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Abstract

Introduction and Aim: Children with attention deficit hyperactivity disorder have
cognitive weaknesses and deficits. Therefore, the present research was conducted with
the aim of comparing the effectiveness of mental rotation and working memory exercises
on cognitive errors in children with attention deficit hyperactivity disorder.

Methodology: The present study was a quasi-experimental study with a pre-test and
post-test design with a control group. The population of this study was all male and
female students in the second period of elementary school of Kashan city. The sample of
the present study was 60 people who were selected by available sampling method and
randomly assigned into three equal groups including two experimental groups and one
control group. Each of the experimental groups received 8 sessions of 60 minutes with
mental rotation and working memory exercises, respectively, and the control group
remained on the waiting list for training. Data were collected with the SNAP Rating
Scale (Swanson et al., 1981) and the Cognitive Failures Questionnaire (Broadbent et al.,
1982) and analyzed with multivariate analysis of covariance and Bonferroni post hoc test
methods in SPSS-25 software.

Findings: The results of this research showed that both mental rotation and working
memory exercises in compared to the control group reduced cognitive errors (and all its
components, including distraction, memory problems, inadvertent mistakes, and inability
to remember names) in children with attention deficit hyperactivity disorder, and the
effectiveness of the mental rotation exercise method in compared to the working memory
exercise was greater in reducing their cognitive errors (and all its components)
(P<0.001).

Conclusion: According to the results of this study, it is better for psychologists and
counselors to use the mental rotation exercise method to reduce cognitive errors in
children with attention deficit hyperactivity disorder.

Keywords: Mental Rotation Exercise, Working Memory Exercise, Cognitive Errors,
Attention Deficit Hyperactivity Disorder, Children.
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Extended Abstract

Introduction and Aim

Behavioral disorders in children cause challenges and
difficulties in personal and family life, one of which is
attention deficit hyperactivity disorder (Soto et al,
2024). This disorder is one of the most common
psychiatric and neurological disorders and problems
in children and adolescents, which has a great
negative impact on various cognitive, social and
emotional areas on sufferers (Nishida et al., 2026).
Attention deficit hyperactivity disorder is usually
diagnosed during school age and is accompanied by a
persistent pattern of a combination of inattention,
impulsivity and hyperactivity (Lok et al., 2025).

People with ADHD have deficits and weaknesses in
cognitive function, and cognitive errors are common
in them (Levy et al., 2025). Cognitive deficits and errors
are one of the important components of cognitive
function, the role of which has been emphasized in
anxiety and depression, and are defined as
deficiencies, inadequacies, and inability to perform
tasks related to perception, memory, and attention that
a person is normally able to perform (Jiang et al., 2022).
Cognitive error refers to a situation in which a person
is normally able to perform a task or activity, but
another activity prevents or causes inattention and
distraction (Bordini et al., 2025). Cognitive error refers to
cognitive slips in performing simple tasks that a
person can normally perform without error. These
slips are not related to complex problem-solving
processes, errors based on insufficient knowledge, or
motor problems, and the person has an appropriate
and correct plan, but makes mistakes in their
execution (Marchesini et al., 2025).

There are many methods to reduce cognitive errors,
including brain stimulation and neurofeedback, which
are expensive and not available to everyone (Hawes et
al., 2015), but less expensive and accessible methods
include mental rotation exercise (Jost & Jansen, 2024)
and working memory exercise (Necka et al., 2021).
Mental rotation exercise is one of the methods to
strengthen cognitive abilities, especially in the field of
executive functions and spatial visualization (Feldman
et al., 2021), and in addition, it improves planning,
problem-solving, and attention control abilities (Supli
& Yan, 2024). Mental rotation occurs at a constant
speed, and there is a negative relationship between the
angle of rotation of the object and the speed of mental
rotation. In other words, the greater the angle of
rotation of the object, the slower its mental rotation
speed (Timm et al., 2024).

