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Objectives: Although aggressive behavior in children and adolescents with attention-deficit/hyperactivity disorder (ADHD) has previ-

ously shown correlations with hyperactivity/impulsivity, few studies have examined its association with inattention or the effect of working memory on aggressive behavior. This study aimed to assess the relationship between inattention and aggressive behavior and the effect of working memory on the relationship between inattention and aggressive behavior in children and adolescents with ADHD.
Methods: Thirty-one children and 26 adolescents with ADHD were retrospectively investigated. The subjects completed the Korean
Wechsler Intelligence Scale for Children-Fourth Edition (K-WISC-IV), the Korean Child Behavior Checklist (K-CBCL), and the Korean
Children’s Depression Inventory (CDI).
Results: Inattention was positively correlated with aggressive behavior in children and adolescents with ADHD and working memory
showed an insignificant correlation. However, working memory had a significant moderating effect on aggressive behavior by interacting with inattention. The moderating effect of working memory manifested when the working memory index score on the K-WISC-IV
was 73.5 points or higher, and it had a significant effect on aggressive behavior.
Conclusion: This study shows that the severity of inattention and hyperactivity/impulsivity should be addressed to provide appropriate
treatment to children and adolescents with ADHD who exhibit aggressive behavior.
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INTRODUCTION
According to the Diagnostic and Statistical Manual of Mental Disorders-5th Edition (DSM-5) of the American Psychiatric Association, attention-deficit/hyperactivity disorder
(ADHD) is a common childhood psychiatric disorder [1].
The main symptoms of ADHD are inattention, hyperactivity, and impulsivity; the onset of ADHD occurs in childhood
before the age of 12 and influences many functional aspects
of life, such as home, school, emotional control, and social relationships [1]. It is important to help children with ADHD
access appropriate treatments and aid them in social adaptation before their symptoms worsen. ADHD symptoms are
known to persist from childhood into adulthood [2]; indeed,
This is an Open Access article distributed under the terms of the Creative Commons
Attribution Non-Commercial License (https://creativecommons.org/licenses/by-nc/4.0)
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although adults do not always meet diagnostic criteria, the
duration of ADHD symptoms in adulthood is reported to be
about 30–70% [3,4].
Among the ADHD symptoms, inattention persists most
often into adulthood [5]. ADHD-inattentive type (ADHD-I)
is frequently seen in girls and has more comorbid internalizing disorders [5]. However, it is difficult for teachers and parents to perceive this characteristic because it is characterized
by hypo-arousal, low activity, and passive social relationships
[6]. Conversely, ADHD-combined type (ADHD-C) is characterized by distraction and sloppy work [7]. If these symptoms persist into adulthood, they are not only associated with
low socioeconomic status, mental illness, and increased dysfunction [5] but also with low academic and work performance,
lack of interpersonal skills, emotional problems, antisocial
behavior, and adaptation difficulties [8].
Inattention is known to be associated with working mem-
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ory in various cognitive domains of ADHD children [9].
Children with ADHD are reported to have various cognitive impairments in various areas, including working memory, executive function, organization, processing speed, and
intelligence [10]. Among these impairments, weakness in
working memory has been attracting attention as an internal phenotype of ADHD [11]. Inattention has been reported
as being more significant among children with low working
memory by the parent report scale of ADHD symptoms [12].
Children with ADHD have been shown to have more inattention in phonological and visuospatial working memories
than healthy control children [10,13].
Aggressive behavior for children with ADHD, although
not included in the diagnostic criteria, is highlighted as one
of the secondary problems in children with ADHD [14]. For
such children, aggressive behavior, defined as hostile, harmful, or destructive behavior [15], is reactive aggression associated with the prefrontal lobe [16]. In an environment that
caused reactive aggression, a group of children with ADHD/
Disruptive Behavior Disorder showed lower activation in the
prefrontal lobe than the healthy control group [17]. The prefrontal lobe is a region closely correlated with persistent attention as well as inhibition [18]. Children with ADHD showed
higher aggressive behavior compared to the healthy control
group in the aggressive behavior scale of Child Behavior
Checklist (CBCL). As with other ADHD subtypes [i.e., ADHD-C and ADHD-Hyperactive/Impulsive type (ADHD-H)],
ADHD-I children showed higher aggressive behavior scores
than the healthy control group [19]. This neurological correlation predicts that aggressive behavior can be a behavioral
problem in children with ADHD who suffer from inattention
as their main symptom [17].
Previous studies have investigated the positive correlation
between aggressive behavior and hyperactivity/impulsivity
in children with ADHD [20]. However, peers, parents, and
teachers often interpret interpersonal behavior due to hyperactivity/impulsivity and social immaturity of children with
ADHD as aggressive behavior [21]. Another previous study
reported that the aggressive behavior of children with ADHD
is more dominant in ADHD-C and ADHD-I children than
in ADHD-H children [19]. Therefore, this study focuses on
inattention persisting more than other symptoms until adulthood [4], the close relationship between inattention and
working memory [11], and the aggressive behavior that is
more dominant in ADHD-I children than ADHD-H children
[19]. Based on the existing research, we hypothesized the following: 1) a positive correlation exists between inattention
and aggressive behavior; 2) working memory influences the
relationship between inattention and aggressive behavior,
serving as a moderating effect; 3) there is a level at which the
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positive influence of working memory manifests.

