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Background: Cold executive functions, working memory and cognitive flexibility are among the
main cognitive functions that play a role in attention deficit/hyperactivity disorder. Cognitive
rehabilitation has been proposed as an efficacy and non-pharmacological treatment method in
improving and promoting cognitive functions in a wide range of mental and behavioral disorders, but
until now, the efficacy of cognitive rehabilitation of inhibitory control on the cold executive functions
of children with attention deficit/hyperactivity disorder has been less studied despite the importance
and necessity of improving and strengthening these structures.

Aims: The purpose of this study was to investigating the efficacy of inhibitory control cognitive
rehabilitation on cold executive functions such as working memory, cognitive flexibility in children
with attention deficit/hyperactivity disorder.

Methods: The research design was semi-experimental with a pre-test, post-test and follow-up plan
with a control group. The statistical population of the study included male and female students of 7-
12 years of elementary school in Tehran in the academic year 2020-2021 who were suffering from
attention deficit/hyperactivity disorder. The statistical sample included 30 students who were selected
by purposeful sampling, they were randomly assigned to the experimental and control groups. The
SNAP Questionnaire (SNAP-IV, Swanson, Nolan and Pelham, 1980), the Computerized Previous
Multiple Stimulus Test (N-BACK, Kirchner, 1958) and the Wisconsin Computerized Test (WSCT,
Grant & Berg, 1948) were used to collect information. For data analysis, mixed variance analysis
method with repeated measurements and SPSS2, software were used to analyze the data.

Results: The results showed that there is a difference in the performance of the experimental group
and the control group in the components of active memory and cognitive flexibility (P<0.05).
Conclusion: According to the obtained findings, it seems that structured tasks aimed at strengthening
interference inhibition and response to improve cold executive functions, Working memory and
cognitive flexibility help students with attention deficit/hyperactivity disorder.
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Extended Abstract

Introduction

Attention-deficit/hyperactivity ~ disorder is a
neurodevelopmental disorder characterized by a
persistent pattern of inattention, hyperactivity, and
impulsivity that interferes with performance or
development, and these behaviors are more severe
and more frequent than those typically seen in
children of a similar developmental level. (Statistical
Manual of Mental Disorders, 5-TRth Edition, 2022)
Epidemiological studies indicate that attention
deficit/hyperactivity disorder occurs in 7-8% of
children and 2.5% of adults (Sadock, 2015). In
explaining the causes and management of this group
of children, various approaches and factors have been
investigated. One of the important things investigated
in this disorder is executive functions (Poon, 2018).
Executive functions refer to top-down voluntary
neurological processes that are involved in the
conscious and guided control of thought, emotion and
behavior (Veloso, Vicente & Filipe, 2020), for this
reason, in some definitions, it is also referred to as
self-regulation  (Skibbe, Montroy, Bowles &
Morrison, 2019). One of the proposed models for the
organization of executive functions is the distinction
between the control of stimuli related to emotion or
reward (hot) and purely cognitive stimuli (cold)
(Ward, 2019; Nemeth and Chuster, 2020). According
to this theory, cold executive functions include
processes such as active memory, inhibitory control,
and cognitive flexibility, which in terms of the
anatomical location of the brain mainly include the
activity of the dorsolateral prefrontal cortex, and
warm executive functions such as decision making
and time perception, which mainly include the
activity of the frontal cortex. It is the orbitofrontal
frontal and medial ventral prefrontal cortex (Schulze,
M., Coghill, D., Lux, S., & Philipsen, 2021; Sonuga-
Barke, Cortese, Fairchild & Stringaris, 2016; Zelazo,
P.D., & Carlson, 2012; S Sonuga-Barke, Bitsakou &
Thompson, 2010).

In the present study, the main and central functions of
cold, i.e., inhibitory control, working memory and
cognitive flexibility, are the targets, because several
studies have shown that the symptoms of
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hyperactivity and attention deficit are strongly related
to executive function deficits and can be a predictive
factor (Silverstein et al, 2020).

Some studies show that working memory
impairments are more related to inattention
symptoms, while others find them more related to
hyperactivity/impulsivity symptoms (Kofler et al.,
2019); But undeniably, impairments related to
working memory can have a profound impact on a
variety of functions such as academic achievement
(Simone, Marks, Bédard, & Halperin, 2018), emotion
processing (Groves, Kofler, Wells, Day & Chan,
2020), intelligence fluency (Brydges, Ozolnieks &
Roberts, 2017), reading comprehension (Friedman,
Rapport, Orban, Eckrich & Calub, 2017), written
expression (Eckrich, Rapport, Calub & Friedman,
2019), mathematical skills (Friedman, Rapport,
Orban, Eckrich & Calub, 2018) and have an
understanding of theory of mind (the ability to
consider another person's perspective) (Schneider,
Schumann-Hengsteler & Sodian, 2014). These
findings highlight the importance of having a high-
functioning working memory system.

