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with Children’s Intelligence and Cognitive Performance?
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ObjectiveaaThe present study investigated whether teacher ratings and parent ratings of inattentive or hyperactive/impulsive symptoms 
were differently associated with intelligence or cognitive performance in Korean children.
MethodsaaSix hundred sixty-seven children were recruited from nine schools in five Korean cities. The teachers and parents of 580 of these 
children (9.0±0.7 years old, 333 boys and 306 girls) completed the Korean version of the Attention-Deficit/Hyperactivity Disorder Rating 
Scales (K-ARS), and the children performed the abbreviated form of the Korean Educational Development Institute-Wechsler Intelligence 
Scales (KEDI-WISC) and a neurocognitive battery consisting of the continuous performance test, the Children’s Color Trails Test, and the 
Stroop Color-Word Test. Diagnosis of full-syndrome and subthreshold attention-deficit/hyperactivity disorder (ADHD) were based on 
the Diagnostic Interview Schedule for Children Version-IV (DISC-IV).
ResultsaaThe level of agreement between teacher and parent ratings was low (r=0.21-0.26) in children with full-syndrome and subthresh-
old ADHD and low to moderate (r=0.31-0.41) in the normative sample. Teacher-rated ARS showed significant correlations with most sub-
scores of KEDI-WISC and the neurocognitive battery both in the normative sample (r=-0.50-0.37) and in children with full-syndrome and 
subthreshold ADHD (r=-0.26-0.29). Correlations between parent-rated ARS and cognitive tests were lower and were found in fewer subscales 
of tests.
ConclusionaaThese results suggest the importance of considering the teacher’s report of a child’s school functioning during the assessment 
of ADHD. Psychiatry Investig 2011;8:15-21
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INTRODUCTION

Attention-deficit/hyperactivity disorder (ADHD) is the 
most common childhood psychiatric disorder, affecting about 
5% of the population worldwide.1 The core symptoms of ADHD 
(inattention, hyperactivity, and impulsivity) often give rise to 
significant functional problems, such as school difficulties, ac-
ademic underachievement, troublesome interpersonal relation-

ships with family members and peers, and low self-esteem.2

According to the Diagnostic and Statistical Manual of Men-
tal Disorders-4th Edition (DSM-IV), impairment from the 
symptoms in two or more settings and at least six symptoms 
of inattention and/or six symptoms of hyperactivity/impulsiv-
ity must be present for a diagnosis of ADHD to be made. In gen-
eral, the cross-setting criterion for ADHD has been ascertained 
in terms of home and school behaviors as reported by parents 
and teachers. However, the agreement between parent and tea-
cher reports about the symptoms of ADHD has been found to 
be low to moderate in both children with ADHD3-5 and typi-
cally developing children.6,7 The general literature on behavior 
rating scales has found that teachers report more behavior prob-
lems and ADHD symptoms than do parents8 and that parent re-
ports of in-school ADHD behavior correlate more highly with 
their own reports of their child’s behavior at home than with 
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teacher reports of their child’s behavior at school.3 On the oth-
er hand, other studies have reported increased symptoms of 
ADHD in parent ratings.9 In contrast to poor agreement bet-
ween parent-and teacher-rated symptoms of ADHD, good con-
vergence between reports from groups of parents and teachers 
during methylphenidate 10 and atomoxetine trials11 have been 
identified. Although many studies have addressed the issue of 
parent-teacher agreement for the diagnosis of ADHD and for 
assessments of change during treatment, only a few research-
es has focused on the association between parent or teacher rat-
ings of children’s behavior and cognitive performance. 

Children with ADHD are reported to exhibit deficits in cog-
nitive functions such as working memory, strategies and plan-
ning, selective attention, sustained attention, attention switch-
ing, resistance to interference, and inhibition.2 Performance on 
neuropsychological measures, particularly executive function 
tests, are considered to be sensitive to ADHD, pointing to a pos-
sible underlying neuropsychological process and to a closer 
connection to genetic functionality.12 Mares et al.7 found that 
teachers reported greater variety and severity of executive func-
tion impairment than did parents, based on rating scales. 
However, only a few studies have evaluated the relationships 
between parent or teacher ratings of children’s behavior and 
objectively measured cognitive performance. Thus, the pur-
pose of this study was to investigate whether teacher ratings 
and parent ratings of inattentive or hyperactive/impulsive symp-
toms differed in their association with intelligence or cognitive 
performance in Korean children. 

