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Abstract: The age range of 3—6 years is considered as a critical period in developing and learning
fundamental motor skills (FMS). To make the formulation of future FMS guidance programs more
targeted, we examined gender differences in children’s FMS proficiency using a meta-analysis.
Structured electronic databases including PubMed, Scopus and Web of Science were systematically
searched using key terms, and the Joanna Briggs Institute (JBI) was used to assess the quality of
included literature. Finally, 38 articles (39 studies) met the pre-specified inclusion criteria. The results
showed that boys had higher proficiency in total FMS and object control skills than girls (SMD = 0.17
(95% CI0.03, 0.31), p = 0.02; SMD = 0.48 (95% CI 0.38, 0.58), p < 0.00001), and gender differences
in locomotor skill proficiency approached significance, trending in favor of girls (SMD = —0.07
(95 % CI —0.15,0.01), p = 0.09, I = 66%). Meta-regression shows that age is associated with gender
differences in object control skills (p < 0.05). In addition, through subgroup analysis, we found that
boys’ advantage in object control skills increased with age (3 years: SMD = 0.27 (95% CI 0.00, 0.54),
p < 0.00001; 4 years: SMD = 0.58 (95% CI 0.38, 0.77), p < 0.00001; 5 years: SMD = 0.59 (95% CI 0.31,
0.88), p < 0.00001; 6 years: SMD = 0.81 (95% CI 0.61, 1.01), p < 0.00001). In this meta-analysis, we
found gender differences in FMS levels in children aged 3-6 years. Notably, gender differences in
skill proficiency in object control were influenced by age. We recommend focusing on and developing
girls” object control skills starting at age 3.

Keywords: motor skills; child; Test of Gross Motor Development; sex differences

1. Introduction

Regular participation in physical activity (PA) has potential benefits for children to
improve obesity [1,2], bone health [3], psychological health [4] and cognitive function [5,6].
However, children’s physical activity levels worldwide are not positive. A study comparing
physical activity behaviors of children from 15 countries found that PA behavioral indicator
scores were generally low [7]. Studies have found a positive correlation between children’s
fundamental motor skills (FMS) and PA, and FMS have been identified as a potential
mechanism for the development of PA [8-11]. FMS refer to the basic abilities and skills for
children to perform a series of organized basic movements, and they includes locomotor
skills (e.g., running, jumping, sliding, etc.) and object control skills (e.g., hitting, catching
ball, kicking, etc.) [12]. FMS play a vital role in using more professional and complex skills
in playing, games and sports [13,14]. The learning and mastery of FMS play an important
role in the healthy development of children. A previous study concluded that FMS in
children were significantly associated with health-related fitness (HRF) components (body
composition, muscular strength, muscular endurance, cardiovascular endurance) and that
the effect increases with age [15]. Despite the many benefits of FMS, a recent systematic
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review showed that there is still much room for improvement in FMS globally in children
of all ages within the range of 3-10 years [16].

It has been well established that FMS are crucial to a child’s development. When
children are provided with few or no opportunities to achieve appropriate FMS levels, they
are at risk of suffering from slowed motor development, thus limiting their chances for
successful participation in an active and healthy sports culture [8]. Given the above, it seems
crucial to improve children’s FMS. A recently published study protocol presents detailed
experimental designs to investigate the effects of different physical activity interventions
on FMS in children [17]. However, to meet the physical developmental needs of children,
exercise programs should also be tailored to their unique developmental needs, so it is
important to understand gender characteristics in FMS.

However, no unified conclusion has been reached on whether there are gender dif-
ferences in FMS proficiency in children. Several studies have found gender differences in
FMS in children [16,18-20], with boys having higher proficiency in object control skills than
girls [16,18,19,21,22], In contrast, boys and girls have been found to have similar locomotor
skills proficiency [18,19,21]. Pieces of evidence suggest gender differences in locomotor
skills proficiency in children, with girls showing higher proficiency [20,22]. These inconsis-
tent results may be clarified via a meta-analysis. To the best of our knowledge, no study
has investigated age variation points for gender differences in motor skills. Hence, the
main aim of the present study was to systematically review and provide a meta-analysis of
the gender differences in FMS, locomotor skills and object control skills in children aged
3-6 years. Secondarily, this study aims to investigate the age pattern of gender differences
in motor skill proficiency by meta-regression analysis and determine the age inflection
points at which gender differences emerge.

2. Materials and Methods

The systematic review was performed in accordance with the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines [23], and the study
was registered with PROSPERO (CRD42021281160).

2.1. Eligibility Criteria

Articles assessing proficiency in FMS, locomotor skills and object control skills in
children aged 3 to 6 years were included in this systematic review and meta-analysis. Stud-
ies were selected if they met the following criteria: (1) children aged 3—6 years; (2) scores
reported by age and gender, if the study is an intervention study, with a baseline data report
required; (3) results assessed using the Test of Gross Motor Development scale (TGMD),
including modified versions; and (4) outcome measures reported using raw scores.

We excluded studies that met any of the following criteria: (1) review articles, con-
ference abstracts or books; (2) participants not being assessed simultaneously according
to age and gender; (3) inclusion of special populations such as those with disabilities or
diseases; and (4) studies not published in English. We calculated the pooled effect size
through meta-analysis.

Inclusion and exclusion criteria were formulated and applied by two reviewers (Y.Z.
and M.K.) independently, and in the case of disagreement, they were confirmed by another
reviewer (W.Y.).

2.2. Search Strategy

The literature search was conducted until 10 July 2021 by two independent reviewers
(Y.Z. and Y.L.) with the following electronic databases: PubMed, Scopus and Web of Science
(Supplementary Materials). Search terms included “child” OR “children” OR “preschoolers”
OR “boy” OR “girl” AND “fundamental movement skills” OR “motor skills” OR “motor
development” OR “gross motor” AND “TGMD” OR “Test of Gross Motor Development”.
Specific search strategies can be found in the Supplementary Materials. In addition, we
manually searched reference lists in some key previously published studies and reviews.
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2.3. Data Extraction and Quality Assessment

Data were independently extracted by two reviewers (W.Y. and FH.) and cross-
checked, and controversial issues were discussed based on the original text to determine
the final outcome. The extracted information included study characteristics (author name,
publication time, country, study type), participant characteristics (environment, age, gender,
sample), measurement information (outcome measures, outcome indicators, outcome), etc.

The two reviewers (M.K. and FH.) independently assessed the quality of each in-
cluded article using the Joanna Briggs Institute (JBI) quality appraisal checklists for cross-
sectional, case—control, cohort studies, quasi-experimental and randomized control tri-
als [24] (Supplementary Materials). If there were disagreements, we discussed these to-
gether until consensus was reached. The critical evaluation checklist for various research
methods has 8 to 13 items, and positive responses were rated as “yes”. We identified studies
with an overall positive response between 50% and 75% as studies with moderate quality,
and studies with a positive response over 75% were considered to be of high quality.

