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Abstract

Background During the preschool years, children experience rapid development of inhibitory control (IC). This
period is also crucial to foster the establishment of the foundations of physical fitness (PF) and motor competence
(MC), which are essential for long-term health outcomes. This study aimed to investigate the predictive roles of PF and
MC in IC in preschool children.

Method A total of 139 children (78 boys and 61 girls) participated in the study, with a mean age of 5.76 +0.30 years
and a body mass index (BMI) of 16.15 +1.94 kg/m?. Children performed the Go/No-Go test, Kérperkoordinationstest
fur Kinder (KTK3+) test, static and dynamic balance tests, a pro-agility and countermovement jumping (CMJ) test.

Results The findings showed that there was a positive association between MCT and accuracy number (AC) (go)
(B=0.079, 95%Cl: 0.051-0.107), AC (no go) (3=0.022, 95%Cl: 0.003-0.041). However, between MCT and reaction

time (RT), there was a negative relationship (3= —0.497, 95%Cl: —0.988 - —0.006). MCT scores showed a significant
positive relationship with AC (go), with a beta coefficient of 0.309 (95% Cl: 0.181, 0.436). This finding further
underscores the robustness of this relationship. The PF indicator agility showed a negative relationship with AC (go) (3
=-3.638 [-5.590, -1.687]) and static balance was negatively related to RT (3 =-34.767, 95% CI [0.018, 0.165]).
Conclusions Overall, this study indicates that MC, rather than general PF, is strongly associated with the concurrent
level of IC during the preschool period. These findings highlight the potential importance of promoting MC through
targeted interventions that may support cognitive function in young children. Further longitudinal research is
recommended to explore the causal relationships and long-term effects of these interventions.
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Background

Cognition refers to the mental processes involved
in acquiring knowledge and understanding through
thought, experience, and sense. Within the domain of
cognition, executive functions (EF) are a subset of cog-
nitive processes that enable individuals to manage their
thoughts, actions, and emotions in order to achieve goals
[1]. The EF appear to function as a specific component of
cognitive functioning necessary for various life outcomes
in children [2—4]. Therefore, there is significant interest
in improving EF in children, contributing to their devel-
opment, and addressing deficiencies in this regard [5].

While EF are important for children’s cognitive and
emotional growth, inhibitory control (IC), is particu-
larly pertinent during the preschool years, as it lays the
groundwork for future executive functioning and cogni-
tive development [2, 6]. IC is crucial for self-regulation
and fundamental to more complex cognitive processes.
This allows individuals to override instinctive responses
in favor of more appropriate actions that align with their
goals. Recently, some studies have associated EF with
motor competence (MC). It is of major importance in
children and is defined as proficiency in the coordina-
tion of basic motor skills, especially movements such
as locomotor and object control. At this point, MC can
significantly affect both daily life and developmental tra-
jectories [7]. The relationship between MC and EFs in
children is thought to be fundamentally intertwined due
to the involvement of the same brain areas in both EF and
MC development [7]. Motor competence, which involves
coordination and control of physical movements, is
essential for children’s interactions with their environ-
ment. Studies have shown that better motor skills are
associated with more efficient cognitive function, includ-
ing IC and working memory [8]. Deficiencies in EF and
MC are commonly reported in children with develop-
mental disorders [9]. Applied research has demonstrated
indirect relationships between MC and EF in develop-
mental disorders such as attention-deficit/hyperactivity
disorder [10] and developmental coordination disorders
[11].

Another issue observed in children is their low level
of physical fitness (PF) [12]. PF represents the ability to
engage in daily activities and is a significant indicator
of physical and mental health [13]. Although guidelines
recommend that preschool children engage in one to
two hours of moderate to vigorous daily physical activ-
ity [14], the findings indicate that many children in this
group exhibit a lower activity level [15, 16]. This situation
contributes to lower PF levels in preschool children. Chil-
dren with higher levels of PF exhibit better attention sys-
tem efficiency, prefrontal cortex activation, and EF [17,
18]. Previous studies have demonstrated an association
between PF and IC, with greater emphasis on children
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and adolescents in most studies [18, 19]. IC is a funda-
mental parameter of EFs that represents an individual’s
ability to inhibit dominant behaviors unrelated to current
tasks [20]. Individuals with good IC can overcome strong
instinctive tendencies and resist external temptations
by controlling their attention, behavior, thoughts, and/
or emotions [21]. IC typically emerges in the preschool
period and forms the foundation for the development of
advanced cognitive processes in adulthood [22].

