS:158 Gender: 83 boy/ 75 2Xweek Primary School (Raw score) 0.007), Shuttle 2Xweek, control (P 1/4
Duncan et al., weeks girl; Freq: 2 / week PE class 0.0001) and Shuttle 1Xweek and control (P
2021) Age: 7.6 £+ 0.97yr; Time: 60 min Freq: 2/ 1/4 0.007)

EG1: No detail IV2: Shuttle Time weekTime: 60
EG2: No detailCG: No detail 1Xweek min

Freq: 1 / weekTime: 60

min

Study Design Participant Experimental Control Measurement Result

Hu et al. RCT Preschool children IV1: Novel rhythmic IV: Rhythmic physical TGMD-2 EG:LC, OC, and GMQ 1
(2020) China (Hu, No SS:289 Gender: 135 boy/ 154 physical activity (PA) activities (Raw score) (P <0.01)

2020) details girl; EG:142 program CG:LC, OC, and GMQ 1
Age 3: 52 Age 4: 67 Age 5: 23 (P < 0.01)
CG:147
Age 3: 56 Age 4: 64 Age 5: 27

Zoran et al. pre/post Primary school childrenSS:75 IV1: A gymnastics program  NO FMS-polygon Significant improved
(2013) Croatia ( study Gender:30 boy/ 45 girl; Freq: 3 / weekTime: 45 (time) FMS-polygon
Zoran et al., 18 weeks Age: 7+ 0.6yr min
2014)

Branje et al. CRCT Preschool childrenSS:197 IV1: Integrating outdoor IV: Planned outdoor play TGMD-3 EG: FMS Significant
(2021) Canada ( 24 weeks Gender:109 boy/ 88 girl; loose program schedule and activities (Raw score) improved
Branje et al., Age: 3.8 yr; no significant between
2022) EG:104 Gender: 63 boy/ 41 girl; groups.

CG:93 Gender: 46 boy/ 47 girl;

Grainger et al. CRCT Primary school children IV1: FMS intervention IV: No interventionFreq: 2 /  CAMSA CG: No change at
(2020) UK ( 4 weeks SS:72 Gender: 34 boy/ 38 girl; Freq: 2 / week week CAMSA across. EG:
Grainger et al., EG1: 18 Gender: 9 boy/ 9 girl; Time: 60 min Time: 60 min CAMSA 1.

2020) Age: 11.3+ 0.3yr; IV2: FMS + strength
EG2: 20 Gender: 8 boy/ 12 girl;  intervention
Age: 11.2+ 0.2yr;CG: 21 Freq: 2 / weekTime: 60
Gender: 11 boy/ 10 girl; min
Age: 10.4+ 0.3yr;

Study Design Participant Experimental Control Measurement  Results

Marinsek et al. pre/post Preschool childrenSS:62 IV1: Movement IV:Normal TGMD-2 Movement 1 between the CG, MG, and
(2020) Slovenia ( study Gender: 33 boy/ 29 girl; Freq: 4 / week preschool PE (Raw score) MMG. EG: All skills t among MMG, two
Marinsek and 5 weeks Age: 5.60+ 0.40yrEG: 35  Time: 40 min class skills among MG, and no improved
Denac, 2020) Movement: 17; IV1: Music and movement among CG.

Music and Freq: 4 / weekTime: 40 min
movment:18CG: 27

Burns et al. pre/post Primary school children IV: Comprehensive School NO TGMD-2 TGMD-2 1, medium-sized effect;
(2017) USA ( study $S:1460 Gender: 730 Physical Activity Program (PE (Raw score) 7/8/9yr 1 greater than 10/11/12yr,
Burns et al., 12 boy/ 730 girl; Age:8.4 + class, activity during leisure medium-sized effect;
2017a) weeks 1.8yr times) 7-12yr 1 greater than 6yr,

Freq: 1 / weekTime: 50min medium to large-sized effect

Burns et al. QE Primary school children IV: A comprehensive school NO TGMD-3 LC scores, coefficients for time 1, age x
(2017) USA ( pre/post SS:959 Gender: 533 boy/  physical activity program (Raw score) time 1;

Burns et al., study 406 girl;Age:9.1 = 1.5yr;  Freq: 3/ weekTime: 30 min OC scores, coefficients for time 1, age x
2017b) 36 time 1;
weeks FMS scores, coefficients for time?, age

X time 1;

(continued on next page)
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Study Design Participant Experimental Control Measurement Result

Study Design Participant Experimental Control Measurement Result

Jones et al. RCT Preschool children IV: A teacher-led early IV: Free-play TGMD-2 Small to medium ES, Catch,
(2016) Australia ( 24 $S:150 Gender: 85 program (Jump Start) (Raw score) medium ES: run, d=058;

Jones et al., 2016) weeks boy/ 65 girl; Freq: 3 / weekTime: 20min sedentary behavior, d=0.39;
EG:77 Gender: 43 boy/ small ES: jump, d=0.19;
34 girl; kick, d=0.22; total GMS,
Age:4.0 £ 0.6yr; d=0.23between group: No
CG:73 Gender: 42 boy/ differences were found.
31 girl; Age:4.0 +
0.62yr;

Hamilton et al. RCT Preschool children IV1: A gross and fine motor ~ IV: Play-based Peabody significant difference in the EG
(2017) USA ( 16 SS:149 Gender: 75 intervention lessons and center- Developmental Motor and CG on GMQ, TMQ; stationary
Hamilton and Liu, weeks boy/ 74 girl;EG:74 37 Freq: 1 / weekTime: 50 min  based activities Scales-2 (PDMS) subtest. no difference in LC and
2018) boy/ 37 girl; Freq: 1/ oC.

Age(month):54.32 + weekTime: 50 mins
3.07yr; CG:75 38 boy/

37 girl;

Age(month):55.05 +

3.67yr;

Skowronski et al. QE Primary school chidren IV1: Additional 45-minute IV: Normal TGMD-2 EG: large effects FMS 1.

(2019) Poland ( pre/post SS: 31 Gender: 15 boy/  physical activity program Primary School PE (Raw scores) significant differences in GMDQ,
Skowronski et al., study 16 girl; (also take the regular PE) class p =0.036, OC, p =0042.
2019) No EG:20 Gender: 11 boy/  Freq: 1 / weekTime: 45 min
details 9 girl; boy, Age:7.30 +

0.25yr;

girl, Age:7.19 +

0.28yr;

CG:11 Gender: 4 boy/ 7

girl; boy, Age:7.34 +

0.23yr;

girl, Age:7.24 +

0.32yr;

Study Design Participant Experimental Control Measurement Result

Abdullah et al. QE Primary school children IV1: Traditional IV: Normal Primary TGMD EG: SLS, AEL, SMS, AEM and GMDQ is higher
(2013) Malaysia  pre/post  SS:64 Gender: 33 boy/ games School PE class (GMQ, standard compared to CG.Traditional games towards
(Abdullah et al., study 31 girl; Freq: 2 / weekTime: Freq: 2 / weekTime:  score) subject gross motor development is vital
2013) 10 EG:32 16boy/ 16 girl; 35 min 35 mins

weeks Age:8.28yr; CG:32 17
boy/ 15 girl; Age:8.55yr

Pham et al. pre/post Primary School children IV1: BRAINball games  IV: Normal Primary TGMD-2 FMS in the EG and CG 1.differences in the LC
(2020) Vietnam study SS:55 Gender: 23 boy/ Freq: 2 / weekTime: School PE class (Raw scores) (F =18.88, p = 0.000) and OC (F = 20.74, p
(Pham et al., 20 32 girl; 35 min Freq: 2 / weekTime: = 0.000) between EG and CG. In EG had
2021) weeks EG:28 12boy/ 16 girl; 35 mins better performance.

