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INTRODUCTION

Attention is one of the fundamental higher cognitive abili-
ties and cannot be explained by a single concept. Although 
neuroscientists and clinicians have suggested divergent 
opinions about its definition and scope, several classifica-
tions have been widely used to categorize the functions and 
phenomena of attention. These include: ‘focused attention’ 
that indicates the degree of attention by a specific stimulus, 
‘selective attention’ that means paying attention to a stimulus 
among several stimuli, ‘sustained attention’ that means con-
tinuously maintaining attention to the stimulus until the 
given task has been completed, and ‘divided attention’ that 
gives attention to several stimuli at the same time [1]. Atten-
tion is a lengthy process, from preparation for concentration 
on the given stimuli, to understanding the meaning or value 
of the stimuli, and to choosing the appropriate stimuli accord-
ing to the context. Thus, attention is important in completing 

information processing [2]. 
Working memory is a cognitive capability that not only 

stores, but also processes information for a short period of 
time. It occurs in a context-oriented manner according to in-
coming stimuli or previously stored information [3]. Work-
ing memory is one of the crucial factors in the performance 
of executive function [3], which is defined as the ability to 
plan, organize information, and solve problems appropri-
ately. There have been studies on the interactions between 
working memory and attention. Attention acts as a ‘gate-
keeper’ for working memory by choosing and encoding in-
formation that is relevant to current processing goals. In ad-
dition, attentional processes help in the active maintenance of 
information when spatial working memory is employed [4]. 

A lack of attention and working memory leads to difficul-
ties in high-level functions such as self-management and 
learning. Since attentional deficits are a common symptom 
of many mental disorders [1], evaluation of attention has 
been used to determine the diagnosis, progress, and sequel 
of diverse mental disorders [5]. In particular, attention-defi-
cit/hyperactivity disorder (ADHD) is a neurodevelopmental 
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disorder characterized by attention deficit, hyperactivity, and 
impulsivity. The prevalence of ADHD in school-aged children 
is known to be approximately 5% [6]. Patients with ADHD 
suffer from academic and social difficulties and as attention 
changes naturally through aging, ADHD symptoms are also 
altered. However, at least 60% of ADHD symptoms last into 
adulthood [7]. In order to determine objective levels of atten-
tion in people with or without attention deficits, it is necessary 
to use standardized normative data from children to adults.

Although controversy remains, the most common method 
to evaluate attention is the computer-based continuous per-
formance test (CPT), which measures correct response count, 
omission error, commission error, and reaction time to the 
target stimuli. The test is known to be useful to distinguish 
children with ADHD from neurotypical children and to 
monitor drug effects [8]. However, it has some limitations, 
especially when assessing children with strong intellectual 
abilities or seniors [9]. 

The computerized comprehensive attention test (CAT) 
evaluates various and comprehensive types of attention and 
working memory in children and adolescents. The CAT 
was standardized and has been used in Korea [10]. Since it is 
computerized, the CAT demonstrates higher inter-rater re-
liability and offers more accurate and sensitive data than pen-
cil and paper tests about response time. The CAT is composed 
of six subtests to measure focused attention, attentional ca-
pacity, sustained attention, divided attention, and visuospa-
tial working memory. These subtests have been widely used 
to evaluate both normal and ADHD groups [11,12]. In addi-
tion, the sustained attention and working memory tests 
have been known to be effective in screening children with 
ADHD [13]. Although the CAT has been used to evaluate dif-
ferent levels of attention in Korea [14], it is standardized only 
for ages 4-15.

Attention typically develops gradually with age, stops in 
adolescence, remains until a certain age, and decreases along 
with the decline of brain function. However, we have limited 
data on the age-related trajectories of various types of atten-
tion in Korea, as the normative data of late adolescence and 
adults have not yet been obtained. 

Therefore, in the present study, we administered the CAT to 
older adolescents and adults and merged the data with pre-
vious normative data of children and young adolescents. The 
complete data were then analyzed to identify how attention 
and working memory change with age. 