Cognitive flexibility, or the transfer and shifting of
facts or situations, is a core executive function that
includes the ability to quickly and effectivenessively
shift back and forth between mental sets (Irwin,
Kofler, Soto & Groves, 2019); Which is consistent
with another structure called psychological
flexibility, which means adjusting behaviors in
response to environmental changes with the aim of
personal  well-being (Dawson &  Golijani-
Moghaddam, 2020). Developmental studies have
shown that among the executive domains, cognitive
flexibility appears later and has a longer development
course until late adolescence (Cepeda, Kramer &
Gonzalez de Sather, 2001).

Based on the theory of response inhibition and
according to the neurodevelopmental foundations of
this disorder, it can be said that the main executive
function of inhibitory control as the central defect of
ADHD symptoms can play an important role in active
memory and flexibility, so one of the approaches that
can be used to strengthen and train inhibitory control
pointed out, the therapeutic approach is cognitive
rehabilitation, which due to the non-observance of the
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principles governing drugs as the first line of
treatment, the side effectivenesss of drugs and the
search for alternative and complementary treatments
(Ogundele & Ayyash, 2021, Brikell et al., 2019) in In
the last two decades, it has received a lot of attention
because it is a non-invasive treatment, without side
effectivenesss or anxiety (Veloso et al., 2020; Davis,
Bower & Kollins, 2018).

The current research seeks to answer this basic
question: Is the intervention approach of cognitive
rehabilitation of inhibitory control effectivenessive
on the cold executive functions of children with
attention deficit/hyperactivity disorder such as
working memory and cognitive flexibility?

Method

The method of the current research was a semi-
experimental type of pre-test-post-test, follow-up
with the control group. The statistical population of
the research included all the 7-12-year-old male and
female students with attention deficit hyperactivity
disorder in the elementary school of Tehran in the
academic year of 2020-2021. Statistical sample size
(using Gpower software, test power 0.80,
effectiveness size 0.5 and alpha 0.05) was estimated
to be 15 people in each group (experimental and
control). The studied sample was purposefully
selected from the students of elementary schools of
the 5th district of Tehran.

The criteria for entering the research include being in
the age range of 7 to 12 years, having a diagnosis by
a psychiatrist or clinical psychologist for having
attention deficit hyperactivity disorder, not suffering
from other obvious psychological disorders as
diagnosed by a clinical psychologist who has
completed comprehensive child psychotherapy
courses. It is based on the diagnostic and differential
interview according to the criteria of (DSM-5),
unwillingness to take drugs related to attention
deficit-hyperactivity  disorder, not receiving
psychological interventions at the same time, having
the desired cut score of the researcher in the SNAP
questionnaire (SNAP-1V). Having the informed
consent of the child and parents to participate in the
research and having at least basic computer literacy.
Exclusion criteria included failure to follow up
treatment sessions for more than two consecutive
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sessions, receiving psychological, behavioral and
pharmaceutical interventions during the research and
unwillingness to continue treatment.

The SNAP Questionnaire (SNAP-IV, Swanson,
Nolan & Pelham, 1980), the Computerized Previous
Multiple Stimulus Test (N-BACK, Kirchner, 1958)
and the Wisconsin Computerized Test (WSCT, Grant
& Berg, 1948) were used to collect information. For
data analysis, mixed variance analysis method with
repeated measurements and SPSSys software were
used to analyze the data.

Results
A total of 30 male and female students aged 7 to 12

participated in this study. There were 9 boys and 6
girls in the experimental group and 8 boys and 7 girls
in the control group. The mean and standard deviation
of the age of the participants in the experimental
group were 8.20 and 1.52 years, respectively, and in
the control group were 8.40 and 1.35 vyears,
respectively. The type of disorder of 15 people in the
experimental group and 15 people in the control
group was attention deficit hyperactivity disorder
(combined type).

The results of the analysis of variance with repeated
measurement in explaining the effectiveness of the
evaluation of the cognitive rehabilitation
effectiveness of inhibitory control on the working
memory and flexibility of children with attention
deficit hyperactivity disorder are shown in Table 1.
The results of Table 1 show that the implementation
of cognitive rehabilitation of inhibitory control,
working memory and cognitive flexibility of children
with attention deficit hyperactivity disorder has
significantly affected.

Also, the results of Bonferroni post hoc test showed
that the difference between the average scores of the
correct answer and reaction time in the N-BACK test
and the correct answer, total time and inhibition error
in the Wisconsin test in the pre-test-post-test and pre-
test-follow-up stages is statistically significant. But
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the difference of those averages in the post-test-
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follow-up stages is insignificant.

