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Abstract

The aim of this study was to investigate the effect of aerobic activity with low and
moderate-intensity on executive functions and selective attention in children with ADHD.
The present study was a quasi-experimental study with pre-test and post-test design. The
statistical sample consisted of 20 girls aged 7 to 12 years with attention-deficit /
hyperactivity disorder (ADHD) from an elementary school in district 6 of Tehran city.
They were selected through available sampling and randomly divided into two groups of
low and moderate intensity aerobic activity. The Stroop and Tower of London tests were
used to examine executive functions and selective attention in pre- and post-tests. Data
were analyzed using one-way ANOVA, Tukey post hoc test, and Leven’s test. Results
showed that the moderate-intensity aerobic activity group had better performance in the
studied variables than the low-intensity aerobic activity group (P < 0.05). The results of
the present study confirmed the beneficial effects of aerobic activity with moderate
intensity on children’s executive functions and selective attention. Hence, it is suggested
that researchers, teachers, and community health practitioners use the moderate intensity
of aerobic activity to improve the executive and cognitive functions of children with
attention-deficit / hyperactivity disorder (ADHD).
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Extended Abstract

Background and Purpose

Attention Deficit / Hyperactivity Disorder (ADHD) is a developmental disorder
in attention, impulse control, restlessness, and behavioral management that results
from neurological, sensory, motor, or emotional disorders (1). This disorder is one
of the most common disorders in psychiatry, estimated about 3-5% in children
(2). Studies have shown that most children with ADHD will continue to have
persistent symptoms until adulthood (3). Children with this disorder at primary
school age will be disturbed in many functions related to academic achievement,
such as working memory, mental arithmetic, spelling, internal speech,
comparative reading, verbal psychology, and future written reports. Besides,
motor skills in children with ADHD are significantly lower than in normal
children (4), and imbalance is associated with this disorder (5). Motor
coordination problems are reported in one-third of children with ADHD and affect
both girls and boys (3).

Various studies have shown that physical activity and exercise is one of the most
important methods of managing ADHD (3). In addition to the public health
benefits of physical activity, studies have reported beneficial and sustained effects
of physical activity on cognitive function (4). Finally, due to the fact that today
children are usually attracted to sports such as gymnastics, wrestling, football,
basketball and high-impact games, so their presence in these sports requires
multifaceted attention. During exercise, they should have subtle and complex
movement control, high balance, and attention (6). In previous studies, several
therapeutic and corrective methods have been used in relation to this disorder,
among which we can mention pharmacological and behavioral therapies (7).
Accordingly, exercise and aerobic exercise is one of these treatments. The effects
of exercise and aerobic activity on cognitive function have been reported in
various studies. The results of these studies suggest that the effects of exercise
may be greater in children (8). Therefore, the aim of this study was to investigate
the effect of low and moderate aerobic exercise intensity on selective attention
and executive functions in children with ADHD (7).

Materials and Methods
The present study was a quasi-experimental study with a pretest-posttest design.

Statistical Sample

Participants in this study were 20 students with ADHD (diagnosis based on
medical scale and psychoanalysis) in Tehran who were selected and randomly
divided into two groups of low and moderate aerobic exercise intensity.
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Research Tools

Personal and consent information forms: Before the test, all students’ personal
information form and consent form to take the test were obtained from all their
parents.

Heart rate control belts: Technogym belts were used to control the subjects' heart
rate.

Stroop test: This test was used to assess the subjects' selective attention. The
Stroop test was designed by Ridley Stroop in 1935 to measure response inhibition,
selective attention, cognitive variability, and cognitive flexibility. In the present
study, computer versions of the Stroop test were used. The variables presented in
this test included reaction time, error, interference score and total test time. In this
study, the total test time was examined (9).

The London Tower Test: This test was first designed by Shallice (10) to assess the
programming abilities of patients with frontal lobe injury. This experiment is a
computer program in which the vertebrae are displayed as rings with a three-
dimensional structure (10). This test evaluates executive functions, strategic
planning (organizing goal-oriented movements), and problem solving. The
variables presented in this test include test time, delay time, number of errors,
number of problems solved and total test score. In the present study, the total test
score was examined. The participant's answer is correct when the final position is
reached with minimal movement (11).