METHODS

Study population and recruitment
The present study was conducted from April through Oc-

tober 2008. Participants were recruited from third- and fourth-
grade students (age range 8-10) in five Korean cities: Seoul (met-
ropolitan), Seongnam (suburban), Ulsan and Incheon (indu-
strial), and Yeoncheon (rural). We selected between one and 
three schools per area (nine in total) that best represented the 
local demographics. Of 1,000 eligible children, the parents of 
667 gave consent for their child to participate in the study. Thus, 
the total response rate was 66.7%. The research design of this 
study has previously been described in detail.13 The nine se-
lected schools agreed to participate in the study, which was 
approved by the Institutional Review Board of the Seoul Na-
tional University Hospital. The parents were informed about 
the study through letters sent by the teachers. Written informed 
consent was obtained from the parents before each interview. 

Assessment of ADHD symptoms and diagnosis
Inattentiveness and hyperactivity were evaluated both by par-

ents and by teachers based on the Korean version of the ADHD 
rating scale (K-ARS). The ADHD Rating Scale (ARS) assesses 
the severity of ADHD symptoms. It was designed by Dupaul 
and his collegues14 and contains 18 items; nine of these assess 
inattention, and nine are related to hyperactivity and impulsiv-
ity. The K-ARS parent and teacher forms are considered to have 
high validity and reliability.6

Full-syndrome and subthreshold ADHD were determined 
based on the parent version of Diagnostic Interview Schedule 
for Children Version-IV (DISC-IV), a highly structured diag-
nostic instrument. Full syndrome ADHD was defined accord-
ing to DSM-IV criteria for ADHD. Subthreshold ADHD was 
operationally defined as the presence of at least three and no 
more than five inattentive and/or hyperactive/impulsive symp-
toms. Some impairment from the symptoms needed to be pres-
ent in two or more settings. Children had also to fulfill DSM-
IV ADHD age-of-onset and impairment criteria to qualify for 
a diagnosis of subthreshold ADHD. This definition of sub-
threshold ADHD is identical to that implemented in previ-
ous research.15,16 Good test-retest reliability of the DISC-IV has 
been reported.17 The reliability and validity of the Korean ver-
sion of the DISC-IV has been previously determined.18

Assessment of neurocognitive function
The abbreviated form of the Korean Educational Develop-

ment Institute-Wechsler Intelligence Scales for Children (KE-
DI-WISC) and a neurocognitive battery consisting of the con-
tinuous performance test (CPT), the Children’s Color Trails Test 
(CCTT), and the Stroop Color-Word Test were administered 
to each child. All of the data are presented as T-scores adjusted 
for age and gender. Higher T-scores indicate better function in 
all tests except the CPT, in which lower T-scores indicate better 
attention and response inhibition ability. 

KEDI-WISC, the abbreviated form
The abbreviated form of the KEDI-WISC19 tests vocabulary, 

arithmetic, picture arrangement, and block design. Scores from 
this battery are highly correlated with the WISC full-scale IQ .20

CPT
A computerized CPT21,22 was used to measure cognitive func-

tions. The four major variables recorded were 1) omission errors, 
2) commission errors, 3) response times, and 4) the standard de-
viations of the response times for correct responses to the tar-
get (response time variability).

CCTT
The CCTT is based on the adult version of the Color Trails 

Test.23 The Korean version was standardized by Shin and Koo.24 
Two time scores (the total time to finish CCTT-1 and CCTT-
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2) and the difference interference index (CCTT-2 total time to 
finish-CCTT-1 total time to finish) were assessed. 

Stroop Color-Word Test 
The Stroop Color-Word Test was developed by Charles Gor-

don for children aged 5-14.25 The Korean version was standard-
ized by Shin and Park.26 The interference scores were calculated 
as the correct number of concordant color letters (color score) 
-correct number of discordant color letters (color-word score). 

