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ABSTRACT

Il o 0gle ETg [ @] o [ (/=i Developmental  coordination disorder (DCD) is a
neurodevelopmental condition in children. The aim of the present study was to determine

the effect of bilateral coordination training on coordination skills in 7-to-11-year-old
students with DCD.

This quasi-experimental study utilized a pre-test-post-test
design with a control group. Thirty children aged 7-11 years with DCD, as defined
by Wilson et al. (2000), were selected using a purposive sampling method in Ahvaz
city. Following the pre-test, participants were randomly assigned to either the
experimental (n=15) or control (n=15) group. The training protocol was
implemented in the experimental group over eight weeks with three 30-minute
sessions per week. Eye-hand coordination was measured using the Frostig
Advanced Visual Perception Test and a two-hand coordination test. Statistical
analysis involved dependent t-tests and Analysis of Covariance (ANCOVA),

erformed using SPSS version 21. The level of significance was set at P<0.05.

s After intervention, a significant improvement was observed in bilateral
coordination (P=0.001) and eye-hand coordination (P=0.001) in the experimental group.
Based on the findings of the present research, a bilateral coordination
training program can be used to improve the coordination skills of children with DCD.
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Introduction

Developmental Coordination Disorder
D (DCD) is a chronic neurodevelopmental
disorder that leads to deficits in children’s
motor skills and coordination, disrupting their
daily activities such as writing, tying shoelaces, and using
scissors (1). According to the Diagnostic and Statistical
Manual of Mental Disorders (DSM-5), this disorder is
characterized by motor incoordination, such that the
child’s performance is below the expected level for their
age (2). Children with DCD experience difficulties in
balance, visuomotor integration, body awareness, spatial
perception, and particularly bilateral coordination, which
results in clumsiness and frequent falls (3, 4, 5). Bilateral
and hand-eye coordination are essential for academic
success and participation in daily activities, playing a key
role in tasks such as writing, keyboard use, or catching and
throwing a ball. Research has shown that the central
nervous system controls symmetrical movements more
efficiently than asymmetrical ones; therefore, children
with DCD exhibit poorer performance in asymmetric
bimanual coordination tasks (6, 7). In addition to
functional difficulties, this disorder carries physical and
social risks, including an increased likelihood of
overweight, cardiovascular disease, and reduced social
participation (8, 9, 13, 14). Regular and structured physical
activity can improve motor development. Global
recommendations suggest that children engage in at least
60 minutes of vigorous physical activity daily (10, 11). In
line with this, therapeutic exercise programs have been
proposed to enhance motor skills in children with DCD (2,
13). Nevertheless, research findings regarding the
effectiveness of different motor training programs are
inconsistent; some studies emphasize the role of diverse
exercises and training conditions in improving motor
learning (15, 16), while others do not confirm these results
(17). Considering the importance of bilateral and hand—eye
coordination skills and the lack of sufficient research in
this area, the present study was designed to investigate the
effects of bimanual coordination exercises on the motor
skills of students with DCD.

Methods

This semi-experimental study employed a
pretest—posttest design with a control group to
examine the effects of bimanual coordination
exercises on motor skills in students with DCD.
The study population included children aged 7-11
years residing in Ahvaz. Thirty female students
with DCD were selected using purposive sampling
and randomly assigned to experimental and control
groups (15 participants each). Based on power
analysis using G*Power version 3.1.9.4, with a =
0.05, B=0.10, and effect size = 0.25, the minimum
sample size was estimated at 24 participants;

however, 30 participants were included in this
study (20). Inclusion required a DCD diagnosis
based on the Wilson et al. (2000) scale, age 7-11
years, parental and child consent, and the absence
of medication use or comorbid disorders.
Exclusion criteria were lack of cooperation, the
presence of a specific illness, or exposure to
stressful events during the intervention. The
training protocol was conducted over 8 weeks in 24
sessions (three sessions per week), with each
session lasting 30 minutes. The exercises included
bimanual coordination tasks on a star-shaped path
in two conditions: symmetrical (in-phase) and
asymmetrical (out-of-phase). The main goal was to
guide a marker along the black path of the star. No
feedback was provided during practice, except for
reporting time and error count after each attempt.
Exercises were conducted according to the
standard procedure for this task (22). Research
instruments included the advanced Frostig Visual
Perception Test to assess hand—eye coordination
(23, 24) and a specialized device to assess
bimanual coordination, with a reported high
reliability (Cronbach’s alpha = 0.94) (22, 25).
Statistical analysis was conducted using SPSS
version 21. The Shapiro—Wilk test and Levene’s
test were first performed to confirm the
assumptions of normality and homogeneity of
variance, respectively. Paired t-tests were used for
within-group comparisons, and Analysis of
Covariance (ANCOVA) was utilized for between-
group comparisons. The level of statistical
significance was set at P<0.05.

Results

The findings indicated that bimanual coordination
exercises significantly improved motor skills in students
with DCD. Specifically, bimanual coordination in the
experimental group improved from 37.46 at pretest to 51.20
at posttest, which was statistically significant (P = 0.001).
No significant change was observed in the control group (P
=0.742). Between-group analysis also revealed a significant
difference between the exercise and control groups (F =
43.04, P = 0.001), with an effect size of 0.61, indicating a
strong impact of bimanual coordination exercises. The mean
improvement in the experimental group (51.20) compared to
the control group (35.33) was 15.78 units. Furthermore,
bimanual coordination exercises positively affected hand—
eye coordination in children with DCD. In the experimental
group, mean hand-eye coordination scores improved from
60.20 at pretest to 26.13 at posttest (P = 0.001), whereas no
significant change was observed in the control group (P =
0.842). Between-group analysis cnfirmed a significant
difference (F = 22.54, P = 0.001), with the experimental
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group showing a 5.67-unit improvement compared to the
control group.

Conclusion

The results demonstrate that bimanual coordination
exercises effectively improved both bilateral and hand—eye
coordination in children with DCD. These findings suggest
that targeted motor interventions can enhance motor
performance by strengthening neuromuscular adaptations
and improving visuomotor feedback. Possible mechanisms
include activation of the dorsolateral prefrontal cortex
(DLPFC) and its connection with the primary motor cortex
(M1), which play key roles in processing visuospatial
information and guiding precise hand-eye movements.
Bimanual exercises enhance interlimb coordination,
optimize movement cycle timing, and improve selective
attention for complex hand—eye tasks. Additionally, closed-
loop visual feedback and practice under asymmetrical
bimanual conditions facilitate motor learning and skill
consolidation. Despite limitations such as small sample size
and restricted age range, these findings indicate that
bimanual coordination exercises can serve as a practical and
safe approach to improving motor performance, developing
foundational skills, and increasing functional independence
in children with DCD. These interventions may also
strengthen cognitive-spatial function and neuromotor
flexibility, promoting academic success and participation in
daily activities.
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