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ARTICLEINFO ABSTRACT
Keywords: Background and Purpose: Dysgraphia causes some serious problems in writing which is an abstract
Executive functions, and complex activity. Given the relationship between dysgraphia and various cognitive functions,
perceptual-motor skills, this study aimed to evaluate the effectiveness of perceptual-motor skills training on the executive
dysgraphia functions in students with dysgraphia.
Method: This research was a quasi-experimental study with pretest-posttest control group design.
The population included all the students with dysgraphia and aged 8 to 12 who had referred to the
learning disability centers in Rasht during the academic year 2023-2024. From this population, a
sample of 26 students was selected by convenience sampling and then randomly assigned to the
experimental (n=13) and control group (n=13). The experimental group received twelve 45-min
sessions of the Werner-Rini perceptual-motor skills program training, while the control group
underwent the routine training provided by the learning disability center; however, they received a
summary of the intervention at the end of the study. Data were collected by Minnesota Handwriting
Test (1993) and Barkley Deficits in Executive Functioning Scale--Children and Adolescents
(BDEFS-CA) (2012). The data were analyzed using analysis of covariance in SPSS-26.
Results: The results of the data analysis indicated that perceptual-motor skills training led to the
improvement of executive functions (F=28.87, P<0.05) and its components, including self-
management of time (F=8.21, P<0.05), self-organization/problem-solving (F=5.77, P<0.05), self-
control/inhibition (F=6.50, P<0.05), self-motivation (F=11.04, P<0.05), and emotional self-
regulation (F=5.17, P<0.05) in the students with dysgraphia (P<0.05).
Conclusion: Perceptual-motor skills training can enhance brain growth and development by
stimulating neural pathways. Also, it can lead to the improvement of executive functions such as self-
management of time, self-organization/problem-solving, self-control/inhibition, self-motivation, and
Received: 27 Mar 2024 emotional self-regulation in students with dysgraphia by increasing the function of the neural system.
Accepted: 19 Jul 2024 Therefore, it can be considered as one of the key intervention strategies for the rehabilitation of these
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Introduction

Dysgraphia is a disorder characterized by difficulties in writing
at any stage, including the problems in formation and legibility
of letters, letters spacing, spelling, fine motor coordination, rate
of writing, grammar, and composition (1) and it manifests itself
as a disability in handwriting skills, spelling, or a combination
of them during the child's development (2). The term specific
learning disorder with impairment in written expression is
applied to children with writing difficulties who, despite having
normal intelligence, have significant problems in writing,
including illegibility (3). Children with dysgraphia exhibit slow
writing or copying style, which makes the writing process
difficult for the learner (5).

These children exhibit difficulties in motor skills, visual
perception, and a range of cognitive abilities, including
working memory, self-initiating, and inhibition (4). Research
evidence indicates that these children perform poorly in
executive functions compared to typically developing children
(7). Executive functions comprise a set of thinking skills, which
include stopping unwanted responses, flexibility, and recalling
necessary information to solve problems (8). Although these
components operate independently in various aspects, they are
closely interconnected (6), and deficits in any of them can
adversely impact the functioning of other abilities (10). The
dependence of the development of these functions on childhood
necessitates the timely identification and treatment of
weaknesses in executive functions (13).

One of the activities that has recently been undertaken to
improve executive functions is perceptual-motor training (14).
Skills that assist individuals to perceive the sensory information
more cognitively and to process them mentally, while at the
same time enable them to pay more attention to the motor skills
and to direct motor skills in a smooth, coordinated manner
towards achieving a goal, are called perceptual-motor skills
(15). Motor skills training can be utilized as an effective
therapeutic approach for learning in children with disorders
(16). This is because physical activity leads to neurogenesis and
improves the function of memory and hippocampus (20). On
the other hand, delays in perceptual-motor development are
strongly associated with cognitive performance levels in
children (21). Enhancing these skills is essential for generating
coordinated, balanced, and goal-oriented responses (22) and
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influences the executive functions and cognitive processes of
children (18, 23-32). Thus, the present study aims to investigate
the effectiveness of perceptual-motor skills training on the
executive functions of students with dysgraphia.

