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Background: Various studies revealed the effectiveness of physical activity training programs on
executive functions in the children with attention deficit-hyperactivity disorder (ADHD). Hence,
examining the impact of the interventional strategies of physical and motor activities on executive
functions in the children with ADHD has had some limitations.

Aims: This study aimed to develop a training package of Physical-Motor Activities and evaluate its
impact on executive functions of children with ADHD.

Methods: The present study was applied in terms of purpose and the method of combined type
(qualitative and quantitative) as the qualitative part of treatment plan and the quantitative part of
quasi-experimental method with unbalanced control group design and follow-up session. Statistical
population in the qualitative section is based on the theories of Barkley (2015) and includes experts
in the field of child motor skills and research published in prestigious journals from 1390 to 1399 for
Persian articles and from 2000 to 2020 for the English articles in the field of motor interventions for
children with ADHD. The quantitative part included all boys with ADHD aged 7-12 years in the
primary schools of the 16" district of Tehran. For sampling among the schools in District 16, four
schools were selected as available, and 30 children with ADHD were identified in those schools and
then randomly assigned to two experimental and control groups (each group including 15 children).
The instruments used in this study were Diagnostic Questionnaires of ADHD (APA 2013) and BRIEF
for the executive functions (Gioia et al., 2000). The children in the experimental group participated
in the training program in 24 sessions of 60 minutes. Data were analyzed using a mixed analysis of
variance.

Results: In the qualitative part, research results showed that the training package had sufficient
content validity in the opinion of experts. In the quantitative part, the results manifested that by
controlling the pre-test, the training package of physical-motor activities caused a significant
improvement in the components of attention, inhibition, and working memory (p <0.001) in the
experimental group compared to control group. However, there was no change in the planning and
organizing components of the experimental group compared to control group (p> 0.001).
Conclusion: Overall the result of the present study showed that physical-motor activities training
program has positive effects on executive functions of children with ADHD.
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Introduction

Children with Attention Deficit / Hyperactivity
Disorder have major deficiencies in most components
of executive functions including impaired consistent
attention, lack of inhibition, impaired working
memory, and poor planning and organization
(Barkley, 2015). Drug therapies can improve the
executive function of these children but do not cause
any lasting structural change in the neurons (Marcus
et al., 2005). Based on Barkley's Behavioral
Inhibition Model, such a treatment is useful for these
children, which occurs in a natural environment and
at a point of performance. For this purpose, special
tools and programs can be used at home and school
and sport situations (Barkley, 2004). Individuals who
engage in physical and motor activities can activate
areas of the frontal and parietal parts of brain which
are involved in executive functions (Neudecker et al.,
2015).

Various studies were conducted on the effects of
physical activity. Piepmeier et al. (2015), in their
research, showed that physical activity has an effect
on the inhibition component of these children, but has
no effect on attention, organization, and planning.
Schmidt et al. (2013) in their study, stated that
physical activity has a significant effect on the
inhibition of these children. Verret et al. (2012) did
not report a significant difference in inhibition in the
behavior of these children after performing a 30
session physical activity program, but the results on
the performance of attention were significant. Ziereis
& Jansen (2015), in their research, showed that
physical activity affects the working memory of these
children. Some researchers believe that physical
activity has greater benefits over executive functions
due to the complexity of tasks which involve
cognitive and motor stimuli, as opposed to activities
which are based solely on the motor or cognitive
(Verret et al., 2012).

Therefore, due to the contradictions in the findings,
as well as the limited evidence that there is a positive
effect of physical activity on executive functions in
these children, the researcher in the present study
seeks to answer the question of whether the
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development of a physical activity training program
can be effective on the executive functions of
attention, inhibition, working memory, planning, and
organization in children with ADHD or not.

Method

The present study was applied in terms of purpose and
the method of combined type (qualitative and
quantitative) as the qualitative part of treatment plan
and the quantitative part of quasi-experimental
method with unbalanced control group design and
follow-up session. Statistical population in the
qualitative section is based on the theories of Barkley
(2015) and includes experts in the field of child motor
skills and research published in prestigious journals
from 1390 to 1399 for Persian articles and from 2000
to 2020 for the English articles in the field of motor
interventions for children with ADHD and the
quantitative section included all boys with ADHD
aged 7-12 years in the primary school of 16th district
of Tehran. In the qualitative part, sampling was based
on keywords and related texts. In the quantitative
section, for sampling among the schools in District
16, four schools were selected as available, and 30
children with ADHD were identified in those schools
and then randomly assigned to two experimental and
control groups (each group including 15 children).
Intrance criteria for children includes normal
intelligence, attention deficit / hyperactivity disorder,
age 7-12 years, male gender, voluntary and parental
consent of the child, no neuromuscular and heart
problems, and effective vision and hearing problems.
Exclusion criteria for children included the
association of this disorder with developmental
coordination disorder, drug use due to interference in
executive functions, and lack of cooperation of
samples in regular attendance at training sessions.
The instruments used in the qualitative section were
extracted texts and in the quantitative section were
Diagnostic Questionnaires of ADHD (APA 2013)
with a reliability of 0.85 and BRIEF for executive
functions (Gioia et al., 2000) with a reliability of 0.93.
The children in the experimental group participated in
the training program in 24 sessions of 60 minutes (12
sessions of basic training and 12 sessions of repetition
and practice), but the control group was not given
training. To analyze the data in the qualitative part,
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the inductive content analysis method was used, and
in the quantitative part, descriptive statistics (mean
and standard deviation) and inferential statistics
(mixed analysis of variance) were used.

