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Executive Function in Attention-Deficit/Hyperactivity Disorder :
Relationship of Comprehensive Attention, Stoop Color-Word,
Children’s Color Trails, and Wisconsin Card Sorting Tests

Jong-Man Seo, MD', Hyo-Won Kim, MD, PhD", Jin-Young Yeo, MD?,
Eun-Ha Byun, MD? and Seockhoon Chung, MD, PhD'

"Department of Psychiatry, University of Ulsan College of Medicine, Asan Medical Center, Seoul,
Korea
°Didim Psychiatric Clinic, Seoul, Korea

Objectives The objective of this study was to investigate the relationship of the Comprehen-
sive Attention (CAT), Stoop Color-Word (STROOP), Children’s Color Trails (CCTT), and Wisconsin
Card Sorting Tests (WCST) in evaluating the executive function in attention-deficit/hyperactivity
disorder (ADHD).

Methods A total of 197 children and adolescents with ADHD (mean age 10.4+3.2 years, 173
boys) and 62 without ADHD (mean age 11.8+3.5 years, 48 boys) have completed the Swanson,
Nolan, and Pelham-IV questionnaire (SNAP-IV), and also the CAT, STROOP, CCTT and WCST.

Results The selective, sustained, divided attention and Flanker tests of the CAT significantly
discriminated between the ADHD and non-ADHD groups. The results of the CCTT were signifi-
cantly correlated with the results of the CAT only in the ADHD group. The results of the STROOP
were associated with selective, sustained, divided attention and Flanker tests. The results of the
WCST were significantly correlated with the scores of the Working Memory subtest of the CAT
only in the non-ADHD group.

Conclusion The results of this study suggest that the CAT has strong discriminant validity and
moderate concurrent validity. The CAT could be a tool for the evaluation of the executive function
of ADHD. J Korean Neuropsychiatr Assoc 2012;51:59-69

KEY WORDS Attention-deficit/hyperactivity disorder - Children’s Color Trails Test -
Comprehensive Attention Test - Executive function - Stroop Test -
Wisconsin Card Sorting Test.
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Table 1. Demographic and clinical characteristics of children and adolescents with and without ADHD

ADHD (n=197) Non ADHD (n=62) tor ¥’ p-value

Age in yr, mean (SD) 10.5 (3.3) 12.1 (3.5) -3.17 0.002
FSIQ, mean (SD) 106.1 (12.9) 105.6 (12.2) -0.26 0.765
Gender

Boys, n (%) 146 (74.1) 9 (62.9) 2.9 0.088
ADHD subtypes, n (%)

Combined 102 (45.1)

Inattentive 122 (54.0)

Hyperactive-impulsive 2(0.9)
Comorbid disorders, n (%)

Oppositional defiant disorder 12 (6.1) 2(3.2) 0.529*

Conduct disorder 11 (4.9) 3(4.2) 1.000*

Depressive disorder 53 (26.9) 38 (61.3) 24.47 <0.001

Anxiety disorder 18 (9.1) 24 (38.7) 30.36 <0.001

Enuresis 2(1.0) 0 1.000*

Adjustment disorder 1(0.5) 3(4.8) 0.044*

Somatization disorder 0(0) 1(1.6) 0.239*

= : Comparisons were assessed using the Fisher's exact test. ADHD : Attention-deficit/hyperactivity disorder, FSIQ : Full scale intelli-

gent quotient, SD : Standard deviation
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Table 2. Comparison of the results of the CAT, CCTT, WCST and Stroop tests between children and adolescents with and without
ADHD

