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INTRODUCTION

Attention-deficit/hyperactivity disorder (ADHD) is a neu-
rodevelopmental disorder characterized by hyperactivity, 
impulsivity, and inattention.1 The worldwide prevalence of 
ADHD is estimated to be approximately 5%,1,2 with a male 
sex bias estimated to be between 2:1 and 3:1.1,3 ADHD is 
usually diagnosed at school age and symptomatically im-
proves as children grow4,5; notably, hyperactivity and impul-
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sivity improve earlier than does inattention, which might 
drive the change in the prevalence of diagnostic subtypes of 
ADHD observed with aging.6,7 However, recent studies have 
reported that symptoms in approximately half of the patients 
diagnosed with childhood ADHD persist into adulthood 
and cause some degree of functional impairment.8-10

The ADHD Rating Scale (ARS) is a norm-referenced 
checklist that was developed to assess the severity of ADHD 
symptoms. It was originally developed with 14 items based 
on the diagnostic criteria of the Diagnostic and Statistical 
Manual of Mental Disorders, Third Edition (DSM-III), and 
was revised to include 18 items in the DSM-IV.11,12 The ARS 
has been validated in multiple studies and translated and val-
idated in a number of countries, including Iceland and Den-
mark.13-15 The Korean version of the ARS (K-ARS) was vali-
dated by So et al.16 and has been used in multiple studies with 
Korean children.17,18 
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Normative data of K-ARS scores among Korean elementa-
ry school children have been previously reported,19,20 but 
these studies were limited by small sample sizes. With a large 
enough sample size, collecting normative data from a popu-
lation provides important indications of symptom distribu-
tion in the general population and allows for culture-specific 
optimization of screening thresholds. Hypothetically, the 
score distribution of a scale such as the K-ARS may differ 
from one country to another because of cultural differences 
that might alter the expression of symptoms. The present 
study thus aimed to determine the normative data of K-ARS 
scores in a large population of Korean school-age children. 
Furthermore, we compared these data to those from previ-
ous Korean studies, as well as to those obtained in the United 
States to explore the expression of ADHD symptoms possi-
bly unique to Korean populations.

METHODS

Participants 
The participants were elementary school children aged 

6–12 years who had participated in an ADHD screening 
program in Cheonan (population of about 600,000 as of 
2008), and whose parents were required to complete the 
home version of the K-ARS. Of a target population of 49,573 
children from 65 elementary schools, the parents of 30,552 
children from 49 schools completed the screening question-
naire; a final sample of 29,914 was included after excluding 
those lacking data on age, sex, or K-ARS. 

Measurement
Demographic variables including sex, age, parental educa-

tion, and household income were measured. For the assess-
ment of ADHD symptom severity, we used the K-ARS, an 
18-item inventory in which severity is rated on 4-point Lik-
ert scales (0 to 3 points for each item; total score, 0–54) using 
never or rarely, sometimes, often, or very often as respons-
es.21 The K-ARS consists of two subscales, hyperactivity-im-
pulsivity and inattention, represented by the scores from 
nine odd-numbered and nine even-numbered items, respec-
tively. The Cronbach’s α value for the total score, hyperactivi-
ty-impulsivity, and inattention subscales were 0.908, 0.866, 
and 0.820, respectively.

Statistical analysis
Demographic variables and normative data were analyzed 

using frequency analysis and descriptive statistics. The scores 
representing normative data were provided for four cut-off 
points (the 80th, 90th, 93rd, and 98th percentiles).21 The dif-
ferences between sex and age groups were analyzed using 

one-way analysis of variance (ANOVA) and Tukey’s post-
hoc tests. The comparison between these data and those of 
the US population21 was performed using independent t-
tests. Statistical analyses were conducted using the software 
package SPSS 18.0 for windows. 

Ethics statement
The study protocol was approved by the Institutional Re-

view Board for Human Subjects of a University Hospital in 
Cheonan, South Korea (IRB 0801-006). All participants and 
their parents were provided with information on the study 
and signed informed consent forms before enrolment.

