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intelligence and investigate its effect on executive functions in children aged 9 to
12 years.

Methods: This quasi-experimental study with a pretest-posttest design and a control
group randomly assigned 40 volunteer female students aged 9-12 years from Karaj
to either motor intelligence training (n=20) or control (n=20) groups using a random
number table. The experimental group participated in a 6-week training program
(three 50-minute sessions per week) based on five components of motor intelligence
(body control, rhythm sensitivity, expressiveness, movement idea generation, and
object manipulation). Executive functions were assessed using the Stroop and
Wisconsin Card Sorting Tests. Data were analyzed using ANCOVA at a
significance level of 0.05.

Results: The motor intelligence group showed significant improvements compared
to the control group, including reduced congruent and incongruent errors, increased
correct responses, decreased reaction times, and improved interference scores on
the Stroop test. On the Wisconsin Card Sorting Test, significant increases in
completed categories and decreases in perseverative and non-perseverative errors
were observed. Effect sizes ranged from medium to large across all components.
Conclusion: Motor intelligence-based training packages can serve as effective
multidimensional interventions for improving executive functions in children. The
application of this approach in school physical education programs is recommended
for enhancing response inhibition, selective attention, and cognitive flexibility in
children.
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I\/Iiddle childhood (ages 9-12)

represents a critical period for both cognitive
and motor integration of physical maturation,
often termed the “"golden period" of human
growth. During this window, executive
functions—higher-order cognitive processes
including response inhibition, working
memory, and cognitive flexibility—emerge
as fundamental predictors of lifelong
academic achievement, social adaptation, and
mental health (Diamond, 2013; Moffitt et al.,
2011). Neuroscientific evidence has revealed
substantial overlap between motor and
cognitive  development. Brain regions
governing motor control, including the
prefrontal cortex and cerebellum, share
significant neural circuitry with areas
responsible  for  executive  functions
(Diamond, 2000; Payne & lIsaacs, 2017). This
interconnection suggests that targeted motor
interventions may simultaneously enhance
both domains. Recent meta-analyses have
reported significant positive associations
between motor competence and executive
functions across cross-sectional,
longitudinal, and experimental designs (Bao
et al., 2024; Li et al., 2025). Furthermore,
cognitively engaging physical activities have
demonstrated immediate and sustained
improvements in executive functions after
relatively short interventions (Winkel et al.,
2025; Simon et al., 2025; Matthias et al.,
2025). In this context, Gardner’s
bodily-kinesthetic intelligence—defined as
the capacity to use one’s body effectively to
solve problems, express emotions, and
manipulate objects—has emerged as a
valuable framework (Gardner & Moran,
2006). Motor intelligence encompasses five
core components: body control, rhythm
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sensitivity, expressiveness, movement idea
generation, and object manipulation (Dos
Santos & Hudain, 2020; Boubekeur &
Kamel, 2023). Despite promising evidence,
significant research gaps remain. Most
conventional interventions focus either
exclusively on cognitive stimulation or
simple physical activity, lacking the
integrated cognitive-motor nature of motor
intelligence training (Amini et al., 2022;
Shamsi Holasu et al., 2023). Within Iran,
limited research has addressed motor
intelligence-based training packages and
their effects on executive functions.
Therefore, the present study aimed to develop
a motor intelligence-based training package
and investigate its effectiveness on executive
functions in children aged 9-12 years.

Methods

Research design

This quasi-experimental study employed a
pretest-posttest design with a control group.

Participants

The statistical population comprised female
students aged 9-12 years from Karaj, Iran.
Following approval from the Provincial
Department of Education, invitation letters
were sent to students and their parents
through three girls' schools in District 3 of
Karaj. Of the 87 initially volunteer students
who met the preliminary criteria, 47 were
confirmed after a full review of inclusion and
exclusion criteria. Among these, 7 were
excluded due to: history of neurological
injury (n=3), incomplete consent form (n=2),
and absence from pretest sessions (n=2).
Ultimately, 40 female students aged 9-12
years were enrolled and randomly assigned to
two groups (20 per group). No attrition
occurred during the intervention. Sample size
was calculated using G*Power version 3.1
(Cohen's f=0.25, a =0.05, power = 0.80) for
ANCOVA (Fixed effects, main effects and
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interactions) with 2 groups, 1 covariate
(pretest scores), and an estimated pretest-
posttest correlation of 0.50 based on previous
similar studies. The minimum required
sample size was 19 per group, and
considering a 10% attrition rate, the final
sample size was set at 20 per group (total N =
40). Inclusion criteria included: complete
physical health, no functional disorders, no
visual impairments, normal color vision
(Ishihara test), no history of
neurodevelopmental  disorders  (ADHD,
learning disabilities, autism spectrum), no
use of psychotropic medications in the past
three months, no history of neurological
diseases, normal physical activity level based
on parental report, and no prior experience
with motor intelligence training. Exclusion
criteria were: absence from more than two
sessions, illness during the intervention, and
lack of consistent cooperation.

Materials

Three instruments were utilized: (1) informed
consent form, (2) health status questionnaire,
(3) Wisconsin Card Sorting Test (WCST),
and (4) Stroop test. The WCST, sensitive to
dorsolateral prefrontal cortex function,
demonstrates strong psychometric properties
with validity exceeding 0.86 and reliability of
0.83-0.85 in Iranian populations (Sadeghi et
al., 2011). The Stroop test, assessing response
inhibition and selective attention, shows test-
retest reliability ranging from 0.80 to 0.91
(Narimani et al., 2013).

