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ARTICLEINFO ABSTRACT

Keywords: Background: Most children with ADHD have impairments in both the cool (cognitive) and hot
Hot and cool executive (emotional, motivational) aspects of executive functions; however, the interventions focused more
functions, on the cool aspect of these actions.

parent and child, Aims: The present study aimed to investigate the effectiveness of training of hot and cool executive
attention deficit functions at both parent and child levels on executive functions in children with attention deficit
hyperactivity disorder hyperactivity disorder.

Methods: This research was a quasi-experimental study with pretest-posttest control group design.
The statistical population of the present study consisted of all 9 to 12-year-old children with attention
deficit hyperactivity disorder in Rasht who referred to medical-educational-research centers in 2021.
The sample consisted of 26 children with attention deficit / hyperactivity disorder from the statistical
population who were selected through convenience sampling, based on the inclusion criteria. They
were then equally assigned to two (control and experiment) groups. The children in the experimental
group and their mothers each received the hot and cool executive functions intervention program in
10 sessions. The instruments used included Cognitive demographic questionnaire, Canners Parent
Rate Scale (1999), executive functions questionnaire (Gioia et al., 2000). data were analyzed using
analysis of covariance.

Results: The findings showed that training of hot and cool Executive functions at both parent and
child levels improved all components of executive functions in children with attention deficit
hyperactivity disorder (P<0/01).
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Introduction

ADHD is one of the most common developmental
neurological disorders in childhood. this disorder is
characterized by persistent symptoms of attention
deficit, impulsivity, and hyperactivity (Roshannia, et
al, 2021). The neurological basis of this disorder and
Impairment in executive functions is so prominent in
its etiology that it has recently been suggested that
most people with this disorder experience impairment
in executive functions; in other words, ADHD is
essentially a developmental disorder of executive
functions (Ayano, et al, 2020; Roshannia, et al, 2021).
Traditionally, research has looked at executive
functions through a cognitive perspective rather than
considering its motivational and emotional
dimensions. In 2002, an article was published by
Zelazo and Muller that conceptualized it in two
separate but related categories: cool executive
functions (cognitive) and hot executive functions
(mostly emotional). Cool executive functions are
used to solve abstract, logical, and non-emotional
problems, such as cognitive flexibility, inhibition,
and working memory, planning, and
organization(Zelazo & Carlson, 2020; Ferguson,
2021; Zelazo & Carlson, 2012), and hot executive
functions are evoked under remarkable and exciting
motivational conditions(Zelazo & Mu’ller, 2011;
Holfelder, et al, 2020), and it involves guided
cognitive processes such as delaying pleasure and
making emotional decisions(Zelazo & Mu’ller,
2011). although there is a distinction between hot and
cool executive functions, they are part of a
coordinated system that normally works together
(Zelazo & Carlson, 2012). Previous studies showed
that children with ADHD have deficits in hot and cool
executive functions (Shakehnia, et al, 2021; Kappel,
2014). However, executive functions can be
improved through training, and effective intervention
targets both dimensions (Zelazo & Carlson, 2020).
The results of some studies such as (Korpa et al.,
2020) indicate the effectiveness of executive
functions training on improving the performance of
children with ADHD. It has also been shown that
parental involvement in treatment not only
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contributes to the progress of treatment but is also
essential and plays an important role in reducing the
symptoms of ADHD and improving the
neuropsychological function of the child (Tamm, et
al, 2017; DiFederico, 2021). In previous studies,
traditional and cool executive functions were usually
considered and their hot dimensions were usually
ignored, while to achieve the desired performance, it
IS necessary to cultivate both dimensions. In addition,
most of the interventions were child-centered, and
simultaneous intervention on the child and through
parents were rarely performed, and the interventions
performed focused on Parenting education and
positive parenting. due to the lack of research on this
subject, the present study was conducted to
investigate the effectiveness of hot and cool executive
functions at both parent and child levels on the
executive functions in children with ADHD.

Method

This research was a quasi-experimental study with a
pretest-posttest control group design. The statistical
population of the present study consisted of all 9 to
12-year-old children with ADHD referred to medical-
educational-research centers in Rasht city in 2021.
The sample consisted of 26 children with ADHD
from the statistical population who were selected
through the convenience sampling, based on the
inclusion criteria, and were randomly assigned to the
control and experimental groups. The children in the
experimental group and their mothers each received
the intervention program in 10 sessions. The
instruments used included the demographic
questionnaire, the Conners’ Parent Rating Scale, and
the executive functions questionnaire. data were
analyzed using the analysis of covariance.

Results

In the present study, 26 subjects participated in two
experimental and control groups in the age range of 9
to 12 years. Shapiro-Wilkes test is presented to
determine the normality of data distribution in pre-
test and post-test. The results show that Shapiro-
Wilkes statistics are not significant for all variables,
so it could determine that their distributions are
normal. To evaluate the effectiveness of the
intervention program on executive functions, the total
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score of executive functions was evaluated using the
assumptions of univariate analysis of covariance.
First, the homogeneity of the regression line slope
was examined, which show that the interaction
between the conditions and the pre-test subject is not
significant (P = 0.377, F = 0.812). Levin’s test was
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used to evaluate the homogeneity of variance of the
dependent variable and The hypothesis of
homogeneity of errors of both experimental and
control groups was confirmed for the total score of
executive functions (F = 0.812, p <0.05).

