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Abstract: Low motor competence (MC) can cause low participation in physical activities in pre-
school children, and together with a high caloric intake, it can lead to obesity. Interventions on mo-
tor skills are effective in the short term to improve MC, therefore the objectives of this study were
(1) to investigate the effect of a short six-week program on levels of motor competence in preschool
children, and (2) to examine the effects of gender-based intervention. A total of 156 preschool chil-
dren (5.20 + 0.54 years old) from Lugo (Spain) participated. A quasi-experimental pre—post-test de-
sign was used with a control group of 76 students. The Movement Assessment Battery for Chil-
dren—2nd Edition (MABC-2) was used to collect the data. Significant differences between the con-
trol and experimental groups were found after the intervention program in aiming and catching (p
< 0.001), balance (p < 0.001), the total score of eight tests (p < 0.001), and total percentile score (p <
0.001). The results regarding gender in the experimental group showed a reduction in differences
with respect to the initial results except in aiming and catching, where scores were higher in boys.
The data suggest that the application of specific intervention programs in MC could positively in-
fluence the improvement of MC in preschool children, thus reducing differences between genders.

Keywords: Movement Assessment Battery for Children-2 (MABC-2); childhood; specific
intervention program; manual dexterity; aiming and catching; balance

1. Introduction

The concept of motor competence (MC) is described in scientific literature as the ac-
quisition and improvement of skill and mastery in body movement activities [1]. The term
MC has also been used to refer to the quality of each person in performing the different
fundamental motor skills necessary in daily life (e.g., fastening buttons or going up or
down stairs), including gross and fine motor skills [2]. Therefore, MC is a broad term that
includes fundamental movement skills (FMS) ability, including locomotor, object control
and stability skills [3,4]. In the case of fundamental motor skills, much of children’s learn-
ing is considered as being based on motor skills, both fine and gross [5]. Fine motor skills
(e.g., writing or finger movements) are important in academic settings [6], and refer to
precision movements that involve hand muscles [7]. Additionally, gross motor skills (e.g.,
throwing a ball or maintaining balance), require the participation of large muscle groups
or even the entire body. Gross motor skills are important for children when engaging in
physical activities [8]. These type of fundamental motor skills can be classified into ma-
nipulative (throwing, catching, hitting, etc.), balance (dynamic and static) and locomotive
(running, sprinting, jumping, etc.) [9].
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In this sense, we should keep in mind that the first years of life (up to 5 years) are an
especially sensitive period for the development of physically competent children, in
which motor skills must be acquired in structured learning environments, such as physi-
cal education (PE) classes or school recess [10,11], and with purpose [9]. Therefore, the
acquisition of MC should be the highest priority objective for the implementation of spe-
cific programs [12], because a mature form of MC without proper practice, stimulation
and feedback is less likely to be achieved [9]. For this reason, many countries have in-
cluded MC as an important element in the PE curriculum in preschool education [13].
However, current World Health Organization (WHO) physical activity guidelines for pre-
school children (<5 years) focus on physical activity levels [14] and free play components
[15], in which specific recommendations for developing MC are lacking.

On the other hand, the planning and implementation of specific interventions for the
development of MC depends on the adequate identification of the child’s real level of MC
[16]. This identification could be a chance of development in childhood [17]. Studies in
recent years on MC in preschool children indicate that there are differences in gross skills
[18-26] in favor of boys, and in fine skills [18,20-22,26-29] and balance [20-23,28] in favor
of girls, and these differences between boys and girls of the same age are not uniform
throughout this stage of development [28]. Therefore, early identification and interven-
tion in children with low MC is more economically efficient and effective in reducing the
problems associated with less MC development [30]. There are many assessment tools to
measure MC in children [31,32], although some are product-oriented (quantitative) and
the others are process-oriented (qualitative) [33]. Product-oriented tools indicate the result
of skill execution (i.e., time, distance, or frequency of successful attempts) and therefore
do not provide information on how the skill is performed [34-36]. On the other hand,
process-oriented tools indicate how the skill is carried out and not so much the result;
therefore, they provide specific information on which components of the task need to be
improved [34,35]. The Movement Assessment Battery Test for Children—2nd Edition
(MABC-2) is an assessment tool that is easy to use and interpret, safe, and feasible to apply
within a school setting, which is also valid and reliable [37,38], and includes both quanti-
tative and qualitative items [39] from the point of view of a professional (e.g., PE teachers
or physical educators).

Scientific evidence indicates that children of both sexes without disabilities have low
MC levels [40-42], therefore it is recommended that these MC interventions need to start
during the preschool and early school years [33,42,43]. This must be taken into account
because the FMS, which together with coordination make up the MC [44], are a set of
movements under construction necessary for the performance of more complex and spe-
cific skills, for subsequent physical activities and sports [45]; they are “the equivalent of
the movement to the alphabet of reading” [46]. Although it is considered that at preschool
age these FMS are acquired by simple maturation, this is not the case [47], therefore, these
skills must be learned, practiced and reinforced [45,48].

To improve this MC, planned interventions are needed that include duration, type of
instruction [33], clear objectives, adequate practice time, and feedback [49], among others.
These planned interventions are effective both in programs performed in the short term
(4-8 weeks) and in the long term (=6 months) [33,42,50-53], although shorter duration (4
weeks to 5 months) showed better results compared to longer duration (>6 months) [53]
to improve the MC. In addition, the specific programs are most effective when taught by
highly trained PE specialists [51], due to these interventions representing a high improve-
ment in MC [54]. For these reasons, it is considered important to identify the type and
duration of interventions so that they can help to improve MC in preschool children be-
cause there is no consensus [54]. Although some propose that they be performed at least
two [52] or three times a week [55], with a minimum duration of 30 min [55], the duration
of these interventions’ ranges from a minimum of 120 min [56] to a maximum of 3240 min
[57]. Thus, if we want to contribute to the implementation of planned movement pro-
grams as a strategy to promote the development of MC [33,51], research on this topic



Int. J. Environ. Res. Public Health 2021, 18, 4988 3 of 14

should be carried out. In this sense, to the best of the authors” knowledge, a specific inter-
vention with all the characteristics such as those proposed in this research has not been
implemented, i.e., a short-term intervention that develops and replaces regular PE classes,
implemented by a specialist in PE, and that does not involve more than 40 min a week.

For all of the above, the objectives of this study were: (1) to research the effect of a
short six-week program on motor competence levels in four- and five-year-old preschool
children; and (2) examine the effects of the program based on gender. Thus, the hypothesis
was that participation in the intervention program, as taught by a PE specialist teacher,
would significantly improve the motor competence levels of all children, regardless of
gender.