CG:27 11 boy/ 16 girl;

Rocha et al. pre/post  Preschool children IV1: Swimming IV: Normal TGMD-2 Both EG 1 between T5 and T10 FMS quotient
(2016) Portugal study boysSS:33 Age:4.80 + Freq: 2 / week preschool PE class (GMQ, standard and in the SS of both subtests.

(Rocha et al., 5-10 0.5yr; Time: 45min score)
2016) month EG1:11 Age:4.60 + IV1: soccer
0.4yr; Freq: 2 / weekTime:
EG2:11 Age:4.80 + 45min
0.5yr; CG:11 Age:5.3 +
0.2yr;

Duncan et al. CRCT Primary School children IV1: Integrated IV: Normal Primary ~ TGMD-2 Higher total FMS in EG than CG (P = 0.001).
(2018) UK ( 10 §S:94 Gender: 49 boy/ neuromuscular School PE classFreq: Both total FMS pre to post in EG and the CG 1
Duncan et al., weeks 45 girl; EG:53 Age: 6.43 training 2 / week (both P = 0.001)

2018) =+ 0.5yr; Freq: 2 / week 1INT
CG:41 Age: 6.23 £ 0.7yr; and1 PETime: 30-
40min

Study Design  Participant Experimental Control Measurement  Result

Duncan et al. CRCT Primary School childrenSS:124 IV1: Shuttle Time IV: Normal Primary =~ TGMD-2 6-7 yr in the EG had higher total
(2020) UK ( 6 Gender: 67 boy/ 57 girl; intervention School PE class FMS compared to children in the
Duncan et al., weeks Age:8.5 + 1.9yr Freq: 2 / week 1INT and 1 Freq: 2 / week CG.

2020) EG:63 Age:6.43 £ 0.5yr; CG:61 PETime: 60min Time: No details 10-11yr no differences in total FMS

Age:6.23 + 0.7yr;

scores in EG and CG.

CRCT: cluster randomized controlled trial; RCT: randomized controlled trial; QE: quasi-experimental; EG: experimental group ; CG: control group;
IV: intervention; Freq: frequency; INT: intensity; SS: sample size.

However, six studies revealed insignificant improvement after the
intervention (Foulkes et al., 2017; Chan et al., 2019; Johnstone et al.,
2019; Hamilton and Liu, 2018; Bolger et al., 2019; Johnstone et al.,

2017).

When pooling the appropriate studies, the meta-analyses revealed big

effect sizes for object control

0.660-1.081, P = 0.000) (Fig. 4).

skills (SMD = 0.871, 95 % [CI]
The results of the subgroup analysis

were also similar to those of locomotor skills. Preschoolers and primary
school students had no significant difference in object control skills, and

both groups had big effect sizes.

(Preschool: SMD = 0.889, 95 % [CI]
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Table 2
PEDro assessment results.
Part 1 Part 2 Part 3 Part 4 Part 5 Part 6 Part 7 Part 8 Part 9 Part 10 Part 11 Score
Johnstone et al. (2019) v v/ - v - - _ v _ v Vv 6
Engel et al. (2022) v v - v - - v v _ v v 7
Melvin Chung et al. (2022) v - - v - - - v . i Vv 5
Roach et al. (2018) v v - v - - - Vv - vV Vv 6
Ali et a. (2021) v - - v - - - v - v Vv 5
Costello et al. (2019) v - v - - - v _ i v 6
Lee et al. (2020) v - - v - - - v - i Vv 5
Kelly et al. (2020) v v - v - - - V - v Vv 6
Pranoto et al. (2021) v - - v - - - v V v Vv 6
Bolger et al. (2019) v - - y/ _ - - V _ Vv Vv 5
Jones et al. (2011) v v - v - - V Vv - i Vv 7
Foulkes et al. (2017) \/ \/ _ \/ _ _ \/ \/ _ \/ \/ 7
Part 1 Part 2 Part 3 Part 4 Part 5 Part 6 Part 7 Part 8 Part 9 Part 10 Part 11 Score
Zhang et al. (2019) v v - v - - - V v v vV 6
Gu et al. (2021) v v - v - - - v v i Vv 7
Johnstone et al. (2019) v - - v _ _ _ v _ v v 5
Chan et al. (2019) v v v v v - v v v Vv N 10
Palmer et al. (2018) v v - v - - Vv V - V Vv 7
Mostafavi et al. (2013) YV v/ - v - _ _ _ _ v vV 5
Rudd et al. (2017) v v - v - - - v - Vv vV 6
Johnson et al. (2019) v v - v - . v v _ V Vv 7
Duncan et al. (2021) v v/ - v - _ v _ _ v vV 6
Hu et al. (2020) v v - Y/ - _ - v v Vv Vv 7
Zoran et al. (2013) v - - v - - - - _ v v 4
Branje et al. (2021) v v - v - - - v _ i v 6
Grainger et al. (2020) v v - v/ - - _ v _ v vV 6
Part 1 Part 2 Part 3 Part 4 Part 5 Part 6 Part 7 Part 8 Part 9 Part 10 Part 11 Score
Marinsek et al. (2020) \/ - - \/ - _ _ _ _ \/ \/ 4
Burns et al. (2017a) v - - \/ _ _ _ \/ _ V \/ 5
Burns et al. (2017b) v - - v - - _ v _ Vv Vv 5
Jones et al. (2016) v v - v _ _ Vv Vv _ v v 7
Hamilton et al. (2017) \/ \/ - \/ _ _ _ _ _ \/ \/ 5
Skowroriski et al. (2019) v - - v - - - v - Vv Vv 5
Abdullah et al. (2013) v - - v - - - v - Vv Vv 5
Pham et al. (2020) v - - v . - - - - Vv v 4
Rocha et al. (2016) v - - v - - - - - i Vv 4
Duncan et al. (2021) v v - y/ - _ _ _ _ v Vv 5
Duncan et al. (2020) v v - v/ - _ _ _ _ v Vv 5

Item 1, eligibility criteria specified; item 2, random allocation; item 3, concealed allocation; item 4, groups similar at baseline; item 5, participant blinding; item 6,
therapist blinding; item 7, assessor blinding; item 8, fewer than 15% dropouts; item 9, intention-to-treat analysis; item 10, between-group statistical comparisons; item
11, point measures and variability data.