2.4. Synthesis Methods

In this study, differences in FMS proficiency among boys and girls were compared
using Review Manager version 5.4.1 from the Cochrane Assistance Network. The data in
this paper are continuous variables, and the comprehensive effect index is the Standard
Mean Difference (SMD) and its 95% CI. SMD was interpreted as very small (<0.2), small
(0.2-0.5), moderate (0.5-0.8) and large (>0.8) [25], where p < 0.05 indicates significant differ-
ences between the genders. The I-squared (I?) statistic was used to test the heterogeneity
between studies. When 12 < 50, there was no heterogeneity between studies, and a fixed-
effects model was used for meta-analysis; when I? > 50, there was heterogeneity between
studies, and a random-effects model was used for meta-analysis [26]. The pooled results
showed heterogeneity between studies, which we addressed by meta-regression analysis
and subgroup analysis. In addition, we sequentially excluded literature for sensitivity
analysis, evaluated the stability of the combined results of the meta-analysis and verified
the existence of publication bias in the included studies using Egger’s test.

When more than two subgroups needed to be merged in the research, the first two
subgroups were merged first, then the third subgroup was merged, and so on. The merge
formula is as follows [27]:

NiN;
(N1 —1)SD} + (N2 — 1)SD3 + (51555 (M7 + M3 — 2Mi Mp)

Ni+ N, —1

SD =

where SD is standard deviation; Group 1 sample size is N1, mean is M;, standard deviation
is SDq; and Group 2 sample size is N, mean is Mj, and standard deviation is SD5.

3. Results
3.1. Search Results

A total of 2543 articles were retrieved through PubMed, Scopus and Web of Science
databases, and 68 articles were obtained from reference lists of previously published studies
and reviews. In the beginning, 623 duplicate records were removed from the 2543 articles.
Of the remaining 1920 studies, 1688 irrelevant articles were excluded by reading the titles
and abstracts, resulting in 232 items. After 15 articles that were not found were excluded,
217 articles were finally reviewed by full-text reading. From this stage, 44 articles were
excluded due to age mismatch, 98 articles were removed because of insufficient information,
7 articles were excluded as they used other assessment tools, and 32 records were excluded
due to other outcome measures. Ultimately, 36 articles met the inclusion criteria. In
addition, 68 articles retrieved from the reference list were screened layer by layer, and 2
articles were finally included for the analysis. The detailed flow chart of the literature
search, screening and selection is shown in Figure 1.
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Figure 1. Flowchart of the study selection according to the Preferred Reporting Items for the System-
atic Reviews and Meta-Analysis (PRISMA 2020) method.

3.2. Characteristics of Included Studies and Quality Assessment

After the inclusion and exclusion criteria had been applied, a total of 38 articles (39 studies)
were included in the systematic review and meta-analysis. These studies were carried out in
19 different countries as follows: Australia [28], Belgium [29], Brazil [30-34], Britain [35-37],
China [38—43], Croatia [44], Germany [45], Iran [46], Indonesia [47,48], Ireland [49,50], Japan [51],
Korea [52], Myanmar [53], Poland [54,55], Portugal [56,57], Puerto Rico [58], Singapore [59],
South Africa [60,61] and the USA [29,62—65]. A total of 2598 children participated in the FMS
assessment, 8837 children participated in the locomotor skills assessment, and 8394 children
participated in the object control skills assessment, ranging in age from 3 to 6 years old. A
total of 33 studies were cross-sectional studies [28-38,40,43—45,47—63,65], one was a case—control
study [39], one was a cohort study [42], two were quasi-experimental studies [46,64], and one
was a randomized controlled study [41]. There were 2 studies that used TGMD-1 [44,58],
30 that used TGMD-2 [28-32,35-41,43,46,47,50-57,59-64], 1 that used the modified version of
TGMD-2 [33], 5 that used TGMD-3 [42,45,48,49,65], and 1 that used the modified version of
TGMD-3 [34]. Based on the JBI quality evaluation criteria, the quality scores of the included
studies ranged from 60% to 100%. Most of the included articles are of high quality, a few are of
medium quality, and none of them are of low quality. Test locations, test items, score reports
and quality assessments are shown in Table 1.
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Table 1. Characteristics of the included studies.

c . Sample
Author ountry Design Age N (Boy/Girl) Scale Test Items Outcome Assessment
Alessandro et al. 2018 [30] Brazil CS 5-6 158 (82/76) TGMD-2 LM, OC, FMS FMS: «+ LM: +> OC: + 7
Aponte et al. 1990 [58] Puerto Rico CS 5-6 200 (102/98) TGMD-1 EMS FMS: 5
Aye et al. 2017 [53] Myanmar CS 5 472 (237/235) TGMD-2 LM, OC LM: & OC: «+ 7
Aye et al. 2018 [51] Japan Cs 5 60 (34/26) TGMD-2 LM, OC LM: — OC: + 7
Bakhtiar 2014 [47] Indonesia CS 6 67 (28/39) TGMD-2 LM, OC LM: & OC: +» 6
EMS: 357 (200/157)
Behan et al. 2019 [49] Ireland CS 5-6 LM: 360 (202/158) TGMD-3 LM, OC, FMS FMS: +» LM: — OC: + 6
OC: 359 (200/159)
Bolger et al. 2017 [50] Ireland CSs 6 102 (52/50) TGMD-2 LM, OC LM: — OC: + 7
Brian et al. 2018 [29] Belgium,/USA cs 45 Be{?g;ﬁgéig é%é; 3 TGMD-2 LM, OC Belgium: LM € 0C < 6
Brian et al. 2019 [62] USA CS 3-6 580 (284/296) TGMD-2 LM, OC LM: & OC: 7
Capio et al. 2021 [38] China CS 4-6 230 (109/121) TGMD-2 LM, OC LM: + OC: + 6
Cheung et al. 2020 [39] China CC 4-6 295 (162/133) TGMD-2 LM, OC, FMS FMS: > LM: +» OC: +» 10
Cliff et al. 2009 [28] Australia CS 3-5 46 (25/21) TGMD-2 LM, OC LM: — OC: « 6
Famelia et al. 2018 [48] Indonesia CS 3-6 66 (30/36) TGMD-3 LM, OC LM: <5 OC: + 7
Freitas et al. 2018 [56] Portugal CS 3-6 314 (155/159) TGMD-2 LM, OC LM: «< OC: + 8
Hall et al. 2018 [35] Britain (@) 3-5 166 (91/75) TGMD-2 LM, OC, FMS FMS: <3 LM: <> OC: <> 7
Hall et al. 2019 [36] Britain CS 4-6 38 (24/14) TGMD-2 LM, OC, FMS FMS: < LM: +» OC: 8
Henrique et al. 2020 [31] Brazil CS 3-5 472 (248/224) TGMD-2 LM, OC LM: + OC: + 7
Jiang et al. 2018 [40] China CS 3-6 60 (30/30) TGMD-2 LM, OC, FMS FMS: <+ LM: > OC: «» 6
Kim et al. 2016 [52] Korean CS 5-6 216 (102/114) TGMD-2 LM, OC LM: «+ OC: + 5
Kit et al. 2017 [63] United States cs 35 LM: 330 (167/163) TGMD-2 LM, OC LM: — OC: « 7
’ - OC: 338 (170/168) ! ’ ’

Korbecki et al. 2017 [54] Poland Cs 6 64 (35/29) TGMD-2 LM, OC LM: <+ OC: «+ 5
Kordi et al. 2012 [46] Iran QE 4-6 147 (75/72) TGMD-2 LM, OC LM: & OC: + 7
Lopes et al. 2017 [57] Portugal (@) 5-6 57 (26/31) TGMD-2 LM, OC LM: > OC: «+ 8