METHODS

Participants
We used both the previous CAT standardization data from 

2009 and new data for this study. The previous data had been 
collected from 912 elementary, middle, and high school stu-
dents aged 4 to 15, excluding those with intellectual disabili-
ties, schizophrenia, other psychoses, organic mental disorders, 
and vision or hearing problems in Seoul and the metropoli-
tan area [10]. Additional CAT data from 150 healthy subjects 
aged 16 to 40 and without exclusion conditions were ob-
tained in Seoul and the metropolitan area. Finally, the data 
of 1062 people [552 males (52.0%) and 510 females (48.0%)] 
were analyzed (Table 1). 

Materials

The computerized CAT
The CAT was used to evaluate the attention and working 

memory of study subjects. The CAT consists of selective at-
tention (visual and auditory), sustained attention to response, 
flanker, divided attention, and spatial working memory tests. 
The tests have been standardized for children aged 4 to 15 
and confirmed to be reliable and valid [9,14]. In the selective 
attention test, the subject presses the button as quickly as they 
see/hear the given targets. In the sustained attention test to 
response task (SA), the subject presses the button when a pic-
ture appears, unless it is an ‘X.’ In the flanker test, the subject 
responds to stimuli in the center box while ignoring the in-
terference boxes. In the divided attention test (DA), the sub-
ject remembers the picture and sound of the previous target 
and presses the button when the previous target reappears. In 
the spatial working memory test, the subject remembers the 
sequence and locations the highlighted boxes, then presses 

Table 1. Demographic data of study subjects 

Age/age  
group (years)

Male  

(number)
Female  

(number)
Total  

(number)

4 27 24 51
5 31 30 61
6 52 41 93
7 54 51 105
8 67 56 123
9 31 40 71

10 37 25 62
11 29 31 60
12 37 29 66
13 44 33 77
14 48 28 76
15 29 38 67

16-19 11 15 26
20-29 28 34 62
30-39 12 14 26
40-49 15 21 36
Total 552 510 1062
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the boxes in the order they appear and in the reverse order.
Except for the working memory test, each subtest had five 

indicators [commission errors (CE), omission errors (OE), 
mean reaction time (RT mean), standard deviation of reac-
tion time (RT sd), and sensitivity coefficient (d’)]. The CE 
indicates the number of responses to the stimuli of the non-
target, and the OE indicates the number of missed respons-
es to the target stimuli. The RT mean refers to the average 
time taken to respond to the target stimuli, and the RT sd 
reflects the response time variability to the target stimuli. The 
d’ reflects how effectively the target stimuli are distinguished 
from the non-target stimuli. The high point of the d’ suggests 
a high level of signal-noise differentiation. The spatial work-
ing memory task evaluates the degree of recall of the sequence 
of the visual stimuli in order and in reverse order and has two 
indicators (correct response number and memory span). 

Procedure
This study was approved by the Institutional Review Board 

at Konkuk University (No. 7001355-201711-E-059). The CAT 
required 40 to 60 minutes to complete.

Analysis
The data were analyzed using SPSS for Windows (version 

21.0; IBM Corp., Armonk, NY, USA). Standardization data 
were described, and statistical significance was applied at 
p<0.05. SigmaPlot (version 14.0; Systat Software Inc., San 
Jose, CA, USA) and Origin® (version 2018b; OriginLab Corp., 
Northampton, MA, USA) were used to obtain regression 
equations and graphs of all parameters. 

RESULTS

The normative data of the CAT for 1062 Korean children, 
adolescents, and adults are presented in Table 2 and 3. The 
mean and standard deviation (SD) of the OE, CE, RT mean, 
RT sd, and d’ values by age and gender are also shown. 

The graphs of the regression model showed that the rela-
tionship between age and task results was non-linear (Sup-
plementary Figs. 1-17 in the online-only Data Supplement). In 
order to find the changes of attention with age, we described 
to five indicators of subtests, except in the spatial working 
memory test. The working memory test was described sep-
arately because of different types of indicators. 

