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Abstract

Obijectives: Using the method of meta-analysis to compares and analyzes the development characteristics of children’s
FMS in countries with different development levels from the perspective of gender. Methods: We searched the PubMed,
EBSCOhost, Embase and Web of Science databases for studies published up to April 5, 2021, empirical studies on the
FMS of children aged 3-6 were included. Two researchers independently screened and extracted data according to
inclusion and exclusion criteria. RevMan 5.4.1 software was used for meta-analysis to analyze the mastery level of global
children’s FMS. Results: Finally, 18 articles were included. Results of the meta-analysis showed that whether in
developed or developing countries, there was no statistical significance in comparing the locomotor skill scores of boys
and girls (all P > 0.05); however, both in developed countries and developing countries, the scores of object control skills
generally appears that boys are better than girls (Developed: 0.48 [95% Cl 0.40, 0.56], Z=11.74, P <<0.05, 1°=0%;
Developing: 0.53 [95% CI 0.30, 0.76], Z=4.53, P<<0.05, 1>=81%). Conclusion: From the perspective of gender, the
developmental characteristics of FMS in children showed consistent patterns in countries with different development
levels. There is no difference in the mastery of locomotor skills among children of different genders, but there is a
significant difference in the mastery of object control skills, and boys are significantly better than girls.
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1. INTRODUCTION

PA brings many health benefits to children. It
is not only important to maintain physical health, such
as heart and lung health and better weight status(Lubans
et al., 2010), but also to support cognitive and social
development in childhood. However, insufficient PA
will have a negative impact on children in many
aspects(Okely et al., 2001). The study found that
preschool children should take PA for at least 3 hours a
day(Wood et al., 2020), but the compliance rate is only
42% - 50%(Pate et al., 2015). Studies have shown that
sports skills can promote PA, which lays a solid
foundation for a person’s lifelong  sports
activities(Stodden et al., 2008). FMS is the basic ability
and skill for children to perform a series of organized
basic movements(Wick et al., 2017),it is the basis of
complex PA and more professional motor skill(Bardid
et al., 2016), it includes locomotor skills (such as
running and jumping) and object control skills (such as
catching and kicking), it plays a vital role in using more

professional and complex skills in playing, games and
sports(Wick et al., 2017). Studies have shown that
overweight or obese children are often positively
correlated with the ability of FMS(Logan et al., 2012).
Children aged 3-6 are the key age group for the
development of FMS(Gallahue & Donnelly, 2007).
However, in recent years, the development of children’s
FMS shows a downward trend(Bryant et al., 2014),
which needs extensive attention. However, FMS does
not develop naturally. It takes time to learn and practice
before it can be mastered(Stodden et al., 2008).

As for the description of influencing factors of
children’s FMS, previous studies have shown that there
are obvious differences in children’s mastery of FMS in
different countries, but whether the development law of
boys and girls in different countries is consistent has not
been studied. Taking this as the starting point, this
paper uses the meta-analysis tool to analyze the
currently published studies on children’s FMS, in order
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to provide some references for the future research of
FMS.
2. METHODS
2.1 Search Strategy

Three English databases including PubMed,
EBSCOhost, EMBASE and web of science were
searched on April 5, 2021. The key words used in the
search were: child, children, preschoolers, fundamental
movement skills, fundamental motor skills, gross
motor, physical activity and TGMD.

Title, abstract and keyword search fields were
searched using the following search strategy: child OR
children* OR preschoolers* AND fundamental
movement skills* OR fundamental motor skills* OR
gross motor* OR physical activity* AND TGMD.

2.2 Inclusion Criteria
2.2.1 Type of Study

The evaluation of children’s mastery of FMS
is based on on-site evaluation or video evaluation.

2.2.2 Type of Participants
The participants were healthy children aged 3-6.

2.2.3 Research Design
The study was divided into boys’ group and
girls’ group.

2.2.4 Measuring Tools
Children’s mastery of FMS was evaluated by
the TGMD-2 evaluation tool.

2.2.5 Type of Outcome Measure

Includes the raw scores for locomotor skills
and object control skills.
2.3 Data Extraction

According to the research needs, two searchers
independently extracted the relevant indicators included
in the literature. The extracted contents mainly include:
first author, publication period, sample size, research
location, gender, age, outcome index and other relevant
data.