METHODS
Subjects

This study retrospectively reviewed the medical records
of children and adolescents (n=118) admitted to the university hospital in Seoul, South Korea, from March 2015 to September 2018. Among the subjects, 38 children (age 6–10) and
39 adolescents (age 11–16) were both in- and out-patients who
visited the hospital due to inattention or hyperactivity/impulsivity. They completed a comprehensive psychological test,
including the Korean Wechsler Intelligence Scale for Children-Fourth Edition (K-WISC-IV), the Korean Child Behavior Checklist (K-CBCL), and the Children’s Depression Inventory (CDI). Five children and seven adolescents with
intellectual disability (ID), two children and six adolescents
who scored 22 points (mildly depressed status) or more in
CDI were excluded. This study was approved by the Institutional Review Board at Soonchunhyang University Seoul Hospital (IRB 2018-09-011). Obtaining consent was not necessary
for this study, owing to its retrospective nature.

Measures
Wechsler Intelligence Scale for Children
The Wechsler Intelligence Scale for Children-Fourth Edition (WISC-IV) is an intelligence test performed individually on children and adolescents. The K-WISC-IV evaluates
the cognitive abilities of children and adolescents from age
6–16, and the main outcome is the Full-Scale IQ (FSIQ). Indices include the Working Memory Index (WMI), Processing Speed Index (PSI), Perceptual Reasoning Index (PRI),
and Verbal Comprehension Index (VCI). The score ranges
are 69 and below (extremely low), 70–79 (borderline), 80–89
(low average), 90–109 (average), 110–119 (high average), 120–
129 (superior) and 130 and over (very superior). A trained
clinical psychologist performed the test following the instructions in the manual. This study used the average score of the
four indices and FSIQ indicators standardized in Korea [22].
Child Behavior Checklist
The CBCL measured the emotional and behavioral problems of children and adolescents between the ages of 6 and
18 and was completed by a parent or the child’s primary
caregiver. It was developed by Achenbach and Edelbrock
(1983), and the K-CBCL was standardized by Oh et al. [23].
It comprises 118 items evaluated on a three-point Likert scale,
not at all true (0 points), sometimes or tends to be true (1 point),
or frequently or very much true (2 points). The scales are di-
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vided into a Social Competence Scale and a Problem Behavior Scale. The Problem Behavior Scale has eight subscales
(withdrawn, somatic complaints, anxious/depressed, social
problems, thought problems, attention problems, delinquent
behavior, and aggressive behavior) as well as internalization,
externalization, and total behavior problems. In this study,
data concerning only two of the eight subscales in the problem behavior scale—attention problems and aggressive behavior—were used in the analyses; “attention problems” was
named “inattention.” The higher the score on each scale, the
more severe the symptoms.