Study name Subgroup within study Statistics for each study Std diff in means and 95% ClI
Std diff ~ Standard Lower Upper
in means error Variance limit limit 2Z-Value p-Value
Engel et al. (2022) boy 0.702 0.383 0.147 -0.050 1.453 1.830  0.0867 ——
Engel et al. (2022) girl 0.940 0.448 0.201 0.061 1.819 2.097 0.036 ——
Chung et a. (2022) both 1.106 0.175 0.030 0.764 1.448 6.337 0.000 —
Roach et al. (2018) both 1.378 0.377 0.142 0639 2118 3655 0.000 -
Kelly et al. (2020) both 1.170 0.136 0.018 0.904 1.436 8.621 0.000 -
Lisa et al. (2019) both 0.947 0.131 0.017 0691 1203 7.244 0.000 -
Jones et al. (2011) 1 both 0.417 0.206 0.042 0.014 0.821 2.028 0.043 —i—
Guetal. (2021) boy 0.722 0.292 0.085 0.150 1295 2475 0.013 el
Guetal. (2021) girl 0.631 0.279 0.078 0.084 1.177 2.261 0.024 ——
Chan et al. (2019) both 0.591 0.123 0.015 0.349 0.832 4.792 0.000 -
Grainger et al. (2020) both 1.200 0.339 0.115 0.535 1.865 3.536 0.000 ——
Marin?ek et al. (2020) both 1.584 0.348 0.121 0913 2275 4585 0.000 b
Skowronski et al. (2019)boy 1.402 0.638 0406 0.153 2652 2199 0.028 sy
Skowronski et al. (2019)girl 1.169 0.545 0297 0.101 2236 2146 0.032 ———
0.928 0.094 0.009 0.744 1.112 9.901 0.000 L 2
-4.00 -2.00 0.00 2.00 4.00
Favours A Favours B

Meta Analysis

Fig. 2. Random effect size of FMS proficiency.
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Study name Subgroup within study Outcome ‘Statistics for each study Std diff in means and 95% CI
Std diff Standard Lower Upper
in means error Variance limit limit Z-Value p-Value
Engel et al. (2022) boy locomotor 0.249 0.375 0141 -0.486 0985 0.664 0.506 _—.t
Engel et al. (2022) girl locomotor -0.124 0.432 0187 -0.971 0.722 -0.288 0.774
Roach et al. (2018) both locomotor 1.239 0.370 0.137 0513 1.964 3.346 0.001 ——
Ali et a. (2021) both locomotor 1.378 0.293 0.086 0.803 1.953 4.695 0.000 ——
Lee et al. (2020) boy locomotor 0.895 0.596 0356 -0.274 2.064 1.500 0.134 L
Lee et al. (2020) girl locomotor 0.620 0.484 0234 -0.328 1.567 1.281 0.200 —_—
Kelly et al. (2020) both locomotor 0.647 0.129 0.017 0.395 0.899 5028 0.000 -
Lisa et al. (2019) both locomotor 0.629 0.127 0.016 0.379 0.878 4.936 0.000 -
Gu et al. (2021) boy locomotor 0711 0.292 0.085 0.139 1.282 2.437 0.015 ——
Gu etal. (2021) girl locomotor 0.468 0.276 0076 -0.073 1.008 1.695 0.090 +—a—
Chan et al. (2019) both locomotor 0.548 0.123 0.015 0.307 0.789 4.460 0.000 -
Johnson et al. (2019) both locomotor 0677 0.214 0.046 0.257 1.097 3.158 0.002 —i—
Skowroniski et al. (2019) boy locomotor 0.910 0.607 0369 -0.280 2100 1.499 0.134 i
Skowroriski et al. (2019) girl locomotor 0.150 0.505 0255 -0.839 1.139 0.298 0.766
Pham et al. (2020) both locomotor 0.580 0.275 0.076 0.040 1119 2.106 0.035
0.636 0.066 0.004 0.508 0.765 9.710 0.000 L 3
-4.00 -2.00 0.00 2.00 4.00
Favours A Favours B
Meta Analysis
Fig. 3. Random effect size of locomotor skills.
Study name Subgroup within study _ Outcome Statistics for each study Std diff in means and 95% CI_
Std diff Standard Lower Upper
inmeans  error  Variance limit limit ZVvalue  pValue
Engel etal. (2022) boy object control 0727 0384 0.148 -0.026 1.480 1892 0.058 ——
Engel et al. (2022) girl object control 1508 0474 0224 0579 2436 3184 0.001 —a—1—
Roach et al. (2018) both object control 1194 0.368 0.135 0472 1915 3243 0.001 ——
Ali eta. (2021) both object control 0.650 0274 0.075 0123 1197 2410 0016 ——
Lee etal. (2020) boy object control 2115 0.705 0497 0733 349 3.000 0.003 [-——
Lee etal. (2020) girl object control 1036 0.499 0249 0.059 2014 2078 0.038
Kelly et al. (2020) both object control 1161 0138 0018 0895 1426 8564 0.000 -
Lisa et al. (2019) both object control 0838 0.129 0017 0584 1002 6474 0.000 E
Gu etal. (2021) boy object control 0640 0290 0084 0071 1208 2206 0.027 ——
Gu etal. (2021) qirl object control 0647 0279 0.078 0.100 1195 2319 0.020 —a—
Chan etal. (2019) both object control 0.360 0.122 0.015 0122 0599 2964 0.003 E
Johnson et al. (2019) voth object control 1153 0225 0.050 0713 1504 5134 0.000 ——
Skowroriski etal. (2019) voy object control 1205 0630 0397 0.060 2530 2056 0.040
Skowroriski et al. (2019) gil object control 1128 0542 0294 0.066 2190 2081 0.037
Pham etal. (2020) both object control 0506 0274 0.075 0031 1043 1846 0065 ——
0871 0.107 0012 0660 1081 8117 0,000 &
-4.00 -2.00 0.00 200 4.00
Favours A Favours B
Meta Analysis

Fig. 4. Random effect size of object control skill.

0.662-1.117, P = 0.000; primary school: SMD = 0.876, 95 % [CI]
0.697-1.072, P = 0.000) (Table 4). Furthermore, boys tended to perform
better than girls, and both showed a big effect size for object control skill
(boys: SMD = 0.949, 95 % [CI] 0.418-1.480, P = 0.000; girls: SMD =
0.932, 95 % [CI] 0.538-1.326, P = 0.000) (Table 4), differing from lo-
comotor skill. The findings indicate that object control skills may have
played a more critical role in overall FMS proficiency.

4.5.4. Effects on balance skills

Data about the efficacy of balance skills are limited. Few studies
evaluated it, and just four studies have provided testing results (Rudd
etal., 2017; Hu, 2020; Hamilton and Liu, 2018; Branje et al., 2022). One
of these studies employed a gymnastics training intervention that did
not reveal significant improvement (Rudd et al., 2017). This study uti-
lized the KTK test. The results revealed age as a significant covariate,
whereas gender (p = 0.97) and BMI (p = 0.51) did not affect the result.
In other studies, there was a significant positive change as the area,
length, Anterior-posterior (A-P), and Medial-lateral (M—L) date changed
significantly according to Tekscan foot-pressure measurements. The

10

total balance score also increased (p < 0.05) according to the Pre-
schooler Gross Motor Quality test (Hu, 2020). Although the current re-
view is based on a small sample of studies, the findings suggest that FMS
interventions can promote balance skills.

