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Abstract

Background: Despite the growing body of research showing the effectiveness of motor interventions
for children both physically and cognitively, there is still a lack of sufficient information regarding the
effects of different motor programs and finding suitable interventions to improve motor and cognitive
skills in early childhood. This study was conducted to investigate and compare the effects of cognitive
and metacognitive factors in motor interventions on the motor and cognitive skills of preschool
children.

Methods: Sixty-six 6-year-old children (32 girls, 34 boys) participated in this study and were
randomly assigned to three experimental groups (motor group (7 girls, 10 boys), motor-cognitive
group (8 girls, 8 boys), and motor-metacognitive group (7 girls, 9 boys)) along with a control group
(10 girls, 7 boys). The participants in all three experimental groups received a motor program specific
to their group for 18 sessions. The Bruininks-Oseretsky test of motor proficiency (BOT-2), the
Toulouse-Pieron cancellation test (TP), and the Head-Toes-Knees-Shoulders task (HTKS) were used
to collect data. Multivariate repeated measures and multivariate analysis of covariance were used for
data analysis.

Results: The findings showed that, compared to the control group, the improvement of cognitive
skills in the motor-cognitive group was more than that in the motor and motor-metacognitive groups
(p < 0.05). Also, the improvement of motor skills in the motor-metacognitive group was more than
that in the motor and motor-cognitive groups (p < 0.05).

Conclusion: According to the results obtained, it seems that if motor interventions are combined with
cognitive and metacognitive activities, they can have more cognitive and motor benefits for preschool
children.
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1- INTRODUCTION

The first years of life are critical in
terms of the development of fundamental
motor skills (1). Fundamental motor skills
are important for participating in physical
activity in childhood and later stages of
life (2) and have a decisive role in
achieving a healthy weight status (3) and
the acquisition of sports skills (4). High
competence in fundamental motor skills is
significantly associated with cognitive and
emotional development (5). Furthermore,
cognitive skills that are essential for the
all-round development of children develop
faster during the preschool years, along
with the growth of neural networks
connected to the prefrontal cortex, and a
wide range of them develop in early
childhood (6, 7). Cognitive skills in
children are recognized as an important
aspect of school readiness and predict later
academic outcomes and success in school
(7). These findings provide a strong
rationale for developing cognitive and
fundamental motor skills in the first years
of life; and their importance has been
emphasized by policymakers (6, 8).

There is evidence that motor interventions
play an essential role in the development
of motor (9-11) and cognitive (11-13)
skills in children. Experts suggest that
motor programs and interventions should
be started during the preschool years (6,
8). It seems that motor interventions can
play an important role in the improvement
of cognitive and fundamental motor skills
(1). However, the main problem, i.e., the
lack of sufficient information regarding
the effects of different motor programs
and suitable interventions to improve these
skills in early childhood still exists (12,
14).

Recent efforts to investigate the qualitative
aspects of physical activity and the
enrichment of motor interventions have
evaluated the combination of motor and
cognitive activities that are presented
sequentially or simultaneously as useful
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for promoting the motor (15-17) and
cognitive (12, 16, 18, 19) skills of
children. It is said that such motor
activities, which are designed with a focus
on creating cognitive engagement during
movement, are likely to provide a unique
form of stimulation that can have a
significant impact on children's cognitive
and motor development (13, 20).
However, in the study of Egger et al. (21),
it was observed that cognitive engagement
during physical activity may worsen the
cognitive performance of children. These
results are discussed in light of theories
that predict both the facilitating and
detrimental effects of motor-cognitive
activities.

The use of metacognitive strategies while
performing motor skills is also another
form of exercise program, the most
important advantage of which is that it
enables a person to be aware of his/her
learning activity and how his/her work is
progressing, and to know his/her strengths
and weaknesses (22, 23). Studies have
shown that the simultaneous training of
metacognitive  strategies and  motor
programs is more effective in improving
the  working memory (24) and
fundamental motor skills (25) of children
than when these programs are used
separately. Maclntyre et al. (26) also
described metacognition as a window for
the emergence of skillful performance,
which helps to acquire sports skills and
raise the level of performance. However,
like other field information processings,
metacognitive processes do not always
lead to better results, and more studies are
needed in this field (26).