Mukherjee et al. 2017 [59] Singapore CSs 6 95 (50/45) TGMD-2 LM, OC LM: & OC: + 6
Nikoli¢ et al. 2016 [44] Croatia CS 4-4.5 67 (34/33) TGMD-1 LM, OC, FMS FMS: — LM: — OC: + 5
Palmer et al. 2020 [64] USA QE 3.5-5 54 (27/27) TGMD-2 LM, OC, FMS FMS: +» LM: +» OC: +» 8
Roscoe et al. 2019 [37] Britain CS 34 185 (97/81) TGMD-2 LM, OC, FMS FMS: & LM: — OC: + 6
Saczuk et al. 2021 [55] Poland Cs 5 441 (255/186) TGMD-2 LM, OC LM: — OC: «» 5

Shi et al. 2020 [41] China RCT 5-6 43 (22/21) TGMD-2 LM, OC, FMS FMS: & LM: + OC: < 9
Soares et al. 2020 [32] Brazil CS 3-5 251 (127/124) TGMD-2 LM, OC, FMS FMS: <~ LM: <> OC: « 7
Tietjens et al. 2018 [45] Germany CS 3-6 27 (11/16) TGMD-3 LM, OC LM: & OC: 6
Tomaz et al. 2019 (1) [60] South African CS 3-6 259 (130/129) TGMD-2 LM, OC, FMS FMS: + LM: +> OC: «+ 7




Int. |. Environ. Res. Public Health 2022, 19, 8318

6 of 14
Table 1. Cont.
Sample
Author Country Design Age N (Boy/Girl) Scale Test Items Outcome Assessment
Tomaz et al. 2019 (2) [61] South African CS 3-5 78 (39/39) TGMD-2 LM, OC, EMS EMS: +» LM: <> OC: 8
Valentini et al. 2012 [33] Brazil cs 3-6 LM: 786 (394/392) TGMD-2-BR LM, OC LM: ¢ OC: « 6
: - OC: 796 (394/402) . : :

Valentini et al. 2017 [34] Brazil CS 3-6 281 (135/146) TGMD-3-BR LM, OC LM: «+ OC: + 6
Wang et al. 2020 [42] China Cs 3-6 268 (126/142) TGMD-3 LM, OC, FMS EMS: +» LM: <+ OC: +» 8
Webster et al. 2019 [65] USA CS 34 126 (58/68) TGMD-3 LM, OC, FMS FMS: «+ LM: +> OC: + 7
Wong & Cheung 2006 [43] China CSs 3-6 797 (424/373) TGMD-2 LM, OC LM: < OC: + 7

CS: cross-sectional; CC: case—control; QE: quasi-experimental; Cs: cohort study RCT: randomized control trial; TGMD: test of gross motor development; FMS: fundamental movement

skills; LM: locomotor skill; OC: object control skill; <—: favors boys; —: favors girls; <+: no difference.



Int. |. Environ. Res. Public Health 2022, 19, 8318 7 of 14

3.3. Gender Difference in Total FMS
Sixteen studies assessed total FMS [30,32,35-37,39-42,44,49,58,60,61,64,65], including
1351 boys and 1247 girls. Figure 2 displays the forest plots of standardized mean differences

and 95% CI for the total FMS score (16 studies) based on the random effects meta-analysis
results. Significant differences favor boys vs. girls (SMD = 0.17 (95% CI10.03, 0.31), p = 0.02,

I? = 64).

Favours girls Favours hoys Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD _Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Alessandro etal. 2018 61 11.2 82 564 8.9 76 B6.8% 0.45[0.13,0.77)
Aponte et al. 1990 2657 589 102 2481 6.3 98 T7.4% 0.29[0.01, 0.57)
Behan etal. 2019 7208 1565 200 71.84 1434 157 86% 0.02[-0.19,022) -
Cheung et al. 2020 6757 882 162 6856 748 133 82% -0.12 [-0.35,0.11] 1
Hall etal. 2018 4573 13.01 91 4588 10.75 75 T0% -0.01 [-0.32, 0.29] I E—
Hall etal. 2019 61.19 856 24 5801 8356 14 31% 0.36 [-0.30,1.03]
Jiang etal. 2018 54.24 11.45 30 51.29 1088 30 43% 0.26 [-0.25,0.77) I
Nikolit et al. 2016 3447 1337 34 4215 1455 33 46% -0.54 [-1.03,-0.06] e
Palmer etal. 2020 19.8 9.8 27 16.7 9.2 27 41% 0.32 [[0.22, 0.86) —
Roscoe etal. 2019 502 155 97 535 146 81 7.2% -0.22 [-0.51, 0.08] -
Shietal 2020 5482 455 22 5247 646 21 35% 0.41[0.19,1.02]
Soares etal. 2020 3759 11.07 127 3415 1082 124 79% 0.31 [0.06, 0.56] I
Tomazetal 2019 (1) 67.9 89 130 63 105 128 8.0% 0.50[0.25,0.75) I
Tomazetal 2019 (2) 76.1 5.7 39 741 & 39 50% 0.37 [-0.08, 0.82) T
Wang et al. 2020 4597 1634 126 451 16892 142 81% 0.05[0.19,0.29] T
Wehster etal. 2019 406 123 58 352 107 68 6.2% 0.47[0.11, 082
Total (95% Cl) 1351 1247 100.0% 0.17 [0.03, 0.31] -

Heterogeneity: Tau*= 0.05; Chi*= 41.85, df=15 (P = 0.0002); F= 64%

Testfor overall effect Z= 2.41 (P = 0.02) N 05 8 A5 !

Favours girls Favours hoys
Figure 2. Forest plot of total FMS scores [30,32,35-37,39—-42,44,49,58,60,61,64,65].

3.4. Gender Difference in Locomotor Skills

Thirty-seven articles (thirty-eight studies) assessed proficiency in locomotor skills [28-57,59-65],
including 4290 boys and 4087 girls. Figure 3 displays the forest plots of standardized mean dif-
ferences and 95% CI for the locomotor skills score (38 studies) based on the random effects
meta-analysis results. Gender differences in locomotor skill proficiency approached significance,
trending in favor of girls (SMD = —0.07 (95 % CI —0.15, 0.01), p = 0.09, I? = 66%).

3.5. Gender Difference in Object Control Skills

Thirty-seven articles (thirty-eight studies) assessed proficiency in object control skills [28-57,59-65],
including 4291 boys and 4103 girls. Figure 4 displays forest plots of the standardized mean
differences and 95% CI for the object control skills score (38 studies) based on the random
effects meta-analysis results. Significant differences were found, favoring boys vs. girls
(SMD = 0.48 (95% CI1 0.38, 0.58), p < 0.00001). Meta-regression displays that age is associated
with gender differences in object control skills (p < 0.05). To further explore the effect of age,
we divided studies with age-specific assessments into a 3 year-old group, a 4 year-old group,
a 5 year-old group and a 6 year-old group. In subgroup analyses (Figure 5), we found
marginally significant results favoring boys vs. girls in children aged 3 (SMD = 0.27 (95%
CI0.00, 0.54), p = 0.05) and significant results favoring boys vs. girls aged 4, 5 and 6 years
(SMD = 0.58 (95% CI 0.38, 0.77), p < 0.00001; SMD = 0.59 (95% CI 0.31, 0.88), p < 0.00001;
SMD = 0.81 (95% C1 0.61, 1.01), p < 0.00001), which increased with age.