Preschool is considered the optimal period for the
development of IC [23].Well-developed IC during this
period is associated with future intellectual development,
academic performance, and health status [24, 25]. There-
fore, promoting IC development in preschool children is
crucial from a public health perspective. However, the
relationship between PF and inhibitors has rarely been
explored in preschool children, despite the rapid devel-
opment of IC during this stage [26]. Furthermore, there
has been a significant interest in the relationship between
MC and cognition in preschool children. However,
there is insufficient evidence to establish a relationship
between MC and IC in preschool children. Additionally,
it is emphasized that further studies are needed. Pre-
school children are at a crucial stage in the development
of both MC and IC [27, 28].

Moreover, the relationship between IC and MC and PF
is crucial to understanding because both MC and PF have
been linked to improved cognitive outcomes in children
[29, 30]. MC involves coordination and control of physi-
cal movements, which are essential for children’s interac-
tions with their environment. On the other hand, PF is
indicative of overall physical health and has been associ-
ated with cognitive and academic benefits. This under-
standing provides a rationale for initiating intervention
studies designed to improve MC and PF in preschool
children [31]. By focusing on IC as a key component of
EF and its association with MC and PF, this study aimed
to shed light on how these components interact to influ-
ence the development of young children. Upon reviewing
the literature, it is evident that the existing research pre-
dominantly explores the relationships between EF, MC,
and PF [7, 26, 31-33]. However, no studies have concur-
rently examined the interconnections between EF, MC,
and PF in children. Therefore, this study aimed to inves-
tigate the relationships between MC, PF, and IC com-
ponents as specific aspects of EFs in preschool children.
Based on this framework, we hypothesized that both MC
and PF will demonstrate positive associations with IC in
children aged 4—6 years.

Methods

Design of the study and participants

This is a cross-sectional study that has been approved
by the Ethics Committee of Tekirdag Namik Kemal
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University Faculty of Medicine (Research protocol num-
ber: 2022.214.11.15). Subsequently, a formal invitation
to participate in the study was extended to preschools.
Four public kindergartens in the city where the study was
conducted were approached to participate. Of these, only
one public kindergarten approved this study. The partici-
pants aged 4—6 years had a mean age of 6+ 1 years. The
participant recruitment process is presented in a flow-
chart (Fig. 1). In the initial stage, research permission
was obtained from the school administration, and official
permission was obtained from the National Education
Directorate to which the school was affiliated (Reference
Number: E-43996270-44-63592582 Date: 15/11/2022).
The school administration provided information about
the research protocol and process to teachers and student
groups. Voluntary and parental consent forms were dis-
tributed to all students. Informed consent was obtained
from the parents or legal guardians.

Based on previous studies [7, 8, 11], we performed a
priori sample size calculations using Statistical Power
and Sample Size Calculations in R package [34]. Using
the lowest reported correlation coefficient (r=0.24) 7, 8,
11], an alpha level of 0.05, and a power of 0.80, a mini-
mum sample of 133 participants was required. Partici-
pants were selected using a convenient cluster sampling
method. Only those whose parents or guardians provided
written informed consent were included in the study. The
exclusion criteria ensured the selection of typically devel-
oping children and excluded those with documented
medical conditions affecting physical, cognitive, or motor
development, such as neurological or musculoskeletal
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disorders. Additionally, children who were unable to
complete the required assessments due to illness or other
health issues, those absent during critical stages of data
collection, or those who withdrew from the study were
excluded. A total of 152 children from this kindergarten
were invited to participate in this study. Among them,
139 (78 boys and 61 girls) met the eligibility criteria and
were included in the final sample.

Study procedure

This cross-sectional study involved conducting multiple
assessments over two consecutive days to reduce partici-
pant fatigue and enhance the quality of the data collected.
The study followed a fixed test order with defined time
intervals to ensure consistency and reliability in data col-
lection. The researchers provided both theoretical and
practical explanations of the test and measurement pro-
tocols to the participants before the assessments. On the
first day, testing was started between 09:30 and 11:00.
Firstly, participants completed a form capturing their
descriptive characteristics, followed by the administra-
tion of the Go/No-Go test to assess executive function.
Anthropometric measurements including height and
body weight were recorded. The first day also included
motor coordination tests, specifically KTK3 + tasks.

