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INTRODUCTION

Attention-deficit/hyperactivity disorder (ADHD), a com-
monly observed behavioral disorder in children and adoles-
cents, is a neurodevelopmental disorder represented by inat-
tention, hyperactivity, and impulsivity. It is characterized by 
difficulties with selective attention, i.e., inhibiting one’s re-
sponses to irrelevant stimuli and selectively responding to 
relevant stimuli, and impediment with sustained attention, 
i.e., maintaining one’s concentration for long periods. Partic-
ularly, it is associated with low performance in tasks requir-
ing high levels of attentional capacity and span [1]. In addi-
tion to attention difficulties, impaired executive function in 
the frontal lobe occur in ADHD [2].

The Comprehensive Attention Test (CAT) is commonly 
used in South Korea to evaluate neuropsychological problems 

in children and adolescents with ADHD. It is a computerized 
continuous performance test (CPT) that evaluates attention 
and can quantitatively measure attention and impulse con-
trol abilities. Yoo et al. [3] standardized the Korean version 
of this test. Although CAT has a high sensitivity in collective-
ly diagnosing ADHD in children and adolescents, proving 
its diagnostic usefulness [4], it has low sensitivity and speci-
ficity for individual behavioral symptoms of ADHD [3].

The Wechsler Intelligence Scale for Children (WISC) is an 
individually administered representative intelligence test 
that reflects the information processing abilities of children 
and adolescents [5]. The fourth edition of WISC (WISC-IV) 
reveals significant differences between children with and 
without ADHD, particularly in General Ability Index (GAI) 
and Cognitive Proficiency Index (CPI) scores [5,6].

Behavior rating scales completed by parents and teachers 
objectively measure the severity of behavioral symptoms in 
children [7]. Among them, the ADHD Rating Scale (ARS) has 
a high validity in discriminating between patients with ADHD 
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and healthy controls, effective when screening for ADHD in 
specific population groups but less effective in precisely di-
agnosing ADHD or evaluating its severity [8]. 

Attention and cognitive function have shown a general in-
teraction in children with ADHD. A study examining the as-
sociation between the Advanced Test of Attention (ATA), a 
commonly used CPT in South Korea, and Korean Wechsler 
Intellegence Scale for Children-fourth edition (K-WISC-IV) 
reported a significant correlation between the Working Mem-
ory Index (WMI) and Processing Speed Index (PSI) of K-
WISC-IV and ATA [9]. However, unlike the CAT used in this 
study, CPTs such as ATA and the Test of Variables of Atten-
tion can only measure simple attentional abilities related to 
vision and hearing. Even if ADHD does not manifest as a sig-
nificant decline in simple attentional abilities in children and 
adolescents, other areas, such as inhibition-sustained atten-
tion, interference-selective attention, divided attention, and 
working memory, may show impairment, which can interact 
with cognitive functioning.

The aim of the present study was to use CAT to explore the 
association between various indices of CPTs and K-WISC-
IV and among parent-reported ARS, CAT, and K-WISC-IV.

METHODS

Participants 
We retrospectively collected hospital data of children and 

adolescents aged 6–17 years who had visited the neuropsy-
chiatric department of a provincial university hospital in South 
Korea for the first time between January 1, 2019, and Decem-
ber 31, 2021. ADHD and comorbid disorders were diagnosed 
by a child and adolescent psychiatrist according to the diag-
nostic criteria in the Diagnostic and Statistical Manual of Men-
tal Disorders-5th edition [10] based on information obtained 
by interviewing the children and adolescents and their par-
ents. Among the children and adolescents, we enrolled those 
who had been administered K-WISC-IV, CAT, or ARS dur-
ing the same period. Children and adolescents whose full-
scale intelligence quotient (FSIQ) of K-WISC-IV was less 
than 80 and those with a history of psychiatric medication 
usage in the past 3 months were excluded from the study to 
rule out the influence of problems other than ADHD on the 
test results. After excluding patients with a history of brain 
disease or serious medical or surgical conditions, 55 partici-
pants were included in the analyses. The study protocol was 
reviewed and approved by the Institutional Review Board of 
the Jeonbuk National University Hospital (2022-03-023).