3.6. Sensitivity Analysis and Publication Bias

After excluding 39 studies one by one, it was found that there was no significant
change in the magnitude or direction of differences in the proficiency of children of different
genders in terms of FMS, locomotor skills or object control skills.

Egger’s test was used to assess publication bias in FMS, locomotor skills and object
control skills. The results showed that none of the studies included in the above review
had publication bias (p > 0.05), as shown in Table 2.
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Table 2. The result of publication bias estimation.

Item Coef. Std. Err. t p> Itl 95% Conf. Interval
FMS 0.8661726 1.340221 0.65 0.529 —2.008316 3.740662
LM —0.2382333  0.6962142 —0.34 0.734 —1.650221 1.173755
OoC —0.4231878  0.8376626 —0.51 0.616 —2.122046 1.275671
Favours girls Favours boys Std. Mean Difference Std. Mean Difference

Study or Mean _ SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% C1

Alessandro etal. 2018 339 [} 82 342 57 76 28% -0.05[-0.36, 0.26] R

Aye etal 2017 388 766 237 386 707 235 38% 0.03[0.15,0.21] 1T

Ayeetal 2018 366 6.4 34 41 336 26 1.6% -0.82-1.35,-0.29]

Bakhtiar 2014 3921 528 28 3592 817 39 17% 0.46 [-0.03, 0.95] T

Behanetal. 2019 36.86 931 202 3393 888 158 36% -0.34 [-0.55,-0.13] D

Bolgeretal 2018 3786 42 52 403 38 50 22% -0.67 [1.07,-0.27]

Brian etal. 2018 (Belgium) 321 74 97 32 66 73  28% 0.01[0.28,0.32] -1

Brian etal. 2018 (USA) 219 79 66 217 9 90 27% 0.02[-0.28,0.34] -1

Brianetal. 2019 2186 87 284 219 81 296 3.9% -0.04-0.20,0.13] —

Capio etal. 2021 3147 765 109 317 747 121 3.2% -0.03[-0.29,0.23] .

Cheung et al. 2020 36.26 603 162 3667 495 133 3.4% -0.07 [-0.30,0.16] e

Cliffetal. 2009 2024 772 25 26.38 75 1.3% -0.79[-1.40,-0.19]

Famelia etal. 2018 17.87 578 30 1872 545 36 1.8% -0.15[-0.64,0.34] _

Freitas etal. 2018 257 84 155 245 89 158 35% 0.14 [-0.08, 0.36] T

Halletal. 2018 261 801 91 278 B95 75 28% -0.22[-0.53,0.08] -1
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Figure 5. Forest plot of object control skills (age subgroups) [28-57,59-65].

4. Discussion

This systematic review and meta-analysis aggregated studies from Asia (China [38-43],
Iran [46], Indonesia [47,48], Korean [52], Myanmar [53], Japan [51] and Singapore [59]),
Africa (South Africa [60,61]), Europe (Belgium [29], Britain [35-37], Croatia [44], Ger-
many [45], Ireland [49,50], Poland [54,55] and Portugal [56,57]), North America (the United
States (US) [29,62-65] and Puerto Rico), Oceania (Australia [28]) and South America
(Brazil [30-34]) and demonstrated gender differences in FMS proficiency in children aged
3-6 years. Combined results show that boys are more proficient than girls in total FMS
proficiency. From the two dimensions of proficiency in locomotor skills and in object
control skills, marginally significant differences were found favoring girls, and significant
differences were found favoring boys in object control skills.

Differences in proficiency in object control skills between boys and girls seem to take
some cues from biology. A study reported that boys are more likely to use finely segmented
pelvic—torso—shoulder rotation when throwing [66]. Young explained the differences in
human throwing and hitting behavior from an evolutionary perspective. Early humans
made a living by throwing stones and swinging clubs. Women invested more resources
into reproduction, and men were more likely to be hunters and warriors. These kinds
of patterns are inherited through natural selection [67]. A previous study speculates
that mature throwing is more likely an innate skill whose development is biologically
determined and somewhat difficult to be influenced by nurture, and the same may be true
of striking [68]. Sociological factors and behavior habits may also contribute to gender
differences in proficiency in object control. Physical education programs are important
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for the development of FMS in preschoolers. Research shows that structured physical
activity lessons can improve children’s FMS [69]. A meta-analysis shows that three or
more teacher-led physical activity sessions per week significantly improved FMS [11].
Furthermore, studies have shown a correlation between FMS proficiency and physical
activity levels in children. A study using TGMD-2 and accelerometers measured data on
FMS and physical activity in kindergarteners and found a positive relationship between
object control skills and moderate-intensity physical activity (MVPA) [70]. However, it has
been shown that girls are significantly less likely to participate in physical activity than
boys during the preschool years, especially at moderate to high intensity [71]. A systematic
review including 10,316 children aged 3-6 years (5236 boys and 5080 girls) demonstrated
that boys were more physically active than girls [72]. A survey in Norway showed that
among children aged 3-4, only 32% of girls and 67% of boys were able to achieve the
recommended 60 min of moderate to vigorous physical activity per day [73]. Therefore,
different levels of physical activity may be responsible for the gender differences in object
control scores. In addition, differences in exercise content may also contribute to gender
differences in object control. A cross-sectional study from Japan showed that 5 year-old
boys had significantly higher raw scores in terms of object control than girls of the same
age (37.8 £ 6.24 vs. 34.5 £ 6.62, respectively), which is consistent with our findings, and
the difference is mainly reflected in hitting, kicking and throwing [51]. A study in Australia
showed that girls opted for dance and aerobic exercises far more often than boys [74]. A
study found that Taiwanese girls prefer to play hopscotch, balance beam and house, while
boys prefer ball games and slapstick games [75]. Previous studies have indicated that girls
tend to lack opportunities to practice ball games, while boys generally spend more time
participating in these games [76,77], which may also be related to parental educational
attitudes [78]. In addition, an interesting study in Canada showed that 5 year-old girls’
perception of physical ability was related to their proficiency in locomotor skills, but not to
object control skills, which may be because girls do not value object control skills [79].

Object control skills are more important than locomotor skills in childhood and con-
tinue to affect adolescence [44]. Evidence shows that gender disparities are reduced if girls
have the same opportunities for mentoring, feedback, practice and encouragement [64].
Our meta-regression analysis revealed that age was the main factor influencing differences
in proficiency in object control skills between boys and girls. Using subgroup analysis to
further explore the effect of age, we found that gender differences in children’s proficiency
in object control skill tend to be significant at age 3, and the advantage tends to favor
boys. The difference is significant at the age of 4, and the advantage of boys begins to
gradually increase with age, reaching a maximum at the age of 6. We recommend that
parents and teachers should start paying attention to children’s movements when they are
3 years old and consciously guide children’s sports participation types; in particular, girls
are encouraged to participate in ball games. Scholars should comprehensively consider the
growth and development patterns, types of exercise and professional guidance of boys and
girls when studying FMS guidance plans for children.