2. Materials and Methods
2.1. Study Design

To carry out this research a quasi-experimental design with pre- and post-test
measures with a control group was created [58]. The variables of the MABC-2 were the
dependent variables, comparing them according to group (control vs. experimental) and
gender (boys vs. girls).

2.2. Participants

Four educational centers in Lugo, Galicia (Spain) were invited to participate in the
study, of which two participated.

The inclusion criteria were participants who: (1) provided informed consent signed
by their parents or legal guardians; (2) completed the entire process; and (3) did not suffer
from illness or difficulty (physical or mental) that would prevent participation in the
MABC-2 tests.

A total of 184 4-5-year-old preschool children were invited, of which 20 were ex-
cluded for not providing the informed consent signed by their parents or legal guardians,
and 12 for not completing the entire process (9 preschool children were excluded because
they were under the 5th percentile). Finally, the sample consisted of 152 preschool chil-
dren.

2.3. Measurements

The Spanish version of the MABC-2 battery was used [59]. It is a valid and reliable
test to identify MC changes in preschool children [39,48,59,60] with very high inter-rater
reliability [61].

This battery consists of a standardized test used to identify and describe the motor
function of children. For this, it is necessary to perform a series of motor tests grouped in
three dimensions—manual dexterity (MD), aiming and catching (A&C) and balance
(Bal) —for which the duration, depending on the age of the child and the degree of diffi-
culty experienced, ranges between 20 and 40 min. For the three dimensions of the test and
for the total score, scalar and percentile scores are provided as a function of age. The order
of application of the tests must be as follows: 1st, manual skill: inserting coins; 2nd, man-
ual skill: inserting beads; 3rd, manual skill: drawing a line; 4th, aim and catch: catching a
bean bag; 5th, aiming and catching: throwing a bean bag at a target; 6th, balance (static):
balancing on one leg; 7th, balance (dynamic): walking on a tiptoe; 8th, balance (dynamic):
jumping on mats [39,59].

2.4. Procedures

The school administration was contacted, and the objective was explained. Once the
schools agreed to participate in the research, the same procedure was carried out with the
teachers of the different groups of preschool children. Subsequently, a study information
sheet and informed consent were delivered to the parents and/or legal guardians of the
school children to participate. Once accepted, the data were collected.
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To correctly assess each test and to try to avoid biases, the evaluators were informed
and trained following the general rules of application of the MABC-2 battery manual, re-
cording only the quantitative data in the evaluator’s booklet, without taking into account
qualitative data.

To explain each test, the evaluators always performed the same procedure: (1) de-
scription of the task; (2) demonstration by the examiner; (3) child practice following the
procedure (where the examiner could correct possible errors); and (4) running the test as
instructed in the manual (no instructions were given during the test). In addition, each
child was individually evaluated in an isolated, bright, unobstructed, well ventilated, and
noise-isolated classroom provided by the educational centers.

At the end of all tests, direct scores were obtained for each of the eight tests, and the
three dimensions of the MABC-2 (i.e., MD, A&C, and Bal) and the total score (TTS) was
calculated. Scalar and percentile scores (TPS) were calculated from them with the help of
the manual. The scalar measures of the three dimensions, and the scalar and percentage
scores of the total test score, were used in this study.

Once the students were evaluated, they were randomized by natural groups (belong-
ing to the same group-class and school) to facilitate the program’s development.

For the experimental group, the main researcher, a PE graduate with more than 20
years of experience in educating children, and more than 10 years in training PE teachers
in preschool and primary education, carried out all the intervention sessions in the indoor
sports facilities of each school.

The intervention replaced PE classes in the experimental group (EG) and consisted
of one 40 min session per week, for 6 weeks (i.e., 240 min). In the control group (CG), the
PE teacher of each school continued with the plan without altering its programming, fo-
cusing on one of the four aspects of the PE curriculum in preschool education in Spain
(i.e., the body and body image, play and movement, daily activity, and personal care and
health) [13]. The exact content, duration, or frequency of the procedure followed for the
control group from each school was not recorded. The teacher was unaware of the inter-
vention that was carried out with the experimental group and did not help in its applica-
tion either.

Each session of the EG began with a warm-up or welcome activity (5 min), three or
four tasks related to the skill to be developed (manual dexterity, pointing and chatting or
balance; 30 min) and a cool-down or goodbye activity (5 min). The sessions were struc-
tured based on the objectives as follows (Table 1): Session 1: Introduce manual dexterity,
balance and the overall skills of throwing and catching games; Session 2: Improve fine
motor and manual dexterity, jot down tasks, grip and balance; Session 3: Develop manual
dexterity with both hands and practice the tasks of catching and receiving various objects;
Session 4: Improve fine motor skills in both hands. Develop aim and precision when
throwing objects; Session 5: Work on manual dexterity and fine motor skills, develop static
and dynamic balance; Session 6: Remember through the motor circuit, tasks and games
performed in previous sessions. Work with manual dexterity, aiming, grip and balancing,
following the same distribution proposed by Navarro et al. [62].
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Table 1. Objectives and tasks performed in each of the 6 sessions.

Session Number Objectives

Tasks (Skills)

Introduce manual dexterity, balance and

" Session 1 ., global throwing and catching skills
I explore my body
through games
Session 2 . )
" Improve fine motor and manual dexterity,
I'develop my motor jot down tasks, grasp and balance
skills” J  B1ASP
Session 3 Develop manual dexterity with both hands

and practice the tasks of catching and re-
“The art of catching” P . . cune
ceiving various objects
Improve fine motor skills in both hands.
Develop aim and precision when throwing
objects

Session 4
“Sharpen your aim”

Session 5: . .
. . Work on manual dexterity and fine motor
Circus tightrope walk- ', . .
ors” skills, develop static and dynamic balance.
Remember through the motor circuit, tasks
Session 6: and games performed in previous sessions.

“Motor circuits” Work with manual dexterity, aiming, grip

“We play with the tweezers” (manual dexterity)
“Balance chase game” (balance)
“Do not fall!” (aiming and catching)
“Manual golf” (aiming and catching)

“The jumping kangaroos” (balance)
“Wrap the giraffe” (manual dexterity)
“Shooting into the tunnel” (aiming and catching)
“Balance circuit” (balance)

“Chinese carriers” (manual dexterity)
“Catch practice” (catching)

“Catch and win” (catching)

“Molded animals” (manual dexterity)
“The coin catcher” (manual dexterity)
“Aim for the bullseye” (aiming)
“Double throw” (aiming and catching)
“The labyrinth” (manual dexterity)
“Paste-stickers” (manual dexterity)

“The stilts” (balance)

“The rescue” (balance and aiming and catching)
“The endless line” (balance)

“To pick up!”