Visual selective attention test (VSA) and auditory 
selective attention test (ASA)

CE and OE
The CE and OE of the visual selective attention test (VSA) Ta
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and auditory selective attention test (ASA) had a similar ten-
dency with concave downward shaped graphs. In the VSA, 
the CE and OE were at the maximum points at age 4 in both 
males and females (CE: M=47.31, F=23.74; OE: M=18.98, 
F=19.64). For males, both the CE and OE decreased with age, 
whereas only the CE decreased for females. Although errors 
declined sharply until ages 16–19, they remained stable past 
those ages. The OE of females decreased with age and was 
the lowest in the 20 s (OE=1.52) (Supplementary Fig. 1 in 
the online-only Data Supplement). In the ASA, both the CE 
and OE were at their maximum at age 4 (CE: M=35.93, F= 
25.27; OE: M=46.25, F=51.33). They also decreased with 
age, and declined slightly after ages 16–19. However, the OE 
of females was at its minimum at ages 16–19 (OE=2.10), then 
increased slightly (Supplementary Fig. 4 in the online-only 
Data Supplement).

RT and RT sd 
The RT and RT sd of the VSA showed a similar tendency 

to the RT and RT sd of the ASA. In the VSA, the RT mean at 
age 14 and 15 were the fastest for males and females, respec-
tively (M=357.08 ms, F=381.64 ms). The RT sd decreased 
with age; it declined sharply until early teenage years but re-
mained almost unchanged after (Supplementary Fig. 2 in 
the online-only Data Supplement). In the ASA, the RT at age 
14 was the fastest for males (511.91 ms) and age 15 for females 
(541.12 ms). The RT sd decreased until age 10 and showed 
little change after that (Supplementary Fig. 5 in the online-
only Data Supplement). In the VSA, females responded slow-
er than males (t=-3.253, p=0.001), while no significant differ-
ence was found in the ASA.

d’ 
In the VSA, the mean of d’ increased until approximately 

age 20 in both males and females, which was followed by a 
decrease (Supplementary Fig. 3 in the online-only Data Sup-
plement). In the ASA, though the d’ increased with age, the 
development was rapid until the early teenage years, and then 
increased slightly (Supplementary Fig. 6 in the online-only 
Data Supplement).

Flanker test 

CE and OE 
The flanker test was administered to subjects aged 7 and 

older. The youngest participants showed the most errors (CE: 
M=22.86, F=14.02; OE: M=5.80, F=6.07). The CE decreased 
sharply until ages 16-19 and declined slightly until the ap-
proximately age 30 (M=0.77, F=0.37). The males demonstrat-
ed significantly higher CE than the females (t=4.981, p=0.000). Ta
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The males and females aged 16 to 19 showed the lowest OE 
(M=1.74, F=1.16) (Supplementary Fig. 7 in the online-only Data 
Supplement). 

RT and RT sd
There was a similar tendency between the graphs of the RT 

and RT sd in the flanker test. The RT mean at age 7 was the 
slowest (M=581.18, F=631.67), but males at age 13 and fe-
males at age 15 were the fastest (M=409.54, F=421.38). Sim-
ilarly, the SDs in both the males and females were the high-
est at age 7 (M=149.73, F=164.53) and the lowest at age 15 (M= 
76.93, F=65.28) (Supplementary Fig. 8 in the online-only Data 
Supplement). 

d’ 
The minimum points were at age 7 (M=1.99, F=2.53). The 

peaks were at age 13 for males and age 14 for females (M=3.19, 
F=3.82), then they sharply decreased (Supplementary Fig. 9 
in the online-only Data Supplement). The d’ of females was 
significantly higher than that of males (t=-3.565, p<0.001).

Sustained attention test to response task (SA)

CE and OE
The CE and OE of the SA showed the maximum point 

was at age 4 (CE: M=33.74, F=23.05; OE: M=34.00, F=39.38). 
The CE sharply dropped until age 16 to 19, where it decreased 
slightly, and then increased again. The OE in males decreased 
with age; however, in females, it was its minimum in their 
20s (OE=4.87) and remained stable (Supplementary Fig. 10 
in the online-only Data Supplement). 