This meta-analysis provides evidence for gender differences in FMS proficiency in
children aged 36 years, but some limitations should be considered. First, there are fewer
articles and a smaller sample size for children aged 3 and 4 years, which requires more
data to confirm. Second, our study only included children aged 3-6 years, and gender
differences in FMS in children of other ages are also an important topic. Third, due to
the limited number of articles, the study could not be specific to each item in the TGMD
subscale (e.g., running, jumping, dribbling, etc.). Studies on specific TGMD items will
therefore also be an interesting and useful topic as the number of high-quality studies
increases. Finally, because TGMD is the most common tool for measuring FMS proficiency
in educational, clinical and research settings, our study only included articles using TGMD
or any modified version (TGMD-2 or TGMD-3), but this may have led to inconsistent
results. Currently, assessments of children’s FMS competencies are primarily conducted
through process-oriented and product-oriented approaches. TGMD is a process-oriented
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assessment that examines children’s motor performance on locomotor and object control
tasks. We suggest that future research use product-oriented tools to further explore the
gendered characteristics of FMS proficiency in young children.

5. Conclusions

Our findings demonstrated that there were gender differences in total FMS proficiency
in children aged 3-6, with boys being more proficient than girls, and locomotor proficiency
differences between gender approached significance, with a trend favoring girls. In the
performance of proficiency in object control skills, boys were better than girls, and this
difference gradually increased with age. We recommend focusing on and developing girls’
object control skills starting at age 3.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/ijerph19148318/s1.

Author Contributions: Conceptualization: Y.Z. and W.Y.; methodology: Y.Z. and Y.L.; software: Y.Z.
and Y.L.; validation: M.K. and FH.; formal analysis: Y.Z., W.Y. and Y.L.; investigation: Y.Z. and
M.K,; resources: W.Y.; data curation: W.Y., Y.L. and F.H.; writing—original draft preparation: Y.Z.;
writing—review and editing: M.K., Y.L. and EH.; visualization: Y.Z.; supervision: W.Y.; project
administration: Y.Z. All authors have read and agreed to the published version of the manuscript.

Funding: This study was supported by the grant (KYH06Y21383) provided by Open Research Fund
of College of Teacher Education, for the early development of infants and children aged 0-3 years old
in China: A study on the characteristics and evaluation of physical and motor development.

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.
Data Availability Statement: Not applicable.

Acknowledgments: The authors are thankful to the Institute of Human Movement and Sports
Engineering, Zhejiang Normal University for support.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

Psaltopoulou, T.; Tzanninis, S.; Ntanasis-Stathopoulos, I.; Panotopoulos, G.; Kostopoulou, M.; Tzanninis, I.G.; Tsagianni, A.;
Sergentanis, T.N. Prevention and treatment of childhood and adolescent obesity: A systematic review of meta-analyses. World |.
Pediatr. 2019, 15, 350-381. [CrossRef] [PubMed]

Arhab, A.; Messerli-Biirgy, N.; Kakebeeke, T.H.; Stiilb, K.; Zysset, A.; Leeger-Aschmann, C.S.; Schmutz, E.A.; Meyer, A.H.;
Munsch, S.; Kriemler, S.; et al. Association of physical activity with adiposity in preschoolers using different clinical adiposity
measures: A cross-sectional study. BMC Pediatr. 2019, 19, 397. [CrossRef] [PubMed]

Loprinzi, P.D.; Cardinal, B.J.; Loprinzi, K.L.; Lee, H. Benefits and environmental determinants of physical activity in children and
adolescents. Obes. Facts 2012, 5, 597-610. [CrossRef]

Eime, R.M.; Young, J.A; Harvey, ].T.; Charity, M.J.; Payne, W.R. A systematic review of the psychological and social benefits of
participation in sport for children and adolescents: Informing development of a conceptual model of health through sport. Int. J.
Behav. Nutr. Phys. Act. 2013, 10, 98. [CrossRef]

Martin, A.; Booth, ].N.; Laird, Y.; Sproule, J.; Reilly, ].J.; Saunders, D.H. Physical activity, diet and other behavioural interventions
for improving cognition and school achievement in children and adolescents with obesity or overweight. Cochrane Database Syst.
Rev. 2018. [CrossRef] [PubMed]

Donnelly, J.E.; Hillman, C.H.; Castelli, D.; Etnier, ].L.; Lee, S.; Tomporowski, P.; Lambourne, K.; Szabo-Reed, A.N. Physical activity,
fitness, cognitive function, and academic achievement in children: A systematic review. Med. Sci. Sports Exerc. 2016, 48, 1197.
[CrossRef]

Tremblay, M.S.; Gray, C.E.; Akinroye, K.; Harrington, D.M.; Katzmarzyk, P.T.; Lambert, E.V,; Prista, A. Physical activity of children:
A global matrix of grades comparing 15 countries. J. Phys. Act. Health 2014, 11, S113-5125. [CrossRef]

Stodden, D.E; Goodway, ].D.; Langendorfer, S.J.; Roberton, M.A.; Rudisill, M.E.; Garcia, C.; Garcia, L.E. A developmental
perspective on the role of motor skill competence in physical activity: An emergent relationship. Quest 2008, 60, 290-306.
[CrossRef]

Lubans, D.R.; Morgan, PJ.; Cliff, D.P; Barnett, L.M.; Okely, A.D. Fundamental movement skills in children and adolescents. Sports
Med. 2010, 40, 1019-1035. [CrossRef]


https://www.mdpi.com/article/10.3390/ijerph19148318/s1
https://www.mdpi.com/article/10.3390/ijerph19148318/s1
http://doi.org/10.1007/s12519-019-00266-y
http://www.ncbi.nlm.nih.gov/pubmed/31313240
http://doi.org/10.1186/s12887-019-1764-4
http://www.ncbi.nlm.nih.gov/pubmed/31672126
http://doi.org/10.1159/000342684
http://doi.org/10.1186/1479-5868-10-98
http://doi.org/10.1002/14651858.CD009728.pub3
http://www.ncbi.nlm.nih.gov/pubmed/29376563
http://doi.org/10.1249/MSS.0000000000000901
http://doi.org/10.1123/jpah.11.s1.s113
http://doi.org/10.1080/00336297.2008.10483582
http://doi.org/10.2165/11536850-000000000-00000

Int. |. Environ. Res. Public Health 2022, 19, 8318 12 of 14

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.
26.

27.

28.

29.

30.

31.

32.

33.
34.

35.

36.

37.

Williams, H.G.; Pfeiffer, K.A.; O'neill, ].R.; Dowda, M.; Mclver, K.L.; Brown, W.H.; Pate, R.R. Motor skill performance and physical
activity in preschool children. Obesity 2008, 16, 1421-1426. [CrossRef]

Engel, A.C.; Broderick, C.R.; van Doorn, N.; Hardy, L.L.; Parmenter, B.]. Exploring the relationship between fundamental motor
skill interventions and physical activity levels in children: A systematic review and meta-analysis. Sports Med. 2018, 48, 1845-1857.
[CrossRef] [PubMed]

Wick, K.; Leeger-Aschmann, C.S.; Monn, N.D.; Radtke, T.; Ott, L.V.; Rebholz, C.E.; Cruz, S.; Gerber, N.; Schmutz, E.A.; Puder, ].J.
Interventions to promote fundamental movement skills in childcare and kindergarten: A systematic review and meta-analysis.
Sports Med. 2017, 47, 2045-2068. [CrossRef] [PubMed]

Logan, S.W.; Ross, S.M.; Chee, K,; Stodden, D.F.,; Robinson, L.E. Fundamental motor skills: A systematic review of terminology. J.
Sports Sci. 2018, 36, 781-796. [CrossRef]