ADHD Non ADHD , °
mean (SD) mean (SD)
SNAP-IV (n=121)* (n=42)*
Inattention 14.2 (5.2) 11.2(7.0) 2.53 0.014#
Hyperactivity-Impulsivity 9.2 (5.5 4.4(3.8) 6.31 <0.001%
Wisconsin Card Sorting Test (n=183)* (n=60)*
Number of total errors (%ile) 48.3(11.3) 51.5(11.5) -1.86 0.064
Number of perseverative errors (%ile) 52.5(15.9) 53.7(12.7) -0.57 0.568
Number of nonperseverative errors (%ile) 48.4 (12.0) 50.8 (12.0) -1.37 0.171
Categories completed 8(1.3) 3.0(1.3) -0.91 0.363
Trials to complete 1st category 16.5(11.9) 17.5(13.9) -0.52 0.602
Failure to maintain set 4(0.7) 0.6 (0.7) -1.75 0.082
Children’s Color Trails Test (n:1 92)* (n=55)*
CCTT1 44.5(11.8) 45.6 (12.7) -0.60 0.551
CCTT2 44.3(11.0) 47.1 (11.6) -1.64 0.102
Interference 3(11.5) 50.1 (10.3) -1.59 0.114
Stroop test (n 197) (n=62)
Word 5(12.4) 47.3(12.3) -1.01 0.314
Color 47.9 (12.9) 51.5(11.4) -1.98 0.049
Color-Word 45.0(11.9) 50.8 (12.4) -3.28 0.001+
Interference 48.4 (14.5) 50.0 (10.3) -0.99 0.323
Comprehensive Attention Test (n=197) (n=62)
Omission error, visual selective 90.6 (21.8) 96.6(16.8) -2.26 0.025
Commission error, visual selective 81.8 (25.8) 91.3 (20.4) -2.98 0.003¢
Response time, visual selective 93.8(16.2) 96.8(16.1) -1.30 0.196
Response time variability, visual selective 75.7 (26.4) 84.1 (23.8) -2.23 0.027
Omission error, auditory selective 88.2 (32.5) 94.7 (23.4) -1.46 0.146
Commission error, auditory selective 85.1 (23.9) 90.7 (20.0) -1.68 0.095
Response time, auditory selective 93.2(18.6) 96.6(19.4) -1.25 0.213
Response time variability, auditory selective 81.8 (21.0) 91.8 (20.5) -3.28 0.001#
Omission error, sustained 83.4 (24.8) 91.2(21.3) -2.42 0.017
Commission error, sustained 88.2 (16.4) 92.8(17.4) -1.90 0.059
Response time, sustained 92.8(17.1) 96.0(17.3) -1.26 0.207
Response time variability, sustained 85.5(16.0) 91.6(16.2) -2.58 0.010¢
(n=194)t (n=61)t
Omission error, Flanker 78.0 (33.8) 89.7 (24.0) -2.98 0.003¢
Commission error, Flanker 82.0 (24.1) 88.6 (18.1) -2.28 0.024
Response time, Flanker 89.3(20.4) 91.7 (13.8) -1.06 0.290
Response time variability, Flanker 75.6 (22.9) 84.0(18.3) -2.93 0.004+
(n=129)t (n=48)t
Omission error, divided 81.0 (28.9) 76.4 (28.9) 0.94 0.347
Commission error, divided 82.2 (25.4) 87.2 (26.5) -1.16 0.248
Response time, divided 101.9 (22.1) 101.4 (21.7) 0.13 0.896
Response time variability, divided 90.0 (21.9) 91.6 (21.1) -0.42 0.674
Forward memory span 94.1 (20.5) 95.7 (19.0) -0.47 0.642
Forward correct response 88.3 (24.5) 94.7 (23.3) -1.56 0.120
Backward memory span 96.3(19.5) 96.8 (19.0) -0.18 0.860
Backward correct response 88.3 (27.0) 93.9 (24.3) -1.26 0.208

: Numbers may not add up to the same total because of missing values, T : Test was not applied when it is not appropriate to
age, * : Difference between the two groups was significant when corrected for multiple comparisons. ADHD : Attention-deficit/
hyperochvny disorder, CAT : Comprehensive Attention Test, CCTT : Children’s Color Trails Test, SNAP : Swanson, Nolan and Pel-
ham-IV, WCST : Wisconsin Card Sorting test
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Table 3. The area under the curve and 95% confidence interval from ROC analysis using the CAT, CCTT, WCST and Stroop tests to
discriminate children and adolescents with ADHD from those without

- ALC 95% ClI
Lower Upper
Wisconsin Card Sorting Test
Number of total errors (%ile) 243 0.5917 0.506 0.675
Number of perseverative errors (%ile) 243 0.538 0.461 0.615
Number of nonperseverative errors (%ile) 243 0.585" 0.501 0.669
Categories completed 243 0.553 0.469 0.638
Trials to complete 1st category 243 0.527 0.443 0.612
Failure to maintain set 243 0.569 0.483 0.655
Children’s Color Trails Test
CCTT 1 247 0.532 0.441 0.624
CCTT 2 247 0.577 0.490 0.665
Interference 247 0.566 0.482 0.651
Stroop test
Word 259 0.561 0.480 0.642
Color 259 0.590" 0.513 0.668
Color-Word 259 0.644' 0.565 0.723
Interference 259 0.533 0.456 0.611
Comprehensive Attention Test
Omission error, visual selective 259 0.542 0.463 0.622
Commission error, visual selective 259 0.607" 0.530 0.685
Response fime, visual selective 259 0.538 0.457 0.619
Response time variability, visual selective 259 0.602" 0.523 0.681
Omission error, auditory selective 259 0.551 0.470 0.632
Commission error, auditory selective 259 0.561 0.482 0.640
Response time, auditory selective 259 0.553 0.470 0.636
Response time variability, auditory selective 259 0.642" 0.563 0.721
Omission error, sustained 259 0.608' 0.528 0.688
Commission error, sustained 259 0.599" 0.517 0.680
Response fime, sustained 259 0.542 0.458 0.626
Response fime variability, sustained 259 0.622" 0.543 0.701
Omission error, Flanker 255 0.606" 0.529 0.684
Commission error, Flanker 255 0.571 0.494 0.648
Response fime, Flanker 255 0.525 0.447 0.603
Response fime variability, Flanker 255 0.602" 0.523 0.681
Omission error, divided 177 0.460 0.364 0.557
Commission error, divided 177 0.554 0.458 0.650
Response time, divided 177 0.495 0.401 0.590
Response time variability, divided 177 0.502 0.406 0.598
Forward memory span 177 0.505 0.406 0.604
Forward correct response 177 0.575 0.482 0.668
Backward memory span 177 0.501 0.402 0.600
Backward correct response 177 0.557 0.464 0.649

= Numbers may not add up to the same total because of missing values or because test was not applied when it is not appro-
priate to age, T : Statistically significant discrimination ability of ADHD (AUC>0.5). 95% CI : 95% confidence interval, ADHD : Atten-
tion-deficit/hyperactivity disorder, AUC : Area under the curve, CAT : Comprehensive Attention Test, CCTT : Children’s Color Trails

Test, ROC : Receiver operating characteristic, WCST : Wisconsin Card Sorting fest
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