4.6. Heterogeneity analysis

In every meta-analysis, heterogeneity is to be expected. This review
revealed moderate heterogeneity in overall FMS proficiency (I?
50.183 %, P = 0.017), and object control skills (I> = 57.343 %, p
0.003) (Table 3), but little heterogeneity in locomotor skills analysis (12
= 9.998 %, p = 0.341) (Table 3). Subgroup analysis tested two priori
hypotheses to explore the potential factors of the observed heteroge-
neity. Following gender grouping analysis, the heterogeneity of the boy
and girl groups reduced in overall FMS proficiency (boy: I?=0%, p =
0.598; girl: 12 = 0 %, p = 0.630), locomotor skills (boy: I?=0%, p =
0.679; girl: I>=0%, p = 0.606), and object control skills (boy: ’=30.881
%, p = 0.227; girl: ’=0%, p = 0.442) (Table 4), all of which were
statistically significant. When analyzed by age group, the results still
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Table 3
Summary of analysis results.
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Groups Effect size (ES) and 95 % confidence interval [CI] Heterogeneity (HET)
No. ES Lower Upper P I-squared p
FMS 14 0.928 0.744 1.112 0.000 50.183 0.017
Locomotors 15 0.636 0.508 0.768 0.000 9.998 0.341
Object control 15 0.871 0.660 1.081 0.000 57.343 0.003
Table 4
Subgroup analysis of gender and age.
Groups ES and 95 % [CI] HET
No. ES Lower Upper P I-squared P
FMS
Boy 3 0.795 0.368 1.233 0.000 0.000 0.598
Girl 3 0.789 0.363 1.214 0.000 0.000 0.630
Overall 6 0.792 0.490 1.094 0.000 0.000 0.856
Preschool 8 0.879 0.691 1.068 0.000 50.079 0.051
Primary 6 0.909 0.768 1.050 0.000 58.376 0.035
Overall 14 0.898 0.786 1.011 0.000 50.183 0.017
Locomotor skills
Boy 4 0.620 0.223 1.017 0.002 0.000 0.679
Girl 4 0.327 —0.053 0.706 0.092 0.000 0.606
Overall 8 0.467 0.192 0.741 0.001 0.000 0.727
Preschool 7 0.710 0.488 0.932 0.000 54.720 0.039
Primary 8 0.604 0470 0.738 0.000 0.000 0.976
Overall 15 0.632 0.518 0.747 0.000 9.998 0.341
Object control skills
Boy 4 0.864 0.457 1.271 0.000 30.881 0.227
Girl 4 0.932 0.538 1.326 0.000 0.000 0.442
Overall 8 0.899 0.616 1.182 0.000 1.213 0.420
Preschool 7 0.889 0.665 1.114 0.000 2.296 0.408
Primary 8 0.772 0.636 0.908 0.000 72.983 0.001
Overall 15 0.804 0.687 0.920 0.000 57.343 0.003

displayed heterogeneity in total FMS proficiency (preschool: I> =50.079
%, p = 0.051; primary: I>=58.376 %, p = 0.035), locomotor skills
(preschool: I? =54.720 %, p = 0.039; primary: I> =0%, p = 0.976), and
object control skills (preschool: I>=2.296 %, p = 0.408; primary:

I2=72.983 %, p = 0.001) (Table 4). These results demonstrate that
gender is responsible for the heterogeneity, while age is not. Sensitivity
analysis yields another significant result. With the method of one study
removed, the sensitivity analysis results did not contradict the initial
analysis results, indicating that the original results are stable and
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Fig. 5. Funnel plot of FMS proficiency.
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reliable.

4.7. Publication bias analysis

Publication bias is another significant aspect that affects the value of
the analysis. This study was analyzed using a funnel plot, the classic fail-
safe number, and Egger’s regression test. When observing the funnel
plot, no apparent asymmetry was observed (Figs. 5, 6, 7). Concurrently,
the classic fail-safe number for overall FMS (n = 642), locomotor skills
(n = 294), and object control skills (n = 481) (Table 5) far exceeded the
standard number of 5 k + 10 (Becker, 2005). These results indicate that
there is no potential Publication Bias. Furthermore, Egger’s regression is
more reliable in evaluating the Publication bias. If the test results reveal
p > 0.05, then there is no substantial publication bias (Lin et al., 2018).
The final results: overall FMS (t = 1.159, p = 0.276), locomotor skills (t
= 0.792, p = 0.448), and object control skills (t = 1.082, p = 0.307)
(Table 5). In summary, multiple analyses revealed no publication bias in
this meta-analysis.

5. Discussion

The evaluation of the effects of FMS interventions has been
addressed in previous studies. However, the most recent review was
published in 2013 (Morgan et al., 2013). In contrast, the significance of
FMS has been widely acknowledged and stressed during the last decade.
Unfortunately, children’s FMS levels have persistently reduced in recent
years (Bolger et al., 2021). Consequentially, various intervention de-
signs to support the FMS development have emerged, particularly
interdisciplinary and multidomain intervention strategies (Felzer-Kim,
2020). Such strategies include interventions integrating music and
dance (Lykesas et al., 2014), employing psychological principles (Ban-
deira et al., 2017), or utilizing artificial intelligence equipment
(Obrusnikova and Rattigan, 2016). These interventions enhance support
for children who lack FMS proficiency, which also represent innovation
and development of advanced science and technology and training
theory in FMS intervention programs throughout the previous decade.
Moreover, they might influence the development of FMS interventions
in the next decade.

Children and Youth Services Review 156 (2024) 107320

This study assesses the efficacy of FMS interventions and provides
up-to-date research findings on FMS interventions over the past decade.
The preliminary results demonstrated that intervention programs
designed to improve FMS can positively affect children’s FMS profi-
ciency, object control, and locomotor skills. The meta-analysis offered
quantitative evidence, and combined results revealed moderate to large
effect sizes. Such positive results demonstrate that FMS cannot be ac-
quired naturally but must be learned, practiced, and reinforced through
suitable developmental programs (Mukherjee et al., 2017). Further-
more, this strongly reinforces Gallahue’s hourglass model that the best
age for FMS acquisition and development is between 3 and 12 years old
(Barela, 2013). In advanced western countries, the fundamental goal of
preschool health and PE courses is FMS development (Wu, 2014). In
China, currently includes FMS development in their PE curriculum
guidelines for primary schools (Liu, 2022). Such consensus also high-
lights the significance of early childhood interventions, and emphasizes
the critical role that the school setting plays in facilitating the devel-
opment of FMS. This setting should have dedicated teachers and in-
structors who are trained in FMS instruction and capable of providing
guidance and support to students. Furthermore, it should ensure that
children have ample opportunities for both formal and informal physical
activities within the school environment.