Finally, considering the importance of the
development of cognitive and fundamental
motor skills in early childhood, the present
study aims to investigate the effects of
cognitive and metacognitive factors in
motor interventions on the motor and
cognitive skills of preschool children. In
this study, a motor-cognitive intervention
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that exposed children to games and
activities combined with physical and
cognitive demands was designed with the
aim of training the participants in cool
executive function skills (e.g., rule
changes and response to target stimuli and
inhibit from non-target stimuli) and
increasing their cognitive engagement
while playing games and motor activities;
and it was compared with a motor
intervention  with low  cognitive
engagement, including the same physical
demands but without imposing any
external or additional cognitive demands.
Investigating the effect of combining
motor and cognitive activities is not a new
topic, but only a few studies have
investigated it in preschool children (17,
19). Moreover, most of the previous
studies have focused on young children’s
cognitive and academic skills (12, 18), and
the effect of combined interventions on
motor skills has been investigated in only
a limited number of studies (17).
Furthermore, some studies conducted in
this field on children (15, 16) have only
utilized one control group that maintained
their regular daily activities without
including an additional group that solely
received motor intervention  for
comparison with the motor-cognitive
intervention group. Thus, there is a need
for more studies to investigate the effect of
combined interventions on the cognitive
and motor performance of children. This
will help determine whether motor-
cognitive interventions yield more
beneficial ~ outcomes  than  motor
interventions in improving both the motor
and cognitive skills of children. On the
other hand, in the field of games and
motor activities, few studies have focused
on metacognitive processes as a self-
regulated learning strategy to develop
fundamental motor skills in preschool
children (25). Previous studies have been
mainly conducted on adolescents and
adults and have investigated the
performance and learning of specific
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motor skills such as volleyball serve (22),
forehand topspin in table tennis (27), and
soccer dribbling skill (28). In the only
study found by the researcher, which used
the combination of  metacognitive
strategies and play at home to develop
children's fundamental —motor skills,
combined intervention led to better results
than play at home alone, but this
difference was not statistically significant
(25); this shows the need for more studies.
Also, most of the studies claiming that
metacognitive activities lead to the
development of cognitive skills in children
(29-31) have not used metacognitive
strategies while performing motor skills.
In the same direction, Hosseini et al. (24)
investigated the effect of simultaneous
training in aerobics exercise movements
and metacognitive strategies on children's
verbal working memory. They introduced
it as a suitable method compared to using
these programs alone; metacognitive
strategies were not around the goals of
aerobics exercise and were not used to
learn the self-regulation of aerobics
movements. Therefore, to our knowledge,
there is no report on the effect of
metacognitive processes while performing
motor skills on children's cognitive
functions. In this study, considering that
both motor interventions and
metacognitive interventions are considered
useful in improving children's motor (9,
28) and cognitive (12, 29) skills, we
hypothesized that a motor-metacognitive
intervention provides greater benefits for
both cognitive and fundamental motor
skills compared to a motor intervention in
preschool children. Also, in this study, the
differences between the two motor-
cognitive  and motor-metacognitive
interventions, such as awareness of current
knowledge, encouragement and emphasis
on correct/incorrect answers, and self-
evaluation  of  performance  were
considered as essential parts of the motor-
metacognitive intervention, not present in
motor-cognitive intervention. We
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compared these two approaches to
introduce an optimal method to promote
cognitive and fundamental motor skills in
preschool children.

2- MATERIALS AND METHODS
2-1. Design and Participants

The present study is an applied quasi-
experimental research conducted with a
pretest-posttest design using a control
group. The statistical population consisted
of all the children who were enrolled in
one of the preschool centers in Tabriz city.
The participants in this study were 80 six-
year-old male and female (52.5% females)
preschool children.

2-2. Inclusion and Exclusion Criteria

Inclusion criteria were: (1) parent
satisfaction; (2) absence of the following
risk factors or disorders: (a) cardiovascular
and respiratory diseases, (b) vision or
hearing deficit, and (©)
neurodevelopmental disorders such as
developmental  coordination,  autism
spectrum, intellectual disability, and
attention-deficit hyperactivity. To select
the participants based on the inclusion
criteria, the schools' management team
was asked to introduce the eligible
children to participate in the study.

Exclusion criteria included absence from
more than two sessions of the intervention
and unwillingness of the child or the
child's parents to continue cooperation.
Children, selected by the convenience
sampling method, were randomly assigned
into three experimental groups (i.e., motor
group, motor-cognitive group, and motor-
metacognitive group) and a control group
with equal numbers. In the following, 3
participants from the motor group and 4
participants from the motor-cognitive and
motor-metacognitive groups were
excluded due to the absence from more
than two sessions of the intervention, and
3 participants from the control group were
excluded due to not attending the post-test.
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Therefore, the final participants included
66 children (48.5% females). Power
analysis using G*Power software showed
that 66 participants are sufficient for this
study with 95% power (o = 0.05, effect
size 0.4).