Zhang, L.; Cheung, P. Making a difference in PE lessons: Using a low organized games approach to teach fundamental motor
skills in China. Int. . Environ. Res. Public Health 2019, 16, 4618. [CrossRef]

Behan, S.; Belton, S.; Peers, C.; O’connor, N.E.; Issartel, ]. Exploring the relationships between fundamental movement skills and
health related fitness components in children. Eur. J. Sport Sci. 2022, 22, 171-181. [CrossRef]

Bolger, L.E.; Bolger, L.A.; O'Neill, C.; Coughlan, E.; O'Brien, W.; Lacey, S.; Burns, C.; Bardid, F. Global levels of fundamental motor
skills in children: A systematic review. J. Sports Sci. 2021, 39, 717-753. [CrossRef] [PubMed]

Wang, G.; Zi, Y;; Li, B;; Su, S.; Sun, L.; Wang, E; Ren, C.; Liu, Y. The Effect of Physical Exercise on Fundamental Movement Skills
and Physical Fitness among Preschool Children: Study Protocol for a Cluster-Randomized Controlled Trial. Int. |. Environ. Res.
Public Health 2022, 19, 6331. [CrossRef]

Robinson, L.E. The relationship between perceived physical competence and fundamental motor skills in preschool children.
Child Care Health Dev. 2011, 37, 589-596. [CrossRef]

Robinson, L.E.; Wadsworth, D.D.; Peoples, C.M. Correlates of school-day physical activity in preschool students. Res. Q. Exerc.
Sport 2012, 83, 20-26. [CrossRef]

Niemisto, D.; Finni, T.; Cantell, M.; Korhonen, E.; Saédkslahti, A. Individual, family, and environmental correlates of motor
competence in young children: Regression model analysis of data obtained from two motor tests. Int. ]. Environ. Res. Public Health
2020, 17, 2548. [CrossRef]

Barnett, L.M.; Van Beurden, E.; Morgan, PJ.; Brooks, L.O.; Beard, J.R. Gender differences in motor skill proficiency from childhood
to adolescence: A longitudinal study. Res. Q. Exerc. Sport 2010, 81, 162-170. [CrossRef]

Temple, V.A,; Crane, ].R.; Brown, A.; Williams, B.-L.; Bell, R.I. Recreational activities and motor skills of children in kindergarten.
Phys. Educ. Sport Pedagog. 2016, 21, 268-280. [CrossRef]

Page, M.].; McKenzie, J.E.; Bossuyt, PM.; Boutron, I.; Hoffmann, T.C.; Mulrow, C.D.; Shamseer, L.; Tetzlaff, ] M.; Akl, E.A,;
Brennan, S.E.; et al. The PRISMA 2020 statement: An updated guideline for reporting systematic reviews. Syst. Rev. 2021, 10, 89.
[CrossRef]

Moola, S.; Munn, Z.; Tufanaru, C.; Aromataris, E.; Mu, PF. Chapter 7: Systematic Reviews of Etiology and Risk. In JBI Manual for
Evidence Synthesis; Aromataris, E., Munn, Z., Eds.; JBI: Adelaide, Australia, 2020.

Cohen, ]. Statistical Power Analysis for the Behavioral Sciences; Academic Press: Cambridge, MA, USA, 1988.

Higgins, J.P.; Thompson, S.G.; Deeks, J.J.; Altman, D.G. Measuring inconsistency in meta-analyses. BM]J 2003, 327, 557-560.
[CrossRef]

Higgins, ].P,; Deeks, ].; Higgins, J.; Green, S. Chapter 7: Selecting studies and collecting data. In Cochrane Handbook of Systematic
Reviews of Interventions; Version 5.1.0; Updated March 2011; Cochrane Collaboration: London, UK, 2011.

Cliff, D.P; Okely, A.D.; Smith, L.M.; McKeen, K. Relationships between fundamental movement skills and objectively measured
physical activity in preschool children. Pediatric Exerc. Sci. 2009, 21, 436—449. [CrossRef] [PubMed]

Brian, A.; Bardid, F.; Barnett, L.M.; Deconinck, FJ.; Lenoir, M.; Goodway, ].D. Actual and perceived motor competence levels of
Belgian and United States preschool children. J. Mot. Learn. Dev. 2018, 6, S320-5336. [CrossRef]

Ré, A.H.; Logan, S.W.,; Cattuzzo, M.T.; Henrique, R.S.; Tudela, M.C.; Stodden, D.F. Comparison of motor competence levels on
two assessments across childhood. J. Sports Sci. 2018, 36, 1-6. [CrossRef] [PubMed]

Henrique, R.S.; Stodden, D.E,; Fransen, J.; Feitoza, A.H.; Ré, A.H.; Martins, C.M.; Dos Prazeres, T.M.; Cattuzzo, M.T. Is motor
competence associated with the risk of central obesity in preschoolers? Am. J. Hum. Biol. 2020, 32, €23364. [CrossRef]

Soares, .A.A.; Martins, C.M.d.L.; Nobre, G.C.; Cattuzzo, M.T. Evidences of construct validity, criteria and validation of the motor
competence assessment batery of tests in preschoolers. J. Phys. Educ. 2020, 31. [CrossRef]

Valentini, N.C. Validity and reliability of the TGMD-2 for Brazilian children. ]. Mot. Behav. 2012, 44, 275-280. [CrossRef]
Valentini, N.C.; Zanella, L.W.; Webster, E.K. Test of Gross Motor Development—Third edition: Establishing content and construct
validity for Brazilian children. J. Mot. Learn. Dev. 2017, 5, 15-28. [CrossRef]

Hall, C.J,; Eyre, E.L.; Oxford, S.W.; Duncan, M.]. Relationships between motor competence, physical activity, and obesity in British
preschool aged children. |. Funct. Morphol. Kinesiol. 2018, 3, 57. [CrossRef] [PubMed]

Hall, CJ.; Eyre, E.L.; Oxford, S.W.; Duncan, M.]. Does perception of motor competence mediate associations between motor
competence and physical activity in early years children? Sports 2019, 7, 77. [CrossRef] [PubMed]

Roscoe, C.M.; James, R.S.; Duncan, M.J. Accelerometer-based physical activity levels, fundamental movement skills and weight
status in British preschool children from a deprived area. Eur. . Pediatrics 2019, 178, 1043-1052. [CrossRef]


http://doi.org/10.1038/oby.2008.214
http://doi.org/10.1007/s40279-018-0923-3
http://www.ncbi.nlm.nih.gov/pubmed/29687278
http://doi.org/10.1007/s40279-017-0723-1
http://www.ncbi.nlm.nih.gov/pubmed/28386652
http://doi.org/10.1080/02640414.2017.1340660
http://doi.org/10.3390/ijerph16234618
http://doi.org/10.1080/17461391.2020.1847201
http://doi.org/10.1080/02640414.2020.1841405
http://www.ncbi.nlm.nih.gov/pubmed/33377417
http://doi.org/10.3390/ijerph19106331
http://doi.org/10.1111/j.1365-2214.2010.01187.x
http://doi.org/10.1080/02701367.2012.10599821
http://doi.org/10.3390/ijerph17072548
http://doi.org/10.1080/02701367.2010.10599663
http://doi.org/10.1080/17408989.2014.924494
http://doi.org/10.1186/s13643-021-01626-4
http://doi.org/10.1136/bmj.327.7414.557
http://doi.org/10.1123/pes.21.4.436
http://www.ncbi.nlm.nih.gov/pubmed/20128363
http://doi.org/10.1123/jmld.2016-0071
http://doi.org/10.1080/02640414.2016.1276294
http://www.ncbi.nlm.nih.gov/pubmed/28054495
http://doi.org/10.1002/ajhb.23364
http://doi.org/10.4025/jphyseduc.v31i1.3176
http://doi.org/10.1080/00222895.2012.700967
http://doi.org/10.1123/jmld.2016-0002
http://doi.org/10.3390/jfmk3040057
http://www.ncbi.nlm.nih.gov/pubmed/33466985
http://doi.org/10.3390/sports7040077
http://www.ncbi.nlm.nih.gov/pubmed/30939783
http://doi.org/10.1007/s00431-019-03390-z