The relationship between working memory,
inattention, and aggressive behavior

The results of the correlation after controlling for VCI, PRI,
and PSI (between VCI, PRI, WMI, and PSI, which are subindices of K-WISC–IV) to determine the relationships between WMI, inattention, and aggressive behavior are shown
in Table 3. There was a positive correlation between inattention and aggressive behavior (r=0.58, p<0.001). However,
Table 1. Demographic characteristics of the participants (n=57)
Variable

n (%)

Sex

Statistical analyses

According to the groups of children and adolescents, the
homogeneity of each research variable was verified by using
the Mann-Whitney test. Because VCI, PRI, WMI, and PSI—
the sub-scales of K-WISC–IV—have interaction effects, we
performed a partial correlation analysis to determine the relationship between inattention, aggressive behavior, and WMI
after controlling for VCI, PRI, and PSI. The moderating effect
of working memory on the relationship between inattention
and aggressive behavior was tested using Haye’s PROCESS
Macro Model 1, based on the regression analysis. The statistical significance of working memory by level was tested using the Johnson-Neyman Technique, which specifically suggests a certain area where the moderating effect is significant.
The criterion for statistical significance in the Mann-Whitney test and partial correlation analysis was set at p<0.001.
The moderating effect of working memory was set following
the range of confidence intervals, not including zero. All data
were processed using the SPSS win 23.0 program (IBM Corp.,
Armonk, NY, USA).

RESULTS
Demographic characteristics of the participants

In the final analysis, the data from 57 participants (excluding participants who had ID or depression) were used. The
demographic characteristics are shown in Table 1.

Verification of homogeneity

Table 2 details the difference and homogeneity of the two
groups. The difference between the two groups according to
age was significant (Z=6.51, p<0.001), with 31 for children
(8.55±1.31) and 26 for adolescents (12.46±1.39). The FSIQ
(p=0.591), VCI (p=0.917), PRI (p=0.516), WMI (p=0.872),
and PSI (p=0.841) were all homogeneous even if there were
some differences among children and adolescents.
Inattention (p=0.610) and aggressive behavior (p=0.500)
were also homogeneous in children and adolescents.

Children
Male

19 (61.3)

Female

12 (38.7)

Adolescents
Male

14 (53.8)

Female

12 (46.2)

Age (mean±SD)

10.33±2.38

SD: standard deviation
Table 2. Verification of homogeneity by research variables of children and adolescents with ADHD (n=57)
Variable

n

Mean

SD

Children

31

92.00

16.93

Adolescents

26

93.08

13.31

Z

p

0.54

0.591

0.10

0.917

0.65

0.516

0.16

0.872

0.20

0.841

0.51

0.610

0.67

0.500

K-WISC-IV
FSIQ

VCI
Children

31

97.45

15.11

Adolescents

26

96.54

13.85

Children

31

97.13

18.91

Adolescents

26

96.31

20.96

Children

31

88.65

16.25

Adolescents

26

90.23

16.94

Children

31

89.00

22.19

Adolescents

26

90.31

13.40

Children

31

58.26

7.88

Adolescents

26

59.04

7.57

PRI

WMI

PSI

K-CBCL
Inattention

Aggressive behavior
Children

31

57.03

6.78

Adolescents

26

56.73

8.63

K-WISC-IV: Korean Wechsler Intelligence Scale for Children (fourth
edition), FSIQ: Full Scale Intelligence Quotient, VCI: Verbal Comprehension Index, PRI: Perceptual Reasoning Index, WMI: Working Memory Index, PSI: Processing Speed Index, K-CBCL: Korean
Child Behavior Checklist, SD: standard deviation
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WMI did not have a positive correlation with inattention (r=
-0.52, p=0.711). Furthermore, the relationship between WMI
and aggressive behavior was not statistically significant (r=
0.01, p=0.978).

The moderating effect of working memory

The moderating effect of working memory on the relationship between inattention and aggressive behavior is shown
in Table 4. Although inattention did not affect aggressive behavior [b=-0.88, p=0.171 (-2.16, 0.39)], working memory was
found to have a statistically significant negative effect on aggressive behavior [b=-0.92, p=0.028 (-1.73, -0.10)]. Concerning the moderating effect, it was found that inattention and
working memory interact to have a statistically significant
positive effect on aggressive behavior [b=0.02, p=0.024 (0.01,
0.03)]. VCI [b=0.10, p=0.168 (-0.04, 0.24)], PRI [b=-0.07, p=
0.153 (-0.17, 0.03)], and PSI [b=-0.03, p=0.583 (-0.12, 0.07)],
which are other sub-indices of K-WISC-IV, were found to
not affect aggressive behavior (Table 4). The WMI, which had
moderating effects based on its interaction with inattention,
Table 3. Correlation between working memory, inattention, and
aggressive behavior (n=57)
Variable