2-3. Instruments

a) The Bruininks-Oseretsky test of
motor proficiency (BOT-2): This test is
used to evaluate gross and fine motor
skills. In this study, the short form of this
test was used. The short form has eight
sub-tests and 14 items, which are part of
53 items related to the complete form of
the BOT-2. It measures the skills related to
agility and strength, body coordination,
manual coordination, and fine motion
control. In the short form of the BOT-2,
one to two items from the complete form
have been selected for each sub-test. The
validity and reliability of this test have
been confirmed (32, 33); and the
reliability coefficient has been reported to
be above 0.90 (32). In this study, items
related to measuring gross motor skills
were used.

b) The Head-Toes-Knees-Shoulders
task (HTKS): This test directly measures
self-regulation by integrating the
components of executive functioning into
a short game suitable for children aged 4
to 8 years. Construct validity has shown a
significant relationship between the HTKS
task and cognitive flexibility, inhibitory
control, and working memory (34). The
HTKS task has three phases with up to
four behavioral rules. At first, the
examiner gives the child two orders:
"Touch your head" and "Touch your toes",
and the child naturally responds by
touching the head or the toes. The child is
then told to do the opposite of what the
examiner says. If the child is told to "touch
your head", the child must touch his/her
toes. If the child answers incorrectly (i.e.,
touches the head when the examiner tells
him/her to touch the head), no score; if the
child corrects the movement (i.e., starts to
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touch the head and then touches the toes),
1 score; and if the child answers correctly
(i.e., immediately touches the toes), 2
scores are considered. In the second phase,
two new rules "touch your knees" and
"touch your shoulders” are added; and as
in the previous phase, the child must do
the opposite after hearing each order. So,
when the child is told to "touch your
knees", the child must touch his/her
shoulders. This phase includes all of the
rules that children have learned so far. In
the third phase, the pairs change (i.e., head
with knees and toes with shoulders). All
three phases presented four experimental
trials with feedback and 10 main trials
without feedback in a fixed and random
manner. Test-retest reliability of this task
has been reported to be above 0.90 in
various studies (34, 35).

c¢) The Toulouse-Pieron cancellation test
(TP): This test is used to measure
selective/sustained attention and
processing speed. The test consists of
several repetitive squares that have a
sequence along one of the corners of each
square, with the difference that this
sequence is placed in different corners of
each square and thus creates various
shapes. The instruction of this test is for
the child to cancel shapes similar to
predefined shapes. For each correct
choice, 1 positive score, and for each
wrong or forgotten choice, 0.5 negative
scores are considered. Sum of the scores is
used to obtain the individual score. In this
study, the modified form of this test by
Rezaiyan et al. (36) was used, in which the
squares were bigger and their number was
reduced. The internal consistency of the
test using the alpha coefficient in the study
of Homayoun Firoozjah et al. (37) on six-
to-nine-year-old children with mental
disorders was 0.84. Its reliability
coefficient has also been reported as 0.91
(36).
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2-4. Procedure

After the approval of this study by the
ethics committee of Urmia University and
after obtaining permission from the
provincial departments of education, by
referring to two  preschools and
correspondence with the principals and
teachers of these schools, the necessary
consent was obtained for the participation
of children in this study, and the necessary
arrangements were made. In addition, all
of the children's parents presented their
informed consent. The study participants,
after recording the pre-test scores, were
assigned to one of the following four
conditions: (1) experimental condition
with  a  motor intervention; (2)
experimental condition with a motor-
cognitive intervention; (3) experimental
condition with a motor-metacognitive
intervention; and (4) control condition
under routine care.

The intervention sessions for the
experimental groups lasted for six weeks,
with three sessions per week and a total of
18 sessions. Each intervention session
lasted 50 minutes and was divided into
three parts: (a) 5 minutes of warm-up for
activities; (b) 40 minutes of activities and
games focused on motor skills; and (c) 5
minutes of stretching and cool-down. It
should be noted that to increase the
efficiency and quality of the interventional
sessions, the participants of each
experimental group were divided into two
classes, and each class received a 50-
minute intervention. In this study, two
doctoral students of motor behavior who
had experienced working in the field of
children's games and sports activities led
the intervention sessions separately for the
experimental groups. After completing the
interventional  sessions, all  three
experimental groups along with the
control group participated in the post-test
to clarify the effectiveness of the
interventions.
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2-5. Interventions