“The circuit” (manual dexterity; aiming and catching; balance)
“Circuit 1” (manual dexterity; aiming and catching; balance)

and balancing “Circuit 2” (manual dexterity; aiming and catching; balance)

The day after the end of the intervention, MC was re-evaluated with the MABC-2
battery in both CG and EG.

2.5. Ethics

The research was approved by the Ethics Committee of the national EDUCA (code
22019) platform, according to the standards established in the Declaration of Helsinki.

2.6. Statistical Analysis

IBM SPSS version 25 software (SPSS v.25, IBM Corporation, New York, NY, USA)
was used for statistical analysis, and the level of significance was set at p < 0.05. First, the
data were found to follow a normal distribution using the Kolmogorov-Smirnov test. The
independent samples t-test was used to assess the differences of the Control (CG) and
Experimental (EG) groups in the MABC-2 battery tests (i.e., manual dexterity, aiming and
catching, balance, total test score and total percentile score), before the intervention pro-
gram to establish that the groups were equivalent. In addition, a chi-squared analysis was
performed to compare the distribution of the participants according to gender. Once the
intervention process was applied in the PE classes, the t-test of related samples was used
to evaluate the changes produced in each group (CG vs. EG) and an independent samples
t-test to investigate the difference in the pre—post change between each group (CG and
EG) was used. Statistical power was expressed by the Cohen’s d statistic, with d = 0.20
small, d = 0.50 moderate and d = 0.80 large.

3. Results

A total of 152 healthy preschool children were evaluated, of whom 70 (46.10%) were
girls and 82 (53.9%) were boys aged 4-5 years old (mean =5.20; SD = 0.54). The distribution
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of the participants was 76 preschool children from CG, and 76 preschool children from
EG.

The normality test revealed that the data followed a normal distribution, i.e., manual
dexterity (p = 0.115), aiming and catching (p = 0.392), balance (p = 0.223), total eight test
score (p = 0.107), and total percentile score (p = 0.060).

3.1. Baseline Characteristics

The baseline characteristics of the MABC-2 are outlined in Table 2. Participants in CG
and EG were similar at baseline for manual dexterity (p = 0.905), aiming and catching (p =
0.055), balance (p = 0.656), total eight test score (p = 0.196), and total percentile score (p =
0.190). Furthermore, the distribution of participants by gender was similar in both groups
(p > 0.05).

Table 2. MABC-2 baseline characteristics of study participants.

Total Control Group Experimental Group
Total Scores (1 =152) (n="76) (n=176)
Male Female Male Female Male Female
All (n=82) (n=70) All (n=42) (n=34) All (n = 40) (n =36)

Manual Dexter-
ity
Total score for
aimingand 7.27+3.04 746+294 7.05+315 6.60+3.03 7.00+£299 6.11+3.05 794+292 795+285 7.94+3.03
catching
Total score for
balance
Total 8 test
Score
Total Percentile
Score

9.97+1.89 946+1.84 1057+1.79 994+172 9.80+151 1011+196 10.00+2.06 9.10+2.09 11.00+1.51

10.68 £3.05 9.78+3.00 11.74+2.76 10.52+3.18 9.71+3.12 11.52+3.02 10.84+291 9.85+290 11.94+2.54
9.28+211 8.73+1.85 994+221 897+195 876+1.87 923+2.04 9.60+223 870+1.87 10.61+2.19

41.72 +23.8735.48 +£21.0149.02 + 25.07 38.10 £ 22.16 35.76 + 21.5141.00 + 22.9445.34 + 25.09 35.20 + 20.73 56.61 + 24.93

Data are presented as the mean + standard deviation of the mean.

The overall results of the previous test (before the intervention) for the total sample,
according to gender, were (Table 2): manual dexterity (p < 0.001), aiming and catching (p
> 0.050), balance (p < 0.001), total eight test score (p < 0.001) and total percentile score (p <
0.001), with all test scores higher for girls than boys, except for aiming and catching. In the
CG, the results were: manual dexterity (p = 0.443), aiming and catching (p = 0.210), balance
(p = 0.013), total eight test score (p = 0.296) and total percentile score (p = 0.309), with all
test scores higher for girls than boys. Lastly, in EG, the results were: manual dexterity (p
<0.001), aiming and catching (p = 0.993), balance (p = 0.001), total eight test score (p <0.001)
and total percentile score (p < 0.001), with the scores of all the tests higher in girls than in
boys, as in the CG.

3.2. Control Group Outcomes

After the intervention program, the results obtained in the CG were: manual dexter-
ity —mean difference: —0.24 (95% CI: -0.73-0.26), t (75) =-0.945; p = 0.347, d = 0.11 —aiming
and catching—mean difference: -1.28 (95% CI: -1.92-0.65), t (75) = -4.058; p < 0.001, d =
0.46 —balance—mean difference: 0.18 (95% CI: -0.49-0.86), t (75) = 0.542; p = 0,590, d =
0.06 —total eight test score—mean difference: —0.47 (95% CI: -1.02 -0.07), t (75) =-1.715; p
=0.091, d = 0.19—and total percentile score—mean difference: -7.15 (95% CI: -12.90-1.41),
t (75) =-2.479; p <0.001, d = 0.28. All test scores were higher in the post-test compared to
the pre-test, except in balance, which were lower, although not significantly (Figure 1).
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Figure 1. Differences between pre- and post-tests in the CG. CG: Control Group; MD: manual dex-
terity; A&C: aiming and catching; Bal: balance; TTS: total test score; TPS: total percentile score.
Note: * p <0.001 difference between pre- and post-test.

After the intervention program, the results obtained in the CG regarding gender
were: manual dexterity (p = 0.063), aiming and catching (p = 0.010), balance (p = 0.051),
total eight test score (p = 0.326) and total percentile score (p = 0.544), reducing the differ-
ences with respect to the initial results in all dimensions except aiming and catching,
which increased the differences between boys and girls due to increased scores in boys
(8.47; SD = 2.35) compared to girls (7.17; SD 1.78) (Figure 2).
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Figure 2. Differences between girls and boys post-test in the CG. CG: control group; MD: manual
dexterity; A&C: aiming and catching; Bal: balance; TTS: total test score; TPS: total percentile score.
Note: ** p < 0.05 difference between girls and boys.

