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Although the Wisconsin Card Sorting Test (WCST) has been widely used to evaluate the frontal lobe
functioning, there is no published data on normal children in Korea which results in limitation of its clinical
validity in children. The present study was conducted to investigate developmental trends of normal children's
performance on the WCST. The computerized version of WCST (Heaton, 1991) was administered to 160
elementary school children aged 7 to 11 years. Their Full Scale IQs measured by the Korean version of
WISC-R ranged from 80 to 138 (M=111.02, SD=11.77). Children did not differ in FSIQ, VIQ, and PIQ
when compared based on age. However, very moderate correlations were found between FSIQ, VIQ, and PIQ
scores and the scoring variables. Out of the 10 WCST scoring variables, 9 variables except Failure to Maintain
Set showed age effect, but sex difference was not found in any variables. There was also no significant
interaction effect between age and sex. Important differences in developmental trends were found among the 10
WCST scoring variables. The nature of these differences was effectively explained by the three factors. From the
principal axis analysis with oblique rotation using the 10 WCST scoring variables, three factors with eigenvalue
greater than 1 emerged, interpreted as conceptual formation (Factor I: accounted for 60.24% of variance),
perseveration (Factor II: 18.52% of variance), and ability to sustain attention (Factor III: 12.12% of variance).
The growth curves for the 5 scoring variables constituting Factor I(Total Number of Corrects, Nonperseverative
Errors, Conceptual Level Responses, Number of Categories Completed, and Trials to Complete First Category)
showed significant improverment from age 7 to 8, suggesting a developmental spurt during that period. By
contrast, Perseveration Errors included in Factor II significantly decreased from age 9 to 11, while Failure to
Maintain Set included in Factor III showed no age effect. These results suggest that the WCST performance

requires multiple cognitive functioning with different developmental trends.
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The Wisconsin Card Sorting Test(WCST; Grant &
Berg, 1948), a frequently administered neuropsycho-
logical test, was developed to assess abstraction ability.
Although its validity was first established through
lesion studies, more recently functional imaging data
have been used to corroborate the brain-behavior
relationship. During the 1960's and 1970, lesion
studies that the WOCST was
frontal lobe functioning(Drewe, 1974; Milner, 1963,
Robinson, Heaton, Lehamn, & Stilson, 1980). During
the 1980's and 1990's PET and SPEC imaging studies

showed sensitive  to

have confirmed the pivotal role of the frontal lobe in
WCST performance by documenting activation primarily
of dorsolateral prefrontal cortex during test completion
(Marenco, Coppola, Daniel, Zigun, & Weinberger,
1993; Rezai, Andreasen, Alliger, Cohen, Swayze, &
O;Leary, 1993; Rubin, Holm, Friberg, Videbech,
Andersen, Bendsen, Stromso, Larsen, Lassen, &
Hemmingsen, 1991). Studies about the cognitive and
developmental effects of early frontal lobe injury
among children have also sparkled considerable interest
in the WCST as a potential measure of frontal lobe
functioning  among children(Chelune, &

1986; Chelune & Thompson, 1987, Welsh,

school-age
Baer,
Pennington, & Groisser, 1991).

In this study we investigated normative development
in the WCST performance of school -age children in
order to tap the developmental course of frontal lobe
functions. Myelination of the frontal lobe proceeds
rapidly from the age 4 until about age 13(Reines &
Goldman, 1980). Case(1992) argued that between age
of 5 and 10 years,
children's  behavior  that

reorganization of  their

a sequence takes place in
fundamental

indicates a

attentional and  executive

processes  which are correlated with physiological

- 462

changes in the frontal lobe of children. On the
standard test on concept acquisition(Gholson & Beilin,
1979; Stevenson, 1968) which makes requirements
similar to those of the WCST, G-year-olds were
reported to use their ability to classify along various
dimensions to aid them in their hypothesis about
which card is correct. By the age of 8, children
showed the ability to shift to a totally different
dimension if the first dimension selected yield an
inconsistent pattern or if the rule is changed.

In three studies with school aged children(Becker,
Isaac, & Hynd, 1987; Passler, Isaac, & Hynd, 1983;
Welsh, 1987), investigators observed age-dependent
changes in children's performance and suggested that
behaviors attributed to the prefrontal lobe reveal the
emergence of at least three stages of skill integration
differing

trajectories: at age 6, 10, and during adolescence.