Instruments 

K-WISC-IV
Unlike the previous edition, WISC-IV [11] comprises four 

main indices: the Verbal Comprehension Index (VCI), Per-
ceptual Reasoning Index (PRI), WMI, and PSI. Furthermore, 
compared to the previous edition, GAI and CPI were calcu-
lated along with the FSIQ, resulting in a higher sensitivity to 
ADHD symptoms in this edition [12,13]. A previous study 
that used WISC-IV reported no significant differences in 
VCI or PRI of children with and without ADHD, whereas 
lower PSI and WMI were noted in children with ADHD 
[11-13]. Therefore, GAI (comprising VCI and PRI) and CPI 
(comprising PSI and WMI) clarify the cognitive character-
istics of children with ADHD [5]. 

CAT
CAT is a computerized CPT that quantitatively measures 

attention and impulse control abilities. It comprises six sub-
tests: inhibition-sustained attention, interference-selective 
attention, divided attention, visual working memory, simple 
visual selective attention, and simple auditory selective atten-
tion. These subsets were evaluated using existing CPTs. The 
combination of tests varied with the child’s age. Three sub-
tests were administered to children aged 4–5 years: simple vi-
sual selective attention, simple auditory selective attention, 
and inhibition-sustained attention. For children aged 6–8 
years, interference-selective attention was added to four sub-
tests, whereas for children and adolescents aged 9–17 years, 
divided attention and visual working memory were added. 
Further, all six subtests were administered. Similar to the 
other CPTs, each subtest calculates four indices: omission 
error, commission error, mean reaction time, and response 
time variability. The participants’ test results were converted 
to age- and sex-standardized to a mean index value of 100 
and a standard deviation (SD) of 15, and the final attention 
quotient (AQ) was calculated. AQ decreased with decreas-
ing concentrations.

ARS
ARS is an 18-item scale completed by parents or teachers 

that is useful when screening for ADHD in population groups 
or evaluating the effect of treatments on ADHD symptoms. 
The total score of the odd-numbered items measures inatten-
tion symptoms, and the total score of the even-numbered items 
measures hyperactivity/impulsivity symptoms. Each item was 
evaluated on a 4-point scale ranging from 0 to 3 points, and 
the total score was calculated by adding the scores of each item. 
Parent- and teacher-reported versions’ scores of ≥19 and ≥17 
points indicate a high possibility of ADHD [14].
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Statistical analysis
In this study, we collected the AQ values of each subscale 

of the CAT, the scores of each subscale of the K-WISC-IV, the 
total score of the ARS, and the sum of the even- and odd-item 
scores. Means and SDs were calculated for all continuous 
variables. We conducted a Pearson correlation analysis to ex-
amine the correlation between the CAT, K-WISC-IV, and 
ARS subscale scores. Statistical analyses were performed us-
ing IBM SPSS 28.0 for Windows (IBM Corp., Armonk, NY, 
USA), and the significance level was set at p<0.05.

RESULTS

Sociodemographic characteristics
We enrolled 55 children and adolescents diagnosed with 

ADHD, including 43 boys and 12 girls, with a mean age of 
9.45 years. Among comorbid disorders, tic disorder (9.1%), 
post-traumatic stress disorder (5.5%), depressive disorder 
(3.6%), anxiety disorder (3.6%), and obsessive-compulsive 
disorder (3.6%) were noted. However, none of the participants 
exhibited symptoms severe enough to require medication.

Indices of K-WISC-IV 
The mean FSIQ score of K-WISC-IV was 92.4±12.2. The 

mean CPI score was 87.7±13.4. The mean GAI score was 99.3± 
11.7. The mean CPI score was the lowest. Regarding cogni-
tive function, the mean VCI score was 98.5±12.9; the mean 
PRI score was 100.0±12.8; the mean WMI score was 90.9±12.5; 
the mean PSI score was 88.1±15.3. The PRI, VCI, WMI, and 
PSI scores are listed in the order of decreasing mean scores 
(Table 1).

Correlation between CAT performance results and 
K-WISC-IV 

Regarding simple visual selective attention, omission er-
rors were positively correlated with FSIQ and CPI scores of 
K-WISC-IV. Commission errors were positively correlated 
with VCI, WMI, FSIQ, CPI, and GAI scores. Response time 
variability also positively correlated with the FSIQ, CPI, and 
GAI scores of K-WISC-IV.

For simple auditory selective attention, commission errors 
were positively correlated with the K-WISC-IV PSI, FSIQ, 
CPI, and GAI scores. Response-time variability was positively 
correlated with the FSIQ and CPI scores of K-WISC-IV.