Procedure

Following  familiarization,  participants
completed pretest assessments. The motor
intelligence group participated in a 6-week
program (18 sessions, three sessions/week,
50 minutes/session). Each session included
warm-up (10 min), main activities (24 min
across four stations, each 6 min), rest

intervals (6 min), and cool-down (5 min).
Exercise intensity was controlled using the
OMNI scale (RPE: 3-6/10) and target heart
rate (60-75% of predicted maximum).
Progression was designed in three phases:
familiarization (weeks 1-2), strengthening
(weeks 3-4), and integration (weeks 5-6).
Difficulty increased through repetition,
cognitive load (dual-task), and reduced rest
intervals. The control group followed regular
physical education classes with the same
duration and frequency, under the same
environmental conditions. Research assistant
remained blinded to group allocation during
assessments.

Data analysis

Descriptive  statistics (means, standard
deviations) were calculated. Normality was
assessed using Shapiro-Wilk test, and
homogeneity of variances using Levene's
test. Analysis of covariance (ANCOVA) with
pre-test scores as covariate was employed to
analyze motor competence data. Bonferroni
post-hoc tests were used for pairwise
comparisons. All analyses were conducted at
a = 0.05 using SPSS version 26.

Descriptive statistics revealed that the motor
intelligence group demonstrated superior
performance across all executive function
variables compared to controls. ANCOVA
results indicated significant group differences
across all Stroop test variables after
controlling for pretest scores: congruent
errors (F=46.34, p<0.001, n>=0.554),
incongruent errors (F=19.60, p<0.001,
n*=0.346), congruent correct responses
(F=17.53, p<0.001, n>=0.321), incongruent
correct responses (F=103.81, p<0.001,
n?=0.737), congruent reaction time (F=32.30,
p<0.001, n?>=0.466), incongruent reaction
time (F=35.10, p<0.001, 1n?>=0.487), and
interference score (F=61.92, p<0.001,
n?>=0.626). Similarly, WCST analyses
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revealed significant group differences:
completed categories (F=40.83, p<0.001,
n*=0.525), perseverative errors (F=36.64,
p<0.001, 1?=0.498), and non-perseverative
errors (F=41.03, p<0.001, n*=0.526). The
motor intelligence group demonstrated
significantly better performance across all
WCST variables. Effect sizes ranged from
medium to large across all components, with
the motor intelligence group accounting for
32-73% of the variance in executive function
outcomes.

The present study successfully developed a
motor intelligence-based training package
and demonstrated its significant effectiveness
in improving executive functions among
children aged 9-12 years. The motor
intelligence group exhibited significant
improvements in all Stroop and WCST
measures compared to the control group.
These findings align with previous research
demonstrating  the  effectiveness  of
cognitively engaging physical activities and
motor-based interventions for improving
executive functions (Shahi et al., 2021;
Amini et al., 2022; Gandotra et al., 2024;
Latino et al., 2025). The superiority of motor
intelligence training can be attributed to its
emphasis on body control and movement idea
generation, which require continuous
inhibition of dominant responses and
execution of  novel movements—
mechanisms  directly paralleling those
engaged in the Stroop test (Diamond, 2013).
Moreover, the significant improvements on
the WCST are consistent with studies
showing that fine motor and balance skills
correlate with cognitive flexibility (Wen et
al.,, 2025; Gandotra et al., 2024). These
effects are likely mediated through
frontoparietal network efficiency, increased
neural plasticity, and enhanced cognitive
control  mechanisms, although  direct
neurophysiological  confirmation  would
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require further research using EEG, fMRI, or
fNIRS. Alternative explanations should also
be considered: improved performance might
partially result from increased attention from
the instructor, novelty of activities,
motivation, enjoyment, social interaction, or
differences in  cognitive engagement.
However, the presence of a control group and
standardized procedures minimized these
effects to some extent.

This study had limitations, including the
sample being restricted to female students
from one city, voluntary sampling, lack of
blinding, absence of follow-up assessments,
possible practice effects on the Stroop test,
and lack of control over extracurricular
physical activity and socioeconomic status.
Future research should include male
participants, other age groups, clinical
populations, utilize neurophysiological tools,
conduct longitudinal studies with extended
follow-up, and examine dose-response
relationships.

Considering the quasi-experimental design
with random assignment and the limitations
of voluntary sampling, the findings indicate
that the motor intelligence-based training
package significantly improves response
inhibition, cognitive interference control, and
cognitive flexibility in female students aged
9--12 years. However, given methodological
limitations, generalization should be made
with caution. Practical recommendations are
therefore offered as suggestions for future
research rather than broad implementation
guidelines. Further studies with more diverse
samples, stronger designs, and extended
follow-up are needed before widespread
application in school settings can be
recommended. Nevertheless, these results
provide preliminary evidence supporting the
potential of motor intelligence-based
programs as an innovative approach to
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enhancing children’s executive functions
during this critical developmental period.

Keywords: Motor Intelligence, Executive
Functions, Children

Article message

This experimental study examined the
effectiveness of a motor intelligence-based
training package on executive functions in 40
children aged 9-12 years. Participants were
assigned to motor intelligence training or
control groups. Results demonstrated that the
motor intelligence group showed significant
improvements across all Stroop test variables
(reduced errors, increased correct responses,
decreased  reaction  times, improved
interference scores) and Wisconsin Card
Sorting Test measures (increased completed
categories, reduced perseverative and non-
perseverative errors) compared to controls (p
< 0.001), with medium-to-large effect sizes.
These findings support motor intelligence
training as an effective, multidimensional
intervention  for  enhancing  response
inhibition, selective attention, cognitive
flexibility, and working memory in children.
The application of this approach in school
physical education programs is
recommended for promoting children's
comprehensive  cognitive  development
during this critical developmental period.
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