and  maturation  with developmental
Some of these developmental trends can be placed in
the larger context of normal cognitive development:
For instance, changes in prefrontal -like skills at age 6
is consistent with what has been referred to in the
field of developmental psychology as the 5 to 7 year
shift(White, 1970). In a variety of content domains,
investigators have documented rapid advances in
systematic problems solving during this period; these
advances have been attributed to increase in logical
thought(Piaget, 1954), working memory(Case, 1985),
and selective attention (Miller & Weisse, 1981). Given
the pattern of data that was reported in the forgoing
research, frontal lobe function generates a wave-like
rather than a linear change(Case, 1992) which is
roughly correspond to those stage-like moves to a

higher level of processing postulated by Piaget(Phillips,
1969); preoperational thinking(aged 2 to 4), concrete
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operation(around ages 5 to 7 untill 11I), formal
operation (initiated at the beginning of adolescence).
Using WCST, Chelune and Baer(1986) reported
linear age effects for  “Categories  Achieved
“Perseveration Errors”, and “Failure to Maintain Set”
with 105 normal children aged 6 to 12. A dramatic
improvement in  performance occurred on  the
“Categories Achieved”, “Perseveration Errors ” from age
6 to 7. With a plateau occurring at age 8 their
performance was indistingnishable from that of normal
adults by the time children are 10 years old. However
“Failure to Maintain Set” do not show the same
degree of linear improvement with age as was evident
with “Categories Achieved”, “Perseveration Errors” It
might be explained by the inherent nature of the
variable. That is, in contrast to the other WCST
scoring variables, a high score on this variable might
not be necessarily reflect an inferior performance
(Koren, Seidman, Harrison, Lyons, Kremen, Caplan,
Goldstein, Faraone & Tsuang, 1998) because in order
to lose set one has to acquire it first. Thus a low
score on this variable might be reflective of either
performance superb(i.e. perfect maintenance of set) or
extremely poor performance(le. no set has ever been
acquired). Welsh et al(1991)s study with 379 normal
children aged 3 to 12 reported that the performance
of “Perseverative Responses” revealed  developmental
spurt from age 7 to 8 and reached adult levels by
age 10, replicating
Baer(1986). Levin, Culhan, Hartman, Evankovich, and
Mattson(1991) with 52 normal children age grouped
7~8, 9~12, 13~15

Completed”, “Conceptual Level Responses”, ‘Perseverative

the data reported by Chelune and

reported  that  ‘Categories

Errors”, “Failure to Maintain Set” showed significant

improvement by age 12.
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With increasing attempt to integrate developmental
perspective to performance on the WCST in children,
research into improving interpretative accuracy on the
base of normal children's performance remains rarely
reported in Korea. Furthermore there has been no
published data of the WCST performance on normal
children in Korea, limiting its clinical use in children.
The present study has two purposes. The first is to
identify developmental trends in the WCST' performance
within the context of developmental expectation for
brain maturation. The extent to which performance is
confounded by gender and IQ level will also explored
for accurate interpretation of test scores.

The second purpose is to identify the latent
cognitive functions assessed by each scoring variable to
yield clear interpretation about development of frontal
lobe functions. Due to the lack of consensus of the
frontal lobe functions assessed by each scoring
variables, interpretation of the WCST results has been
of limited use. Traditionally WCST scoring variables
have been selectively used based on clinical evidence;
“Categories Completed” hypothesized as a measure of
conceptual formation and “Perseverative Errors” as a
measure of difficulty to set-shift are the two variables
that have been most frequently used. Furthermore
previous studies differed in how WCST score were
derived, making it difficult to compare results across
studies. In the presenc study, 10 standard scoring
variables(Heaton, 1981; Robinson, Heaton, Lehman, &
Stilson, 1980) were investigated in order to enhance

frontal  lobe

functioning. In addition, identification of cognitive

the availability of measures for

functions underlying each scoring variables is expected

to lead to a clear interpretation of WCST findings.
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Method

Participants

163 elementary school children from the Ist to Sth

grade in a local elementary school in  Seoul

participated in the present study. One classroom from

each grade in the school was randomly selected and
the children from the selected classes with parental
permission served as participants. Out of the 163
children, two children with FSIQ measured by
KEDI-WISC below 80 and one 12-year-old boy were
excluded from the study. The final sample of 75 girls
and 85 boys was grouped into one of the 7, 8, 9,

Table 1. Means and Standard Deviations for Age and VIQ, PIQ, FSIQ scores.

Age VIQ PIQ BIQ
Age Group
M SD M SD M §D M SD
Tyear old group
Male(n=14) 731 3 10821 1047 11279 9.4 11214 82
Female(n=16) 0 3 103,00 1294 104.50 1425 10425 1307
Total(n=30) 3 E 10543 1179 10837 1266 10793 1161
8year old group
Male(n=18) 850 5 113.56 1357 11533 11.20 116.00 1123
Female(n=17) 8.03 2 108.76 12.87 107.76 1238 109.24 1311
Total(n=35) 8.56 B 11123 13.26 111.66 1232 112.71 1161
9year old group
Male(n=18) 9.46 A 105.11 13.86 108.89 15.16 107.67 1375
Female(n=13) 9.56 2 109.31 11.83 114.23 11.56 112.85 1248
Total(n=31) 951 2l 106.87 1301 11113 1381 109.84 1233
10year old group
Male(n=17) 1027 B 115.00 9.11 117.35 1161 117.88 9.39
Female(n=11) 1025 B 10845 11.99 11282 17 11173 9.05
Total(n=28) 10.26 2 1243 10.63 115.57 10.19 11546 9.39
1lyear old group
Male(n=14) 1137 3 106.06 12.83 110.06 1033 108.94 1127
Female(n=16) 1148 H 104,89 10.24 113.67 1271 110.11 10.72
Total(n=30) 1142 3 10547 1145 111.86 11.56 109.53 10.86
Total Group
Male(n=385) 947 140 109.59 1235 112.84 11.94 112.48 1133
Female(n=75) 9.45 149 106.65 11.93 11035 1230 109.37 11.64
Total(n=160) 9.46 144 10821 1232 111.67 1223 111.03 1165