RT and RT sd 
In both males and females, the RT mean was the slowest 

at age 4 (M=730.23, F=855.20). The RT of males was fastest 
at age 15 (RT=422.16), and in females, there was a sharp de-
cline until mid-teenage years, which then decreased slightly. 
The RT sd was lowest in the 20s for both males and females 
(M=62.45, F=38.00) (Supplementary Fig. 11 in the online-
only Data Supplement).

d’ 
The mean of the d’ increased until the 20s (M=4.30, F= 4.36), 

which was followed by a decrease (Supplementary Fig. 12 in 
the online-only Data Supplement). 

Divided attention test (DA)

CE and OE 
The DA was applied to subjects aged 9 years and older. Both 

the CE and OE had a peak at age 9 (CE: M=13.64, F=14.78; 
OE: M=15.19, F=14.60). The CE decreased with age but 
stayed at a similar level after approximately age 20, whereas 
the OE had a minimum point at ages 16-19 for males and 
in the 20s for females (M=3.86, F=4.35) (Supplementary Fig. 
13 in the online-only Data Supplement). 

RT and RT sd 
At age 9, the RT mean was the slowest (M=716.16, F= 

748.97), while the fastest was at approximately age 20 (M= 
598.85, F= 615.33). The RT gradually increased with age fol-
lowing their 20s. The tendency of the RT sd was similar to 
that of the RT, which decreased until their 20s (M=170.20, 
F=185.69) (Supplementary Fig. 14 in the online-only Data 
Supplement). 

d’ 
The mean of the d’ increased until approximately age 20 

in both males and females (M=3.25, F=2.93), and decreased 
gradually with age after that (Supplementary Fig. 15 in the 
online-only Data Supplement).

Spatial working memory test

Forward 
The graphs of the correct response number and memory 

span were shaped concave downward. In males, though the 
correct response gradually increased with age, it remained 
stagnant from the 20s. In females, it was the highest in the 
30s (Supplementary Fig. 16 in the online-only Data Supple-
ment). The memory span was the widest in the 20s (M=6.70, 
F=6.32). The graphs then flattened out (Supplementary Fig. 
17 in the online-only Data Supplement). 

Backward 
The correct response and memory span of the backward 

test were similar to the forward test. In males, the correct re-
sponse drastically increased until mid-teenage years and in-
creased slightly after that, becoming stable. The highest cor-
rect response in females was in their 20s. The largest span 
was at ages 16-19 for males and females (M=6.15, F=5.75). 
After the peaks, the values remained steady (Supplementary 
Figs. 16 and 17 in the online-only Data Supplement). 

DISCUSSION

Through this study, we acquired the standardized data on 
various kinds of attention and working memory in children, 
adolescents, and adults in Korea. Furthermore, we observed 
how attention and working memory change with age.
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VSA and ASA
Although the VSA and ASA, as well as the flanker test, re-

vealed selective attention capability [10], there might be 
some differences according to the results of the present study. 
Both the CE and OE in the VSA declined with age and 
showed a ceiling effect after approximately age 20 (Supple-
mentary Fig. 1 in the online-only Data Supplement); how-
ever, the OE might be lower than the CE. Additionally, fe-
male teenagers had a tendency of lower CE than males. In 
the ASA, we also observed a similar tendency (Supplemen-
tary Fig. 4 in the online-only Data Supplement). Many stud-
ies using the CPT, on which the VSA and ASA were based, 
have reported analogous results to this study. In a study of 
816 children and adolescents between the ages of 9 and 17, 
both the OE and CE tended to decrease with age [11]. The 
same tendency was also observed in the study of 514 girls 
aged 5 to 12 [15]. A cohort study that tracked the CPT per-
formance of children at age 8 (n=435) also showed that the 
OE decreased rapidly after age 6. In particular, the most rapid 
changes were shown between ages 8 and 10, with more grad-
ual changes occurring between ages 10 and 13 [16]. This pat-
tern was similar to results from our study. A CPT study in 
adults showed relatively high levels of the correct responses, 
which corresponded with our study [17]. 