a) Motor intervention: This intervention
included activities and games appropriate
to children's age to promote locomotor
skills (activities such as moving forward
and backward, running, sliding, hopping,
and jumping), object control skills
(activities such as catching or throwing a
ball or sports bean bag, and one/two-
handed dribble), stability skills (activities
such as heel-to-toe walking on a line,
walking with toes on straight and curved
lines, spinning on one leg, and angel
balance movement), and hand-eye
coordination (activities such as hitting a
balloon and keeping it in space, chasing a
pendulum ball and hitting it with the index
finger). The intervention sessions started
with the practice of stability skills and
were completed with the practice of
locomotor and object control skills. At the
end of the sessions, hand-eye coordination
games were used. The practice program of
the interventional sessions was already
known, and the planning of games and
activities was done from simple to
difficult. For example, in the initial
sessions, the motor skills of walking and
running were included in the games, and
then in the later sessions, sliding, hopping,
and jumping skills were used. Practicing
the manipulative skills, in the initial
sessions, larger balls and shorter distances
were used. In the next sessions, the size of
the balls was smaller, and the distance
between throws and catches was
increased, and targeting activities with the
ball were also added.

b) Motor-cognitive intervention: This
intervention was a combination of motor
and cognitive activities. The presented
motor program was similar to the motor
intervention program in terms of games
and activities; and the presented cognitive
program included training of cool
executive function skills. In this combined
intervention, games and motor activities
were presented in such a way as to create
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more  cognitive  engagement  and
specifically challenge executive functions.
To design such activities, as in previous
studies (15, 18), a series of verbal
commands were used. In this way, in the
first level,children performed various
skills (such as walking forward, jumping,
etc.), but only when the coach gave the
relevant verbal command "e.g., naming a
specific animal”. Then, at a difficult level,
they had to perform "contrary to
commanded activity" or "predetermined
paired activity" (e.g., walking backwards
instead of forwards or hopping instead of
jumping). Therefore, the children needed
to remember and update the new
information during the game to execute or
inhibit the skills, depending on the verbal
command. Another type of verbal
command was also given to the children,
in that the child was asked to focus on the
shapes drawn on the floor, on defined
colors or shapes, and to jump or dribble
the ball. At a difficult level, the child had
to perform jumping or dribbling the ball
actions on colors or shapes in the order
mentioned. In addition, cognitive-motor
dual tasks were used in this intervention
(e.g., walking with toes while reciting
poetry or doing the angel balance
movement while counting numbers).

c) Motor-metacognitive intervention:
This intervention was a combination of
motor and metacognitive activities. The
motor program in this intervention was
also similar to the program of the other
two groups in terms of games and
activities, with the difference that in order
to stimulate metacognition, children were
given the opportunity to think carefully
about how they could perform an activity
efficiently. They then were to monitor
their own performance in terms of
correctness or incorrectness, correct it if
necessary, and evaluate the result of their
efforts based on the criteria. Finally, they
had to think and determine what actions
could be taken to achieve their goal next
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time. For this purpose, a semi-structured
interview was used. The interview
questions were designed in accordance
with the recent literature on increasing
metacognitive activity (22, 27). During the
practice sessions, children answered four
categories of questions related to planning
(goal setting, activity analysis, and
strategic planning; e.g., based on what you
have learned, what do you need to do to
throw the ball to the target? or how can
you jump higher and farther?); monitoring
(self-observation; e.g., do you check your
performance after performing the activity?
Stop and think about your performance.
Was your throw accurate?); evaluation
(self-judgment and causal documents; e.g.,
how accurate was the activity performed
by you? Can you explain why your throw
was not in the target area?); and reflection
(processing experiences; e.g., if you were
to do this activity again, how would you
do it? or what will you throw the ball into
the target area correctly?). In this way,
during the sessions, the coach regularly
encouraged the children to think about
their performance. It should be noted that
the necessary explanations for doing the
activities were provided by the coach, and
all the questions were about the objectives
of the game and activities.

2-6. Data Analysis

First, the data were checked for normality
and outliers, and the results showed that
the data distribution is normal (skewness
and kurtosis < 2). Next, a one-way
analysis of variance (ANOVA) was used
to identify gender differences and group
differences in the pre-test stage. The
results showed that the gender of the
participants did not play a role in the
effectiveness of the study interventions.
Also, in the examination of group
differences in the pre-test stage, no
significant difference was observed in
variables related to cognition, but there
was a significant difference in variables
related to movement. Thus, a 2 (time) x 4
(group) repeated measures MANOVA was
used to investigate the effects of the study
interventions on cognitive skills, and a
multivariate  analysis of covariance
(MANCOVA) was used for motor skills.
In this study, data analysis was done using
SPSS Statistics 22, with a p-value (<
0.05).