2.4 Statistical Considerations

This paper uses Revman 5.4.1 software for
meta-analysis, the outcome indicators of the included
literatures were continuous variables, and the standard
mean difference (SMD) and its 95% confidence interval
(95% CI) were selected as the effect size indicators. At
the same time, 1> value was used to test the
heterogeneity among the studies. When 1% < 50%, there
was no significant heterogeneity among the studies.
Fixed effect model was used. On the contrary, random
effect model is used. The subgroups were merged in the
same way.

3. RESULTS
3.1 Search Results

We obtained 678 articles through three data
retrieval, and obtained 3 articles from the pearling of
reference list, 681 in total. It was imported into the
document management software Note Express
3.2.0.7535, and 342 articles were included after
removing the duplicate articles. After reading the title
and abstract of the article, 34 articles were left. After
further reading, 18 articles (19 studies) were included

(Fig-1).

Records identified through
database searching (n=678)

Additional records identified
through other channels (n=3)

!

Records screened after

removing duplicates (n=342)

and abstracts (n=34)

Recards after excluded by title

eligibility criteria (n=34)

Full-text articles excluded for

Studies included in
meta-analysis (n=18)

Full-test articles excluded, with
reason:

= Participants do not meet
the criteria (n=2)

& Incomplete data (n=10)

= Different outcome (n=4)

Fig-1: Flow diagram of the study selection process
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3.2 Study Characteristics

A total of 19 studies were included, most of
which were cross-sectional studies, of which 11 were
from developed countries and 8 from developing
countries. There were 2005 boys and 1938 girls in the

locomotor skill assessment, 2209 boys and 2153 girls in
the object control skill assessment, and the age ranged
from 3 to 6 years. There are 14 articles on TGMD-2 and
4 articles on TGMD-3 (Table-1).

Table 1: Characteristics of studies included in meta-analysis

Sample
Authors Country level Age | N Boy Girl Design | Outcome
Alessandro et al., 2018 | Brazil developing | 5-6 158 82 76 CS TGMD-2
Aye et al., 2017 Myanmar developing | 5 472 237 235 CS TGMD-2
Aye et al., 2018 Japan developed | 5 60 34 26 CS TGMD-2
Behan et al., 2019 Ireland developed | 5-6 367 LM:202 | LM:200 | CS TGMD-3
0C:158 | OC:159
Brian et al., 2018 EXP: Belgium | developed | 4-5 EXP:170 | EXP:97 | EXP:73 | CS TGMD-2
CON: USA developed CON:156 | CON:66 | CON:90
Crane et al., 2017 Canada developed | 5-6 250 124 126 LD TGMD-2
Cheung et al., 2020 China developing | 4-6 295 162 133 CcC TGMD-2
Freitas et al., 2018 Portugal developed | 3-6 314 155 159 CS TGMD-2
Hall et al., 2018 Britain developed | 3-5 177 91 75 CS TGMD-2
Kimet al., 2016 South Korea developed | 5-6 216 102 114 CS TGMD-2
Kitet al., 2017 USA developed | 3-5 339 LM:167 | LM:163 | CS TGMD-2
0OC:170 | 0S:168
Korbecki et al., 2017 Poland developed | 6,7 64 29 35 CS TGMD-2
Palmer et al., 2020 USA developed | 3.5-5 | 54 27 27 OE TGMD-2
Shi et al., 2020 China developing | 5-6 | 43 22 21 RCT TGMD-2
Tietjens et al., 2018 Germany developed | 3-6 | 27 16 11 CS TGMD-3
Tomaz et al., 2019 South Africa | developing | 3-6 259 130 129 CS TGMD-2
Valentini et al., 2017 Brazil developing | 3-6 281 135 146 CS TGMD-3
Wang et al., 2020 China developing | 3-6 268 126 142 LD TGMD-3

Note: EXP: experience group; CON: control group; LM: locomotor; OC: object control; CS: cross-sectional; LD: longitudinal
direction; RCT: randomized control trial; OE: qusai-experimental; CC: case-control.