3.3. Experimental Group Outcomes

The results obtained regarding the difference between the pre- and post-test, in the
EG, at the overall level (Figure 3) were: manual dexterity —mean difference: -0.76 (95%
CIL: -1.16 to —0.37), t (75) = -3.869; p < 0.001, d = 0.45—aiming and catching—mean differ-
ence: —1.95 (95% CI: -2.48 to -1.41), t (75) = -7.281; p < 0.001, d = 0.84 —balance —mean
difference: -1.29 (95% CI: —-1.86 to —0.71), t (75) = -4.427; p <0.001, d = 0.51 —total eight test
score—mean difference: -1.76 (95% CI: -2.16 to —1.37), t (75) = -8.939; p < 0.001, d =1.03—
and total percentile score—mean difference: -20.21 (95% CI: —24.69 to —15.73), t (75) =
-8.983; p < 0,001, d = 1.04. In this case, the scores increased significantly after the applica-
tion of a specific intervention program in the PE classes.
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Figure 3. Differences between pre- and post-test in the EG. EG: experimental group; MD: manual
dexterity; A&C: aiming and catching; Bal: balance; TTS: total test score; TPS: total percentile score.
Note: * p <0.001 different between pre- and post-test.

After the intervention program, the results obtained in the EG regarding gender
were: manual dexterity (p = 0.029), aiming and catching (p = 0.045), balance (p = 0.230),
total eight test score (p = 0.922) and total percentile score (p = 0.903), reducing the differ-
ences with respect to the initial results in all dimensions, except in aiming and catching,
where the differences between boys and girls increased due to increased scores in boys
(mean 10.45; SD = 2.85) with respect to girls (mean 9.27; SD = 2.02) (Figure 4).

20— F: —100
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Figure 4. Differences between girls vs. boys post-test in the EG. EG: experimental group; MD:
manual dexterity; A&C: aiming and catching; Bal: balance; TTS: total test score; TPS: total percen-
tile score. Note: ** p < 0.05 difference between girls and boys.

3.4. Experimental Group vs. Control Group Outcomes

The results of the comparisons between the CG and the EG after the application of
the training program (Figure 5) were: manual dexterity —CG: (M =10.18, SD =2.20) vs. EG
(M =10.76, SD =1.53), (95% CI: -0.03-1.18), t (150) = 1.879; p = 0.062, d = 0.30 —aiming and
catching—CG: (M =7.89, SD =2.20) vs. EG (M =9.89, SD = 2.54), (95% CI: 1.24-2.76), t (150)
=5.178; p < 0.001, d = 0.84—balance—CG: (M = 10.34, SD = 3.59) vs. EG (M =12.13, SD =
2.14), (95% CI: 0.84-2.74), t (150) = 3.727; p < 0.001, d = 0.61 —total eight test score —CG: (M
=9.44,5SD=2.51) vs. EG (M =11.36, SD =1.79), (95% CI: 1.23-2.61), t (150) =5.512; p < 0.001,
d = 0.88 —total percentile score—CG: (M =45.26, SD = 25.29) vs. EG (M = 65.55, SE =18.95),
(95% CI: 13.12-27.45), t (150) = 5.597; p < 0.001, d = 0.91.
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Figure 5. Differences between CG and EG after the application of the training program. CG: con-
trol group; EG: experimental group; MD: manual dexterity; A&C: aiming and catching; Bal: bal-
ance; TTS: total test score; TPS: total percentile score. Note: * p <0.001 difference between CG and
EG.

4. Discussion

To the best of the authors” knowledge, this is the first study to examine whether a
short-term intervention program in MC can provide immediate improvements in the lev-
els of manual dexterity, aiming and catching, balance, total test score, and total percentile
score of Galician preschool children, and if its effects are different according to gender.
The results of this study suggest that children are more likely to have better MC if they
receive specialized and specific instruction in PE classes from a specialist [40,51,53,55]
than if it is taught by a preschool education teacher through general activities in PE classes
or free play [63].

Our results show that for an improvement in MC, a specific intervention is necessary
through a program of planned and adequate motor activities to teach and practice gross
(i.e., locomotor and object control) and fine (i.e., dexterity manual) motor skills and bal-
ance [33,55,64].

Before the intervention, both CG and EG presented similar MC without statistical
differences in each of the overall studied skills. There were differences between boys and
girls in both groups according to gender. The girls” scores were higher in MD, Bal, TTS
and TPS overall, and in each of the groups (CG and EG), as in previous studies [22,26—
29,65,66]. Scores in A&C were similar between boys and girls, results that do not agree
with the findings to date, because boys tend to display higher levels of mobile control and
manipulation skills [25,46,48,66—69].

Once the intervention period had ended, the scores in the different dimensions in the
CG increased, although not as significantly as in the EG. In contrast to the motor interven-
tion, the benefits were only found in aiming and catching and, consequently, in the total
percentile score. These advances in MC may have occurred as part of the normal growth
and development and/or maturation of preschool-aged children [70]. Therefore, as indi-
viduals mature, their MC can be modified without practice, although with few significant
improvements [54]. The results found in the CG surprised us because it was expected that
the preschool children would improve their MC, because both the PE classes and the mo-
tor intervention classes included opportunities for structured movement and we expected
similar results between both groups [54]. These results in our study could be partially
explained by the fact that the teacher in charge of PE classes was not a specialist in this
area and therefore would not have knowledge about the design and implementation of
specific movement activities [33,53]. In this group, the differences between boys and girls
were maintained in all dimensions except A&C, in which these differences became signif-
icant as boys obtained better scores [25,46,48,66-69]. The differences by gender continued
to be maintained, although the scores improved in boys and girls compared to the initial
assessment. These results agree with those found by Bolger et al. [71] and Cohen et al. [72],
who indicated that after eight months of PE classes, the differences in MC had not
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increased significantly. This may be due to country factors, such as the one in which this
study was conducted, where PE in preschool children is taught by generalist teachers,
most of whom have limited specific training in PE [33,53,73], as in our case.

In the EG, once the specific program was applied by a specialist PE teacher, the scores
of the different dimensions increased significantly, by which we can say that the applied
intervention program produces improvements in MC [33,51,53,55,74-77], demonstrating
that motor interventions are more effective than PE classes [54], consolidating the position
that the participation of experts in this area is needed to design and implement PE classes
to improve MC.

If we analyze the pre—post-test differences according to gender, contrary to what hap-
pened in the CG, the differences before the intervention decreased (MD), disappeared
(Bal, TTS and TPS), or even appeared in favor of boys (A&C) [70,78,79], because a struc-
tured program on MC can benefit children in these skills [51,74,80]. These results coincide,
in part, with the results found by Jimenez-Diaz et al. [54] that indicate that improvements
in MC occur after a specific intervention in PE, regardless of the gender of the participants
and the duration of the program. Thus, specific motor interventions have the characteris-
tic of being adequate, from the point of view of development and implementation, for the
age of the participants [33], having a positive effect on all evaluated components of MC
[40,51,53-55].