Table 1. Results of analysis of variance with repeated measures

sum of error sum of .

variable Component effectivenesss F P n
squares squares
Group effectiveness 2570/68 3133/16 22/97  0/001  0/451
correct answer effectiveness of time 1092/27 2723/07 11/23  0/002  0/286
interaction effectiveness of
. - 1879/02 4806/58 10/95  0/001  0/281
working group x time
memory Group effectiveness 139117/70 284926/81 13/67  0/001  0/328
TEGTET (i effectiveness of time 108735/53 247291/09 12/31  0/002  0/305
interaction effectiveness of 3351954 529852/84 7006 0/002  0/201
group X time
Group effectiveness 1554/18 6425/64 6/77 0/015  0/195
correct answer effectiveness of time 224/04 2842/33 18/76  0/001  0/401
MSEEIENETEENEESET )y 5241/02 782 0/001  0/218
group x time
Group effectiveness 329891/54 376831/13 24/51  0/001  0/467
cognitive total time effectiveness of time 174353/46 378852/67 12/89  0/001  0/315
flexibility interaction effecFlveness of 299351/32 616837/48 1359 0/001  0/327
group x time
Group effectiveness 224/04 510/58 12/29  0/002  0/305
Residual error effectiveness of time 138/02 236/33 16/35  0/001  0/369
B IO ESEETEES O 170/16 601/82 7192 0/001  0/220
group x time
Conclusion the effectiveness of cognitive rehabilitation on

The purpose of this study was to investigate the
effectiveness of inhibitory control cognitive
rehabilitation on cold executive functions: working
memory, cognitive flexibility in children with
attention deficit/ hyperactivity disorder. The results of
this research on the variable of working memory
show that cognitive rehabilitation of inhibitory
control can have a significant effectiveness on the
working memory of children suffering from attention
deficit hyperactivity disorder.

This result is similar to the findings of similar studies,
the effectivenessiveness of cognitive rehabilitation on
improving working memory (Ayozi et al., 2023); the
effectiveness of inhibitory control training (Aydmune
et al., 2019); The effectiveness of inhibitory control
training with statistical samples of normal children
(Zhao et al., 2018); The effectiveness of computer-
based cognitive rehabilitation on improving
executive functions (soltanipour, parand, hasani
Abharian, sharifyazdi, 2021); With the effectiveness
of computer games on sustained attention and active
memory (Isanejad Bushehri, Dadashpur Ahangar,
Salmabadi, Ashoori, & Dashtbozorgi, 2016); The
effectivenessiveness of cognitive computer games
(Abdi, Arabani Dana, Hatami & Parand, 2013); with
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working memory (Capodieci, Gola, Cornoldi & Re,
2018), consistent with the statistical sample of ADHD
children and it is inconsistent with the researches of
Enge et al. (2014), Thorell et al., (2009), which can
be due to the difference in the nature of the task, the
duration of training, or the nature of the studied
population in the researches (Zhao et al., 2018).

Also, the results of the present research on the
variable of cognitive flexibility show that inhibitory
control cognitive rehabilitation can have a significant
effectiveness on the cognitive flexibility of children
suffering from attention deficit hyperactivity
disorder.; Najian, A., & Nejati (2017) with the
effectiveness of movement-based education; Abdi et
al. (2013) with the effectivenessiveness of cognitive
computer games on cognitive flexibility with a
statistical sample of ADHD children and with the
research of Zhao et al. (2018) and Volckaert & Noél
(2015) is consistent with the effectiveness of
inhibitory control training on cognitive flexibility
with a statistical sample of normal children. Also, the
research of Irvin et al. (2022) aimed at investigating
the effectiveness of active memory training and
inhibitory control on the cognitive flexibility of
ADHD children also showed that inhibitory control
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has a greater effectiveness on flexibility and transfer
than active memory training, which is also important
in this research. Inhibitory control is considered.

One of the limitations of the present study was the
study of the combined subgroup (ADHD-CT) and the
lack of study of attention deficit (ADHD-IA) and
hyperactivity (ADHD-HI) subgroups. Therefore, it is
suggested that other subgroups are also studied or
compared, and also longer follow-ups can be
considered for future studies. Overall, the results
showed that the inhibitory control rehabilitation
package, which includes tasks (in the form of games)
structured with the aim of strengthening inhibitory
control, helps to improve the performance of students
with attention deficit/hyperactivity disorder in the
field of cold executive functions (working memory
and flexibility) and can It should be considered as a
complementary treatment along with psychological
and drug treatments.

Vol. 22, No. 123, June 2023
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