On the second day, all tests were conducted between
09:30 and 11:00 to minimize the effects of circadian
rhythms on performance outcomes. Assessments of PF
were conducted, included balance performance mea-
surements, the agility test (Pro-Agility Test), and the
Countermovement Jump (CM]J) test. The tests were
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administered in the same order to all participants to
ensure consistency. Prior to the PF assessments, partici-
pants underwent a standardized warm-up consisting of
5 min of jogging and 5 min of dynamic stretching. Cool-
down exercises were performed after the completion of
the tests.

Assessments

Body composition Assessment

The height (cm) was measured using a Mesilife 13,539
portable stadiometer with an accuracy of 0.1 cm. A stable
eight-polar tactile electrode bioelectrical impedance ana-
lyzer (Tarti Fast, Japan) was used to measure body mass
(kg). The validity of this bioelectrical impedance ana-
lyzer has been previously reported [35]. Body mass index
(BMI) (kg/m?) was calculated by dividing body mass (kg)
by body height squared (m?).

Inhibitory control (IC) assessment

The Go/No-Go Test was used to assess IC using mea-
sures derived from the psychometrically validated Early
Years Toolkit for preschool children [36].The convergent
validity of the IC measurement showed a strong rela-
tionship with the commonly used and structurally simi-
lar NIH Toolbox for this age group [37, 38] (r (80) =0.40,
p<0.001). Additionally, internal consistency analyses of
the Go/No-Go task revealed good reliability for the “Go”
stimulus (Cronbach a=0.95) and the “No-Go” stimulus
(Cronbach’s « =0.84) [36].

The Go/No-Go test assesses the ability to inhibit and
control behavioral impulses [39]. This test was admin-
istered on an iPad, and the children were expected to
respond appropriately to the displayed fish and sharks on
the screen. Following predetermined protocols [40, 41],
during the “Go” trials, a fish is displayed on the screen,
and children are expected to respond by touching the
screen (“catching the fish”). However, during the “No-Go”
trials, a shark is displayed, and children are instructed
not to touch the screen (“don’t catch the sharks”). The
majority of stimuli used in the test (80%) are “go” tri-
als (fish), creating a pre-existing tendency to provide a
strong response. Therefore, participants need to inhibit
this strong response during “no-go” trials (20% sharks).
Reaction time (RT) was measured as the time taken to
respond to the “Go” stimuli and recorded in milliseconds
(ms) with an accuracy level of +1 ms, ensuring precise
and reliable measurements. This measure is commonly
used to assess processing speed, attention, and efficiency
of cognitive control. In a Go/No-Go test, the accuracy
number (AC) can be expressed in both formats, either as
a percentage (%) and typically calculated as Accuracy =
( Correct Responses divided by Total Responses x 100)
or as the absolute number of correct responses (n). In
our study, we opted to report the absolute counts (n) as a
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continuous variable. This decision was based on the spe-
cific analytical framework of the study, in which the raw
count of correct responses provided greater granularity
for statistical modeling and interpretation.

Upon the initiation of the test trials, the initial rounds
were used to familiarize the participants with the task
and provide practice opportunities. Participants com-
pleted 20 practice trials, followed by 75 test trials, divided
into three blocks of 25 stimuli each. RT and AC were
recorded as the key measures. The total test duration was
approximately 5 min per participant, including instruc-
tions and breaks [42]. Each stimulus was displayed on the
screen for 1.50 s, followed by a 1.00-second break before
moving on to the next stimulus.

Motor competence (MC)

Motor competence performance and levels were deter-
mined using the Korperkoordinationstest fiir Kinder
(KTK) test battery. The KTK test was initially developed
by Kiphard and Schilling in 1974 and modernized in 2007
[43, 44]. To evaluate children’s and adolescents’ MC, the
KTK3 [43, 44], including tasks to evaluate Eye-Hand
Coordination (EHC) [45]. KTK3 has been used to evalu-
ate general gross motor coordination [46].The global use
of these well-proven, dependable, and product-oriented
(quantitative) test instruments is common [44].