Table 1. Demographic characteristics of participants

N (%)*
Sex

Male 14,933 (49.9)
Female 14,981 (50.1)

Age (years)
6 516 (1.7)
7 6,388 (21.4)
8 4,970 (16.6)
9 4,943 (16.5)
10 4,836 (16.2)
11 4,571 (15.3)
12 3,690 (12.3)

Parental education
Father 

<12 years 611 (2.1)
12 years 11,152 (38.4)
>12 years 17,256 (59.5)
Unknown 895 (3.0)

Mother 
<12 years 621 (2.1)
12 years 15,706 (54.3)
>12 years 12,623 (43.6)
Unknown 964 (3.2)

Household income 
<1,000 516 (3.2)
1,000–2,000 2,179 (13.4)
2,000–3,000 5,092 (31.3)
3,000–4,000 4,194 (25.8)
4,000–5,000 2,239 (13.8)
>5,000 2,048 (12.6)
Unknown 13,646 (45.6)

*percentages were calculated after excluding missing information. 
Percentages presented within parentheses are for missing informa-
tion among total subjects
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RESULTS

Demographic variables
Detailed demographic information is presented in Table 1. 

Of the total sample of 29,914 children, 49.9% were boys. The 
proportions of the total population comprised by each age 
group is presented in Table 1; it should be noted that 6-year-
old children accounted for only 1.7% because most first grade 
children were 7 years old. Among the participants, 29,019, 
28,950, and 16,268 responded to the paternal and maternal 
educational level and household income, respectively. The 
most common response regarding paternal educational level 
was “more than 12 years,” while that concerning maternal 
educational level was “equal to 12 years.” There were signifi-
cant main effects of paternal educational levels (F=203.56, 
p<0.001) and maternal educational levels (F=124.79, p<0.001) 
on mean K-ARS scores of children. Post-hoc analyses re-
vealed that a lower K-ARS score was associated with a higher 
educational level of parents. Household income was most 
frequently reported to be “2 to 3 million Korean Won per 
month,” followed by “3 to 4 million Korean Won per month.” 
Higher household income was significantly associated with 
lower K-ARS scores (F=32.497, p<0.001).

Differences in K-ARS scores according to sex and age 
groups

The total scores and both subscale scores were significantly 
higher among boys than girls (Table 2). The total and sub-
scale scores also differed significantly between age groups re-

gardless of sex (Table 3). All scores were highest among 
6-year-old boys, followed by 8-year-old boys; while total and 
hyperactivityimpulsivity subscale scores were lowest among 
12-year-old boys. The hyperactivityimpulsivity subscale scores 
among girls were highest in the 6-year-old group, followed 
by the 8-year-old group. The total K-ARS and inattention 
subscale scores for girls were highest among 8-year-olds group 
and lowest in the 12-year-old group.

Normative data and the distribution of K-ARS scores
The total and subscale scores for each percentile cut-off 

(see section statistical analysis) by sex are presented in Table 
4. The distributions of K-ARS total scores for each sex are 
shown in Figure 1.

Comparison with US-population data 
Table 5 shows the comparisons between the data from this 

study and those from a US population that used the original 
version of the ARS. Because the present study did not in-
clude participants aged 5 or 13 years, the two studies only 
overlapped in their consideration of children aged 8–10 
years; thus, comparisons were limited to data from this age 
range. There were no significant differences between popula-
tions in the inattention subscale for either sex. In contrast, 
both sexes in the US population had significantly higher hy-
peractivity-impulsivity subscale scores than those in our 
study. In addition, total ARS scores for the boys in the US 
population were significantly higher than those in our study. 
Finally, the total score cut-off values for the 80th, 90th, 93rd, and 