This review confirms that FMS improvement is associated with the
interventions implemented. It shares similarities with the findings of
Capelle et al. (2016) (Van Capelle et al., 2017), Logan et al. (2012)
(Logan et al., 2012), and Morgan et al. (2013) (Morgan et al., 2013).
Furthermore, it is encouraging to compare these results with previous
observations. The overall FMS effect size is more significant than most
previous studies (Wick et al., 2017; Logan et al., 2012; Van Capelle et al.,
2017). Positive outcomes imply that intervention programs and strate-
gies for FMS are continuously evolving and improving. This outcome
does not surpass that presented in Morgan et al.’s (2013) (Morgan et al.,
2013) meta-analysis (SMD = 1.42, 95 % [CI] 0.68-2.16, P < 0.0002).
However, their result may have had a potential bias from much het-
erogeneity (I> = 93 %), which is less present in the current study (I> =
50.183 %). According to the above data, it is possible to suggest that the
review results are more reliable than Morgan et al.’s (2013) (Morgan
et al., 2013).
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Table 5
Egger’s regression date and Classic fail-safe number.
Groups Egger’s regression Classic fail-safe N
Intercept SE Lower Upper P t z P N
FMS 0.717 0.819 —1.067 2.502 0.398 0.876 14.380 0.000 740
Locomotor 0.113 0.568 -1.114 1.340 0.845 0.199 9.506 0.000 338
Object control 1.090 0.759 0.549 2.730 0.174 1.435 12.767 0.000 622

The synthesis of results regarding locomotor (SMD = 0.636, 95 %
[CI] 0.508-0.765, P = 0.000) and object control skills (SMD = 0.871, 95
% [CI] 0.660-1.081, P = 0.000) demonstrates that interventions on
object control skills had a more significant effect size than locomotor
skills. However, the discrepancy between locomotor and object control
skills observed in this study was not unanimous in other studies (Logan
et al., 2012; Morgan et al., 2013). The different results might be related
to different participants and intervention settings. In contrast to the
extensive literature on locomotor and object control skills, there is
limited research reported about the influence on balance skills, and
there were almost no results from relevant Meta-analyses. Therefore, no
similar studies exist. This may be because no commonly used scales and
tools are suitable for measuring balance skills. Besides, balance skills are
the elemental when practicing new skills in all sports and physical ac-
tivities. Its acquisition requires more complex neural and muscular
control and more intensive skill instruction and practice (Atan, 2009).
The comprehensive analysis still demonstrates that the interventions
positively effect on balance skills.

Overall, the interventions undoubtedly had a positive effect. How-
ever, three significant findings that must be considered. It is difficult to
evaluate which interventions are the most successful due to variances in
experimental design, duration, and reporting details. Additionally, it
shows that not all types of interventions yield beneficial outcomes for
FMS development. This analysis could not identify a clear benefit of
active play and unstructured training programs in FMS promotion. The
previous systematic review confirmed the same results (Johnstone et al.,
2018). The lack of statistical significance in the effect of control groups
further reinforces this point of view. However, a recent study hypothe-
sized that the unconstrained nature of free play or games is also likely to
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assist the development of children’s motivation to participate in sports,
which ultimately benefits FMS (Janssen, 2014). Therefore, the selected
intervention types were a significant factor. In order to better promote
the development of children’s fundamental motor skills, it is necessary
to choose appropriate intervention methods according to different
participants.

Exploring the critical value of effective intervention duration is
difficult. Contrary to expectations, this study found no correlation be-
tween the intervention duration and FMS performance. It is generally
acknowledged that a longer intervention duration will result in a more
significant improvement. However, in this review, no articles explored
the relationship between intervention duration and effect. In the
included studies, the shortest duration was four weeks (Costello and
Warne, 2020), and the longest was 36 weeks (Johnson et al., 2019), with
no significant difference in the final intervention effect between the two
studies. Since this result has been found elsewhere, duration is probably
not a factor influencing the effect. Some studies indicate probable rea-
sons, Morgan et al. (2013) (Morgan et al., 2013) attributed this phe-
nomenon to the ceiling effect. However, due to the limited research in
this area, further study is required to establish the optimal duration of
intervention for maximum effect.

In this meta-analysis, preschool and primary school intervention
programs have positive effects, no statistically significant difference
exists in effect size. Nonetheless, an unanticipated finding was that when
the intervention strategy included professional FMS training programs
for teachers, the intervention had a more significant effect. Previous
research has demonstrated that professional instructors teaching FMS to
children are more effective for developing their FMS (Goodway et al.,
2003). Therefore, schools should offer FMS courses and involve experts
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in training teachers and designing effective FMS programs (Xin et al.,
2021). Although school-based physical education is essential, other
surroundings must be considered. To promote continual FMS develop-
ment, after-school and family programs should be included as supple-
ments, ultimately forming a systematic FMS intervention system.

5.1. Limitation

The current review has some limitations. Some studies employed a
single-group experimental design, while others failed to provide the
necessary experimental data. These studies were removed from the
meta-analysis, and only a systematic analysis was conducted. Moreover,
a smaller number of the studies included in this analysis implemented
interventions targeting balance skill and performed statistical analyses.
Consequently, the available sample size was inadequate to carry out a
Meta-analysis specifically focusing on balance skills. According to the
above restrictions, it is suggested that future studies should conduct
more comprehensive research in these areas to gather more reliable data
and evidence.

6. Conclusion

The analysis demonstrates that FMS development intervention pro-
grams in preschools and primary schools can be effective in promoting
typically developing children’s fundamental motor skills. This result
synthesizes studies conducted over the past decade, and its conclusions
contribute significantly to our knowledge and highlight the importance
of providing children with opportunities to engage in FMS development
in early childhood. Moreover, this study has important implications for
educators and healthcare providers. They can use it to make better
choices and plans for programs that help children build fundamental
motor skills. These implications involve aspects such as promoting
physical literacy, having a diverse FMS curriculum, providing training
for physical education teachers, and engaging parents and guardians in
supporting their children’ FMS development.

Funding

This research did not receive any specific grant from funding
agencies in the public, commercial, or not-for-profit sectors.

Authors’ contributions

Conceptualization, D.Z. and K.S.; methodology, D.Z. and Z.Z.; soft-
ware, Z.Z.; validation, D.Z, K.S. and Y.C.; formal analysis, D.Z.; inves-
tigation, D.Z.; resources, D.Z.; data curation, D.Z, K.S, Z.Z;
writing—original draft preparation, D.Z; writing—review and editing,
K.S, Z.Z.; visualization, D.Z, Z.Z.; supervision, K.S.; project administra-
tion, D.Z, K.S and Y.C. All authors have read and agreed to the published
version of the manuscript.

Declaration of Competing Interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Data availability
Data will be made available on request.
Acknowledgements

I would like to extend my heartfelt appreciation to Prof. Zhu Yong
Guo, Dr. Xie Jun, Dong Ran, and He Shanshan for their invaluable
dedication to this systematic review. Their exceptional contributions in
conducting the literature search, screening process, data extraction, and
analysis have played a pivotal role in enhancing the overall quality of
this review. This project would not have been feasible without their
unwavering commitment and expertise. I am sincerely grateful for their

14

Children and Youth Services Review 156 (2024) 107320

remarkable support and efforts, which have greatly influenced the final
results of this review.