The KTK3 consists of three components that assess
MC. Jumping Sideways (JS) in which the participants are
required to jump laterally over a wooden slat using both
feet for a duration of 15 s. The final score was determined
by the total number of jumps completed in the two tri-
als. In the Moving Sideways (MS) test, the participants
moved laterally along a straight line using two wooden
platforms for 20 s. The score was based on the sum of the
number of successful platform placements and the num-
ber of steps taken on the platforms during the two tri-
als. In Backward Balancing (BB), participants performed
balance tests on beams of decreasing widths (6, 4.5, and
3 cm), with three attempts per beam. A maximum of
eight steps per trial on each beam are recorded, leading
to a total possible score of 72 steps. The test battery was
revised by Platvoet et al. [45] and was named KTK3+.
The KTKS3 +test included BB, MS, JS, and EHC tasks.
This assessment involves rapidly alternating between
throwing and catching a tennis ball with both hands (e.g.,
tossing with the left hand and receiving with the right,
and then vice versa) for a duration of 30 s. The partici-
pants stood 1 m away from the wall during the test. They
were instructed to aim the ball at eye level toward a 1 m®
square taped on the wall, with the square’s bottom edge
positioned 1 m above ground level [47]. Performance was
scored based on the number of successful catches out
two attempts at 30 s [45, 48]. The KTK3 + test scoring sys-
tem involves summing the raw scores for each test item
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and converting them into a Motor Quotient (MQ) based
on age, sex, and test item using separate means and stan-
dard deviations for boys and girls. As reported by Canli
et al. [49], the Turkish version of the KTK3 + showed high
content and construct validity, with appropriate confir-
matory factorial validity indices (x*=0,370, x* /df=0,995,
GFI=0,999, AGFI=0,994, CFI=1,000, RMSEA =0,000).
Factor analysis with multidimensional scaling demon-
strated that the one-dimensional model provided the
best fit, with all test items correlating to the same latent
construct: “MC” This was further supported by mod-
erate-to-good correlations between all four test items
(r=0.453-0.799) [48].

Physical fitness (PF)

Balance performance

Balance levels were assessed using the SensBalance Mini-
board (Sensamove, Utrecht, Netherlands), a dynamic
platform equipped with high-precision sensors that mea-
sure postural sway and weight distribution. The mea-
surement device used was based on an innovative and
non-intrusive technology that records data in real time
and can save them in data files, Excel files, and graphi-
cal formats. The described measurement device allows
testing not only static and dynamic balance but also pro-
prioceptive balance related to ankle range of motion [50].
Static balance measures the ability to maintain a stable
position while standing still. It detects subtle shifts in the
weight distribution and provides feedback on the abil-
ity to control these movements. Children were asked to
stand as still as possible on the Miniboard for a set dura-
tion, typically approximately 30 s. They were instructed to
maintain their posture without significantly shifting their
weight. Dynamic balance (bipodal and unipodal) was
assessed as the ability to maintain balance while perform-
ing movements or responding to changing conditions.
This includes horizontal (left-right) and vertical (forward
and backward) shifting weights, simulating real-life situa-
tions in which balance is required. The percentages indi-
cate performance levels and the average measurements of
four-directional (side-to-side) oscillations in degrees [50].
The results included average oscillations in degrees for
each direction (horizontal and vertical), and performance
levels expressed as percentages (%). The performance
level (%) was calculated as (1-Maximum Allowable
Oscillation divided by the Measured Oscillation Ampli-
tude x100).

Agility test (pro-agility test)

The Pro-Agility Test (also known as the 20-Yard Shuttle)
is designed to measure quick directional changes and
acceleration. Three markers ( cones) were used in this
study. The central marker was positioned at the starting
line. Two additional markers were placed at a distance of
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five yards (4.57 m) on either side of the central marker.
Telemetric chronometer sticks (Sinar Fotocell, Karabuk,
Turkey) were set up at the central starting line to accu-
rately measure the time elapsed during the test. At the
start, they touched the marker on the right side first, fol-
lowed immediately by touching the marker on the left
side. The test was concluded when the participant passed
the starting line. The time for the entire sequence (right
marker — left marker — back to the start) was measured
using the telemetric chronometer system, ensuring pre-
cise measurement of the elapsed time. All measurements
were performed twice. A rest interval of 2—-3 min was
provided between measurements, and the shortest time
(in seconds) of both measurements, with seconds repre-
senting the unit and its accuracy [51].

Countermovement jump (CMJ)

Jump performance was measured using an accelerom-
eter system (IVMES; Ankara, Turkey). The device was
attached to a belt and was fixed vertically to the middle of
the waist. The participants were instructed to avoid invol-
untary movements that could affect the jumping height
in the vertical plane during the jump. During the test,
participants were encouraged to jump as high as possible.
The test protocol allowed the arm swing to mimic natu-
ral jumping conditions. In addition, the participants were
instructed to ensure that their legs remained extended
during the flight phase to optimize the consistency of the
measurements. The system records acceleration in the
vertical plane throughout the jump, starting from the ini-
tial countermovement phase (bending the knees) to the
take-off and flight phase, and finally landing. The test was
conducted twice with rest intervals between attempts set
at 30-60 s. Raw acceleration data captured by the device
were processed to calculate the jump height. This trans-
formation is typically performed using kinematic equa-
tions, in which the maximum vertical velocity achieved
during the jump is used to estimate the height reached.
Jump heights were measured in centimeters (cm) with
an accuracy of £0.1 cm, ensuring precise measurement
for statistical analysis. The highest jump performance in
both trials was used for statistical analysis [52].