Table 2. Mean K-ARS scores for boys and girls

Boys (N=14,933) Girls (N=14,981) t p
Total score 9.61 (7.60) 6.71 (6.19) 36.210 <0.001
Hyperactivity-impulsivity 3.78 (3.73) 2.55 (2.93) 31.843 <0.001
Inattention 5.84 (4.40) 4.17 (3.71) 35.490 <0.001

Table 3. Mean K-ARS scores by age group

Age 6 7 8 9 10 11 12 F p Post-hoc
Boys (N) 245 3,200 2,494 2,462 2,441 2,280 1,811 

Total score 10.48 (8.19) 9.44 (7.37) 10.07 (7.76) 9.77 (7.81) 9.34 (7.39) 9.74 (7.73) 9.19 (7.45) 4.033 <0.001 8>7,10,12*
 Hyperactivity- 
  Impulsivity

4.31 (4.08) 3.85 (3.73) 4.05 (3.91) 3.82 (3.85) 3.60 (3.61) 3.73 (3.64) 3.48 (3.52) 6.108 <0.001 6,7,8,9>12*

Inattention 6.18 (4.57) 5.59 (4.17) 6.02 (4.43) 5.97 (4.50) 5.75 (4.29) 6.01 (4.60) 5.71 (4.44) 4.030 <0.001 8,9,11>7*
Girls (N) 271 3,188 2,476 2,481 2,395 2,291 1,879 

Total score 6.92 (5.88) 6.82 (6.03) 7.15 (6.32) 6.75 (6.38) 6.64 (6.30) 6.41 (6.02) 6.34 (6.08) 4.408 <0.001 8>11,12*
 Hyperactivity- 
  Impulsivity

2.76 (2.93) 2.66 (2.95) 2.73 (3.02) 2.53 (3.03) 2.51 (2.93) 2.39 (2.74) 2.36 (2.85) 5.220 <0.001 7,8>11.12*

Inattention 4.15 (3.43) 4.16 (3.55) 4.42 (3.76) 4.23 (3.79) 4.14 (3.82) 4.02 (3.71) 3.99 (3.7) 3.356 0.003 8>11,12*
*p<0.05. K-ARS: Korean version of the attention-deficit/hyperactivity disorder Rating Scale
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98th percentiles in the 8–10-year-old population considered 
by this study were 16.0, 20.0, 23.0, 31.0; while those in the 
8–10-year-old US population were 20.0, 25.0, 27.0, and 42.2.21

DISCUSSION

The present study investigated the normative data collect-

Figure 1. Distributions of participant frequency for each K-ARS score. A: Frequency according to each total K-ARS score. B: Curves dem-
onstrating the percentiles for cumulative frequency of each total K-ARS score.
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ed using the K-ARS in a large community-based sample of 
elementary school children aged 6 to 12 years. Total K-ARS 
scores and scores on both subscales were significantly higher 
in boys than in girls, which is consistent with previous stud-
ies of normative ARS data from Korean and American gen-
eral populations.20,21 In the analysis of K-ARS scores by age 
group, the scores of 8-year-olds were both the highest of all 
age groups and significantly higher than the lowest scores 
(those of the 12-year-olds) in both sexes. Although K-ARS 

scores slightly declined with age, it the trend was marginal. 
This finding is inconsistent with reports documenting a sig-
nificant decline in ADHD symptom severity with age.22 
However, it should be noted that these data were collected 
from the general population in which most children do not 
have ADHD. In fact, the findings of a previous study on nor-
mative data of the K-ARS were consistent with those of our 
study.19 Jang et al.19 also reported a slight decline in K-ARS 
scores from a peak at 8 years of age among Korean elementa-

Table 4. Normative data based on the suggested percentile cut-off points for the K-ARS by sex and age group

Age 
(years)

Total score Hyperactivity-impulsivity Inattention
80th %ile 90th %ile 93th %ile 98th %ile 80th %ile 90th %ile 93th %ile 98th %ile 80th %ile 90th %ile 93th %ile 98th %ile