When comparing the CG and EG after the intervention program was applied, statis-
tically significant differences appeared [75], and large and medium effect sizes can be re-
ported for the changes in MABC-2 scores [12,33,55,64]. Even though this intervention was
for a weekly session and for only six weeks, not following the parameters of other inter-
ventions carried out [53,55-57], there were improvements in EG that could be explained
by the ceiling effect [51], which indicates that preschool children could achieve better per-
formance in the early stages of the intervention in such a way that a longer intervention
time does not translate into better performance [54]. Therefore, brief interventions, such
as ours, can produce improvements in the MC of preschool children in such a way that
the total duration (in minutes) and the frequency are moderators in improvement of the
MC [33].

Differences occurred in A&C, and Bal, and consequently, as these differences in-
creased, so did the total test scores and the total percentile scores. These results agree with
other reports from previous literature [51,74-76,80], but not with the results of Kelly et al.
[81]. The only variable in which these differences were not significant was in MD, which
still scored higher in the EG than in the CG. These results could be due to the fact that the
quality and specificity of the movement programs carried out by a PE specialist could be
better than the PE classes led by non-specialists in the area [53].

5. Conclusions

The findings support the hypothesis that participating in the six-week intervention
program would significantly improve the motor competence levels of all children, regard-
less of gender. However, whether these improvements can be sustained over time should
be researched. The results of this study suggest that a specific intervention on motor com-
petence in short-term preschoolers, carried out by PE specialists, can significantly improve
manual dexterity, aiming and catching, balance, total test scores, and total percentile
scores on the MABC-2 post-intervention tests.

6. Study Limitations and Practical Applications

In addition to the contributions of this study, certain limitations must be taken into
account that should cause the results to be viewed with caution. No follow-up was per-
formed to determine the effectiveness of this long-term intervention program. Addition-
ally, the sample size may be relatively small compared to other studies. On the other hand,
the multiple personal and environmental factors [82], which can affect MC at any given
time, were not taken into account. Furthermore, there is currently no quality assessment
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tool to specifically evaluate MC programs, therefore we do not know if this intervention
would have the same effect elsewhere.

From an educational point of view, although the studies carried out to date recom-
mend that an intervention in MC achieves better results when it is taught by PE specialists,
non-specialist teachers should propose specific programs for the development of MC (PE
classes, recess or breaks in the classroom) because this could contribute to the practice of
physical activity in preschoolers, by which they should be trained in this specialty. PE
classes should promote participation by all students, and thus allow a perceived success
and competence, which will lead to increased practice.

Given that the girls after the intervention continued to show worse mastery on the
ability to control objects than the boys, studies should be carried out in which a gender
approach is proposed in these interventions.

Author Contributions: Conceptualization, R.N.-P. and M.M.-C.; methodology, R.N.-P. and M.M.-
C.; validation, RN.-P.,].B.-B., S.P.V,, V.A. and M.M.-C,; formal analysis, R.N.-P.; investigation, R.N.-
P. and M.M.-C.; data curation, RN.-P. and M.M.-C.; writing—original draft preparation, R.N.-P.
and M.M.-C.; writing —review and editing, R.N.-P., ].B.-B., S.P.V., V.A. and M.M.-C,; visualization,
R.N.-P,, ].B.-B., S.P.V,, V.A. and M.M.-C,; supervision, R.N.-P. and M.M.-C.; project administration,
R.N.-P. and M.M.-C,; funding acquisition, M.M.-C. All authors have read and agreed to the pub-
lished version of the manuscript.

Funding: The APC was funded by the European University of the Atlantic.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki, and approved by the Institutional Review Board (or Ethics Committee) of
EDUCA (protocol code 22019 and approved on 30 January 2019).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the
study.

Data Availability Statement: The data presented in this study are not available, in accordance with
Regulation (EU) of the European Parliament and of the Council 2016/679 of 27 April 2016 regarding
the protection of natural persons with regard to the processing of personal data and the free circu-
lation of these data (RGPD).

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

References

1.  Malina, RM. Top 10 research questions related to growth and maturation of relevance to physical activity, performance, and
fitness. Res. Q. Exerc. Sport 2014, 85, 157-173, doi:10.1080/02701367.2014.897592.

2. Henderson, S.E.; Sugden, D.A. Movement Assessment Battery for Children; The Psychological Corporation: Kent, UK, 1992. ISBN:

0749101350.

3. Gabbard, C.P. Lifelong Motor Development: Pearson New International Edition, 6th ed.; Pearson Higher Education: Philadelphia,
PA, USA, 2013; ISBN 0321830253.

4.  Stodden, D.F.; Goodway, ].D.; Langendorfer, S.J.; Roberton, M.A.; Rudisill, M.E.; Garcia, C.; Garcia, L.E. A Developmental per-
spective on the role of motor skill competence in physical activity: An emergent relationship. Quest 2008, 60, 290-306,
doi:10.1080/00336297.2008.10483582.

5. Escolano-Pérez, E.; Herrero-Nivela, M.L.; Losada, J.L. Association between preschoolers’ specific fine (but not gross) motor
skills and later academic competencies: Educational implications. Front. Psychol. 2020, 11, 1044, d0i:10.3389/fpsyg.2020.01044.

6.  Piek, ].P.; Baynam, G.B.; Barrett, N.C. The relationship between fine and gross motor ability, self-perceptions and self-worth in
children and adolescents. Hum. Mov. Sci. 2006, 25, 65-75, doi:10.1016/j.humov.2005.10.011.

7. Davis, ].L.; Matthews, R.N. NEPSY-II Review: Korkman, M., Kirk, U., & Kemp, S. (2007). NEPSY —Second Edition (NEPSY-II).
San Antonio, TX: Harcourt Assessment. J. Psychoeduc. Assess. 2010, 28, 175-182, doi:10.1177/0734282909346716.

8.  Loprinzi, P.D.; Cardinal, B.].; Loprinzi, K.L.; Lee, H. Benefits and environmental determinants of physical activity in children
and adolescents. Obes. Facts 2012, 5, 597-610, d0i:10.1159/000342684.

9. Gallahue, D.L; Ozmun, ]J.C.; Goodway, ]. Understanding Motor Development: Infants, Children, Adolescents, Adults, 7th ed.;
McGraw-Hill: New York, NY, USA, 2012; ISBN 9780073376509.

10. Flores, F.S.; Rodrigues, L.P.; Copetti, F.; Lopes, F.; Cordovil, R. Affordances for motor skill development in home, school, and
sport environments: A narrative review. Percept. Mot. Skills 2019, 126, 366-388, d0i:10.1177/0031512519829271.