Statistical analysis

We analyzed the data using the R language-based
Empower Stats software for statistical analysis. Prior to
the primary analysis, screening for normality and outliers
was performed using the Shapiro-Wilk test. Descriptive
statistics, including mean and standard deviation, were
computed for all outcome variables.

The scores for each index were transformed into stan-
dard scores, with a mean of 50 and standard deviation
(SD) of 10. As the agility test had a negative correla-
tion with speed, the score was multiplied by -1 and then
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standardized. The standard score formula for PF and MC
was as follows: T = [(X-M) / SD] x 10+50 (where X is
individual performance and M is the mean). The sum
of each standard score was recorded as the Physical Fit-
ness T-score (PFT), defined as (T gy + T iatic balance +
dynamic balance T L cmy)- The Motor Competence T-score
(MCT) was recorded as: (T-BB + T-JS + T-MS + T-EHC).

The relationship between PFT, MCT and their compo-
nents, and IC (AC and RT) was tested. Model 1 is tested
without any adjustments and Model 2 is adjusted for age,
sex, and BMI. A linear regression model was used to test
the relationship between the independent variables (PF
components (agility, static balance, dynamic balance,
and CMJ), MC (BB, JS, MS, EHC), PFT, and MCT) and
dependent variables (IC components (AC go, AC no go,
and RT] ) for Model (1) Multiple linear regression model
used to test the relationship between the independent
variables (PFT (agility, static balance, dynamic balance
and CMJ), MC components (BB, JS, MS, EHC), PFT,
MCT and dependent variables (IC components (AC go,
AC no go and RT) for Model (2) Model 1 is tested with-
out any adjustments and Model 2 is adjusted for age, sex,
and BMLI. A total of 30 regression models were tested.

For categorical regression analysis, independent vari-
ables such as PF components (agility, static balance,
dynamic balance, and CMJ) and MC components (BB,
JS, MS, and EHC) were divided into tertiles (T1-T3),
with T1 representing the lowest tertile. The relation-
ships between these independent variables and IC were
assessed.

PFT and MCT were categorized into tertiles. Cat-
egorization into tertiles (T1-T3) was used for analysis,
where T1 represented the lowest tertile. The relation-
ships between tertiles, continuous variables, and IC were
examined. The results demonstrated that PFT, MCT,
and their components were significantly associated with
AC and RT after adjusting for age, sex, and BMI. PFT,
MCT, and their four components showed a relationship
between AC and RT after adjusting for age, sex, and BML
Additionally, pairwise linear regression was used to test
for nonlinear relationships and threshold effects between
PFT, MCT, and IC. Statistical significance was set at
p<0.05.

Results

Participant characteristics

A total of 139 preschool children (78 boys, 61 girls) were
included in the statistical analysis. The average age of the
boys and girls was similar (Table 1). Boys had a slightly
greater average height (114.45+4.70 cm) than girls
(113.07 £5.07 cm). The mean weight was 21.41+3.58 kg
for boys and 20.44 + 3.89 kg for girls, with an overall aver-
age of 20.99 +3.74 kg.
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Physical fitness (PF) indicators

Among the PF indicators, only static balance was sig-
nificantly higher in girls than in boys (p=0.018) CM]
were not significantly different, with boys averaging
19.46£3.97 cm and girls 18.91+3.11 cm (p=0.375) and
agility was comparable between boys and girls, resulting
in an overall mean of 9.47 +0.92 s (p=0.247).

Motor competence (MC) tasks

Significant differences were found in BB and EHC tasks.
Girls performed better in BB (25.93+9.59) than boys
(21.31+£9.60) (p=0.006). In EHC, boys achieved higher
scores (4.96+6.61) than girls (3.13+2.70) (p=0.028). No
significant differences were observed in the JS and MS
tasks.

Inhibitory control (IC) tasks

For IC tasks, significant differences were found in “No
Go” accuracy, where girls scored higher than boys
(12.15+2.38 vs. 10.06+3.33, p<0.001). Reaction times
were also significantly different, with girls having longer
RTs (889.51+83.63 ms) than boys (857.35+75.57 ms)
(p=0.019). Accuracy in “go” trials showed no significant
differences between groups (p =0.946).