Data analysis
Student’s t-tests or analyses of variance were used for contin-

uous variables, and the chi-squared test was used for categorical 
variables. Pearson correlation tests were used to determine the 
relationship between the parent or teacher rating and the intel-
ligence and cognitive performance. All statistical analyses were 
performed using Statistical Package for the Social Sciences 
(SPSS) 15.0 for Windows (SPSS Inc., Chicago, IL, USA). All com-
parisons were two-tailed, and statistical significance was defined 
as p<0.05. 

The level of clinical significance was considered to be low 
when intraclass correlations were below 0.40, moderate between 
0.40 and 0.59, good between 0.60 and 0.74, and excellent when 
they were between 0.75 and 1.00.27

RESULTS

Study population characteristics
A total of 667 children were recruited from nine schools in 

five Korean cities. The number of participants in each city was 
as follows: Seoul, 279; Seongnam, 73; Incheon, 126; Ulsan, 113; 
and Yeoncheon, 76. Of the 667 children, teacher-rated ARS re-
sults were available for 643 (96.4%), parent-rated ARS ratings 
were available for 597 (89.5%), and both measures were avail-
able for 580 children (87.0%). 

The mean age of the 580 subjects included in the final anal-
ysis was 9.0 years ±0.7, (range 8-11); 306 (49.8%) were female, 
and 333 (50.2%) were male. No significant differences in age, gen-
der, father’s educational level, birth-weight, teacher-rated ARS, 
or parent-rated ARS were found between the children includ-

Table 1. Comparison of parent- and teacher-rated ARS and cognitive tests for children with and without full-syndrome and subthreshold ADHD

Full-syndrome/Subthreshold ADHD Non-ADHD
t p-value

(N=88) (N=410)
Parent-rated ARS, total 015.1 (13.7) 007.6 (10.4) -4.9 <0.001
Teacher-rated ARS, total 017.7 (10.5) 007.4 (7.0) -8.8 <0.001
Abbreviated KEDI-WISC

Mathematics 009.9 (3.1) 010.9 (2.7) -3.09 0.002
Vocabulary 011.7 (3.3) 013.1 (3.4) -3.50 0.001
Block design 012.6 (3.4) 013.2 (3.2) -1.47 0.143
Picture arrangement 010.5 (3.1) 010.8 (3.1) -0.88 0.380
FSIQ 107.4 (15.8) 112.6 (14.2) -2.85 0.005

Continuous performance tests
Omission errors 069.7 (28.9) 060.8 (23.1) -2.72 0.008
Commission errors 082.5 (30.5) 069.5 (27.7) -3.70 <0.001
Response times 049.8 (16.0) 048.3 (11.4) -1.05 0.293
Response times variability 079.7 (38.8) 067.3 (31.3) -2.79 0.006

Children’s Color Trails Tests
CCTT 1 025.6 (8.5) 023.8 (8.5) -1.82 0.069
CCTT 2 053.9 (17.4) 049.8 (13.7) -2.47 0.014
Interference 050.0 (10.8) 051.4 (9.9) -1.20 0.230

Stroop Color-Word Tests
Word 046.1 (12.1) 049.7 (11.0) -2.79 0.006
Color 047.9 (11.9) 051.7 (10.7) -2.92 0.004
Color-word 046.4 (12.9) 051.0 (12.0) -3.17 0.002
Interference 050.0 (10.6) 049.2 (11.9) -0.56 0.572

ARS: attention-deficit/hyperactivity disorder rating scale, ADHD: attention-deficit/hyperactivity disorder, CCTT: Children’s Color Trails Test, 
KEDI-WISC: Korean Educational Development Institute-Wechsler Intelligence Scales for Children, FSIQ: full scale intelligent quotient 
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ed and those excluded from the analysis (p=0.284, p=0.382, p= 
0.934, p=0.230, p=0.641, and p=0.595, respectively). 