In the VSA, the RT decreased until early teenaged years 
and then increased with age. In only the VSA, females re-
sponded slower than males. The RT sd of the VSA and ASA 
were drastically reduced until ages 14 and 15, then main-
tained at a similar level. In the previous CPT studies of chil-
dren and adolescents, the RT and RT sd decreased with age 
[11,15], and females showed longer RT than males, which is 
similar to our study (Supplementary Figs. 2 and 5 in the on-
line-only Data Supplement) [11]. 

The d’ of the VSA reached the highest value in the mid-20 
s and gradually declined after that, while the curve of the d’ 
in the ASA sharply increased up to age 12 (Supplementary 
Figs. 3 and 6 in the online-only Data Supplement). In a previ-
ous CPT study of children and adolescents, the d’ value in-
creased with age, which is consistent with our study [11,15,18]. 
When comparing adolescents (mean age=14.0 years) to 
adults (mean age=41.3 years), adolescents had higher d’ (p< 
0.01) [17]. Normally the d’ is a good parameter of selective 
attention because it implies how the subject distinguishes 
the target from the non-target stimuli [10]. Thus, these find-
ings indicate that selective attention develops rapidly in chil-
dren and adolescents and minimally develops or even de-
creases from the late teenaged years to early 20s. In the ASA, 
however, the d’ sharply increased until age 12, and gradually 
increased after that. This result was contrary to a precedent 
study, which used a visual task, reporting higher d’ in ado-

lescents [17]. This distinction might be a result of the different 
tasks used; however, because there has not been a study that 
uses auditory selective stimuli, further studies are needed to 
obtain confirmative results. There was also a study showing 
that females have significantly higher values than males in 
the d’ [11]. In this study, females had higher values than males; 
however, this was not a statistically significant difference. 

Females are thought to perform better and more cautious-
ly than males because the female’s d’ and RT mean were high-
er in the selective attention tests. This could be related with 
the well-known fact that boys with ADHD have more hyper-
active and impulsive symptoms and comorbid externalizing 
disorders than girls [19]. However, further research is neces-
sary to obtain more certain results.

Flanker test
The flanker test is an effective test for measuring interfer-

ence-selective attention, and it has been known to effectively 
distinguish ADHD from normal children [20]. The CE in 
males dropped sharply by ages 16-19, and gradually de-
creased after that. The CE of males was higher than that of 
females, decreased slightly until mid-20s, and remained sta-
ble after approximately age 30. The OE in both males and 
females decreased rapidly until age 10, staying almost un-
changed after that (Supplementary Fig. 7 in the online-only 
Data Supplement). The tendency of the RT was similar to that 
of the VSA. It decreased until ages 13 and 14, then gradually 
increased in both males and females. The RT sd declined 
sharply and gradually increased after teenaged years (Sup-
plementary Fig. 8 in the online-only Data Supplement). For 
d’, females were higher than males, and the peaks of d’ were 
reached at ages 16-19 in males and at age 14 in females, then 
declined in both (Supplementary Fig. 9 in the online-only 
Data Supplement). Higher CE and lower d’ in males than fe-
males could be due to the males’ more impulsive tendencies. 
A previous flanker test study of the ages 20-70 revealed that 
the RT increased with age, but the error rate did not change 
significantly [21]. It implied that though old age could be re-
lated to slow speed, it would not be associated with accura-
cy. Similarly, the CE of the ages 20-40 in our study was rarely 
variable. 

SA
The CPT, such as the SA, VSA, and ASA, that measured 

sustained attention has been widely used to evaluate patients 
with ADHD [11,12]. Though the application should be con-
ducted with caution, sustained attention could be effective 
in screening children with ADHD [18]. 

In the present study, the CE of the SA gradually decreased 
until approximately age 30, and slightly increased after that. 
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However, the OE decreased relatively quickly until age 10, and 
then was maintained (Supplementary Fig. 10 in the online-
only Data Supplement). As CE is known to be related to a lack 
of inhibition against impulsivity [22], inhibition likely de-
velops into the 30s. Carriere et al. [23] also suggested that 
sustained attention developed into early adulthood and the 
OE decreased with age but rarely changed after the 20s. Oth-
er studies on impulse control in adults suggested that though 
age and impulse control were related, the inverse correlation 
between them were not [24]. These arguments could be sup-
ported by our finding that the CE decreased until the 30s 
and increased after that, but the OE was steady from teen-
aged years.