PFT and MCT scores

The PFT and MCT score did not differ significantly
between boys and girls, with combined averages of
200.00+20.12 and 200.00+20.31, respectively (PFT:
p=0.128; MCT: p=0.399). The detailed values of these
variables are presented in Table 1.

Association between physical fitness, motor competence
and inhibitory control

There was a positive association between static balance
and AC (Go) (=0.086, 95% CI: 0.017, 0.156), BB and
AC (Go) (B=0.139, 95% CI: 0.056, 0.222), BB and AC
(No Go) (B=0.076, 95% CIL:, 0.024, 0.128), JS and AC
(Go) (=0.282, 95% CI: 0.177, 0.387), MS and AC (Go)
(B=0.311, 95% CI: 0.162, 0.460), MCT and AC (Go)
(B=0.079, 95% CI: 0.051, 0.107), MCT and AC (No Go)
(B=0.022, 95% CI: 0.003, 0.041).

However, there was a negative relationship between the
agility and AC (Go) (f=-1.981, 95% CI: -2.838, -1.125),
JS and RT (B=-3.262, 95% CIL: -5.033, -1.492), MCT and
RT (B=-0.497, 95% CI: -0.988, -0.006) and also static bal-
ance had a negative relationship with RT (B=-1.328, 95%
CI: -2.468, -0.188) only after adjustment. After adjust-
ing for age, sex, and BMI, the relationship between BB
and AC (Go) (B=0.146, 95% CI: 0.059, 0.234), JS and AC
(Go) (=0.297, 95% CI: 0.186, 0.407), MCT and AC (Go)
(B=0.085, 95% CI: 0.056—0.115) improved, whereas the
relationship between agility and AC (Go) (p=-2.180, 95%
CI: -3.098, -1.261), BB, and AC (No Go) (B=0.058, 95%
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Table 1 Descriptive data on Anthropometric, Physical Fitness and Motor competence characteristics by gender
Characteristics Boys (n=78) Girls (n=61) Total (n=139)
(z+ Sd) (Z+Sd) (Z+Sd)
Anthropometric Characteristics
Age (years) 5.76+0.30 5.75+0.30 6+1
Height (cm) 11445+4.70 113.07+5.07 113.84+49
Weight (kg) 21.41+£3.58 20.44+3.89 2099+3.74
Body Composition
BMI (kg/m2) 16.31+1.88 15.95+2.02 16.15+1.94
Physical Fitness
Adgility (s) 9.39+0.97 9.58+0.85 9.47+0.92
Static Balance (%) 75.03+11.34 79.82+12.20 77.13+£1193
Dynamic Balance (%) 67.81+16.17 68.95+13.48 68.31+15.01
CMJ (cm) 19.46+3.97 1891+3.11 19.22+3.62
Motor Competence
BB (n) 21.31£9.60 2593+£9.59 2834+£9.83
JS (n) 26.25+7.44 27411721 36.76+7.34
MS (n) 25.37£530 2597 +£545 25.63+£535
EHC (n) 4961661 3.13+2.70 416+5.32
IC
AC (go) (n) 56.27£557 56.33+£4.25 56.29+£5.02
AC (no go) (n) 10.06+3.33 12.15+2.38 10.98+3.12
RT (ms) 857.35+75.57 889.51+83.63 871.47+80.52
PFT 197.70+20.39 202.94+£19.53 200.00£20.12
MCT 198.27+29.17 202.22+19.80 200.00£20.31

Abbreviations: CMJ: Countermovement jump; BB: backward balancing; MS: moving sideways; JS: jumping sideways; EHC: eye—hand coordination; IC: inhibitory
control; PFT: physical fitness T-score; MCT: motor competence T-score; AC: Accuracy number; RT: Reaction Time. Bold font indicates significant differences

CI: 0.005, 0.110) did not improve. There was no statisti-
cally significant relationship between PFT and IC vari-
ables (Table 2).

For categorical linear regression, independent vari-
ables were divided into three groups (T1 to T3, where
T1 was the lowest) as shown in Table 3. For categorical
linear regression, independent MCT was After adjusting
confounders, compared with T1 group, the relationship
between MCT of T2 group and AC (Go) improved to
3.356 (B=3.536, 95% CI: 1.547, 5.525), and between MCT
of T3 and AC (Go) to 3.776 (=3.776, 95% CI: 1.726,
5.826).