Regarding inhibition-sustained attention, omission errors 
were positively correlated with the VCI, PSI, FSIQ, CPI, and 
GAI scores. Commission errors were positively correlated 
with the K-WISC-IV VCI, FSIQ, and CPI scores. The mean 
reaction time was positively correlated with the K-WISC-IV 
PSI score. Response time variability was positively correlat-

Table 1. Mean and standard deviation of each index of K-WISC-
IV, CAT, and ARS

Index Score (n=55)

K-WISC-IV
FSIQ 92.4±12.2
GAI 99.3±11.7
CPI 87.7±13.4
VCI 98.5±12.9
PRI 100.0±12.8
WMI 90.9±12.5
PSI 88.1±15.3

CAT
Visual simple selective attention

Omission error 103.0±9.9
Commission error 109.0±14.2
Mean reaction time 89.3±14.3
Response time variability 90.3±16.9

Auditory simple selective attention
Omission error 107.0±7.8
Commission error 108.0±9.9
Mean reaction time 90.0±13.4
Response time variability 101.0±16.2

Inhibition-sustained attention
Omission error 95.0±12.5
Commission error 90.5±19.2
Mean reaction time 90.6±14.6
Response time variability 91.3±14.7

Interference-selective attention
Omission error 87.0±16.4
Commission error 91.1±17.8
Mean reaction time 83.9±14.7
Response time variability 79.9±14.2

Divided attention (n=27)

Omission error 98.9±15.5
Commission error 99.5±12.7
Mean reaction time 93.6±14.0
Response time variability 94.4±13.3

Working memory
Forward correct response number 98.3±11.5
Forward memory span 97.1±12.4
Backward correct respinse number 102.0±15.3
Backward memory span 102.0±11.2

ARS
Odd-numbered items, inattention 13.1±5.9
Even-numbered items, hyperactivity 
  and impulsivity

11.1±6.0

Total score 24.2±10.2
Values are presented as mean±standard deviation. K-WISC-IV, 
Korean-Wechsler Intelligence Scale of Children, fourth edition; 
CAT, Comprehensive Attention test; ARS, Attention-Deficit/Hyper-
activity Disorder Rating Scale; FSIQ, Fullscale intelligence quotient; 
GAI, General Ability Index; CPI, Cognitive Proficiency Index; VCI, 
Verbal Comprehension Index; PRI, Perceptual Reasoning Index; 
WMI, Working Memory Index; PSI, Processing Speed Index
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ed with the K-WISC-IV VCI, PSI, FSIQ, and CPI scores.
Regarding interference-selective attention, omission er-

rors were positively correlated with the VCI, PSI, FSIQ, CPI, 
and GAI scores. Mean reaction time was positively correlat-
ed with the K-WISC-IV PSI score. Response time variability 
was positively correlated with K-WISC-IV PSI, FSIQ, and 
CPI scores.

Moreover, for divided attention, response time variability 
was positively correlated with the WMI, FSIQ, and CPI scores 
of K-WISC-IV. The visual working memory scores of CAT 
and WMI scores of K-WISC-IV were not correlated (Table 2).

Correlation analysis of the ARS score with CAT and 
K-WISC-IV scores 

CAT indicators and ARS scores were not correlated. Ad-

ditionally, K-WISC-IV and ARS scores were not correlated 
(Table 3).

DISCUSSION

Similar to previous studies [9], in this study, the K-WISC-
IV subscale results showed lower PSI and WMI scores com-
pared to other indicators. Additionally, all attention subtests 
in CAT, except divided attention, exhibited associations with 
PSI, FSIQ, and CPI scores in K-WISC-IV. Divided attention 
was associated with WMI, FSIQ, and CPI scores.

CAT indices, which mainly used visual stimuli, were as-
sociated with the sub-indices of K-WISC-IV, which used vi-
sual stimuli. However, they showed no association with the 
K-WISC-IV sub-indices that used auditory stimuli, such as 

Table 2. Correlation between indexes of K-WISC-IV and CAT performance result

Subtest of CAT VCI PRI WMI PSI FSIQ CPI GAI
Visual, simple selective attention

Omission error 0.230 0.158 0.243 0.191 0.292* 0.279* 0.241
Commission error 0.354** 0.189 0.275* 0.263 0.395** 0.348** 0.345**
Mean reaction time -0.201 -0.164 -0.236 0.188 -0.090 -0.036 -0.242
Response time variability 0.212 0.232 0.210 0.245 0.397** 0.296* 0.276*