3- RESULTS

The demographic characteristics of
the participants are shown in Table 1, and
the descriptive statistics related to the
study variables are shown in Fig. 1.

Table-1: The demographic characteristics of the participants

. Motor-
. Motor group | Motor-Cognitive - Control group
Variables (N=17) | group (N=16) gfg;?cgﬂnz't'l‘g (N=17)

Gender (Girl, n (%)) 7 (41.2%) 8 (50%) 7 (43.8%) 10 (58.8%)
Weight (Kg, M (SD)) | 20.53 (1.62) 20.44 (1.50) 20.50 (1.83) 20.18 (1.24)
Height (Cm, M (SD)) | 114.00 (3.04) 113.88 (1.82) 112.69 (1.49) 114.18 (2.90)
BMI (Kg/m?, M (SD)) | 15.77 (0.65) 15.75 (1.19) 15.69 (2.01) 15.58 (0.56)
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Fig. 1: The error bar graph for motor and cognitive variables

A 2 (time) x 4 (group) repeated measures
MANOVA was used to investigate the
effects of the study interventions on
cognitive skills. The results showed that
the main effect for time [Wilk’s L=0.09,
F(2, 61)=319.35, p<0.001, partial
n%=0.91], the main effect for group
[Wilk’s L=0.65, F (6, 122)=4.93, p<0.001,
partial n2=0.20], and the main effect for
the interaction of time x group [Wilk’s
L=0.26, F (6, 122)=19.84, p<0.001, partial
n?=0.49] are significant. The follow-up
univariate tests for the interaction of time
x group showed significant differences in
attention [F (3, 62) =34.30, p<0.001,
partial n?=0.62], and cognitive self-
regulation [F (3, 62) =17.30, p<0.001,
partial n?=0.46]. The results of pairwise

Int J Pediatr, Vol.12, N.01, Serial No.121, Jan. 2024

comparisons using the Bonferroni post-
hoc test showed that in both cognitive
variables, the difference over time
(pretest-posttest) in all three motor, motor-
cognitive, and  motor-metacognitive
groups was significant (p<0.001).

The follow-up univariate tests for the
group also showed significant differences
in attention [F (3, 62) =8.53, p<0.001,
partial n?=0.29], and cognitive self-
regulation [F (3, 62) =3.69, p=0.016,
partial n2=0.15]. According to the results
of pairwise comparisons using the
Bonferroni post-hoc test (see Table 2), the
motor-cognitive group had significant
improvements in cognitive variables
compared to the control group. The motor
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and motor-metacognitive groups also
showed significant improvements in the
attention variable compared to the control
group, but this improvement was not
significant in the cognitive self-regulation

variable.  Moreover, no significant
difference was observed between the three
experimental  groups in  cognitive
variables.

Table-2: The results of the pairwise comparison between the four study groups in cognitive

variables
Variables Group (1) Group (J) Diffe';gﬁiz (1)) IESrtr(jdr Sig

Motor Cognitive -2.12 1.07 0.310

Motor Metacognitive -0.44 1.07 1.000

Attention Cognitive Metacognitive 1.69 1.09 0.751
Motor Control 3.15 1.05 0.024*
Cognitive Control 5.27 1.07 0.001**
Metacognitive Control 3.58 1.07 0.008**

Motor Cognitive -5.50 2.45 0.169

Motor Metacognitive 0.12 2.45 1.000

Cognitive self- Cognitive Metacognitive 5.63 2.48 0.162

regulation Motor Control 2.35 2.41 1.000
Cognitive Control 7.86 2.45 0.013*

Metacognitive Control 2.23 2.45 1.000

* p-value (< 0.05) ** p-value (< 0.01)