Among the 580 children, 20 (3.4%) were diagnosed with full-
syndrome ADHD, and 68 (11.7%) with subthreshold ADHD. 
The mean ages of the full-syndrome and subthreshold ADHD 
were 9.2 (SD=0.8) and 9.0 (SD=0.7), respectively. Eighteen 
(90.0%) of the full-syndrome ADHD and 33 (48.5%) of the sub-
threshold ADHD were boys. Among 20 children with full-syn-
drome ADHD, 10 (50.0%) were predominantly inattentive type, 
6 (30.0%) were combined type, and 4 (20%) were predominant-
ly hyperactive-impulsive type. The two girls with full-syndrome 
ADHD were predominantly inattentive type. There were sig-

nificant differences in parent- and teacher-rated ARS and cog-
nitive tests between children with and without ADHD except 
Block Design and Picture Arrangement on abbreviated KEDI-
WISC, Stroop interference, CCTT 1 and interference on CCTT, 
reaction times on the CPT (Table 1). 

Table 2 shows Pearson correlations between teacher-rated and 
parent-rated ARS among all 580 children. All sub-scores of 
teacher-rated and parent-rated ARS were weakly to moderate-
ly correlated. The correlations between teacher-rated and par-
ent-rated ARS and intelligence or the cognitive performance are 
shown in Table 3. The inattention sub-scores and total scores of 
teacher-rated ARS were correlated with all sub-scores of the ab-

Table 2. Pearson correlations between the parent- and teacher-rated ARS in normative sample (N=580)

Parent-rated ARS
 Inattention Hyperactivity/Impulsivity Total

Teacher-rated ARS Inattention 0.41*** 0.34*** 0.40***
Hyperactivity/impulsivity 0.31*** 0.36*** 0.35***
Total 0.39 *** 0.37*** 0.40***

***p<0.001. ARS: attention-deficit/hyperactivity disorder rating scale

Table 3. Pearson correlations between the parent- and teacher-rated ARS and measures of the cognitive function in normative sample (N=580) 

Teacher-rated ARS Parent-rated ARS

 Inattention
Hyperactivity/  

Impulsivity
Total Inattention

Hyperactivity/
Impulsivity

Total

Abbreviated KEDI-WISC
Mathematics -0.20*** -0.04 -0.14** -0.12** -0.06 -0.10*
Vocabulary -0.21*** -0.10* -0.17*** -0.10* -0.02 -0.07
Block design -0.17*** -0.08 -0.14** -0.07 -0.01 -0.05
Picture arrangement -0.18*** -0.13** -0.16*** -0.10* -0.07 -0.09*
FSIQ -0.26*** -0.13** -0.21*** -0.14** -0.06 -0.11**

Continuous performance tests
Omission errors -0.25*** -0.18*** -0.23*** -0.12** -0.11** -0.12**
Commission errors -0.28*** -0.24*** -0.28*** -0.15*** -0.13** -0.15***
Response times -0.11** -0.12** -0.12** -0.01 -0.02 -0.00 
Response times variability -0.27*** -0.27*** -0.29*** -0.13** -0.16*** -0.15***

Children’s Color Trails Tests
CCTT 1 -0.10* -0.08 -0.09* -0.05 -0.05 -0.05
CCTT 2 -0.23*** -0.13** -0.19*** -0.06 -0.01 -0.03 
Interference -0.20*** -0.08 -0.15*** -0.04 -0.05 -0.00 

Stroop Color-Word Tests
Word -0.14** -0.03 -0.10* -0.09* -0.02 -0.07 
Color -0.20*** -0.10* -0.16*** -0.11** -0.06 -0.10*
Color-word -0.27*** -0.16*** -0.23*** -0.15*** -0.10* -0.14**
Interference -0.00 -0.00 -0.00 -0.01 -0.01 -0.01 

*p<0.05, **p<0.01, ***p<0.001. ARS: attention-defi cit/hyperactivity disorder rating scale, KEDI-WISC: Korean Educational Development In- ARS: attention-defi cit/hyperactivity disorder rating scale, KEDI-WISC: Korean Educational Development In-ARS: attention-deficit/hyperactivity disorder rating scale, KEDI-WISC: Korean Educational Development In-KEDI-WISC: Korean Educational Development In-: Korean Educational Development In- Korean Educational Development In-
stitute-Wechsler Intelligence Scales for Children, FSIQ: full scale intelligent quotient 
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breviated KEDI-WISC, CPT, CCTT, and Stroop tests except 
for Stroop interference. The hyperactivity/impulsivity sub-scores 
of teacher-rated ARS were associated with Vocabulary and Pic-
ture Arrangement sub-scores of KEDI-WISC, all sub-scores of 
the CPT, the CCTT2 sub-score of the CCTT, and the Color and 
Color-Word sub-scores of the Stroop test. The parent-rated ARS 
was also associated with some sub-scores of the KEDI-WISC, 
CPT, and Stroop test; the pattern was similar to that for the tea-
cher-rated ARS, although the correlations were weak. 