1-Mile running /walking aerobic test to estimate aerobic fitness in children: This
test is one of the indirect methods of assessing and measuring maximum oxygen
consumption and is one of the most valid tests to assess aerobic endurance and
cardiovascular endurance in children (12).

Research Procedure

First, the maximum heart rate of individuals was subtracted from 220 by reducing
the age of each person (13). Then, based on the method of low intensity aerobic
exercise (40 -50% of maximum heart rate) and moderate intensity (60-70% of
maximum heart rate), the maximum target heart rate in each of the participants in
the training groups was calculated. The exercise protocol consisted of 8 weeks
(two sessions per week) of aerobic exercise in the form of a one-mile walk /
running test (12). Low to moderate exercise intensity (40-50% of maximum heart
rate) to moderate (60-70% of maximum heart rate) was also measured and
controlled using special belts attached to the subjects' chests (8,12). All sessions
were performed from 8 a.m. to 11 a.m. and all test conditions were the same for
all subjects except the exercise intensity. The exercise program consisted of 10
minutes of warm-up (20-30% of heart rate), 35 minutes of low- and moderate-
intensity aerobic exercise for each group, and 10 minutes of cooling (8,12).
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Furthermore, all participants were tested in the London Tower (executive
functions) and Stroop (selective attention) tests in the pre-test (pre-intervention)
and post-test (post-intervention) stages.

Findings

Describing the demographic characteristics of the subjects showed that 15% of
the participants were 7 to 9 years old, 30% were 9 to 11 years old and 55% of
them were 11 to 13 years old. To analyze the research information, first the pre-
test scores were examined through one-way ANOVA test. The results showed that
the study groups in the pre-test stage did not differ significantly in the evaluated
variables (P > 0.05). The results of one-way ANOVA in the post-test showed that
there was a significant difference between the performance of the groups in both
variables (P <0.05). In addition, the results revealed that there was a significant
difference in the studied groups in the post-test stage (P < 0.05). Then, Tukey post
hoc test was used to determine the pairwise difference between the groups. The
results of the test showed that there was a significant difference between the
moderate and low intensity groups (P < 0.05). Accordingly, the moderate intensity
aerobic exercise group performed better.

Conclusion

ADHD is a chronic and pervasive condition characterized by inadequate levels of
attention development, haste in action, hyperactivity, and a combination of these
traits. Clinical features of attention deficit / hyperactivity disorder included the
difficulty of paying attention to tasks such as academic work, poor impulse control
(such as making noises in class, not waiting in line), and motor restlessness (8).
These behaviors often seem more disturbing in school, where the condition is the
child's attention and limited motor activity for a long period of time. Therefore,
since many active children do not show ADHD, caution should be exercised in
diagnosing it at this age and until entering school, which requires adaptation to a
disciplined and structured environment. Therefore, the aim of this study was to
investigate the effect of low and moderate aerobic exercise intensity on selective
attention and executive functions in children with ADHD. The results of this study
showed that there was a significant difference in the post-test stage in the groups
so that the moderate intensity aerobic exercise group had better performance in
selective attention and executive functions. Based on the studies done so far, the
beneficial effects of exercise on cognitive performance and especially its impact
on executive performance have been confirmed (8,11). Regarding the reason for
the effect of aerobic exercise on selective attention and executive functions of
children with ADHD, it can be stated that aerobic activity leads to improved
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physical and mental performance; Therefore, mental focus on movements
increases a person's attention (6). In this regard, neuro-imaging studies have also
shown that physical exercise increases the strength of alpha and theta waves in
the anterior and central parts of the frontal lobe, and reduces the complexity of
neural imaging patterns, because it reduces the complexity of neural imaging
patterns during relaxation yoga exercises. It leads to the shutdown of unrelated
neural networks while maintaining attention and concentration and preventing the
transmission of disproportionate information. Decreased complexity of neural
patterns in the cortico-frontal regions is also associated with increased attention
control and cognitive processes (10). Accordingly, several studies have shown
that participation in physical activity is positively associated with brain health and
cognitive function throughout life (6).
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Table 1- Mean and standard deviation of cognitive performance scores in the
studied groups
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Table 2 - Results of one-way ANOVA test in the post-test
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