References

Abdullah, B., Amri, S., Yee, K. L., & Samah, B. A. (2013). The impact of traditional games
on the gross motor skill development of an early childhood. The Social Sciences, 8(6),
590-595.

Ali, A., McLachlan, C., Mugridge, O., McLaughlin, T., Conlon, C., & Clarke, L. (2021). The
effect of a 10-week physical activity programme on fundamental movement skills in
3-4-year-old children within early childhood education centres. Children, 8(6), 440.

Atan, S. A. (2009). The effects of a four-week balance training programme on dynamic
balance and soccer skill performances. UiTM: Faculty of Sports Science and Recreation.

Aye, T., Kuramoto-Ahuja, T., Sato, T., Sadakiyo, K., Watanabe, M., & Maruyama, H.
(2018). Gross motor skill development of kindergarten children in Japan. Journal of
physical therapy science, 30(5), 711-715.

Bandeira, P. F. R., Souza, M. S. D., Zanella, L. W., & Valentini, N. C. (2017). Impact of
motor interventions oriented by mastery motivational climate in fundamental motor
skills of children: A systematic review. Motricidade, 13(S1), 50.

Barela, J. A. (2013). Fundamental motor skill proficiency is necessary for children’s
motor activity inclusion. Motriz: Revista de Educagao Fisica, 19, 548-551.

Barnett, L. M., Stodden, D., Cohen, K. E., Smith, J. J., Lubans, D. R., Lenoir, M., ...
Dudley, D. (2016). Fundamental movement skills: An important focus. Journal of
Teaching in Physical Education, 35(3), 219-225.

Becker BJ. Failsafe N or file-drawer number. Publication bias in meta-analysis: Prevention,
assessment and adjustments 2005:111-125.

Bolger, L. E., Bolger, L. A., O’Neill, C., Coughlan, E., O’Brien, W., Lacey, S., ... Bardid, F.
(2021). Global levels of fundamental motor skills in children: A systematic review.
Journal of Sports Sciences, 39(7), 717-753.

Bolger, L. E., Bolger, L. A., O’Neill, C., Coughlan, E., O’Brien, W., Lacey, S., & Burns, C.
(2019). The effectiveness of two interventions on fundamental movement skill
proficiency among a cohort of Irish primary school children. Journal of Motor
Learning and Development, 7(2), 153-179.

Borenstein, M. (2022). Comprehensive meta-analysis software. Systematic reviews in
health research: meta-analysis in context, 535-548.

Branje, K., Stevens, D., Hobson, H., Kirk, S., & Stone, M. (2022). Impact of an outdoor
loose parts intervention on Nova Scotia preschoolers’ fundamental movement skills:
A multi-methods randomized controlled trial. AIMS Public Health, 9(1), 194.

Burns, R. D., Fu, Y., Fang, Y., Hannon, J. C., & Brusseau, T. A. (2017a). Effect of a 12-
week physical activity program on gross motor skills in children. Perceptual and
motor skills, 124(6), 1121-1133.

Burns, R. D., Fu, Y., Hannon, J. C., & Brusseau, T. A. (2017b). School physical activity
programming and gross motor skills in children. American journal of health behavior,
41(5), 591-598.

Chan, C., Ha, A., & Ng, J. Y. (2016). Improving fundamental movement skills in Hong
Kong students through an assessment for learning intervention that emphasizes fun,
mastery, and support: The A+ FMS randomized controlled trial study protocol.
SpringerPlus, 5(1), 1-12.

Chan, C. H., Ha, A. S., Ng, J. Y., & Lubans, D. R. (2019). The A+ FMS cluster randomized
controlled trial: An assessment-based intervention on fundamental movement skills
and psychosocial outcomes in primary schoolchildren. Journal of Science and
Medicine in Sport, 22(8), 935-940.

Colombo-Dougovito, A. M., & Block, M. E. (2019). Fundamental motor skill interventions
for children and adolescents on the autism spectrum: A literature review. Review
Journal of Autism and Developmental Disorders, 6, 159-171.

Costello, K., & Warne, J. (2020). A four-week fundamental motor skill intervention
improves motor skills in eight to 10-year-old Irish primary school children. Cogent
Social Sciences, 6(1), 1724065.

Duncan, M. J., Eyre, E. L., & Oxford, S. W. (2018). The effects of 10-week integrated
neuromuscular training on fundamental movement skills and physical self-efficacy
in 6-7-year-old children. The Journal of Strength & Conditioning Research, 32(12),
3348-3356.

Duncan, M. J., Noon, M., Clark, C. C., & Eyre, E. L. (2021). Dose response effects of the
BWF Shuttle Time Programme on children’s actual and perceived fundamental
movement skill competence. International Journal of Sports Science & Coaching, 16(6),
1312-1321.

Duncan, M. J., Noon, M., Lawson, C., Hurst, J., & Eyre, E. L. (2020). The effectiveness of a
primary school based badminton intervention on children’s fundamental movement
skills. Sports, 8(2), 11.

Eddy, L. H., Wood, M. L., Shire, K. A., Bingham, D. D., Bonnick, E., Creaser, A., ...
Hill, L. J. (2019). A systematic review of randomized and case-controlled trials
investigating the effectiveness of school-based motor skill interventions in 3-to 12-
year-old children. Child: care, health and development, 45(6), 773-790.

Engel, A., Broderick, C., van Doorn, N., Hardy, L., Ward, R., Kwai, N., & Parmenter, B.
(2021). Effect of a Fundamental Motor Skills Intervention on Fundamental Motor
Skill and Physical Activity in a Preschool Setting: A Cluster Randomized Controlled
Trial. Pediatric Exercise Science, 34(2), 57-66.

Felzer-Kim, I. T. (2020). Fundamental Movement Skills in Children with and Without Autism
Spectrum Disorder, and the Multi-domain Effects of an Early Motor Intervention.
Michigan State University.

Foulkes, J., Knowles, Z., Fairclough, S., Stratton, G., O’Dwyer, M., Ridgers, N., &
Foweather, L. (2017). Effect of a 6-week active play intervention on fundamental
movement skill competence of preschool children: A cluster randomized controlled
trial. Perceptual and motor skills, 124(2), 393-412.


http://refhub.elsevier.com/S0190-7409(23)00516-9/h0005
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0005
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0005
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0010
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0010
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0010
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0015
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0015
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0020
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0020
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0020
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0025
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0025
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0025
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0030
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0030
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0035
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0035
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0035
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0045
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0045
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0045
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0050
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0050
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0050
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0050
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0055
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0055
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0060
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0060
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0060
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0065
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0065
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0065
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0070
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0070
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0070
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0075
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0075
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0075
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0075
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0080
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0080
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0080
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0080
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0085
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0085
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0085
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0090
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0090
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0090
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0095
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0095
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0095
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0095
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0100
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0100
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0100
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0100
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0105
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0105
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0105
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0110
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0110
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0110
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0110
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0115
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0115
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0115
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0115
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0120
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0120
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0120
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0125
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0125
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0125
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0125

D. Zhang et al.

Goodway, J. D., Crowe, H., & Ward, P. (2003). Effects of motor skill instruction on
fundamental motor skill development. Adapted physical activity quarterly, 20(3),
298-314.