Method

This research was a quasi-experimental study with pretest-
posttest control group design. The population consisted of male
students with dysgraphia aged 8 to 12 who had referred to
learning disability centers in Rasht during the academic year
2023-2024. The sample included thirty students who were
diagnosed with dysgraphia based on their educational
performance and diagnostic tests conducted by teachers and
psychologists at the treatment centers, according to the fifth
edition of the Diagnostic and Statistical Manual of Mental
Disorders (DSM-5). Participants were selected by convenience
sampling and then randomly assigned to either the experimental
(n=13) or control group (n=13). Before any intervention, both
groups completed the pre-test and then, one week after the
intervention, the post-test was conducted for them. The
intervention program consisted of Werner-Rini perceptual-
motor skills training (41) which was implemented for the
experimental group within twelve 45-min sessions, three times
a week. Meanwhile, the control group received only the
standard training offered by the learning disability center;
however, a summary of the intervention program was provided
to them at the end of the study. During the intervention process,
two participants from each group dropped out due to various
reasons, leaving a final sample of 13 participants from each
group. The inclusion criteria for the study included: written
consent for the participation given by the child’s parents or
legal guardian, while the exclusion criteria included
comorbidity of dysgraphia with other neurodevelopmental
disorders and receiving an intervention like the training
program applied in this research. The research tools included
the Iranian standardized version of Minnesota Handwriting
Test (34, 35) and the Barkley Deficits in Executive Functioning
Scale--Children and Adolescents (BDEFS-CA) (39). Finally,
the data were analyzed using covariance analysis in SPSS-26.

Results

Table 1 shows the descriptive results including the mean scores
and SD of the executive functions and their components at the
pre-test and post-test phases for the sample group.

Table 1. Mean Score and SD of the variables in the experimental and control groups

Variables Pre-test Post-test
Mean SD S-W Sig. Mean SD S-W Sig.
Executive function (total score) Exp. 177.92 37.38 0.92 023 14431 3157 095 053
Con. 149.15 44.04 0.97 0.86 152 3864 094 051
Self-management of time Exp. 35.38 8.65 0.96 0.71 28.46 721 090 015
Con. 2731 553 0.94 0.45 29.08 724 094 052
L . Exp. 33.15 11.23 0.96 0.80 25.54 747 095 059
organization/problem-solving-Self Con. 27.92 9.82 0.93 031 27.92 655 095 054
Self-motivation Exp. 36.00 9.53 0.91 0.19 26.54 708 092 022
Con. 31.54 1052 0.95 0.65 31.69 920 097 083
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8.10 0.94 0.51 35.85 8.26 0.92 0.23
13.76 0.93 0.34 36.31 12.82 0.97 0.85
8.76 0.97 0.91 27.92 8.08 0.98 0.99
9.66 0.94 0.43 27.00 9.78 0.90 0.15

Descriptive results showed that the mean scores of executive
functions and their components in the experimental group
changed from 177.92 in the pre-test phase to 144.31 in the post-
test phase. (Lower score means that the individual has higher
executive function). At the inferential level, besides confirming
the assumptions of both tests, univariate analysis of covariance
(ANCOVA) was conducted to investigate the total score of
executive functions, while multivariate analysis of covariance
(MANCOVA) was used to investigate the significance of
differences found for the components. The results of ANCOVA
for the total score of the executive functions showed that the F-
value for the total score of the executive function variable was
28.87, which was significant at the level of 0.001. Additionally,
the eta-squared coefficient was 0.557, indicating a significant
difference between the experimental and control groups in
executive functions. It is worth mentioning that the corrected
mean score of the executive function at the post-test phase was
132.81 and 163.50, respectively, which is significance at the
level of 0.001. About this result it can be said that the
perceptual-motor skills improve the executive functions of
students with dysgraphia.