Aggressive

WMI

Inattention

r

r

r

0.58*

1

behavior

K-WISC-IV
WMI

1

K-CBCL
Inattention

-0.52

Aggressive behavior

1

0.01

*p＜0.001. K-WISC-IV: Korean Wechsler Intelligence Scale for Children (forth edition), WMI: Working Memory Index, K-CBCL: Korean Child Behavior Checklist
Table 4. Testing the moderating effects of working memory on the
relationship between Inattention and aggressive behavior (n=57)
Variable
Constant

b

SE

t

p

LLCI

ULCI

104.78

38.75

2.70

0.009

26.95

182.61

-0.88

0.64

-1.39

0.171

-2.16

0.39

-0.92

0.41

-2.26

0.028

-1.73

-0.10

0.02

0.01

2.33

0.024

0.01

0.03

K-CBCL
Inattention
K-WISC-IV
WMI
Int_1
K-WISC-IV
VCI

0.10

0.07

1.40

0.168

-0.04

0.24

PRI

-0.07

0.05

-1.45

0.153

-0.17

0.03

PSI

-0.03

0.05

-0.55

0.583

-0.12

0.07

Int_1: the moderating effect of working memory interacted with
inattention to positively affect aggressive behavior, SE: standard
error, LLCI: low limit confidence interval, ULCI: upper limit confidence interval, K-WISC-IV: Korean Wechsler Intelligence Scale
for Children (fourth edition), WMI: Working Memory Index, K-CBCL: Korean Child Behavior Checklist
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was found to be significant [b=0.02, p=0.024 (0.01, 0.03)]. Furthermore, the moderating effect of working memory manifested when the WMI score on the K-WISC-IV was greater
than or equal to 73.5 points and had a significant effect on
aggressive behavior (Fig. 1).

DISCUSSION
This study aimed to understand the effect of working memory on the relationship between inattention and aggressive
behavior in children and adolescents with ADHD. Some significant results were obtained from the analysis. First, among
the sub-indices of K-WISC-IV in children with ADHD, the
mean levels of WMI (M=88.65, SD=16.25) and PSI (M=89.00,
SD=22.19) were low average, which was lower than the mean
levels of VCI (M=97.45, SD=15.11) and PRI (M=97.13, SD=
18.91). Second, inattention in children and adolescents with
ADHD was found to be positively correlated with aggressive
behavior. Third, the moderating effect of working memory
interacted with inattention to positively affect aggressive behavior. Fourth, the positive moderating effect of working memory was found to manifest when the WMI score was greater
than or equal to 73.5 points.
First, among the sub-indices of K-WISC-IV in children
with ADHD, the mean levels of WMI and PSI were low average, which was lower than the mean levels of VCI and PRI.
The correlation between inattention of children with ADHD
and WMI/PSI was reported to be low average in various studies similar to the results of this study. The low level of two subindices were observed in ADHD-I children [24]. However, in
another study that distinguished the sub-indices of WISCIV as predictors of inattention severity and treatment results
in children with ADHD-I, only PSI was reported as a predictive index [25]. In this study, we confirmed the effect of working memory and controlled other cognitive functions that
could interact with it (i.e., PSI, VCI, and PRI). However, the
sample size was small, and this is a single-institution study;
future studies are necessary with larger samples.
Second, inattention in children and adolescents with ADHD
was positively correlated with aggressive behavior. An existing study on aggressive behavior in children with ADHD has
been conducted concerning inattention and hyperactivityimpulsivity [20]. To determine the effect of major symptoms
of ADHD on adult criminal involvement, the authors collected childhood data and adult statuses. As a result, hyperactivity-impulsivity was reported to be relevant, but not inattention [20]. However, aggressive behavior in children and
adolescents with ADHD is not only a problem that can be
seen in ADHD-HI but a behavioral problem of all children
and adolescents with ADHD. Previous studies have report-
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Conditional effect of inattention on aggressive behavior
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1.5