Working memory exercise plays a key role in
information ~ processing and  complex  task
performance, and even improves academic and social
performance (Song et al., 2025). Working memory refers
to the system responsible for manipulating and
temporarily storing information, and its function as a
mental workspace can be flexibly used to support
daily cognitive activities (Calderon et al., 2020). As one
of the important topics in neuroscience, this memory
includes four central executive components, the
phonological loop, the visuospatial plane, and the
event store that connects short-term and long-term
memory functions (Picco et al., 2022). Working memory
exercise is designed to enhance mental capacity and
increase accuracy, attention, and concentration, and
can reduce cognitive problems, deficits, and
deficiencies (Superbia Giumaraes et al., 2022).

Despite the effectiveness of mental rotation and
working memory exercises, there has been no
research or very few studies on their effects on many
variables. Researchers' studies indicate that there has
been little research on the effectiveness of mental
rotation and working memory exercises on cognitive
variables, especially cognitive error, and no research
has been found on comparing their effectiveness on it.
As a result, it is necessary and essential to conduct
research in this field and compare their effectiveness
with each other. As a result, the results of this study
can help experts and planners to compare the
effectiveness of mental rotation and working memory
exercises and improve the scope of knowledge in
educational sciences and psychology in this field.
Considering the above-mentioned materials, the
present research was conducted with the aim of
comparing the effectiveness of mental rotation and
working memory exercises on cognitive errors in
children with attention deficit hyperactivity disorder.

Methodology

The present study was a quasi-experimental study
with a pre-test and post-test design with a control
group. The population of this study was all male and
female students in the second period of elementary
school of Kashan city. The sample of the present
study was 60 people who were selected by available
sampling method and randomly assigned into three
equal groups including two experimental groups and
one control group.

To select the samples, first seven schools were
selected as a sample from different schools, and then
60 students were selected from them as a sample after
reviewing the inclusion criteria for the study using the




convenience sampling method. The inclusion criteria
included having a score higher than 18 on the SNAP
rating scale and a score higher than 50 on the
cognitive impairment questionnaire, willingness to
participate in the study, written parental consent for
the study, no other psychological or psychiatric
disorders, no use of other educational and therapeutic
methods simultaneously, and no history of receiving
mental rotation and working memory exercises. The
exclusion criteria included withdrawing from further
cooperation and absenteeism for more than two
sessions.

Each of the experimental groups received 8 sessions
of 60 minutes with mental rotation and working
memory exercises, respectively, and the control group
remained on the waiting list for training. Data were
collected with the SNAP Rating Scale (Swanson et al.,
1981) and the Cognitive Failures Questionnaire
(Broadbent et al., 1982) and analyzed with multivariate
analysis of covariance and Bonferroni post hoc test
methods in SPSS-25 software.

Findings

In this study, no dropout occurred in any of the three
groups, and analyses were performed for three groups
of 20. Also, the results of the chi-square test to
compare demographic information including gender,
age, and educational level showed that the groups did
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not differ significantly in terms of the three
aforementioned demographic variables (P>0.05).

The results of this research showed that both mental
rotation and working memory exercises in compared
to the control group reduced cognitive errors (and all
its components, including distraction, memory
problems, inadvertent mistakes, and inability to
remember names) in children with attention deficit
hyperactivity disorder, and the effectiveness of the
mental rotation exercise method in compared to the
working memory exercise was greater in reducing
their cognitive errors (and all its components)
(P<0.001).

Discussion and Conclusion

According to the results of this study, it is better for
psychologists and counselors to use the mental
rotation exercise method to reduce cognitive errors in
children with attention deficit hyperactivity disorder.

As a result, the use of interactive games that include
mental rotation exercises can help children strengthen
their cognitive abilities in a favorable and fun
environment. In addition, computer programs, games,
and mobile applications that offer mental rotation
exercises and even working memory can be used as
complementary tools in educational and therapeutic
methods.
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