3.3 Meta-Analysis Results
3.3.1 Gender differences in locomotor skills

Fig 2 shows the forest plot of comparison of
the locomotor skills scores of boys and girls in
developed and developing countries. Through the meta-
analysis of 12 studies (1076 boys, 1027 girls) in

developed countries and 7 studies (929 boys, 911 girls)
in developing countries, the results show that whether
in developed or developing countries, there is no
difference in the mastery of locomotor skills between
boys and girls (All P > 0.05).
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Boys Girls

Study or Subarouj Mean  SD Total Mean

1.1.1 Developed country

Aye etal 2018 6.6 6.4 34 41 336 26
Behanetal 2019 3686 9.31 202 3993 8896 158
Brian etal. 2018 {Belgium) 321 74 97 32 6.6 73
Brian etal. 2018 (USA) 1.9 74 BE  21.7 El a0
Crane etal. 2017 258 71124 269 6.8 126
Freitas etal. 2018 2587 84 155 245 89 153
Hall etal. 2018 261 80 91 278 G495 78
Kim etal. 2016 4054 1241 102 39.91 747 114
Kitetal. 2017 26.8 1226 167 297 989 163
FPalmeretal 2020 9.6 a6 7 8.6 4.9 7
Tietiens etal. 2018 31.54 8.98 11 34 1054 16
Subtotal (95% CI) 1076 1027

Heterogeneity: Tau®= 0.03; Chi*= 22,64, df= 10 (P = 0.01); P= 56%
Testfor overall effect: Z=1.76 (P =0.08)

1.1.2 Developing country

Alessandro etal 2018 338 5 82 342 a7 T8
Aye etal 2017 8.8 TBE 237 38E  TO7 235
Cheung etal. 2020 3626 6.03 162 3667 4895 133
Karbecki etal. 2017 3269 5.61 35 3014 593 28
Shietal 2020 3B 305 22 28749 a7 pal
Tomazetal. 2018 6.1 57 130 i) 6.9 129
Yalentini et al. 2016 2107 728 139 1874 TF24 146
VWang etal 2020 2681 8917 126 2715 9.8 142
Subtotal {95% CI) 929 911

Heterogeneity: Tau®= 0.00; Chi*= 8.04, df=7 (P = 0.33), F=13%
Testfor overall effect: 2= 1.33 (F=0.18)

Total (95% Cl) 2005 1938
Heterogeneity: Tau®= 0.02;, Chi"= 39.28, df=18 (F = 0.003); "= 54%
Testfor overall effect Z= 0.61 (P=0.54)

Testfor suboroun differences: Chi*= 4 87 df=1(P=0031 F=735%

SD_Total Weight

Std. Mean Difference
IV, Random, 95% CI

Std. Mean Difference
IV, Random, 95% CI

26%
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Fig-2: Forest plot of locomotor skills scores

3.3.2 Gender differences in object control skills

Fig 3 shows the forest plot of comparison of
the object control skills scores of boys and girls in
developed and developing countries. Through the meta-
analysis of 12 studies (1280 boys, 1242 girls) in
developed countries and 7 studies (929 boys, 911 girls)
in developing countries, the results show that in both

Std. Mean Difference

developed and developing countries, boys have better
mastery of object control skills than girls, and all of
them were statistically significant (Developed: 0.48
[95% Cl 0.40, 0.56], Z=11.74, P < 0.05, 1°=0%;
Developing: 0.53 [95% CI 0.30, 0.76], Z=4.53, P<
0.05, 1°=81%).