Boys
6 17 23 26 31 7 11 12 15 9 13 14 18 
7 15 19 22 30 6 9 10 15 9 11 12 17 
8 16 20 23 31 7 9 11 15 9 12 13 18 
9 15 20 22 31 6 9 10 15 9 12 13 18 

10 15 19 21 29 6 8 10 14 9 12 13 16 
11 16 20 23 31 6 9 10 14 9 12 14 18 
12 15 19 21 28 6 8 10 13 9 12 13 17 

Girls
6 11 14 16 23 5 7 7 11 7 9 9 13 
7 11 15 16 23 4 7 8 11 7 9 9 14 
8 11 15 17 25 4 7 8 12 7 9 10 15 
9 11 15 17 25 4 6 7 12 7 9 10 14 

10 11 15 17 24 4 6 8 11 7 9 10 15 
11 11 14 16 23 4 6 7 10 7 9 10 15 
12 11 14 16 23 7 9 10 14 7 9 10 14 

K-ARS: Korean version of the attention-deficit/hyperactivity disorder Rating Scale

Table 5. K-ARS mean scores for this population and a US population21)

Age range 
(years)

Present study (N=29,914) US21) (N=814) Difference between studies
Boys Girls Boys Girls Boys Girls

ADHD total t t
5 to 7 9.52 (7.43) 6.83 (6.02) 12.54 (9.97) 9.51 (8.17)
8 to 10 9.73 (7.66) 6.85 (6.34) 12.18 (15.51) 7.56 (7.51) 2.673* 1.683
11 to 13 9.49 (7.61) 6.38 (6.05) 11.50 (11.32) 7.49 (7.84)

Hyperactive-Impulsivity
5 to 7 3.89 (3.75) 2.67 (2.95) 6.59 (5.56) 5.00 (4.53)
8 to 10 3.83 (3.79) 2.59 (3.00) 5.53 (8.05) 3.39 (3.79) 3.575* 3.765*
11 to 13 3.62 (3.59) 2.37 (2.79) 4.79 (5.54) 2.88 (3.48)

Inattention
5 to 7 5.63 (4.20) 4.16 (3.54) 5.94 (5.08) 4.51 (4.45)
8 to 10 5.91 (4.41) 4.26 (3.79) 6.65 (8.49) 4.17 (4.36) 1.473 -0.367
11 to 13 5.88 (4.53) 4.01 (3.71) 6.70 (6.27) 4.61 (5.12)

*p<0.01. K-ARS: Korean version of the attention-deficit/hyperactivity disorder (ADHD) Rating Scale
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ry school children. 
Neurobiological changes concomitant with aging may ac-

count for the declining severity of ADHD symptom after 8 
years : ‘concrete operational period,’ formerly conceptualized 
by Piaget,23 begins at 7–8 years of age. From this point on-
ward, inhibitory control increasingly develops throughout 
the childhood and adolescent period.24-26 Imaging studies on 
brain structures also indicate that gray-matter formation fol-
lows a u-shaped trajectory, where the apex is at 8 years of 
age.27 These findings suggest that the development of this pe-
riod is different from that of the preschool period, which is 
characterized by expansive mental growth and blossoming 
nature.28

The mean total K-ARS scores among boys and girls ranged 
from 9.19 to 10.48 and 6.34 to 7.15, respectively. This is con-
sistent with other studies that have analyzed normative K-
ARS data in Korean populations; one such study found 
scores for the same age group to range from 9.08 to 11.03 
(boys) and 5.38 to 8.37 (girls).19 On the other hand, the in-
vestigation of the US population that used the original ver-
sion of the ARS demonstrated some significant differences 
from our study. While the inattention subscale scores did not 
differ between the Korean and US populations for either sex, 
the hyperactivity-impulsivity subscale scores of both sexes 
and the total scores of boys were significantly higher in the 
US population than in our study. The scores for the same 
(80th, 90th, 93rd, and 98th) percentile cut-offs as those used by 
DuPaul et al.21 were also higher than those found in the pres-
ent study. As aforementioned, the US population featured to-
tal score cut-offs of at least 3–4 points higher than those of 
the population considered by the present study; further, the 
98th percentile of the former scored 11 points higher than the 
latter. Notably, a previous study that compared ARS scores 
between Japanese and US populations29 reported that the 
two populations exhibited a similar difference: hyperactivity-
impulsivity subscale scores among both sexes and all age 
groups were higher in the US population than the Japanese 
population.