Auditory, simple selective attention
Omission error 0.039 0.106 0.003 0.112 0.098 0.082 0.090
Commission error 0.256 0.219 0.168 0.328* 0.339* 0.333* 0.298*
Mean reaction time -0.052 0.034 0.054 -0.047 0.008 -0.007 -0.008
Response time variability 0.193 0.132 0.220 0.242 0.348** 0.314* 0.214

Inhibition-sustained attention
Omission error 0.323* 0.213 0.221 0.413** 0.419** 0.420** 0.338*
Commission error 0.343* 0.051 0.239 0.153 0.301* 0.269* 0.259
Mean reaction time -0.093 -0.046 -0.052 0.273* 0.061 0.151 -0.094
Response time variability 0.312* 0.069 0.242 0.301* 0.348** 0.362** 0.246

Interference-selective attention 
Omission error 0.332* 0.183 0.257 0.299* 0.402** 0.365** 0.324*
Commission error 0.130 0.037 0.080 0.189 0.090 0.202 0.101
Mean reaction time -0.107 0.063 -0.073 0.284* 0.119 0.142 -0.039
Response time variability 0.118 0.180 0.250 0.348** 0.348** 0.402** 0.179

Divided attention
Omission error 0.090 -0.003 -0.088 0.200 0.035 0.103 0.049
Commission error 0.177 0.176 0.090 0.006 0.020 0.093 0.209
Mean reaction time -0.244 -0.070 0.155 0.101 0.031 0.112 -0.179
Response time variability 0.159 0.111 0.410* 0.222 0.441* 0.410* 0.182

Working memory
Forward correct response number -0.075 0.365 0.065 -0.208 0.017 -0.096 0.168
Forward memory span 0.263 0.362 0.029 -0.049 0.226 0.026 0.386*
Backward correct respinse number 0.167 0.176 0.248 -0.121 -0.031 0.072 0.207
Backward memory span 0.130 0.164 0.198 -0.153 -0.002 0.013 0.188

*p＜0.05; **p＜0.01. K-WISC-IV, Korean-Wechsler Intelligence Scale of Children, fourth edition; CAT, Comprehensive attention test; 
VCI, Verbal Comprehension Index; PRI, Perceptual Reasoning Index; WMI, Working Memory Index; PSI, Processing Speed Index; 
FSIQ, Fullscale intelligence quotient; CPI, Cognitive Proficiency Index; GAI, General Ability Index
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WMI. In contrast, divided attention, which utilizes auditory 
stimuli, is associated with WMI. This indicated that the as-
sociation between the CAT and K-WISC-IV scores varied 
with the type of stimulus used in the test. For example, in this 
study, no significant association was observed between the 
visual working memory of the CAT, which mainly uses vi-
suospatial stimuli, and the WMI score of K-WISC-IV, which 
mainly uses auditory stimuli. This suggests that the indices 
evaluating the same working memory may differ depending 
on whether visual or auditory stimuli are used. This differ-
ence may be because different transmission systems and re-

gions of the brain are activated to process visual and audito-
ry stimuli [15]. This also suggests that visual and auditory 
working memory should be evaluated separately in cogni-
tive tests for patients with ADHD. The results of this study 
support those of a previous study [9] reporting that the WMI 
score of WISC was strongly associated with the auditory at-
tention test and that the PSI score was strongly associated with 
the visual attention test. Therefore, if differences based on 
the assessment method are considered in the cognitive eval-
uation of patients, they can be utilized for more comprehen-
sive assessment and treatment. Reflecting on this point, K-

Table 3. Correlation between indexes of K-WISC-IV, CAT and ARS (n=55)

ARS, total ARS, odd-number ARS, even-number
K-WISC-IV

VCI -0.118 -0.018 -0.181
PRI 0.165 0.083 0.196
WMI -0.062 0.002 -0.107
PSI 0.051 0.053 0.034
FSIQ 0.058 0.070 0.029
CPI 0.011 0.059 -0.040
GAI 0.017 0.036 -0.007

CAT
Visual, simple selective attention

Omission error 0.009 -0.033 0.047
Commission error -0.043 -0.027 -0.045
Mean reaction time 0.087 0.059 0.089
Response time variability 0.226 0.165 0.219

Auditory, simple selective attention
Omission error 0.019 -0.177 0.206
Commission error 0.025 -0.011 0.054
Mean reaction time 0.055 -0.034 0.126
Response time variability 0.103 0.099 0.076

Inhibition-sustained attention
Omission error -0.151 -0.129 -0.128
Commission error 0.038 0.175 -0.108
Mean reaction time 0.073 -0.012 0.136
Response time variability -0.024 0.012 -0.053