11. Niemistd, D.; Finni, T.; Haapala, E.A.; Cantell, M.; Korhonen, E.; Sdakslahti, A. Environmental correlates of motor competence

in children —The Skilled Kids Study. Int. ]. Environ. Res. Public Health 2019, 16, 1989, d0i:10.3390/ijerph16111989.



Int. J. Environ. Res. Public Health 2021, 18, 4988 12 of 14

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.

38.

39.

40.

Logan, S.; Robinson, L.; Webster, E.K.; Barber, L. Exploring preschoolers’ engagement and perceived physical competence in
an autonomy-based object control skill intervention: A preliminary study. Eur. Phys. Educ. Rev. 2013, 19, 302-314,
doi:10.1177/1356336X13495627.

Gobierno de Espana. Real Decreto 1630/2006, de 29 de Diciembre, por el que se Establecen las Enseiianzas Minimas del Sequndo Ciclo
de Educacion Infantil; Gobierno de Espafia: Madrid, Spain, 2006.

WHO. Global Recommendations on Physical Activity for Health; WHO: Geneva, Switzerland, 2010.

WHO. Guidelines on Physical Activity, Sedentary Behaviour and Sleep for Children Under 5 Years of Age; WHO: Geneva, Switzerland,
2019.

Zimmer, R.; Cicurs, H. Psychomotorik; Hofmann Verla: Schorndorf, Germany, 1993; ISBN 978-3778099056.

Rose, B.; Larkin, D.; Berger, B.G. Coordination and Gender Influences on the Perceived Competence of Children. Adapt. Phys.
Act. Q. 1997, 14, 210-221, doi:10.1123/apaq.14.3.210.

Freitas, C.; Vasconcelos, M.O.; Botelho, M. Handedness and developmental coordination disorder in Portuguese children: Study
with the M-ABC test. Laterality 2014, 19, 655676, doi:10.1080/1357650X.2014.897349.

Jelovcan, G.; Zure, J. Preschool children’s results in movement ABC test: Differences between girls and boys in movement deficit.
Ann. Kinesiol. 2016, 7, 3-19.

Navarro-Paton, R.; Arufe-Giraldez, V.; Sanmiguel-Rodriguez, A.; Mecias-Calvo, M. Differences on motor competence in 4-year-
old boys and girls regarding the quarter of birth: Is there a relative age effect? Children 2021, 8, 141, doi:10.3390/children8020141.
Navarro-Paton, R.; Lago-Ballesteros, J.; Arufe-Girdldez, V.; Sanmiguel-Rodriguez, A.; Lago-Fuentes, C.; Mecias-Calvo, M. Gen-
der differences on motor competence in 5-year-old preschool children regarding relative age. Int. ]. Environ. Res. Public Health
2021, 18, 3143, d0i:10.3390/ijerph18063143.

Navarro-Paton, R.; Mecias-Calvo, M.; Rodriguez Fernandez, J.E.; Arufe-Giradldez, V. Relative age effect on motor competence
in children aged 4-5 years. Children 2021, 8, 115, d0i:10.3390/children8020115.

Olesen, L.G,; Kristensen, P.L.; Ried-Larsen, M.; Grentved, A.; Froberg, K. Physical activity and motor skills in children attending
43 preschools: A cross-sectional study. BMC Pediatr. 2014, 14, 229, doi:10.1186/1471-2431-14-229.

Da Silva Oliveira, D.; de Oliveira, 1.S.; Cattuzzo, M.T. A influéncia do género e idade no desempenho das habilidades locomo-
toras de criangas de primeira infancia. Rev. Bras. Educ. Fisica Esporte 2013, 27, 647-655, d0i:10.1590/51807-55092013000400012.
Vedul-Kjelsas, V.; Stensdotter, A.-K.; Sigmundsson, H. Motor competence in 11-year-old boys and girls. Scand. J. Educ. Res. 2013,
57,561-570, doi:10.1080/00313831.2012.732603.

Valtr, L.; Psotta, R.; Abdollahipour, R. Gender differences in performance of the Movement Assessment Battery for Children—
2nd edition test in adolescents. Acta Gymnica 2016, 46, 155-161, doi:10.5507/ag.2016.017.

Kita, Y.; Suzuki, K.; Hirata, S.; Sakihara, K.; Inagaki, M.; Nakai, A. Applicability of the Movement Assessment Battery for Chil-
dren-Second Edition to Japanese children: A study of the Age Band 2. Brain Dev. 2016, 38, 706-713,
doi:10.1016/j.braindev.2016.02.012.

Kokstejn, J.; Musalek, M.; Tufano, J.J. Are sex differences in fundamental motor skills uniform throughout the entire preschool
period? PLoS ONE 2017, 12, 0176556, d0i:10.1371/journal.pone.0176556.

Mathisen, G.E. Motor competence and implications in primary school. ]. Phys. Educ. Sport 2016, 16, 206-209,
doi:10.7752/jpes.2016.01032.

McIntosh, D.E.; Gibney, L.; Quinn, K.; Kundert, D. Concurrent validity of the early screening profiles and the differential ability
scales with an at-risk preschool sample. Psychol. Sch. 2000, 37, 201-207, doi:10.1002/(SICI)1520-6807(200005)37:3<201::AID-
PITS1>3.0.CO;2-A.

Cools, W.; de Martelaer, K.; Samaey, C.; Andries, C. Movement skill assessment of typically developing preschool children: A
review of seven movement skill assessment tools. J. Sports Sci. Med. 2009, 8, 154-168.

Scheuer, C.; Herrmann, C.; Bund, A. Motor tests for primary school aged children: A systematic review. J. Sports Sci. 2019, 37,
1097-1112, doi:10.1080/02640414.2018.1544535.

Logan, S.W.; Robinson, L.E.; Wilson, A.E.; Lucas, W.A. Getting the fundamentals of movement: A meta-analysis of the effec-
tiveness of motor skill interventions in children. Child. Care. Health Dev. 2012, 38, 305-315, d0i:10.1111/j.1365-2214.2011.01307 ..
Payne, V.G.; Isaacs, L.D. Human Motor Development: A Lifespan Approach, 9th ed.; Routledge: London, UK, 2017; ISBN
9781621590439.

Palmer, K.K,; Stodden, D.F.; Ulrich, D.A.; Robinson, L.E. Using process- and product-oriented measures to evaluate changes in
motor skills across an intervention. Meas. Phys. Educ. Exerc. Sci. 2021, 1-10, doi:10.1080/1091367X.2021.1876069.