1
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80

83

86

89

92

95

98

101

104

107

110

113

116

119

122

Statistically significant confidential interval
-0.5
Working memory (W)

Fig. 1. The conditional effect of inattention (X) on aggressive behavior (θx→y) as a function of working memory (W). LLCI: low limit
confidence interval, ULCI: upper limit confidence interval.

ed that aggressive behavior is more prominent in ADHD-C
and ADHD-I children than ADHD-HI children [19]. In another study, when the normal group and subtypes of ADHD
were compared, girls with ADHD-I showed higher aggressive behavior than girls with other subtypes of ADHD [26].
The results of our study, which showed a correlation between
inattention and aggressive behavior in children and adolescents with ADHD as in previous studies [19,26], demonstrated that besides hyperactivity/impulsivity, inattention was
also important in the evaluation of children and adolescents
with ADHD.
Third, the moderating effect of working memory and its
interaction with inattention positively affect aggressive behavior. Previous studies focused on the direct correlation between working memory and aggressive behavior [27]. However, this study may have produced different results because
it tried to find the indirect moderating effect on the relationship between inattention and aggressive behavior. Additionally, when using the same variable in the analysis, there may
not be a significant interaction in the moderating effect, even
if there is a significant correlation [28]. Previous studies did
not have any condition to control for other cognitive functions or interact with attention problems. Because the cognitive functions of humans have an interactive effect, it is difficult to ignore the effects of other cognitive functions [29].
Indeed, one previous study reported that damage to the working memory of children with ADHD can affect their processing speed and that slower processing speed played a role in
developing reading disorders [30]. Therefore, controlling for
other cognitive functions and analyzing correlations and

moderating effects can provide important information about
the positive effects of how working memory interacts with
inattention to produce moderating effects on aggression.
Fourth, the positive moderating effect of working memory
was found to manifest when the WMI score was greater than
or equal to 73.5 points. Many studies have been conducted on
the low levels of cognitive function in children with ADHD
[24]. Most of these studies focused on children with ADHD
having weakness or low levels of WMI [11,24]. However, our
results showed that if children or adolescents who have been
diagnosed with ADHD or have inattention, have a level of
WMI that is 73.5 points (borderline) or higher, inattention
manifests clinically aggressive behavior. This finding implies
that the focus should not only be on the low WMI levels of
ADHD children and adolescents but also the fact that working memory affects aggressive behavior by interacting with
inattention. One must be aware of the severity of the children
and adolescents’ inattention when treating their aggressive
behavior.
Despite these significant findings, this study has several
limitations. First, the sample size was relatively small, and
the study was conducted in children and adolescents treated
at a single institution. Therefore, there may be limitations
concerning the generalizability of the results to all children
and adolescents with ADHD. It is necessary to research with
larger samples from multi-institutions in the future. Second,
because this is a retrospective study and we did not exclude
the effects of medication, care must be taken when interpreting the results. At the time of this study, 23 of the children
were taking medication (methylphenidate: seven subjects;
http://www.jkacap.org
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atomoxetine: five subjects; aripiprazole: five subjects; escitalopram: six subjects), and some subjects were prescribed more
than one medication. Therefore, future studies need to be conducted by targeting children and adolescents not on medication or by proactively controlling the medication intake of the
subjects. Third, we did not ascertain the existence of comorbid diseases other than depression. Although the coexistence
of depression in ADHD was excluded using CDI, further studies are necessary to supplement this and evaluate other comorbid diseases. Fourth, we did not discriminate among the
main sub-symptoms of children and adolescents with ADHD.
In ADHD, there are cognitive and behavioral differences between the main sub-symptoms. In the future, selecting only
children and adolescents with inattention will help researchers examine the effect of inattention more thoroughly.

CONCLUSION
This study found that aggressive behavior in children and
adolescents diagnosed with ADHD had a positive correlation with inattention. In addition, working memory had a moderating effect that interacted with inattention to have a positive effect on aggressive behavior. Therefore, inattention and
working memory should be addressed when treating ADHD
children and adolescents with aggressive behavior. Furthermore, it is necessary to confirm the related factors that lead to
aggressive behavior and to identify aspects of aggressive behavior in children and adolescents with ADHD symptoms.
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