A multivariate analysis of covariance
(MANCOVA) was used to investigate the
effects of the study interventions on motor
skills. Before performing the main
analysis, the assumption of homogeneity
of the regression slope was examined, and
the results showed that there is no
significant  interaction  between the
covariate and the independent variables
(P> 0.05). Next, the results of
MANCOVA showed that there is a
significant statistical difference between
the study groups after controlling the pre-
test scores [Wilk’s L = 0.15, F = 18.19, p
< 0.001, partial n? = 0.47]. The follow-up
univariate tests showed significant
differences in locomotor skills [F (3, 59) =
30.51, p < 0.001, partial n? = 0.61], object
control skills [F (3, 59) = 30.06, p < 0.001,
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partial n)? = 0.61], stability skills [F (3, 59)
=21.37, p < 0.001, partial n? = 0.52], and
motor proficiency [F (3, 59) = 70.40, p <
0.001, partial n? = 0.78]. According to the
results of pairwise comparisons using the
Bonferroni post-hoc test (see Table 3), all
three motor, motor-cognitive, and motor-
metacognitive groups had significant
improvement in motor variables compared
to the control group. The motor-
metacognitive  group also  showed
significant improvements in locomotor
skills, object control skills, and motor
proficiency compared to the motor and
motor-cognitive  groups.  Also, no
significant  difference  was observed
between the motor and motor-cognitive
groups.
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Table-3: The results of the pairwise comparison between the four study groups in motor

variables
Variables Group (1) Group (J) Diffel;gfl?:g (1-0) Esrtrdo'r Sig
Motor Cognitive 0.27 0.73 1.000
Motor Metacognitive -2.31 0.68 0.007**
Cognitive Metacognitive -2.58 0.70 0.003**
Locomotor Motor Control 4.19 0.66 0.001**
skills Cognitive Control 3.92 0.75 0.001**
Metacognitive Control 6.50 0.70 0.001**
Motor Cognitive 0.28 0.32 1.000
Motor Metacognitive -0.71 0.30 0.120
Cognitive Metacognitive -0.99 0.31 0.012*
Motor Control 2.05 0.29 0.001**
Obiject control Cognitive Control 1.76 0.33 0.001**
skills Metacognitive Control 2.75 0.31 0.001**
Motor Cognitive -0.66 0.71 1.000
Motor Metacognitive 0.36 0.66 1.000
Cognitive Metacognitive 1.02 0.68 0.850
Motor Control 4.31 0.64 0.001**
Stability skills Cogniti\_/g Control 4.97 0.73 0.001**
Metacognitive Control 3.95 0.68 0.001**
Motor Cognitive -0.11 1.03 1.000
Motor Metacognitive -2.66 0.96 0.043*
Cognitive Metacognitive -2.55 0.99 0.075
Motor Motor Control 10.54 0.93 0.001**
proficiency Cognitive Control 10.65 1.06 0.001**
Metacognitive Control 13.20 0.99 0.001**

* p-value (< 0.05) ** p-value (< 0.01)

4- DISCUSSION

The present study was conducted to
investigate and compare the effects of
cognitive and metacognitive factors in
motor interventions on the motor and
cognitive skills of preschool children. The
findings showed that in cognitive skills
(attention and cognitive self-regulation),
the difference over time (pretest-posttest)
is significant in all three motor, motor-
cognitive, and  motor-metacognitive
groups. Also, all three interventional
groups had significant improvements in
attention scores compared to the control
group. However, in cognitive self-
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regulation, only the motor-cognitive group
showed a significant improvement
compared to the control group. Therefore,
the results of this study show the
superiority of motor-cognitive intervention
in improving cognitive skills of preschool
children. Also, the findings of this study
indicate that all three types of motor,
motor-cognitive, and motor-metacognitive
interventions lead to the improvement of
fundamental motor skills in preschool
children. However, motor-metacognitive
intervention is more effective in
improving fundamental motor skills
compared to both motor and motor-
cognitive interventions.
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The findings of this study are in
accordance with the results of previous
studies regarding the significant increase
of cognitive skills in children through
motor (11-13), motor-cognitive (12, 16,
18), and motor-metacognitive  (24)
interventions. However, in a study by Lee
et al. (38), a program based on
fundamental motor skills had no effect on
the cognitive performance of elementary
children, which is inconsistent with the
findings of the present study. These
conflicting results in the research literature
may be due to differences in the cognitive
skills measured and the use of different
tools to assess cognitive performance. In
this regard, it has been observed that the
effect of motor activity on cognition is
selective and depends on the nature of
targeted cognitive functions as well as
their brain substrates (39). Also, in the
study of Wen et al. (40), mini-trampoline
physical activity did not affect the
development of preschool children's
executive functions, which is one of the
other studies inconsistent with the present
study. The reason for this disparity can be
considered to be the difference in the type
of intervention used in the two studies. In
the study of Wen et al. (40), physical
activity intervention was used, and in the
present study, motor skill intervention was
used to improve the cognitive skills of
children. In this regard, in a systematic
review, it was observed that motor skill
interventions have a greater effect on the
cognitive skills of preschool children
compared to physical activity
interventions (12).