Logan, S.W.; Barnett, L.M.; Goodway, ].D.; Stodden, D.F. Comparison of performance on process- and product-oriented assess-
ments of fundamental motor skills across childhood. J. Sports Sci. 2017, 35, 634-641, doi:10.1080/02640414.2016.1183803.
Lander, N.; Morgan, P.J.; Salmon, J.; Barnett, L.M. Teachers” perceptions of a fundamental movement skill (FMS) assessment
battery in a school setting. Meas. Phys. Educ. Exerc. Sci. 2016, 20, 50-62, doi:10.1080/1091367X.2015.1095758.

Lander, N.; Morgan, P.J.; Salmon, ].; Logan, S.W.; Barnett, L.M. The reliability and validity of an authentic motor skill assessment
tool for early adolescent girls in an Australian school setting. J. Sci. Med. Sport 2017, 20, 590-594, doi:10.1016/j.jsams.2016.11.007.
Henderson, S.E.; Sudgen, D.A.; Barnett, A. Movement Assessment Battery for Children-2, 2nd ed.; The Psychological Corporation:
London, UK, 2007. ISBN: 9780749101671.

Jiménez Diaz, ].; Salazar Rojas, W.; Morera Castro, M. Age and gender differences in fundamental motor skills. Pensar Mov. Rev.
Ciencias Ejerc. Salud 2015, 13, 4, doi:10.15517/PENSARMOV.V1312.18327.



Int. J. Environ. Res. Public Health 2021, 18, 4988 13 of 14

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.

Pombo, A; Luz, C.; de Sa, C.; Rodrigues, L.P.; Cordovil, R. Effects of the COVID-19 Lockdown on Portuguese children’s motor
competence. Children 2021, 8, 199, d0i:10.3390/children8030199.

Riethmuller, A.M.; Jones, R.A.; Okely, A.D. Efficacy of interventions to improve motor development in young children: A sys-
tematic review. Pediatrics 2009, 124, €782-e792, doi:10.1542/peds.2009-0333.

Hardy, L.L.; Reinten-Reynolds, T.; Espinel, P.; Zask, A.; Okely, A.D. Prevalence and correlates of low fundamental movement
skill competency in children. Pediatrics 2012, 130, €390-e398, doi:10.1542/peds.2012-0345.

Barnett, L.M.; Lai, S.K.; Veldman, S.L.C.; Hardy, L.L.; Cliff, D.P.; Morgan, P.].; Zask, A.; Lubans, D.R.; Shultz, S.P.; Ridgers, N.D.;
et al. Correlates of gross motor competence in children and adolescents: A systematic review and meta-analysis. Sport. Med.
2016, 46, 1663-1688, d0i:10.1007/s40279-016-0495-z.

Robinson, L.E.; Goodway, ].D. Instructional climates in preschool children who are at-risk. Part I. Res. Q. Exerc. Sport 2009, 80,
533-542, doi:10.1080/02701367.2009.10599591.

Goodway, J.D.; Famelia, R.; Bakhtiar, S. Future directions in physical education & sport: Developing fundamental motor com-
petence in the early years is paramount to lifelong physical activity. Asian Soc. Sci. 2014, 10, 44-54, doi:10.5539/ass.v10n5p44.
Clark, J.E. From the beginning: A developmental perspective on movement and mobility. Quest 2005, 57, 37-45,
doi:10.1080/00336297.2005.10491841.

Valentini, N.C.; Ramalho, M.H.; Oliveira, M.A. Movement assessment battery for children-2: Translation, reliability, and valid-
ity for Brazilian children. Res. Dev. Disabil. 2014, 35, 733-740, d0i:10.1016/j.ridd.2013.10.028.

Robinson, L.E. Effect of a mastery climate motor program on object control skills and perceived physical competence in pre-
schoolers. Res. Q. Exerc. Sport 2011, 82, 355-359, d0i:10.1080/02701367.2011.10599764.

Lai, S.K.; Costigan, S.A.; Morgan, P.J.; Lubans, D.R.; Stodden, D.F.; Salmon, J.; Barnett, L.M. Do school-based interventions
focusing on physical activity, fitness, or fundamental movement skill competency produce a sustained impact in these outcomes
in children and adolescents? A systematic review of follow-up studies. Sport. Med. 2014, 44, 67-79, d0i:10.1007/s40279-013-0099-
9.

Morgan, P.J.; Barnett, L.M.; Cliff, D.P.; Okely, A.D.; Scott, H.A.; Cohen, K.E.; Lubans, D.R. Fundamental movement skill inter-
ventions in youth: A systematic review and meta-analysis. Pediatrics 2013, 132, €1361-e1383, d0i:10.1542/peds.2013-1167.
Veldman, S.L.C.; Jones, R.A.; Okely, A.D. Efficacy of gross motor skill interventions in young children: An updated systematic
review. BM] Open Sport Exerc. Med. 2016, 2, 000067, doi:10.1136/bmjsem-2015-000067.

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.J.; et al. Interventions to promote fundamental movement skills in childcare and kindergarten: A systematic review and meta-
analysis. Sport. Med. 2017, 47, 2045-2068, d0i:10.1007/s40279-017-0723-1.

Jiménez-Diaz, ].; Chaves-Castro, K.; Salazar, W. Effects of different movement programs on motor competence: A systematic
review with meta-analysis. J. Phys. Act. Health 2019, 16, 657666, doi:10.1123/jpah.2018-0179 10.1123/jpah.2018-0179.

Van Capelle, A; Broderick, C.R.; van Doorn, N.; E.Ward, R.; Parmenter, B.J. Interventions to improve fundamental motor skills
in pre-school aged children: A systematic review and meta-analysis. ] Sci. Med. Sport 2017, 20, 658-666,
doi:10.1016/j.jsams.2016.11.008.

Hammond, J.; Jones, V.; Hill, E.L.; Green, D.; Male, I. An investigation of the impact of regular use of the Wii Fit to improve
motor and psychosocial outcomes in children with movement difficulties: A pilot study. Child. Care. Health Dev. 2014, 40, 165
175, doi:10.1111/cch.12029.

Monsalves-Alvarez, M.; Castro-Sepulveda, M.; Zapata-Lamana, R.; Rosales-Soto, G.; Salazar, G. Motor skills and nutritional
status outcomes from a physical activity intervention in short breaks on preschool children conducted by their educators: A
pilot study. Nutr. Hosp. 2015, 32, 1576-1581, doi:10.3305/nh.2015.32.4.9514.

Ato, M.; Lépez, ].J.; Benavente, A. Un sistema de clasificacion de los disefios de investigacion en psicologia. An. Psicol. 2013, 29,
1038-1059, doi:10.6018/analesps.29.3.178511.