Goodway, J. D., Ozmun, J. C., & Gallahue, D. L. (2019). Understanding motor development:
Infants, children, adolescents. adults: Jones & Bartlett Learning.

Grainger, F., Innerd, A., Graham, M., & Wright, M. (2020). Integrated strength and
fundamental movement skill training in children: A pilot study. Children, 7(10), 161.

Gu, Y., Chen, Y., Ma, J., Ren, Z., Li, H., & Kim, H. (2021). The influence of a table tennis
physical activity program on the gross motor development of Chinese preschoolers of
different sexes. International Journal of Environmental Research and Public Health, 18
(5), 2627.

Hamilton, M., & Liu, T. (2018). The effects of an intervention on the gross and fine motor
skills of Hispanic Pre-K children from low ses backgrounds. Early Childhood Education
Journal, 46, 223-230.

Hardy, L. L., King, L., Farrell, L., Macniven, R., & Howlett, S. (2010). Fundamental
movement skills among Australian preschool children. Journal of science and medicine
in sport, 13(5), 503-508.

Higgins, J. P., & Thompson, S. G. (2002). Quantifying heterogeneity in a meta-analysis.
Statistics in medicine, 21(11), 1539-1558.

Hu, X. (2020). Jiang G-p, Ji Z-q, Pang B, Liu J: Effect of novel rhythmic physical
activities on fundamental movement skills in 3-to 5-year-old children. BioMed
Research International, 2020.

Janssen, I. (2014). Active play: An important physical activity strategy in the fight
against childhood obesity. Canadian journal of public health, 105, e22-e27.

Johnson, J. L., Rudisill, M. E., Hastie, P., Wadsworth, D., Strunk, K., Venezia, A., ...
Merritt, M. (2019). Changes in fundamental motor-skill performance following a
nine-month mastery motivational climate intervention. Research Quarterly for
Exercise and Sport, 90(4), 517-526.

Johnstone, A., Hughes, A. R., Bonnar, L., Booth, J. N., & Reilly, J. J. (2019). An active
play intervention to improve physical activity and fundamental movement skills in
children of low socio-economic status: Feasibility cluster randomised controlled
trial. Pilot and feasibility studies, 5, 1-13.

Johnstone, A., Hughes, A. R., Janssen, X., & Reilly, J. J. (2017). Pragmatic evaluation of
the Go2Play active play intervention on physical activity and fundamental
movement skills in children. Preventive Medicine Reports, 7, 58-63.

Johnstone, A., Hughes, A. R., Martin, A., & Reilly, J. J. (2018). Utilising active play
interventions to promote physical activity and improve fundamental movement
skills in children: A systematic review and meta-analysis. BMC Public Health, 18,
1-12.

Jones, D., Innerd, A., Giles, E. L., & Azevedo, L. B. (2020). Association between
fundamental motor skills and physical activity in the early years: A systematic
review and meta-analysis. Journal of Sport and Health Science, 9(6), 542-552.

Jones, R. A., Okely, A. D., Hinkley, T., Batterham, M., & Burke, C. (2016). Promoting
gross motor skills and physical activity in childcare: A translational randomized
controlled trial. Journal of Science and Medicine in Sport, 19(9), 744-749.

Jones, R. A., Riethmuller, A., Hesketh, K., Trezise, J., Batterham, M., & Okely, A. D.
(2011). Promoting fundamental movement skill development and physical activity
in early childhood settings: A cluster randomized controlled trial. Pediatric exercise
science, 23(4), 600-615.

Kelly, L., O’Connor, S., Harrison, A. J., & Ni Chéilleachair, N. J. (2021). Effects of an 8-
week school-based intervention programme on Irish school children’s fundamental
movement skills. Physical Education and Sport Pedagogy, 26(6), 593-612.

Kit, B. K., Akinbami, L. J., Isfahani, N. S., & Ulrich, D. A. (2017). Gross motor
development in children aged 3-5 years, United States 2012. Maternal and Child
Health Journal, 21, 1573-1580.

Lee, J., Zhang, T., Chu, T. L., & Gu, X. (2020). Effects of a need-supportive motor skill
intervention on children’s motor skill competence and physical activity. Children, 7
(3), 21.

Lin, L., Chu, H., Murad, M. H., Hong, C., Qu, Z., Cole, S. R., & Chen, Y. (2018). Empirical
comparison of publication bias tests in meta-analysis. Journal of general internal
medicine, 33, 1260-1267.

Liu, J. (2022). Interpretation of my country’s “Compulsory Education Physical Education
and Health Curriculum Standards (2022 Edition)”. China Sports Science, 42, 3-17.

Logan, S., Robinson, L. E., Wilson, A., & Lucas, W. (2012). Getting the fundamentals of
movement: A meta-analysis of the effectiveness of motor skill interventions in
children. Child: Care, health and development, 38(3), 305-315.

Lykesas G, Tsapakidou A, Tsompanaki E. Creative dance as a means of growth and
development of fundamental motor skills for children in first grades of primary
schools in Greece. Asian Journal of Humanities and Social Studies (ISSN: 2321-2799)
Volume 2014.

Maeng, H. J., Webster, E. K., & Ulrich, D. A. (2016). Reliability for the test of gross motor
development-(TGMD-3). Research Quarterly for Exercise and Sport, 87(52), A38.

Mabher, C. G., Sherrington, C., Herbert, R. D., Moseley, A. M., & Elkins, M. (2003).
Reliability of the PEDro scale for rating quality of randomized controlled trials.
Physical therapy, 83(8), 713-721.

Marinsek, M., & Denac, O. (2020). The effects of an integrated programme on developing
fundamental movement skills and rhythmic abilities in early childhood. Early
Childhood Education Journal, 48, 751-758.

Children and Youth Services Review 156 (2024) 107320

McKenzie, J. E., Brennan, S. E., Ryan, R. E., Thomson, H. J., Johnston, R. V., & Thomas, J.
(2019). Defining the criteria for including studies and how they will be grouped for
the synthesis. Cochrane handbook for systematic reviews of interventions, 33-65.

Melvin Chung, H., Cheah, W., & Hazmi, H. (2022). Physical Activity and Fundamental
Motor Skill Outcome: A Quasi-Experimental Study Among Rural Pre-schoolers in
Kuching, Sarawak. International Journal of Early Childhood, 1-13.

Moher, D., Liberati, A., Tetzlaff, J., & Altman, D. G. (2009). PRISMA Group* t: Preferred
reporting items for systematic reviews and meta-analyses: The PRISMA statement.
Annals of internal medicine, 151(4), 264-269.

Morgan, P. J., Barnett, L. M., Cliff, D. P., Okely, A. D., Scott, H. A., Cohen, K. E., &
Lubans, D. R. (2013). Fundamental movement skill interventions in youth: A
systematic review and meta-analysis. Pediatrics, 132(5), e1361-e1383.

Mostafavi, R., Ziaee, V., Akbari, H., & Haji-Hosseini, S. (2013). The effects of spark
physical education program on fundamental motor skills in 4-6 year-old children.
Iranian journal of pediatrics, 23(2), 216.