Interference-selective attention
Omission error -0.192 -0.101 -0.225
Commission error 0.136 0.248 -0.016
Mean reaction time 0.076 0.060 0.070
Response time variability -0.060 0.004 -0.106

Divided attention (n=27)

Omission error 0.117 -0.003 0.210
Commission error -0.042 0.006 -0.081
Mean reaction time 0.283 0.288 0.218
Response time variability 0.080 0.117 0.027

K-WISC-IV, Korean-Wechsler Intelligence Scale of Children, fourth edition; CAT, Comprehensive attention test; ARS, Attention-Defi-
cit/Hyperactivity Disorder Rating Scale; VCI, Verbal Comprehension Index; PRI, Perceptual Reasoning Index; WMI, Working Memory 
Index; PSI, Processing Speed Index; FSIQ, Fullscale intelligence quotient; CPI, Cognitive Proficiency Index; GAI, General Ability Index
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WISC, 5th edition adds picture memory using visual instead 
of arithmetic stimuli in the subtest measuring WMI. Future 
research investigating the characteristics of patients or dif-
ferences in treatment effects based on whether visual or au-
ditory working memory is impaired may help understand 
the pathophysiology of ADHD.

In particular, inhibition-sustained and interference-selec-
tive attention of CAT were strongly associated with the over-
all sub-indices of K-WISC-IV. This suggests that inhibition-
sustained attention and interference-selective attention of 
CAT can best reflect the cognitive function of children with 
ADHD.

Moreover, the sub-indices of simple visual selective atten-
tion, inhibition-sustained attention, and interference-selec-
tive attention were associated with the VCI score. The VCI 
score exhibited relatively higher average scores than those 
other measures, such as the WMI or PSI score. Although se-
vere language developmental delays are not frequently ob-
served in children with ADHD, compared to typically devel-
oping children, they have a higher prevalence of language 
delays and expressive language problems [16]. Examining 
the sub-indices that showed associations with VCI in this 
study, only commission errors in inhibition-sustained atten-
tion exhibited a standalone association with VCI, whereas 
the remaining measures showed associations with WMI and 
PSI. Working memory impairment contributes to language 
difficulties in children with ADHD, causing deficits in pro-
cessing speed and affecting language abilities, including read-
ing and comprehension [17,18]. Therefore, although the lan-
guage abilities of the study participants were within average 
levels in the current intelligence index, they may face difficul-
ties fully utilizing their language and inference skills in more 
complex information-processing tasks and situations that 
require concentration compared to typically developing chil-
dren. Understanding information-processing speed and work-
ing memory in children with ADHD can contribute to future 
educational and therapeutic approaches. 

In this study, response time variability was associated with 
various subtests of K-WISC-IV for all types of attention, in 
contrast, to mean response time. Previous research [19] has 
shown that even after accounting for mean response time, 
children with ADHD continue to exhibit deficits in response 
time variability, and this characteristic is more prominent 
in children with ADHD than in adults with ADHD. The re-
sults regarding response time variability in this study also 
support the findings of a previous study [19], which report-
ed that response time variability reflects a stable feature of 
ADHD and other clinical disorders. 

This study had some limitations. First, the study sample 
was skewed toward male participants; thus, the influence of 

sex on the findings cannot be completely excluded. Second, 
although the ARS is a useful screening test, few studies have 
investigated whether these scores reflect symptom severity. 
Further studies are required to examine this association in 
terms of symptom severity. Additionally, structured, stan-
dardized assessment tools were not used to evaluate comor-
bidities in this study, which is a limitation in interpreting the 
findings. Finally, because the study participants were limit-
ed to children and adolescents with ADHD who had visited 
the hospital, the results cannot be generalized to individuals 
without ADHD or children and adolescents with ADHD who 
do not seek medical attention.

CONCLUSION

We examined the interrelationships among attention tests, 
intelligence tests, and parent-rated ADHD scales used to di-
agnose ADHD in children and adolescents in this study. Al-
though simple visual and auditory selective attention are 
known to have diagnostic value in traditional CPTs, this study 
revealed that inhibition-sustained and interference-selective 
attention are also effective in evaluating ADHD. Further-
more, the correlation between attention and intelligence tests 
varied depending on whether visual or auditory stimuli were 
used. The results showed associations between the VCI scores 
of intelligence and attention tests and between intelligence 
tests and response time variability for all types of attention. 
These findings contribute to understanding the cognitive 
characteristics of children and adolescents with ADHD and 
can serve as a basis for further research.
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