In explaining the results obtained from the
present study regarding the effectiveness
of motor intervention on cognitive skills,
evidence from neuropsychological data
and neuroimaging shows that motor and
cognitive behaviors considerably share
neural  substrates. The dorsolateral
prefrontal cortex, the cerebellum, and
connecting structures, including the basal
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ganglia, are involved in this neural circuit.
This circuit is activated during motor and
cognitive tasks, and the output of this
neural network affects the control of both
(41, 42). In other words, during motor
experience, the activities in the brain areas
related to cognition increases, and thus
cognitive skills improve. Also, motor skill
learning can lead to changes in brain
plasticity, increase brain angiogenesis and
synaptogenesis, and improve the structure
and function of the brain (13).

In relation to the effect of combining
motor interventions with metacognitive
strategies, studies have shown that
metacognitive activities lead to the
development of cognitive skills in children
(29-31). Therefore, it was expected in this
study that motor-metacognitive
intervention would bring more cognitive
benefits compared to motor intervention.
However, like the motor group, the motor-
metacognitive group only showed a
significant improvement in attention
scores compared to the control group,
although with a higher significance level.
Since, to our knowledge, there is no report
on the effect of metacognitive processes
while performing motor skills on
preschool children's cognitive functions,
we could not make a comparison with the
results of previous studies. However, in a
study by Hosseini et al. (24), it was
observed that the effect of simultaneous
training of aerobics exercise movements
and metacognitive strategies on the verbal
working memory of second and third
grade students with learning disabilities is
statistically greater than that when these
programs are used alone, which is not
consistent with the results of the present
study. This contradiction in the results can
be attributed to the difference in the type
of cognitive skill measured and the
difference in the conditions and age of the
participants in the two studies. Moreover,
in the present study, the intervention
duration was six weeks. It is possible that
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more time is needed to reveal differences
between motor and motor-metacognitive
interventions in effectiveness on children's
cognitive skills. Therefore, the need for
more studies in this field is felt.

In relation to the effect of combining
motor interventions  with  cognitive
activities, in the present study, although no
statistically significant difference was
observed between the motor-cognitive
group and the motor and motor-
metacognitive groups, in cognitive self-
regulation, only the motor-cognitive group
showed statistically better performance
compared to the control group. Therefore,
in this study, motor-cognitive intervention
was more effective in improving cognitive
skills. This finding is consistent with the
results of previous studies reporting that
interventions integrating cognitive and
motor components were more effective in
producing cognitive and neurological
benefits for children (12, 17, 43).
However, in the study of Eger et al. (21),
cognitively engaging physical activity
worsened the cognitive performance of
children, which is inconsistent with the
results of the present study. Also, in the
study of Bulten et al. (44), inconsistent
with our findings, it was found that
cognitively engaging physical activity was
not superior to physical activity alone in
influencing children's executive functions.
This conflict in the results can be
attributed to factors such as significant
variability in cognitive tasks used,
intervention demands, duration and type,
and participant  demographics.  For
example, acute interventions were used in
the aforementioned studies, but six-week
interventions were used in the present
study. In this regard, it has been reported
that the majority of effective motor-
cognitive programs in different studies
have been run for six weeks to six months
(18).

In explaining the results obtained from this
study regarding the increasing effect of
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combining motor interventions with
cognitive activities, physiological and
neurological processes and mechanisms
can be mentioned. In this context, it has
been stated that physical activity may
improve the brain metabolism and its
flexibility, and the accompanying
cognitive engagement by increasing the
brain metabolism and guiding the
flexibility = process leads to the
improvement of the efficiency of the
nervous system as much as possible (20).
It has also been observed that motor-
cognitive activities rely on a process called
neural plasticity, which can create new
neuronal  connections and  increase
synapses in different areas of the brain.
Therefore, the brain can modify its activity
in response to specific simulations (45,
46).