Mukherjee, S., Ting Jamie, L. C., & Fong, L. H. (2017). Fundamental motor skill
proficiency of 6-to 9-year-old Singaporean children. Perceptual and motor skills, 124
(3), 584-600.

Obrusnikova, I., & Rattigan, P. J. (2016). Using video-based modeling to promote
acquisition of fundamental motor skills. Journal of Physical Education, Recreation &
Dance, 87(4), 24-29.

Palmer, K. K., Chinn, K. M., & Robinson, L. E. (2019). The effect of the CHAMP
intervention on fundamental motor skills and outdoor physical activity in
preschoolers. Journal of Sport and Health Science, 8(2), 98-105.

Pham, V. H., Wawrzyniak, S., Cichy, I., Bronikowski, M., & Rokita, A. (2021). BRAINballs
program improves the gross motor skills of primary school pupils in Vietnam.
International Journal of Environmental Research and Public Health, 18(3), 1290.

Pranotoa, N. W., Chaeronia, A., Susantoa, N., & Ayubib, N. (2021). The Effect of
Fundamental Motor Skills Program on the Character of Kindergarten Students. The
Effect of Fundamental Motor Skills Program on the Character of Kindergarten Students,
91(1), 9.

Roach, L., & Keats, M. (2018). Skill-based and planned active play versus free-play effects
on fundamental movement skills in preschoolers. Perceptual and motor skills, 125(4),
651-668.

Rocha, H., Marinho, D., Jidovtseff, B., & Costa, A. (2016). Influence of regular soccer
or swimming practice on gross motor development in childhood. Revista.
Motricidade, 12(4).

Rudd, J., Barnett, L., Farrow, D., Berry, J., Borkoles, E., & Polman, R. (2017). The impact
of gymnastics on children’s physical self-concept and movement skill development
in primary schools. Measurement in physical education and exercise science, 21(2),
92-100.

Skowronski, W., Skowronska, M., Rutkowska, I., Bednarczuk, G., Kazmierska-
Kowalewska, K. M., & Marszatek, J. (2019). The effects of extracurricular physical
education classes on gross motor development in primary school children—pilot
study. Biomedical Human Kinetics, 11(1), 136-143.

Takeshima, N., Sozu, T., Tajika, A., Ogawa, Y., Hayasaka, Y., & Furukawa, T. A. (2014).
Which is more generalizable, powerful and interpretable in meta-analyses, mean
difference or standardized mean difference? BMC medical research methodology, 14
1), 1-7.

Van Capelle, A., Broderick, C. R., van Doorn, N., Ward, R. E., & Parmenter, B. J. (2017).
Interventions to improve fundamental motor skills in pre-school aged children: A
systematic review and meta-analysis. Journal of Science and Medicine in Sport, 20(7),
658-666.

Walkley, J., Holland, B. V., Treloar, R., & O’Connor, J. (1996). Fundamental motor
skills: A manual for classroom teachers: Victoria. Department of Education.

Whitebread, D., & Coltman, P. (2015). Teaching and learning in the early years. Routledge.

Wibowo, R., Budiman, D., Sumarno, G., Stephani, M. R., & Putri, W. (2021). Is physical
activity level in physical education lesson related to fundamental movement skills at
elementary schools. International Journal of Human Movement and Sports Sciences, 9
(4), 31-37.

Wick, K., Leeger-Aschmann, C. S., Monn, N. D., Radtke, T., Ott, L. V., Rebholz, C. E, ...
Puder, J. J. (2017). Interventions to promote fundamental movement skills in
childcare and kindergarten: A systematic review and meta-analysis. Sports Medicine,
47, 2045-2068.

Wu, S. K., Wen, Z. S., & Xinju, X. (2014). Preschool Learning Standards on Physical
Education and Health. Journal of Chengdu Sport University, 40, 75-80.

Xin, Z., Abdullah, B. B., Nasiruddin, N. J. M., Samsudin, S. B., & Zaremohzzabieh, Z.
(2021). Relationship between Curriculum-Based Intervention and Fundamental
Movement Skills among Preschoolers: A Systematic Literature. Review.

Zhang, L., & Cheung, P. (2019). Making a difference in PE lessons: Using a low organized
games approach to teach fundamental motor skills in China. International Journal of
Environmental Research and Public Health, 16(23), 4618.

Zoran C, Durdica M, Suncica K, Ana K, Frane Z. Fundamental movement skills
development under the influence of a gymnastics program and everyday physical
activity in seven-year-old children. 2014.

15


http://refhub.elsevier.com/S0190-7409(23)00516-9/h0130
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0130
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0130
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0135
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0135
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0140
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0140
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0145
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0145
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0145
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0145
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0150
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0150
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0150
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0155
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0155
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0155
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0160
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0160
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0165
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0165
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0165
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0170
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0170
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0175
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0175
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0175
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0175
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0180
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0180
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0180
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0180
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0185
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0185
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0185
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0190
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0190
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0190
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0190
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0195
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0195
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0195
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0200
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0200
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0200
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0205
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0205
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0205
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0205
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0210
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0210
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0210
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0215
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0215
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0215
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0220
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0220
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0220
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0225
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0225
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0225
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0230
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0230
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0235
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0235
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0235
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0245
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0245
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0250
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0250
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0250
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0255
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0255
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0255
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0260
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0260
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0260
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0265
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0265
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0265
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0270
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0270
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0270
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0275
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0275
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0275
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0280
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0280
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0280
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0285
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0285
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0285
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0290
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0290
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0290
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0295
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0295
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0295
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0300
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0300
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0300
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0305
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0305
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0305
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0305
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0310
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0310
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0310
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0315
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0315
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0315
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0320
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0320
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0320
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0320
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0330
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0330
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0330
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0330
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0335
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0335
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0335
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0335
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0340
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0340
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0340
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0340
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0345
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0345
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0350
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0355
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0355
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0355
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0355
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0360
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0360
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0360
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0360
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0325
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0325
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0365
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0365
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0365
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0370
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0370
http://refhub.elsevier.com/S0190-7409(23)00516-9/h0370

	Effect of intervention programs to promote fundamental motor skills among typically developing children: A systematic revie ...
	1 Introduction
	2 2.Methods
	2.1 Search strategy
	2.2 Eligibility criteria
	2.3 Study selection
	2.4 Quality assessment of included studies
	2.5 Data extraction
	2.6 Data synthesis and analysis

	3 Investigation of heterogeneity and subgroup analyses
	4 Results
	4.1 Overview of studies
	4.2 Study quality assessment
	4.3 Participant characteristics
	4.4 Intervention characteristics
	4.5 Outcome and measures
	4.5.1 Effects on overall FMS proficiency
	4.5.2 Effects on locomotor skills
	4.5.3 Effects on object control skills
	4.5.4 Effects on balance skills

	4.6 Heterogeneity analysis
	4.7 Publication bias analysis

	5 Discussion
	5.1 Limitation

	6 Conclusion
	Declaration of Competing Interest
	Data availability
	Acknowledgements
	References