There is no significant relationship between PFT and
IC variables and also pairwise linear regression model
does not provide significant threshold to differentiate a
certain point. Between the MCT and IC indicators, only
AC (Go) has significant explanatory power.

The pairwise linear regression analysis revealed a non-
linear relationship between MCT and AC, as depicted
in Fig. 2. The threshold value of 177.321 was determined
using a segmented regression analysis with breakpoint
estimation, which identified the point at which the rela-
tionship between MCT and AC transitioned from posi-
tive to non-significant. This approach enabled precise
identification of the threshold and supported the inter-
pretation of nonlinear relationships. For participants
with MCT scores below 177.321, a significant positive

relationship was observed with a beta coefficient of 0.286,
suggesting that AC increased as MCT scores increased
in this range. Upon adjusting for potential confound-
ing variables such as sex, age, and BMI, the relation-
ship remained significant. Specifically, for every 1-point
increase in MCT, AC increased by 0.309, with a 95% con-
fidence interval of 0.181 to 0.436. This adjustment under-
scores the robustness of the relationship between the
MCT and AC (Go).

Table 4 showed that both Model 1 and Model 2 dem-
onstrated significant overall explanatory power, with R
squared values of 0.29 and 0.30, respectively. The likeli-
hood ratio indicated a significant threshold effect on the
relationship between MCT and AC (Go).

Discussion

This study aimed to explore the relationships between
PF, MC, and IC in preschool children. Significant asso-
ciations were observed between the MCT scores and IC
indicators. Specifically, higher MCT scores were posi-
tively associated with better AC (Go) and AC (No Go).
After adjusting for confounding factors, such as age, sex,
and BMI, these associations remained robust. In addi-
tion, MCT scores were negatively associated with bet-
ter RT. There was no statistically significant relationship
between PFT and IC variables. Among the indicators of
PF, agility had a negative relationship with AC (Go), while
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static balance was positively associated with RT and neg-
atively associated with AC (Go). Additionally, among the
indicators of MC, BB, JS, and MS had a positive correla-
tion with AC (Go) and JS had a negative relationship with
RT. There was a positive association between the MCT-
score and AC (Go) or AC (No Go). However, there was
a negative relationship between the MCT-score and RT.
One of the interesting findings obtained in this study was
the determination of the threshold for motor proficiency
of 177.32. An MC score higher than this value does not
lead to a change in AC (Go) levels, whereas a MC level
below 177.32 causes an increase in AC (Go).

It has been reported that EF in children between the
ages of 3 and 6 years of age are described as a single, uni-
fied component reflecting general cognitive skills [17,
53]. However, after the preschool period, EF seem to start
to decompose markedly into factors such as working
memory, cognitive flexibility and IC [54]. This suggests
that the developmental trajectory of EF is complex and
evolves over time from general capacity to more special-
ized functions [17, 53-55]. Liu et al. [31] observed a sig-
nificant negative correlation between motor skills and RT
of IC in preschool children, emphasizing the interdepen-
dence of motor and cognitive development. In addition, a
significant and moderate correlation was found between
MC and EF [7]. Cook et al. [29] also reported that motor
skills were positively correlated with EFs, especially with
IC. Our results are partially consistent with those of the
previous studies.

Moreover, it is essential to consider the possibility of
improving the MC development in children. Infant motor
development is positively and significantly correlated
with EF performance in healthy adults [56]. Therefore, it
is also possible to speculate that physiological and learn-
ing/developmental mechanisms have an indirect effect
on MC and EF [57, 58]. In this regard, higher levels of
motor skill competence offer a greater motor repertoire
to engage in physical activities and sports [59], and con-
sequently contribute to the development of EF [7]. At this
point, the results obtained in the research also suggest
that they may be attributed to the gains children acquire
from participating in physical activity. It has been high-
lighted that having an MCT-score higher than 177.32 did
not lead to a change in IC indicators in the study. There-
fore, establishing this score as a reference for the assess-
ment of MC in preschool children may be appropriate.
However, it should be noted that further research is still
needed in this regard to draw more conclusive findings.

The findings of the study conducted by Li et al. [26]
showed a negative relationship between PFT scores in
preschool children and RT, an inhibition parameter.
Other studies also indicate that higher PF during the pre-
school period is associated with better RT performance
[51, 60]. However, these findings are not completely
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aligned with those of our study, which demonstrated that
only agility had a negative relationship with and RT, and
static balance levels also had a positive relationship with
AC (Go). The differences between the findings of our
study and those of Li et al. [26], as well as other studies
[51, 60], could be attributed to several factors, such as
differences in study design, sample characteristics, and
the specific physical fitness components assessed.