Int. |. Environ. Res. Public Health 2022, 19, 8318 13 0of 14

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

Capio, C.M.; Eguia, K.F. Movement skills, perception, and physical activity of young children: A mediation analysis. Pediatrics
Int. 2021, 63, 442-447. [CrossRef]

Cheung, P.; Zhang, L. Environment for Preschool Children to Learn Fundamental Motor Skills: The Role of Teaching Venue and
Class Size. Sustainability 2020, 12, 9774. [CrossRef]

Jiang, G.-P; Jiao, X.-B.; Wu, S.-K ; Ji, Z.-Q.; Liu, W.-T.; Chen, X.; Wang, H.-H. Balance, proprioception, and gross motor development
of chinese children aged 3 to 6 years. ]. Mot. Behav. 2018, 50, 343-352. [CrossRef]

Shi, K.; Sun, X.; Wang, Y.; Zha, P. Effects of gymnastics intervention on gross motor development in children aged 5 to 6 years: A
randomized, controlled trial. Med. Dello Sport 2020, 73, 327-336. [CrossRef]

Wang, H.; Chen, Y;; Liu, J.; Sun, H.; Gao, W. A follow-up study of motor skill development and its determinants in preschool
children from middle-income family. BioMed Res. Int. 2020, 2020, 6639341. [CrossRef]

Wong, A K.Y.; Cheung, S.Y. Gross Motor Skills Performance of Hong Kong Chinese Children. Asian J. Phys. Educ. Recreat. 2006,
12,23-29. [CrossRef]

Nikoli¢, L.; Mrakovi¢, S.; Kunjesi¢, M. Gender differences of preschool children in fundamental movement skills. Croat. J. Educ.
2016, 18, 123-131. [CrossRef]

Tietjens, M.; Dreiskaemper, D.; Utesch, T.; Schott, N.; Barnett, L.M.; Hinkley, T. Pictorial scale of physical self-concept for younger
children (P-PSC-C): A feasibility study. J. Mot. Learn. Dev. 2018, 6, S391-S402. [CrossRef]

Kordi, R.; Nourian, R.; Ghayour, M.; Kordi, M.; Younesian, A. Development and evaluation of a basic physical and sports activity
program for preschool children in nursery schools in Iran: An interventional study. Iran. ]. Pediatrics 2012, 22, 357. [CrossRef]
Bakhtiar, S. Fundamental motor skill among 6-year-old children in Padang, West Sumatera, Indonesia. Asian Soc. Sci. 2014, 10,
155-158. [CrossRef]

Famelia, R.; Tsuda, E.; Bakhtiar, S.; Goodway, ].D. Relationships among perceived and actual motor skill competence and physical
activity in Indonesian preschoolers. |. Mot. Learn. Dev. 2018, 6, S403-5423. [CrossRef]

Behan, S.; Belton, S.; Peers, C.; O’Connor, N.E.; Issartel, ]. Moving Well-Being Well: Investigating the maturation of fundamental
movement skill proficiency across sex in Irish children aged five to twelve. J. Sports Sci. 2019, 37, 2604-2612. [CrossRef]

Bolger, L.E.; Bolger, L.A.; O'Neill, C.; Coughlan, E.; O’'Brien, W.; Lacey, S.; Burns, C. Age and sex differences in fundamental
movement skills among a cohort of Irish school children. J. Mot. Learn. Dev. 2018, 6, 81-100. [CrossRef]

Aye, T.; Kuramoto-Ahuja, T.; Sato, T.; Sadakiyo, K.; Watanabe, M.; Maruyama, H. Gross motor skill development of kindergarten
children in Japan. J. Phys. Ther. Sci. 2018, 30, 711-715. [CrossRef]

Kim, C.-I; Lee, K.-Y. The relationship between fundamental movement skills and body mass index in Korean preschool children.
Eur. Early Child. Educ. Res. ]. 2016, 24, 928-935. [CrossRef]

Aye, T,; Oo, K.S.; Khin, M.T.; Kuramoto-Ahuja, T.; Maruyama, H. Gross motor skill development of 5-year-old Kindergarten
children in Myanmar. J. Phys. Ther. Sci. 2017, 29, 1772-1778. [CrossRef]

Korbecki, M.; Wawrzyniak, S.; Rokita, A. Fundamental movement skills of six-to seven-year-old children in the first grade of
elementary school: A pilot study. Balt. ]. Health Phys. Act. 2017, 9, 2. [CrossRef]

Saczuk, J.; Wasiluk, A. Assesment of the relationship between fitness abilities and motor skills of 5-year-olds by taking into
account dimorphic differences. J. Phys. Educ. Sport 2021, 21, 115-121. [CrossRef]

Freitas, D.; Lausen, B.; Maia, J.; Gouveia, E.; Antunes, A.; Thomis, M.; Lefevre, J.; Malina, R. Skeletal maturation, fundamental
motor skills, and motor performance in preschool children. Scand. ]. Med. Sci. Sports 2018, 28, 2358-2368. [CrossRef] [PubMed]
Lopes, V.P; Saraiva, L.; Rodrigues, L.P. Reliability and construct validity of the test of gross motor development-2 in Portuguese
children. Int. . Sport Exerc. Psychol. 2018, 16, 250-260. [CrossRef]

Aponte, R; French, R.; Sherrill, C. Motor development of Puerto Rican children: Cross-cultural perspectives. Percept. Mot. Ski.
1990, 71, 1200-1202. [CrossRef]

Mukherjee, S.; Ting Jamie, L.C.; Fong, L.H. Fundamental motor skill proficiency of 6-to 9-year-old Singaporean children. Percept.
Mot. Ski. 2017, 124, 584-600. [CrossRef]

Tomaz, S.; Jones, R.A.; Hinkley, T.; Bernstein, S.; Twine, R.; Kahn, K.; Norris, S.A.; Draper, C.E. Gross motor skills of South African
preschool-aged children across different income settings. J. Sci. Med. Sport 2019, 22, 689-694. [CrossRef]

Tomaz, S.A.; Prioreschi, A.; Watson, E.D.; McVeigh, ].A.; Rae, D.E.; Jones, R.A.; Draper, C.E. Body mass index, physical activity,
sedentary behavior, sleep, and gross motor skill proficiency in preschool children from a low-to middle-income urban setting. J.
Phys. Act. Health 2019, 16, 525-532. [CrossRef]

Brian, A.; Pennell, A ; Taunton, S.; Starrett, A.; Howard-Shaughnessy, C.; Goodway, ].D.; Wadsworth, D.; Rudisill, M.; Stodden, D.
Motor competence levels and developmental delay in early childhood: A multicenter cross-sectional study conducted in the USA.
Sports Med. 2019, 49, 1609-1618. [CrossRef]