Graupera, J.L.; Ruiz, L.M. Bateria de Evaluacion del Movimiento para Nifios-2; Pearson: Madrid, Spain, 2012; Volume 2.
Schoemaker, M.M.; Niemeijer, A.S.; Flapper, B.C.T.; Smits-Engelsman, B.C.M. Validity and reliability of the Movement Assess-
ment Battery for Children-2 Checklist for children with and without motor impairments. Dev. Med. Child Neurol. 2012, 54, 368
375, doi:10.1111/;.1469-8749.2012.04226.x.

Serbetar, I; Loftesnes, ].M.; Mamen, A. Reliability and structural validity of the movement Assessment Battery for Children-2
in Croatian preschool children. Sports 2019, 7, 248, doi:10.3390/sports7120248.

Navarro-Patoén, R.; Martin-Ayala, J.L.; Marti Gonzalez, M.; Hernandez, A.; Mecias-Calvo, M. Effect of a 6-Week Physical
Education Intervention on Motor Competence in Pre-School Children with Developmental Coordination Disorder. J. Clin. Med.
2021, 10.

Kalaja, S.P.; Jaakkola, T.T.; Liukkonen, J.O.; Digelidis, N. Development of junior high school students’ fundamental movement
skills and physical activity in a naturalistic physical education setting. Phys. Educ. Sport Pedagog. 2012, 17, 411-428,
doi:10.1080/17408989.2011.603124.

Goodway, J.D.; Branta, C.F. Influence of a motor skill intervention on fundamental motor skill development of disadvantaged
preschool children. Res. Q. Exerc. Sport 2003, 74, 36—46, doi:10.1080/02701367.2003.10609062.

Veldman, S.L.C.; Jones, R.A.; Santos, R.; Sousa-S4, E.; Okely, A.D. Gross motor skills in toddlers: Prevalence and socio-demo-
graphic differences. . Sci. Med. Sport 2018, 21, 1226-1231, doi:10.1016/j.jsams.2018.05.001.



Int. J. Environ. Res. Public Health 2021, 18, 4988 14 of 14

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

Venter, A.; Pienaar, A.E.; Coetzee, D. Extent and nature of motor difficulties based on age, ethnicity, gender and socio-economic
status in a selected group of three-to five-year-old children. South Afr. ]. Res. Sport. Phys. Educ. Recreat. 2015, 37, 169-183.
Golding, J.; Emmett, P.; Iles-Caven, Y.; Steer, C.; Lingam, R. A review of environmental contributions to childhood motor skills.
J. Child Neurol. 2014, 29, 1531-1547, d0i:10.1177/0883073813507483.

Herrmann, C.; Gerlach, E.; Seelig, H. Development and validation of a test instrument for the assessment of basic motor com-
petencies in primary school. Meas. Phys. Educ. Exerc. Sci. 2015, 19, 80-90, doi:10.1080/1091367X.2014.998821.

Morley, D.; Till, K.; Ogilvie, P.; Turner, G. Influences of gender and socioeconomic status on the motor proficiency of children
in the UK. Hum. Mov. Sci. 2015, 44, 150-156, doi:10.1016/j.humov.2015.08.022.

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,
doi:10.1080/02640414.2019.1651144.

Bolger, L.E.; Bolger, L.A.; O’Neill, C.; Coughlan, E.; O’Brien, W.; Lacey, S.; Burns, C. The Effectiveness of Two Interventions on
Fundamental Movement Skill Proficiency among a Cohort of Irish Primary School Children. J. Mot. Learn. Dev. 2019, 7, 153-179,
doi:10.1123/jm1d.2018-0011 10.1123/jm1d.2018-0011.

Cohen, K.E.; Morgan, P.J.; Plotnikoff, R.C.; Calliester, R.; Lubans, D.R. Physical Activity and Skills Intervention: SCORES Cluster
Randomized Controlled Trial. Med. Sci. Sport. Exerc. 2015, 47, 765-774, doi:10.1249/MSS.0000000000000452.

Hardman, K.; Marshall, J.; Brandl-Bredenbeck, H.P.; Brettschneider, W.; Costa, F.C.D.; Klein, G.; Patriksson, G.; Rychtecky, A.
Current Situation and Prospects for Physical Education in the European Union; European Parliament: Brussels, Belgium, 2006.
Bakhtiari, S.; Shafinia, P.; Ziaee, V. Effects of selected exercises on elementary school third grade girl students” motor develop-
ment. Asian J. Sports Med. 2011, 2, 51-56, d0i:10.2139/ssrn.1833763.

Boyle-Holmes, T.; Grost, L.; Russell, L.; Laris, B.A.; Robin, L.; Haller, E.; Potter, S.; Lee, S. Promoting elementary physical edu-
cation: Results of a school-based evaluation study. Health Educ. Behav. 2009, 37, 377-389, d0i:10.1177/1090198109343895.

Heil, D.P. Predicting activity energy expenditure using the Actical® Activity Monitor. Res. Q. Exerc. Sport 2006, 77, 64-80,
doi:10.1080/02701367.2006.10599333.

Vidoni, C.; Lorenz, D.J.; de Paleville, D.T. Incorporating a movement skill programme into a preschool daily schedule. Early
Child Dev. Care 2014, 184, 1211-1222, d0i:10.1080/03004430.2013.856895.

Bolger, L.E.; Bolger, L.A.; Neill, C.O.; 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, doi:10.1123/jm1d.2017-0003
10.1123/jm1d.2017-0003 10.1123/jm1d.2017-0003 10.1123/jm1d.2017-0003.

Kelly, L.; O’Connor, S.; Harrison, A.J.; Ni Chéilleachair, N.J. Does fundamental movement skill proficiency vary by sex, class
group or weight status? Evidence from an Irish primary school setting. ]. Sports Sci. 2019, 37, 1055-1063,
doi:10.1080/02640414.2018.1543833.

Martin, E.H.; Rudisill, M.E.; Hastie, P.A. Motivational climate and fundamental motor skill performance in a naturalistic phys-
ical education setting. Phys. Educ. Sport Pedagog. 2009, 14, 227-240, d0i:10.1080/17408980801974952.

Kelly, L.; O’Connor, S.; Harrison, A.J.; Ni Chéilleachair, N.]J. Effects of an 8-week school-based intervention programme on Irish
school children’s fundamental movement skills. Phys. Educ. Sport Pedagog. 2020, 1-20, doi:10.1080/17408989.2020.1834526.
Newell, K.M. Constraints on the Development of Coordination. In Motor Development in Children: Aspects of Coordination and
Control; Springer: Amsterdam, The Netherlands, 1986; pp. 341-360.