Furthermore, to determine the effectiveness of perceptual-
motor skills training on the components of executive functions,
multivariate analysis of covariance (MANCOVA) was used. To
determine the overall effect of the group on the components of
executive functions, Wilks' Lambda test was used. The results
revealed that the effect of the group on the composite score of
the executive function components in students with dysgraphia
at the post-test phase was significant, as shown by Wilks'
Lambda (Wilks' Lambda=0.420, F=4.137, P = 0.015).
Moreover, the results of the test showed that there was a
significant difference between the experimental and control
groups in terms of self-management of time (F=8.21, P=0.01),
self-organization/problem-solving (F=5.77, P=0.027), self-
control/inhibition (F=6.50, P=0.02), self-motivation (F=11.04,
P=0.004), and emotional self-regulation (F=5.17, P=0.035) at
the level of 0.05.The effect sizes for the components of self-
management of time, self-organization/problem-solving, self-
control/inhibition, self-motivation, and emotional self-
regulation were found to be 0.302, 0.233, 0.255, 0.367 and
0.214, respectively. Also, results of the corrected means at the
post-test phase showed that the mean score of the experimental
group in the self-management of time (25.57), self-
organization/problem-solving (23.77), self-control/inhibition
(25.14), self-motivation (24.66), and emotional self-regulation
(33.04) is lower than the control group, i.e. 31.97, 29.69, 29.78,
33.58 and 39.12, respectively. Considering these results, it can
be claimed that the perceptual-motor skills training effectively
improves the executive functions of students with dysgraphia
(because gaining lower scores in the executive functions

questionnaire means that the child has higher executive
functions).

Conclusion

Results of this research show the effectiveness of motor-
perceptual skills on executive functions of students with
dysgraphia, which is in line with earlier studies (23, 27 & 28)
about the importance of motor-perceptual skills training. To
explain these findings, it can be said that planned physical
exercises with higher cognitive focus, including the perceptual-
motor program, lead to engagement and activation of brain
regions related to movement. This may be a reason for this
finding that when the activity of motor areas increases in the
brain of children, their cognitive performance increases too
(20).

In other words, movement serves as the easiest and quickest
pathway for internal exploration and stimulation of brain
potential. Neuroscientists consider motor activity as a stimulus
for neural pathways in the brain, believing that physical
activities influence the growth of brain cells and, by affecting
neurogenesis, induce independent structural and functional
changes in the nervous system. Perceptual-motor exercises
enhance the neurophysiological efficiency and development of
the brain, leading to the improved performance of the nervous
system and cognitive functions (14). Put it in another way, these
skills provide an appropriate opportunity for taking various
sensory inputs from the environment and impact on the
improvement of the interaction between the brain cortex and
the cerebellum; hence, directly and indirectly influencing the
cognitive performance (32). Therefore, one of the appropriate
and essential strategies for positively influencing and
improving executive functions in students with dysgraphia is
perceptual-motor skills training.

Among the limitations of this study, we can mention use of
purposeful sampling, failure to follow-up the results, attrition
of the participants, and use of questionnaire. Therefore, future
researchers are suggested to use random sampling techniques,
consider the follow-up stage for the interventions, and use
performance-based tests besides the executive function
questionnaire. Additionally, it is suggested that part of the class
weekly curriculum be dedicated to the practice of perceptual-
motor skills, and efforts should be made to train the parents and
to ask for their collaboration to consider conducting this
intervention on their children from the very beginning age in
the house, preschool or elementary school. Also, it is
recommended that this intervention be applied formally and
informally to preschool children suspected of having learning
disabilities.
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6. Problem-solving

7. Self-control

8. Self-motivation

9. Emotional self-regulation

10. Coolidge Personality and Neuropsychological Inventory
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1. Content validity ratio (CVR)

2. Content validity index (CVI)

3. Barkley Deficits in Executive functioning scale- Children and
Adolescents (BDEFS-CA)

4. Self-management of time

5. Self-organization
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