Another finding of the present study was
that all three types of motor, motor-
cognitive, and  motor-metacognitive
interventions are effective in improving
the fundamental motor skills of preschool
children. This finding is consistent with
the results of previous studies regarding
the significant increase of motor skills in
children through motor (9-11), motor-
cognitive (15-17), and motor-
metacognitive (25) interventions.
However, a study conducted by Foulkes et
al. (47) did not show significant
improvement in fundamental motor skills
after a six-week active play intervention,
which is inconsistent with the results of
the present study. It should be noted that
the intervention employed in that study
was not specifically designed to target
fundamental motor skills and had
differences in terms of frequency and
volume of training compared to the
intervention used in our study. These
differences in the training program might
have probably led to the contradictory
findings between the two studies. Also, in
the study of Duncan et al. (17), it was
found that the combination of movement
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and story-telling is more effective in
improving motor competence compared to
movement alone. This finding is not
consistent with the results of our study,
which found no statistically significant
difference between motor and motor-
cognitive interventions in improving
motor skills. In the present study, we used
a motor-cognitive intervention that
specifically targeted and challenged
executive functions while playing games
and motor activities. This training program
is different from the program used in
Duncan et al.'s study. Hence, it is not
possible to make a complete comparison
between the results of these two studies.
Overall, further studies are needed to

determine  whether  motor-cognitive
interventions  yield more beneficial
outcomes in  improving  preschool

children's fundamental motor skills
compared to motor interventions alone or
not.

Another finding of the present study was
that motor-metacognitive intervention is
more effective in improving fundamental
motor skills compared to motor and
motor-cognitive interventions. In this
regard, previous studies investigating the
effect of using metacognitive strategies
during training motor skills on the
performance and learning of volleyball
serve (22), forehand topspin in table tennis
(27), and soccer dribbling skill (28) have
found it effective. Similarly, Macintyre et
al. (26), in line with our study, found
metacognitive  processes  useful  for
acquiring skills and raising performance
levels. Also, in a study by Alimardani et
al. (25), it was observed that
metacognitive strategies and play at home
led to better results than play at home
alone, but this difference was not
statistically significant. However, in the
present study, a statistically significant
difference was observed in locomotor
skills, object control skills, and motor
proficiency between the intervention
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groups, and the combination of motor
intervention with metacognitive strategies
led to greater motor improvement in
children. In explaining the results obtained
from the present study, brain imaging
studies show the circuit of attention
networks involved in the process of
metacognitive control, whose source is
located in the middle frontal areas. These
areas are active during conflict resolution,
error correction, and emotional regulation.
Thus, it can influence athletic and motor
performance (48). Indeed, metacognitive
strategies help children learn concepts and
strategies, figure out how to do a skill or
game more enjoyably, and focus their
attention on how to complete tasks.
Children also need to assess their
performance and increase their motor
awareness so that they can effectively
improve and learn their motor skills by
being more aware and thinking about the
specific mistakes they have made. These
processes help the child become more
cognitively engaged in the task because
she/he is not just practicing a motor skill
but rather understands better what is
correct or incorrect (23).

4-1. Limitations of the study

The present study had some limitations.
The sample size was relatively small, and
it is necessary to repeat this study with a
larger sample so that the results obtained
are more reliable. In this study, although
two trained coaches who had academic
and practical experience in the field of
children's sports and games were used to
increase the percentage of confidence in
creating and  controlling  training
conditions in different groups, the standard
tool that evaluates the amount of cognitive
and metacognitive engagement created for
the participants of all three experimental
groups during the intervention sessions
was not used. The reason for that was the
time limits in the intervention sessions and
the lack of skilled assistants. It is
suggested to carry out similar studies
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considering this limitation in future
studies. Moreover, in this study, especially
in cognitive variables such as attention, no
significant  difference was observed
between the experimental groups, which
could be due to the short duration of the
intervention. It is possible that in a longer
intervention, the differences between the
effectiveness of the three interventions
would become more apparent. Therefore,
the use of a longer intervention is
suggested in future studies.

5- CONCLUSION

Overall, the results of the present
study show that motor programs can serve
as the basis of a holistic approach to child
development and support not only
physical health but also the cognitive and
motor development of children. However,
it seems that cognitively engaging motor
interventions that combine motor and
cognitive tasks may act as brain
stimulators and provide additional
cognitive benefits for preschool children.
Hence, when the aim is to improve
cognitive performance through motor
interventions, games and activities that
expose children to a combination of
cognitive and motor demands are a better
option. Also, it seems that motor
interventions along with metacognitive
strategies can be effective in the
development of preschool children's motor
skills and achieve better results than motor
and motor-cognitive interventions. Hence,
it is recommended for children's sports
and game coaches to use metacognitive
learning strategies to improve and develop
motor skills in children. In general, the
findings of this study provide useful
information to coaches, therapists, and
motor behavior specialists on how to
design motor programs to increase motor
competence and cognitive ability in early
childhood. However, since it is the first
time to compare the effects of all three
types of motor, motor-cognitive, and
motor-metacognitive interventions in one
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study, this study calls for more research in
this field.
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