Among full-syndrome and subthreshold ADHD children, a 
positive association was found between parent-rated and teach-

er-rated inattention and between parent-rated and teacher-rat-
ed hyperactivity/impulsivity (Table 4). Moreover, teacher-rated 
ARS was negatively associated with intelligence, as measured by 
the KEDI-WISC, and cognitive performance, as assessed by the 
CPT, CCTT, and Stroop tests. 

In the parent-rated ARS, inattention sub-scores showed a sig-
nificant association with the response times of the CPT only, and 
hyperactivity/impulsivity sub-scores showed significant associ-
ations with the Vocabulary sub-score of the KEDI-WISC only 
(Table 5).

Table 4. Pearson correlations between the parent- and teacher-rated ARS in children diagnosed with full-syndrome and subthreshold 
ADHD (N=88)

Parent-rated ARS
 Inattention Hyperactivity/impulsivity Total

Teacher-rated ARS Inattention 0.26* 0.19 0.24*
Hyperactivity/impulsivity 0.12 0.22* 0.17
Total 0.21* 0.22* 0.23*

*p<0.05. ADHD: attention-deficit/hyperactivity disorder, ARS: attention-deficit/hyperactivity disorder rating scale

Table 5. Pearson correlations between the parent- and teacher-rated ARS and measures of the cognitive function in children diagnosed with 
full-syndrome and subthreshold ADHD (N=88)

Teacher-rated ARS Parent-rated ARS

 Inattention
Hyperactivity/  

impulsivity
Total Inattention

Hyperactivity/
impulsivity

Total

Abbreviated KEDI-WISC
Mathematics -0.33** -0.21* -0.29** 0.10 0.16 0.14
Vocabulary -0.35** -0.33** -0.36** 0.17 0.28** 0.24*
Block design -0.36*** -0.21* -0.31** 0.07 0.16 0.12
Picture arrangement -0.45*** -0.28** -0.39*** -0.13 -0.01 -0.08
FSIQ -0.50*** -0.35** -0.45*** 0.07 0.20 0.14

Continuous performance tests
Omission errors 0.27* 0.19 0.25* -0.08 -0.08 -0.09
Commission errors 0.34** 0.30** 0.34** 0.02 0.02 0.02
Response times 0.06 0.07 0.07 -0.23* -0.18 -0.22*
Response times variability 0.29** 0.29** 0.31** -0.05 0.00 -0.03

Children’s Color Trails Tests
CCTT 1 0.11 0.03 0.08 -0.13 0.01 -0.07
CCTT 2 0.37*** 0.29** 0.35** -0.13 -0.14 -0.14
Interference -0.36** -0.29** -0.35** 0.01 0.14 0.08

Stroop Color-Word Tests
Word -0.43*** -0.33** -0.41*** -0.01 0.00 -0.01
Color -0.39*** -0.30** -0.37*** 0.03 0.08 0.06
Color-word -0.37*** -0.28** -0.34** -0.03 -0.02 -0.03
Interference 0.21 0.18 0.21 -0.03 -0.09 -0.07

*p<0.05, **p<0.01, ***p<0.001. ADHD: attention-deficit/hyperactivity disorder, ARS: attention-deficit/hyperactivity disorder rating scale, 
KEDI-WISC: Korean Educational Development Institute-Wechsler Intelligence Scales for Children, FSIQ: full scale intelligent quotient
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DISCUSSION

This investigation examined the relationship between teach-
er-rated and parent-rated symptoms of ADHD and the neuro-
cognitive function of children. Teacher ratings of inattention and 
hyperactivity/impulsivity were closely associated with children’s 
cognitive performance in both a general population sample of 
children and in children with full-syndrome and subthreshold 
ADHD, but there were few significant relationships between 
parent-rated symptoms and cognitive performance especially 
in children with full-syndrome and subthreshold ADHD.