Table 1. Results of univariate analysis of covariance, total score of executive functions

Source statistics of changes  Total squares  Degrees of freedom  Average squares F Significance level ETA coefficient
group 1783/932 1 1783/932 199/417 0/001 0/897
CIRTESCUETEMENER L] 1 473/633 52/945 0/001
controlling pretest values
Error - 23 8/946 - - 0/697

According to Table 4, the results of post-test analysis
of covariance of the total score of executive functions
after adjusting the pretest shows that by eliminating
the effect of the pretest score, the effect of
intervention program training on the post-test score of
the total score of executive functions is significant (P
<0.01, Df = 23/1, F = 417/199). The effect size of
0.897 shows that this difference is good. The F-
statistic is the pretest (52.945) which is significant at
the level of 0.001. This finding shows that the pre-test
has a significant effect on the post-test scores of the
total score of executive functions. Based on the final
estimated means of the total score of the executive
functions, the mean of the experimental group is
75.278 and the mean of the control group is 92.337,
and the difference between them is -17.058. it is
noticeable that that the mean score of the
experimental group in the total score of executive
functions is significantly different from the mean
score of the control group. Since the executive
functions Questionnaire measures the difficulty of
executive functions and a low score on it indicates an
improvement in executive functions; It can be
concluded that the use of educational programs
improves the executive functions of children with
ADHD. Multivariate analysis of covariance was used
to determine the effectiveness of the training program
on each of the components of executive functions.
Before presenting the results of this test, the F-
statistic to investigate the assumption of homogeneity
of pre-test and post-test regression slope of the
components of executive functions in the
experimental and control groups was not significant
(P <0.05). Therefore, the regression slope of pretest

and posttest is equal in the two groups. To evaluate
the homogeneity of variance of the dependent
variable, Levin’s test was used for the components of
executive functions. The results show that the
hypothesis of homogeneity of errors of both groups is
confirmed for all components of executive functions
(p <0.05). The results of the test for equivalence of
covariance matrices of dependent variables in the
experimental and control groups showed that the F-
statistic of the Box’s M test (F = 78.771) is not
significant (P <0.05). Therefore, the covariance
matrices are equal in both experimental and control
groups. Bartlett’s Chi-square test is also significant (P
<0.05). According to the results of multivariate
analysis of covariance, the study of the differences
between the experimental and control groups in the
components of executive functions, Wilkes’ lambda
0.026 and the F-statistic (F = 41.51) at the level of (P
= 0.001) is significant. The size of this effect was
0.974 with a statistical power of 1. The results of
analysis of variance between the experimental group
and the control group in the components of executive
functions show that in the inhibition component the
mean of the experimental group (12.238), the mean
of the control group (14.431) and the mean difference
between the two groups (-2.093), in the shifting
component, the mean of the experimental group
(9.89) and the mean of the control group (12.418) and
the difference between the means of these two groups
(2-527), in the emotion control component, the mean
of the experimental group (9.167) and the mean of the
control group (11.217) and the difference between the
means of these two groups (2-5.05), in the initiation
component, the mean of the experimental group
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(8.13) and the mean of the control group (10.562) and
the difference between the means of the two groups
(2-43.1), in the working memory component, the
mean of the experimental group (7.681) and the mean
of the control group (10.088) and the difference
between the mean of the two groups (-2.407), in the
strategic planning component, the mean of the
experimental group (11.457) and the mean of the
control group (13.697) and the difference between the
mean of these two groups (2-239) is significant at the
level of 0.001. In the organizing component, the mean
of the experimental group (7.067) and the mean of the
control group (9.626), and the difference between the
means of these two groups (-2.559) is significant at
the level of 0.01. in the monitoring component, the
mean of the experimental group (7.658) and the mean
of the control group (10.188), and the difference
between the means of these two groups (2-53) is
significant at the level of 0.001. Therefore, it can be
concluded that the educational program improves all
the components of executive functions in children
with ADHD

Conclusion

The present study aimed to investigate the
effectiveness of training of hot and cool executive
functions at both parent and child levels on executive
functions in children with ADHD. The results showed
that executive functions training was able to improve
the executive functions of children with ADHD. The
results of this study are consistent with the results of
previous research (Korpa et al., 2020; Nourani Jorjahi
etal.; Davis etal., 2015; Anders et al., 2015); in terms
of the effectiveness of executive functions training on
improving executive functions and reducing
symptoms of ADHD and improvement of decision
making and adaptive ability. The results can be
explained based on the research of Masha et al
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(2017). The researchers attributed the frequent
presentation of tasks from simple to complex and
repetition and practice to improving the executive
functions of children with ADHD. They explained
that repetitive practice is an important element in
improving executive functions because it has been
shown that the skill of executive functions also
increases, depending on the number of times it is
practiced. In addition, parental involvement is an
important factor, and assignements of executive
functions and play-based activities that target aspects
of self-regulation and parent-child relationships,
when administered in a structured way by parents,
provide a promising approach to improving
functional outcomes and reducing disability in
children with self-regulation deficits (Tamm, et al,
2017). The present research can theoretically pave the
way for future research and join the research related
to this topic. On the other hand, the results of this
study can help behavioral scientists, teachers, parents
of children with ADHD, and other people in
identifying, preventing, and treating children with
ADHD who suffer from deficits in cool and hot
executive function.
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