The RT mean sharply decreased until the mid-teenaged 
years, and then increased slowly in males and females. The 
RT sd resembled a U-like shape in which the nadir was the 
mid-20s (Supplementary Fig. 11 in the online-only Data 
Supplement). The d’ was the highest in the late 20s and 
gradually declined after that (Supplementary Fig. 12 in the 
online-only Data Supplement). The d’ of the other tests in 
the CAT reached the peaks in the teenaged years to the 20s, 
which were earlier than that of the SA. According to previous 
studies, the reaction speed, errors, and accuracy of the sus-
tained attention increased with age [25] and the error-pro-
cessing brain activation increased continuously into adult-
hood [26]. 

DA
The CE of the DA decreased until the mid- to late-teenaged 

years, and stayed stable after that; however, the OE decreased 
until the mid-teenaged years and steadily increased from 
the late-teenaged years and the 20s in males and females 
(Supplementary Fig. 13 in the online-only Data Supplement). 
The RT changed to a U-like shape, which decreased until 
the mid-20s and increased after that. The RT sd also showed 
a similar tendency, decreasing in the 20s, and then increased 
rapidly (Supplementary Fig. 14 in the online-only Data Sup-
plement). The d’ reached its peak in the 20s and gradually 
declined after that (Supplementary Fig. 15 in the online-only 
Data Supplement).

There have been few studies on the divided attention of 
children and adolescents. In a study of adults, elderly adults 
(ages 61-80) had a significantly lower level of divided atten-
tion capacity in comparison with younger (ages 21-37) and 
middle-aged (ages 40-58) adults, and the young and middle-
aged adults did not differ in the divided attention [27]. A re-
cent study on multitasking found that younger adults per-
formed better than older adults, but the difference in the 
results was not caused only by age (e.g., development envi-
ronment familiar with digital machines) [28]. The results of 

these previous studies were in accordance with ours. 

Spatial working memory test
The graphs of the correct responses in the forward and 

backward tasks were similar. The correct responses of both 
males and females increased sharply until the 20s and showed 
a ceiling effect after that (Supplementary Fig. 16 in the on-
line-only Data Supplement). Both the forward and backward 
spans quickly climbed in the late teenaged years and 20s, 
and decreased after that (Supplementary Fig. 17 in the on-
line-only Data Supplement). There have been many studies 
where working memory has been found to gradually devel-
op throughout childhood and into adolescence. A study on 
the development of the spatial working memory for the ages 
4-15 also reported that linear functions increased with age 
[29]. However, a study of working memory span for ages 
20-70 revealed an age-related reduction in working memo-
ry span [30]. The results of the present study were consistent 
with these results, and it appeared that working memory 
developed from the mid-teenaged years to the 20s, and then 
gradually slowed.

There were several limitations to this study. First, there was 
a lack of representation because the standardization data 
were collected for children, adolescents, and adults in only 
Seoul and Gyeong-gi Province. To compensate for that, ad-
ditional supplementation of people residing in other regions 
is necessary. Second, the clinical usefulness of the CAT in an 
adult population has not been confirmed because the clini-
cal study on adult ADHD has not yet been conducted in Ko-
rea. Further studies will need to confirm whether the CAT 
would be useful for screening and diagnosing adults with 
ADHD.

Nevertheless, this is the first study on how various kinds of 
attention and working memory change with age from chil-
dren to adults in Korea. The standardized data from this study 
could be used to obtain objective attention and working 
memory data through normal and clinical groups with men-
tal health conditions, including ADHD, in Korea. 

CONCLUSION

The study provides the normative data and developmental 
trajectories on varying types of attention and working mem-
ory for children, adolescents, and adults in Korea, from the 
ages 4-40 through a computerized test tool. The findings 
will be available in the future for clinical and research mate-
rial for various clinical groups, including ADHD, as well as 
for normal populations.
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