In this study, no relationship was found between the
inhibition parameters of dynamic balance and CM],
which are considered PF parameters. The lack of a sig-
nificant association between PF and IC, apart from the
positive association with static balance, may stem from
several factors. It is possible that the components of PF
measured in this study were not directly aligned with
the cognitive demands of IC tasks. As a component of
PF, static balance may have a stronger connection to IC
tasks because it requires sustained focus, motor coor-
dination, and postural control, which are closely tied to
cognitive inhibitory processes. Consistent with these
findings, previous research has also reported no sig-
nificant relationship between the peak power of verti-
cal jump and inhibition parameters [23, 26]. However,
a study conducted in rural areas of China found a rela-
tionship between muscle strength and EF in children and
adolescents. Furthermore, individuals with higher mus-
cle strength exhibit shorter executive function reaction
times and a lower risk of developing EF disorders [32].
Generally, the results obtained from various studies sug-
gest a linear relationship between physical activity and PF
[61, 62]. Moreover, engaging in more frequent and regu-
lar physical activity has been shown to positively impact
EF [63, 64].

Strengths and limitations

This study has several strengths. First, we evaluated PF
and MC, and performed a comprehensive assessment
using standardized scores to determine the relationship
between these elements and inhibition parameters. Sec-
ond, we employed multiple linear regression and pairwise
linear regression to uncover the nonlinear relationship
between PF and IC. However, this study had some limi-
tations. The use of a cross-sectional study design and
relatively small sample size are limitations, indicating
the need for larger sample sizes and longitudinal stud-
ies in the future to confirm the relationships between
PF, MC, and IC. The sampling strategy and representa-
tiveness of the preschool-aged study sample should also
be considered, as this could affect the generalizability of
the results. Third, despite controlling for known poten-
tial confounding factors, the level of physical activity
should also be considered and controlled for in future
research. Finally, another limitation of this study is that
the T-scores calculated in this study are sample-specific
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Fig. 2 Relationship between MCT and IC- pairwise linear regression
Table 4 Threshold effect analysis between MCT and AC
MCT AC (Go)
B8 (95%Cl)
Model 1 Model 2
<177.321 0.286 (0.163, 0.409) 0.309(0.181,0.436)
>177.321 0.034 (-0.002, 0.070) 0.035 (-0.003,0.074)
R squared 0.29 0.30
Likelihood Ratio <0.001 <0.001

Abbreviations: AC, Accuracy; MCT, Motor Competence T—score. Bold font indicates significant differences. Model 2 adjusted for age, sex and BMI

and were derived from a specific cohort. This limits their
application for international comparisons. Researchers
should approach the use of these cut-off scores cautiously
across diverse populations, considering potential differ-
ences in cultural, environmental, and socio-economic
factors. Future research should aim to establish univer-
sal standards to enable more reliable comparisons across
populations. The application of such cut-off across differ-
ent populations should be approached with caution due
to potential differences in cultural, environmental, and
socio-economic factors. Further research is needed to
establish universal standards that can enable more reli-
able comparisons across diverse populations.

Conclusions

In summary, no relationship was found between PFT and
IC indicators in preschool children. However, specific
PF components, namely agility and static balance, were
positively associated with IC indicators—agility with AC
(Go) and static balance was negatively associated with
RT. Furthermore, JS, and static balance were negatively
associated with RT, highlighting potential complexities
in the interplay between MC and PF and IC. In contrast,

significant associations were observed between overall
MCT scores and IC indicators, with lower MCT scores
(<177.32) linked to higher AC (Go) scores. These find-
ings highlight the potential importance of MC in sup-
porting IC and executive function development. While
these results emphasize the critical role of MC, the lack
of consistent relationships between overall PF scores and
IC indicators suggests domain-specific effects that war-
rant further investigation. The observational design of
this study limits causal interpretations. Therefore, future
longitudinal studies and intervention-based research are
required to confirm and expand upon these relationships,
particularly to clarify how PF and MC contribute to exec-
utive function in early childhood.

Abbreviations

AC Accuracy

BB Backward balancing

BMI Body mass index

CMJ Counter movement jump(ing)

EF Executive functions
EF Executive functions
EHC Eye-hand coordination
IC Inhibitory control

JS Sideways jumping
KTK Korperkoordinationstest fur Kinder
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MS Sideways movement
MC Motor competence
MCT  Motor competence T-score

PF Physical fitness
PFT Physical fitness T-score
RT Reaction time
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