There are some plausible explanations for these differenc-
es. DuPaul et al.21 reported scores differed according to eth-
nicity. The disparity in scores might reflect real behavioral 
differences between populations that can be affected by vari-
ous genetic, environmental, or cultural factors. For instance, 
the prevalence of the dopamine D4 receptor 7-repeat allele, 
which is correlated with an increased expression of ADHD, 
is reported to be very low in Asian populations.30,31 In addi-
tion, differences in dietary habits or other daily routines 
might also influence the behavior of children. For example, 
Howard et al.32 reported an association between a Western 
dietary pattern and ADHD. Finally, behavior is also affected 

by cultural factors. Compared to Western cultures, Asian 
cultures are more collectivistic and emphasize group aware-
ness over individual interest; this difference has been hypoth-
esized to influence the expression of hyperactivity.29,33 Asian 
children are also reportedly more introverted than their 
American counterparts; such introversion could partially 
mask hyperactivity.29,34 

The differences in parental recognition of ADHD and its 
symptoms could explain-at least in part-the score differ-
ences between the Korean and US populations. Parental rec-
ognition may be related to ethnicity and socioeconomic sta-
tus. For example, Bussing et al.35 reported that Caucasian 
parents were more likely than African-American parents to 
apply medical labels, expect a lifelong course of treatment, 
and include school interventions in the overall treatment 
plan. Cultural differences may also affect the scoring style of 
parents; i.e., on Likert scales, raters from collectivistic cul-
tures tend to moderate their scores (i.e., score middle values), 
while those from individualistic cultures are more likely to 
use extreme values.36 

Interestingly, despite these cultural differences, the preva-
lence of ADHD did not differ significantly between cultures. 
The prevalence of the condition in Korean populations is re-
portedly between 5.90% to 6.50%, similar to the worldwide 
prevalence.17,37,38 In a meta-analysis of the worldwide preva-
lence of ADHD, Polanczyk et al.2,39 also reported that geo-
graphic location plays a limited role in its large variability. 
Currently, there is no straightforward interpretation for these 
differences and similarities in ADHD symptom scores in the 
general population. Future cross-cultural studies will be re-
quired to identify the pathophysiology and ethnic differences 
underlying ADHD.

Strengths and limitations
The present study is subject to several limitations. First, 

our data were collected from only one medium-sized city in 
Korea, which limits generalizability of the results to the 
whole Korean population. However, the present findings are 
similar to the those of a study conducted in Seoul, a much 
larger city that can be considered more representative of the 
total population in Korea. Secondly, the participants were 
limited to elementary school children aged 6–12 years even 
though ADHD symptoms that cause functional impairment 
can persist into adolescence and adulthood; further studies 
are therefore needed to investigate the expression of ADHD 
symptoms in teenagers and adults. Thirdly, we only used pa-
rental reports; ADHD is diagnosed only when symptoms are 
observed in more than two situations, so a teacher’s ratings 
can be as important as that of the parents. Finally, diagnostic 
interviews performed by qualified clinicians might enhance 
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the quality of the evaluations of the children’s symptoms. 

Conclusions
This study provides data that advance our understanding 

of the similarities and differences in expression of ADHD 
across cultures and confirm the results of previous Korean 
studies with smaller sample sizes. Furthermore, our study 
will help clinicians to evaluate their patients using the K-ARS 
and determine therapeutic plan by referencing the normative 
data.
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