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Objective: The purpose of this study was to investigate the effectiveness of an active
physical games program designed based on cognitive skills on symptoms of attention and
response inhibition in children with attention deficit/hyperactivity disorder (ADHD).
Methods: The current research was quasi-experimental, consisting of experimental and
control groups. The research population comprised all students with ADHD in Tehran.
The sample group consisted of 26 students with ADHD, aged 8 to 12 years, selected
through targeted sampling. The sample was randomly divided into two groups: a control
group (15 participants) and an experimental group (11 participants). The experimental
group participated in a cognitive active physical program for 10 sessions, while the
control group was placed on a waiting list without receiving any intervention. To evaluate
the sample group, the Conners tests, Stanford-Binet Intelligence Test, and Integrated
Visual-Auditory Test (IVA) were administered. The collected data were analyzed using
multivariate analysis of covariance.

Results: The results indicated a significant positive effect of the intervention program on
the attention and response inhibition of the experimental group (p < 0.01); however, no
significant difference was observed in sustained attention among the sample group (p >
0.05).

Conclusions: The findings of this study suggest that active physical games designed
based on cognitive skills can positively affect attention performance and response
inhibition in children with ADHD.
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Extended Abstract

1. Introduction

Attention-deficit/hyperactivity disorder (ADHD) is a common neurodevelopmental
disorder of childhood characterized by persistent patterns of inattention, hyperactivity, and
impulsivity (Rong et al., 2021; American Psychiatric Association, 2013). Children with
ADHD exhibit impairments in various cognitive abilities known as executive functions
(such as working memory, planning, and organization); however, the most common and
widespread cognitive problems in this group are related to attention and response inhibition
(Barkley, 1997; Hong et al., 2022).

Given the fundamental challenges children with ADHD face in these areas, there is
growing interest among professionals in providing various rehabilitation interventions.
Consequently, most of these interventions emphasize enhancing the child's cognitive skills
(Tomaidis et al.,, 2017). Various interventions have therefore been designed and
implemented to improve attention and concentration in these children (Dupaul et al., 2011).
Examples include cognitive interventions, computer-based cognitive interventions,
neurofeedback, and biofeedback. The research background supports interventions targeting
cognitive skills for improving symptoms of attention-deficit/hyperactivity disorder.

In addition to the studies mentioned, a review of the research indicates that physical
activities can improve cognitive skills by affecting brain function. Some studies have shown
that physical activity improves cognitive function in healthy populations (Peek et al., 2004),
suggesting it may have similar beneficial effects in children with ADHD and could serve as
a complementary or alternative non-pharmacological treatment (Lambs et al., 2020).
Therefore, the aim of the present study was to design a physical intervention program based
on cognitive skills and examine its effectiveness on attentional performance and response
inhibition in children with ADHD.

2. Materials and Methods

The present study used a quasi-experimental design with pretest-posttest measures and a
control group. The statistical population comprised all 8- to 12-year-old children with
attention-deficit/hyperactivity disorder (ADHD) in Tehran. Using purposive sampling, 30
children with ADHD were selected from those referred to active child and adolescent clinics
in Tehran. Participants were randomly assigned to either an experimental group (n = 15) or
a control group (n = 15). The sample group was evaluated using the Conners' Parent Rating
Scale, Stanford-Binet Intelligence Scales, and Integrated Visual and Auditory Continuous
Performance Test (IVA). Collected data were analyzed using multivariate analysis of
covariance.

3. Results
Table 1. The results of the MANCOVA after removing the effect of the pre-test
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Visual attention 120.56 1 8.23 0.01 0.30 0.77

Auditory attention 349.83 1 28.57 0.001 0.60 0.99

Visual response inhibition 380.79 1 33.75 0.001 0.64 1.00

Auditory response inhibition 175.11 1 1470  0.001 0.43 0.95

Sustained visual stability 29.76 1 0.87 0.361 0.04 0.14

Sustained auditory attention 58.42 1 1.62 0.218 0/07 0.22
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The results of the Multivariate Analysis of Covariance (MANCOVA) revealed a
statistically significant effect of the intervention program (group factor) on four dependent
variables: visual attention, auditory attention, visual response inhibition, and auditory
response inhibition (p<0.01). However, the results showed no significant effect on visual
sustained attention and auditory sustained attention (p>0.05). Subsequently, univariate
analyses of covariance (ANCOVAs) were conducted to examine the intervention’s
effectiveness on the total attention score.