Kit, B.K.; Akinbami, L.J.; Isfahani, N.S.; Ulrich, D.A. Gross motor development in children aged 3-5 years, United States 2012.
Matern. Child Health J. 2017, 21, 1573-1580. [CrossRef]

Palmer, K.K.; Harkavy, D.; Rock, S.M.; Robinson, L.E. Boys and girls have similar gains in fundamental motor skills across a
preschool motor skill intervention. J. Mot. Learn. Dev. 2020, 8, 569-579. [CrossRef]

Webster, E.K.; Martin, C.K.; Staiano, A.E. Fundamental motor skills, screen-time, and physical activity in preschoolers. |. Sport
Health Sci. 2019, 8, 114-121. [CrossRef] [PubMed]


http://doi.org/10.1111/ped.14436
http://doi.org/10.3390/su12229774
http://doi.org/10.1080/00222895.2017.1363694
http://doi.org/10.23736/S0025-7826.20.03610-8
http://doi.org/10.1155/2020/6639341
http://doi.org/10.24112/ajper.121132
http://doi.org/10.15516/cje.v18i0.2163
http://doi.org/10.1123/jmld.2016-0088
http://doi.org/10.1136/archdischild-2012-302739
http://doi.org/10.5539/ass.v10n5p155
http://doi.org/10.1123/jmld.2016-0072
http://doi.org/10.1080/02640414.2019.1651144
http://doi.org/10.1123/jmld.2017-0003
http://doi.org/10.1589/jpts.30.711
http://doi.org/10.1080/1350293X.2016.1239326
http://doi.org/10.1589/jpts.29.1772
http://doi.org/10.29359/BJHPA.09.4.02
http://doi.org/10.7752/jpes.2021.01016
http://doi.org/10.1111/sms.13233
http://www.ncbi.nlm.nih.gov/pubmed/29858513
http://doi.org/10.1080/1612197X.2016.1226923
http://doi.org/10.2466/pms.1990.71.3f.1200
http://doi.org/10.1177/0031512517703005
http://doi.org/10.1016/j.jsams.2018.12.009
http://doi.org/10.1123/jpah.2018-0133
http://doi.org/10.1007/s40279-019-01150-5
http://doi.org/10.1007/s10995-017-2289-9
http://doi.org/10.1123/jmld.2019-0043
http://doi.org/10.1016/j.jshs.2018.11.006
http://www.ncbi.nlm.nih.gov/pubmed/30997257

Int. |. Environ. Res. Public Health 2022, 19, 8318 14 of 14

66.

67.
68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

Butterfield, S.A.; Angell, RM.; Mason, C.A. Age and sex differences in object control skills by children ages 5 to 14. Percept. Mot.
Ski. 2012, 114, 261-274. [CrossRef]

Young, R.W. The ontogeny of throwing and striking. Hum. Ontog. Int. |. Interdiscip. Dev. Res. 2009, 3, 19-31. [CrossRef]

Angell, RM.; Butterfield, S.A.; Tu, S.; Loovis, E.M.; Mason, C.A.; Nightingale, C.J. Children’s throwing and striking: A longitudinal
study. J. Mot. Learn. Dev. 2018, 6, 315-332. [CrossRef]

Jones, R.A.; Okely, A.D.; Hinkley, T.; Batterham, M.; Burke, C. Promoting gross motor skills and physical activity in childcare: A
translational randomized controlled trial. J. Sci. Med. Sport 2016, 19, 744-749. [CrossRef] [PubMed]

Crane, ].R.; Naylor, PJ.; Cook, R.; Temple, V.A. Do Perceptions of Competence Mediate The Relationship Between Fundamental
Motor Skill Proficiency and Physical Activity Levels of Children in Kindergarten? . Phys. Act. Health 2015, 12, 954-961. [CrossRef]
Pate, R.R; Pfeiffer, K.A.; Trost, S.G.; Ziegler, P.; Dowda, M. Physical activity among children attending preschools. Pediatrics 2004,
114, 1258-1263. [CrossRef]

Tucker, P. The physical activity levels of preschool-aged children: A systematic review. Early Child. Res. Q. 2008, 23, 547-558.
[CrossRef]

Andersen, E.; Borch-Jenssen, ].; Ovreds, S.; Ellingsen, H.; Jorgensen, K.A.; Moser, T. Objectively measured physical activity level
and sedentary behavior in Norwegian children during a week in preschool. Prev. Med. Rep. 2017, 7, 130-135. [CrossRef]
Dudley, D.A.; Cotton, W.G.; Peralta, L.R.; Winslade, M. Playground activities and gender variation in objectively measured
physical activity intensity in Australian primary school children: A repeated measures study. BMC Public Health 2018, 18, 1101.
[CrossRef] [PubMed]

Tsai, C.; Yang, S. Study on the appearance of childhood games. J. Educ. Stud. 2012, 46, 1-19.

Ogden, C.L.; Flegal, K.M.; Carroll, M.D.; Johnson, C.L. Prevalence and trends in overweight among US children and adolescents,
1999-2000. JAMA 2002, 288, 1728-1732. [CrossRef] [PubMed]

Thornton, M. Life Span Motor Development, 4th ed.; Physiotherapy Canada: Ottawa, ON, Canada, 2006, Volume 58, p. 240.
[CrossRef]

Fagot, B.I.; Leinbach, M.D. The young child’s gender schema: Environmental input, internal organization. Child Dev. 1989, 60,
663—672. [CrossRef] [PubMed]

LeGear, M.; Greyling, L.; Sloan, E.; Bell, R1.; Williams, B.L.; Naylor, PJ.; Temple, V.A. A window of opportunity? Motor skills and
perceptions of competence of children in kindergarten. Int. J. Behav. Nutr. Phys. Act. 2012, 9, 29. [CrossRef]


http://doi.org/10.2466/10.11.25.PMS.114.1.261-274
http://doi.org/10.1002/huon.200800013
http://doi.org/10.1123/jmld.2017-0026
http://doi.org/10.1016/j.jsams.2015.10.006
http://www.ncbi.nlm.nih.gov/pubmed/26774378
http://doi.org/10.1123/jpah.2013-0398
http://doi.org/10.1542/peds.2003-1088-L
http://doi.org/10.1016/j.ecresq.2008.08.005
http://doi.org/10.1016/j.pmedr.2017.06.003
http://doi.org/10.1186/s12889-018-6005-5
http://www.ncbi.nlm.nih.gov/pubmed/30200908
http://doi.org/10.1001/jama.288.14.1728
http://www.ncbi.nlm.nih.gov/pubmed/12365956
http://doi.org/10.2310/6640.2006.00018
http://doi.org/10.2307/1130731
http://www.ncbi.nlm.nih.gov/pubmed/2737015
http://doi.org/10.1186/1479-5868-9-29

	Introduction 
	Materials and Methods 
	Eligibility Criteria 
	Search Strategy 
	Data Extraction and Quality Assessment 
	Synthesis Methods 

	Results 
	Search Results 
	Characteristics of Included Studies and Quality Assessment 
	Gender Difference in Total FMS 
	Gender Difference in Locomotor Skills 
	Gender Difference in Object Control Skills 
	Sensitivity Analysis and Publication Bias 

	Discussion 
	Conclusions 
	References