The level of agreement between teacher and parent ratings 
was low in children with full-syndrome and subthreshold ADHD 
and low to moderate in the normative sample. These results are 
consistent with some previous studies that found low to non-signif-
icant correlations between parent and teacher ratings for an 
ADHD sample3,28 and moderate correlations for typically de-
veloping children.6,7 The degrees of association were similar to 
those found in the present study. Parents and teachers appear to be 
reporting on important but distinct aspects of child functioning, 
and the lack of agreement on symptoms ratings may be due to 
variation in children’s behavior in different situations and differ-
ences in the way different observers judge children’s behavior.29 

In the present study, we found that the association between 
ADHD symptoms and IQ and cognitive performance was st-
ronger in teacher ratings than in parent ratings. These results are 
consistent with a previous finding, which showed a positive as-
sociation of poor cognitive performance with teacher ratings of 
ADHD symptoms but not with parent ratings.30,31 Teachers may 
have a clearer opinion on ADHD symptoms than parents be-
cause they can make comparisons with other pupils,32 be famil-
iar with age-appropriate behavior and better attuned to devel-
opmental changes in children.5 Parents generally reported higher 
behavioral problems than teachers, but teachers scored higher 
than parents on the items related to academic functioning. In 
contrast, parents are more sensitive than teachers to internaliz-
ing symptoms important for differential diagnosis of ADHD.33 
Teacher observations of ADHD symptoms have been consid-
ered to be reliable and to agree with direct observation more than 
parent ratings,34 and to outperform parent ratings when consid-
ering sensitivity, specificity, and overall classification accuracy.33

Although there were only 20 children with full syndrome 
ADHD in our study, 68 with subthreshold ADHD were also in-
cluded. Recently, there is increased interest in children who show 
inattentive or hyperactive/impulsive symptoms of ADHD but 
do not meet the diagnostic threshold, i.e. subthreshold ADHD. 
Subthreshold ADHD is reported to be more prevalent than full 
syndrome ADHD,35 associated with psychosocial adversity and 
functional impairment and related to a greater risk for devel-
oping clinical-level ADHD.36-38 Several researches which as-

sessed the validity of subthreshold ADHD16,39-40 suggested that 
subthreshold ADHD might be a milder form of the disorder. 

Children with full-syndrome and subthreshold ADHD show-
ed significantly deficits in selective attention (increased omission 
errors on the CPT), sustained attention (increased response time 
variability on the CPT), response inhibition (increased commis-
sion errors on the CPT and lower color-word score on the Stroop 
Word-Color Test) in this study. These results are consistent with 
previous studies which addressed the core neurocognitive def-
icits of ADHD.2,41 However, there were no significant differenc-
es in Interference scores on the CCTT and Stroop tests between 
children with and without ADHD. Moreover, parent-rated and 
teacher-rated ADHD symptoms were not associated with the 
interference score on the Stroop test both in children with ADHD 
and in normative children. In recent meta-analysis,42 the Stroop 
interference effect was not larger in children with ADHD and 
significant differences in the Stroop test between children with 
ADHD and age-matched controls were found in the color and 
the color-word condition, congruent with our results. Further 
studies which addressed the Stroop interference effects in ADHD 
are needed. Some limitations should be considered in interpret-
ing our findings. First, the moderate response rate and missing 
data of the teacher-rated and parent-rated ARS could lead to 
attrition bias. Second, because only third- and fourth-grade 
students were included, it is difficult to generalize our findings 
to the entire age range of children affected by ADHD. Future 
research with children in other age ranges may expand the cur-
rent findings. Third, only 20 with full-syndrome ADHD among 
580 children were included in the analysis, which is small num-
ber to generalize the results to entire population with ADHD. 
Despite these caveats, this study has the following strengths: a) 
a large community sample was assessed, minimizing selection 
bias; b) both general population of children and children with 
full-syndrome and subthreshold ADHD were evaluated; c) sub-
jects in this study were recruited from a non-Western culture in 
Asia. 

In conclusion, these results suggest that teacher ratings are 
more strongly associated than parent ratings with intelligence 
and cognitive performance in Korean children. Our results em-
phasize the importance of considering the teacher’s report of 
a child’s school functioning during the assessment of ADHD. 
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