Results

In the qualitative section, a review of texts related to
motor physical activity using inductive content
analysis method, 6 main categories of basic motor
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exercises and displacement, balance, deep sense,
coordination, speed and agility, and aerobic were
shown.

In the quantitative section of data analysis, mixed
analysis of variance was used to evaluate the
effectiveness of physical activity training package on
executive functions of attention, inhibition, working
memory, planning, and organization of children with
ADHD.

Table 1. Results of mixed univariate analysis of variance the effect of a physical activity training package on executive functions

Variable Source of change SS DF SM F Sig Effect size
- Within group Stage 268.29 2 134.14 81574 0.001 0.744
Inhibition Stage * Group ~ 274.29 2 137.14 83399  0.001 0.749
Between group Group 440.01 1 440.01 26.703  0.001 0.488
_ Within group Stage 84.27 2 42.13 31.027  0.001 0.526
Attention Stage * Group 103.02 2 51,51 37.933  0.001 0.575
Between group Group 111.11 1 11111 15254  0.001 0.353
_ Within group Stage 13.36 2 6.68 6.423 0.003 0.187
Working Memory Stage * Group 29.76 2 14.88 14310  0.001 0.338
Between group Group 59.21 1 59.21 4.257 0.012 0.206
o Within group Stage 2.47 2 1.23 2.417 0.098 0.709
Organization Stage * Group 0.29 2 0.14 0.283 0.755 0.010
Between group Group 3.21 1 321 0.255 0.617 0.009
_ Within group Stage 10.69 2 5.34 6.648 0.003 0.192
Planning Stage * Group 0.29 2 0.14 0.180 0.836 0.006
Between group Group 2.84 1 2.84 0.142 0.709 0.005

The results of Table 1 show a significant effect for the
group factor, stage and stage interaction with the
group in the inhibition component (Eta2 = 0.749, P
<0.001, F = 83.3), attention (= 0.575 There is Eta2, P
<0.001, F = 37.9) and working memory (P = 0.008,
Eta2, P = 0.001, F = 10/14). But, in the components
of organization and planning, the effect of between
group is not significant.

Furthermore, the results of Ben Foroni post hoc test
showed that in the components of inhibition, attention
and working memory, the difference between pre-test
and post-test, and comparing pre-test and follow-up
pairs in the experimental group was significantly
different (p = 0<001) and the effectiveness of training
was lasting until follow-up. But, the scores of the
components of planning and organizing the
experimental group in the stages of pre-test, post-test
and follow-up were not significantly different (P =
0>001). In the control group, none of the differences
among the scores of components in the measurement
stages were not significant.

Conclusion

In the qualitative part, the research results showed
that the training package had sufficient content
validity in the opinion of experts. One of the salient
advantages of physical activity over other therapies is
using movement-based exercises which due to having
a visible and measurable output, as well as using
physical activity which is itself a symptom of
attention deficit / hyperactivity disorder can be
eliminated Cognitive limitations in these individuals
and provide significant results.

In the qualitative part ,the research results showed
that the educational program improved the executive
functions in children with ADHD in the components
of attention, inhibition and working memory, but had
no effect on the components of planning and
organization. This finding is in line with the research
of Schmidt et al. (2013) in the component of attention,
Chang et al. (2014) in inhibition component, Ziereis
& Jansen (2015) in the working memory component,
and research results of Schmidt et al. (2013),
Piepmeier et al. (2015) in the components of planning
and organizing. Regular physical activity plays a
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crucial role in regulating the attention of these
children by increasing the level of neurotransmitters
in the brain (Gapin et al., 2011). Physical activity also
increases dopamine levels and improves the function
of basal ganglia in the brain, thereby improving
response inhibition (Varma & Raju, 2012) .Besides,
activation of beta-adrenergic receptors by increasing
the norepinephrine transporter due to physical
activity increases the expression of brain-derived
neurodevelopmental factor (BDNF) gene and thus
enhances memory (Hopkins et al., 2011). In
explaining the lack of effect of training program on
the components of planning and organizing, there is
some evidence that not all executive functions are
equally sensitive to the impact of physical activity
(Gapin & Etnier, 2014). Lack of effect of physical
activity on some components of executive functions
may be due to different components of executive
functions which have different growth pathways.
(Best, 2010). Overall the result of the present study
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showed that physical-motor activities training
program has positive effects on executive functions
of children with ADHD.
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