Table 2. The results of the ANCOVA for total score

Type III Sum of . Partial Eta Observed
Scales yquuares df F Se Squared Power
Pre-test 367.11 1 7256 0.001 0.75 1.00
Group 99.17 1 19.60 0.001 0.46 0.98
Erorr 116.36 23

After confirming the assumptions of analysis of covariance (ANCOVA), the results for the
total attention score were analyzed. As shown in Table 2, the ANCOVA indicated a
statistically significant difference in total attention scores between the experimental and
control groups following the intervention (F(1,27) = 60.19, p = 0.001, partial n? = 0.46).

4. Discussion and Conclusion

The present study aimed to investigate the effectiveness of active physical games designed
based on cognitive skills. The results showed that this type of exercise had a significant
positive effect on improving the performance of children with attention deficit/hyperactivity
disorder in the areas of attention and response inhibition. These results are consistent with
the findings of other researchers, including Bustamante et al. (2022), Smith et al. (2018),
Bochele-Harris et al. (2018), Abdollahi-Gazari et al. (1400) and Mehrabi-Taleghani, Taheri,
Mashhadi and Vaez Mousavi (2019), regarding the effectiveness of physical and sports
exercises on improving the cognitive performance of children with attention
deficit/hyperactivity disorder. In explaining the above findings, it can be stated that various
mechanisms can be responsible for the improvement of cognitive functions following
physical activities, including changes in brain metabolism, blood pressure, and
catecholamine secretion due to physical activities, which create a suitable environment in
the brain for cognitive functions, including attention (Ludiga et al., 2017; Kashihara et al.,
2009; Sacher et al., 2009).

In other words, since cognitive skills and especially executive functions are related to
physical skills and physical activities, it is hypothesized that improving physical abilities or
increasing physical activities with a direct effect on brain functions can lead to improved
performance in executive functions.

In addition, as mentioned in the findings section, the results of the between-group
analysis of covariance test examining the effectiveness of the intervention program on
response inhibition showed that physical games had a significant effect on improving the
performance of visual-auditory response inhibition in children with attention
deficit/hyperactivity disorder. The results of this part of the study are also consistent with
other research findings in this field, including studies conducted by Lodiga and Ishihara
(2022), Mehren et al. (2019), Lodiga et al. (2017), Tisai et al. (2017), Barenberg et al.
(2011), and Turkizadeh et al. (2022). As mentioned earlier, common neural pathways are
active for the performance of attention and response inhibition (Zheng et al., 2017); as a
result, activities that improve attention can simultaneously target cognitive inhibition and,
consequently, response inhibition.
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However, despite the effectiveness of the intervention program on visual-auditory
attention and visual-auditory response inhibition, the findings of the present study show that
these programs did not have a significant effect on the components of visual and auditory
sustained attention. This finding is not consistent with other research findings in this field,
such as those of Sujata et al. (2020) and Hajar et al. (2019). This inconsistency may be
related to the type and intensity of physical activity used in the intervention program, which
was not sufficient to stimulate sustained attention, because this type of attention requires
energy and long-term concentration; therefore, the results of this study indicate that more
research is needed to understand the complex relationship between physical activity and
cognitive processes, especially sustained attention, and researchers should examine the
effectiveness of these exercises on different aspects of cognitive functions. In other words,
physical activities may have a greater effect on some aspects of cognitive functions and a
lesser effect on others. Therefore, it is suggested that interested researchers in this field
evaluate the effectiveness of this type of exercise on different cognitive functions, especially
cognitive functions such as sustained attention that require energy expenditure over long
periods of time.

Overall, this study showed that active physical games based on cognitive skills can
produce positive improvements in attention and response control performance in children
with attention deficit/hyperactivity disorder. These results can be used as complementary
methods alongside pharmacological and behavioral treatments, especially for parents who
are concerned about pharmacological treatments. Also, these exercises can be implemented
in schools and homes due to their simplicity and attractiveness.

5. Ethical Considerations
Compliance with ethical guidelines: All ethical principles are considered in this article.
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