Std. Mean Difference

IV, Random, 95% CI IV, Random, 95% CI

Boys Girls
Study or Subarou| Mean SD Total Mean SD _Total Weight
1.2.1 Developed country
Ayeetal 2018 31.8 7.83 237 278 73238 T3%
Behan etal. 20149 30,33 862 200 2587 TF7.79 189 B.7%
Erian etal. 2018 {Belgiurm}) 254 v.2 97 21.4 5.8 T3 OA1%
Erian etal. 2018 (USA) 20.2 T4 BE  17.2 6.3 90 4.9%
Crane etal 2017 236 8 124 148 65 126 6.0%
Freitas etal. 2018 24 F7185 194 74189 BS5%
Halletal. 2018 1953 9.04 91 1808 713 Th 1%
Kim et al. 2016 3255 11.85 102 2884 B95 114  57%
Kitetal. 2017 2z8 1041 170 192 1004 168 6.7%
Palmer et al. 2020 10.2 5.4 27 8.1 5.4 27 26%
Tietiens etal. 2018 3209 837 11 2784 525 16 1.4%
Subtotal (95% CI) 1280 1242 58.1%
Heterogensity: Tau®= 0.00; Chi=9.02, df= 10 (P = 0.53); F= 0%
Test for overall effect. Z=11.74 (F = 0.00001)
1.2.2 Developing country
Alessandro etal. 2018 271 7 g2 222 5.6 TE 49%
Ayeetal 2017 1.8 T.83 23T 378 7.2 235 T.3%
Cheung etal. 2020 31.31 5.6 162 308 483 133 6.4%
Korbecki etal. 2017 30.54 6.3 35 23 5.47 29 2E%
Shietal 2020 23.23 349 22 2173 5384 21 2.2%
Tomaz etal. 2019 1.8 53 130 28 532 128 B.0%
Yalentini etal. 2016 2319 T.24 135 1883 574 146 BI%
Wang etal. 2020 19.06 869 126 1784 BAEE 142 BI%
Subtotal (95% CI) 929 911 41.9%
Heterogeneity: Tau®= 0.08; Chi*= 37.25, df= 7 (P = 0.00001); F=81%
Test for overall effect: 7= 4 583 (P = 0.00001)
Total (95% CI) 2209 2153 100.0%

Heterogeneity: Tau®= 0.03; Chi®= 46.28, df=18 (P = 0.0003); F=61%
Testfor overall effect: Z=9.26 (P = 0.00001)
Testfor subaroun differences: Chi®= 0149, df=1 (P =067 = 0%

Fig-3: Forest plot of object control skills scores

3.4 Sensitivity analysis and risk assessment

Sensitivity analysis was performed on 19
included studies, and the results were relatively stable
after each study was eliminated in turn.
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Funnel plot analysis of the included studies
shows that the symmetry of the two dimensions of
locomotor skills (Fig 4) and object control skills (Fig 5)
is good, suggesting that the risk of bias may be small.
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4. DISCUSSION teachers, society and so on(Garcia, 1994; Thomas &

A large number of studies have shown that
there are gender differences in children’s FMS, but
whether the results are consistent in countries with
different levels of development has not been discussed.
This meta-analysis included 18 articles, including 19
studies, the results show that there is no gender
difference in the mastery of locomotor skills, but there
is gender difference in the mastery of object control
skill, and boys are better than girls. This shows that
there is no regional difference in gender difference in
FMS.

This result may be due to the physiological
differences between boys and girls, which has been
suggested by Butterfield et al(Butterfield et al., 2012), it
may also be influenced by family environment,

French, 1985). It is generally encouraged boys should
take part in more control sports and girls should
develop dance sports(Payne & lIsaacs, 2017; Fagot &
Leinbach, 1989; Hardy et al., 2012). Other studies have
shown that children’s FMS can be improved through
intervention(Barnett et al., 2010), which can show that
gender differences can be reduced through intervention.

This paper compares the children in developed
and developing countries, but it is difficult to rule out
the heterogeneity of family income. The heterogeneity
of object control skills development of children in
developing countries is relatively high, which needs
further discussion.
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5. CONCLUSION

From the perspective of gender, the
developmental characteristics of FMS in children
showed consistent patterns in countries with different
development levels. There is no difference in the
mastery of locomotor skills among children of different
genders, but there is a significant difference in the
mastery of object control skills, and boys are
significantly better than girls.
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