Note. VIQ = Verbal IQ; PIQ = Performance IQ; FSIQ = Full Scale IQ.
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10, 11 year-old age groups. The means and standard
deviations by age and sex for VIQ, PIQ, ESIQ are
presented in Table 1. A multivariate ANOVA revealed
that the children did not differ in their VIQ, PIQ,
FSIQ by age, Wilks Lamdz = 8935 F4, 155) =
1426, ns, and sex, Wilk's Lamda = 980 F(1, 155) =
1.028, ms. An interaction effect between sex and age
was not found, either, Wilk's Lamda = 916 F(4, 155)
= 1.095, .

Measures

Korean Educational Developmental Institute-Wechsler

Intelligence Scale for Children(KEDI-WISC) : KEDI-
WISC(1991) is a Korean version of WISC-R
standardized and modified for Korean children aged 5
to 15 years. FSIQ, VIQ, PIQ were assessed for each
child.

WCST Computer Version-2: WCST-CV2 (Heaton,
1991) is WCST administered using
according to standardized procedure instead of a

The WCST consists of four stimulus cards

a computer

examiner.
and 128 response cards that depict figures of varying
forms(crosses, circles, triangles, or stars), colors(red,
blue, yellow, or green) and numbers of figures(one,
two, three, or four). On the computer version, the
four stimulus cards with following characteristics are
presented on the top of the screen before the
participants in left to right order: one triangle, two
green stars, three yellow crosses, and four blue circles.
The participant is then presented a deck of 64
response cards under the stimulus cards and instructed
to match each consecutive card from the deck with

one of the four stimulus cards, whichever one he or
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she think it maches. Feedback is given in the middle
of the screen only whether each response is right or
wrong and the participant is never told the correct
sorting principle.

Once the participant has made a specified number
of consecutive “correct” matched to the initial sorting
principle(usually  Color), the sorting principle s
changed-to Form or Number-without warning, requiring
the participant to use the computer's feedback to
develop a new sorting strategy. The WCST proceeds
in this manner through a number of shifts in
among the three possible sorting categories(Color,

Form, and Number).

a sct

The participant's responses were automatically scored
by the software, yielding 16 Heaton et al's(1993)
scoring variables: (1) Number of Trials Administered
(2) Total Number of Correct Responses (3) Total
Number of Errors (4) Percent of Errors (5) Trials to
Complete  First Category (6) Number of Categories
Completed (7) Failure to Maintain set (8) Perseverative
responses  (9) Percent Perseverative Responses (10)
Perseverative Errors (11) Percent Perseverative Errors
(12) Nonperseverative Errors (13)
Errors  (14)

Percent

Nonperseverative Conceptual  Level
Responses  (15) Percent Conceptual Level Responses
(16) Learning to Learn. Among 16 variables, only 10
scoring variables except 5 redundant percent scores

and Learning to learnl) were included for the

statistical analysis in the present study.

I) If the respondent fails to complete 2 or more
categories, Learning to Learn cannot be calculated. To
prevent listwise deletion of the data, it was excluded

form the statistical analysis.
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Procedure

All partidpants were individually administered the
KEDI-WISC and the WCST as a part of a larger
neuropsychological ~battery during 3  hour testing
session. The children were seen at a classroom in their
school during the three and half week period between
from Feb. 4 to Feb. 27, 1999. Those tests were
administered by one of the authors and three trained
graduate students in clinical psychology.

WCST-CV2(Heaton, 1991) was administered using a
pentium portable computer. The children's birth dates

were confirmed using school records with permission

from the parents and teachers.

Data Analysis

WCST raw scores were used to provide normative
data. A multivariate ANOVAPROC GLM{General
Linear Models Procedurel) was used to examine main
effects and interaction effects between age, sex, and
IQ scores. The Pearson correladon between the 10
WCST scoring variables and FSIQ, VIQ and PIQ
scores was assessed to examine the relationship
between the IQ scores and the performance on the
WCST. Further, the Pearson correlation between the
three factor scores on the principal axis analysis and
ESIQ, VIQ and PIQ scores were subject to the the
Pearson correlation to identify the effece of IQ scores
to the cognitive functions. The use of factor scores, in
contrast to the original scoring variables, was to
represent  independent  cognitive functions of WCST
performance. Trend analyses for significant F  values

(@ = .05) used orthogonal polynomial coefficients of

General Linear Model-General Factorial Procedure to
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confirm long-term age effect.  Post-hoc comparisons for
significant F values (. = .05) were performed with
Tukey HSD tests.

Bartlett's test of Sphericity and Kaiser-Meyer-Olkin
Measure of Sampling Adequacy(MSA) was administered
to assess the adequacy of the sample for the factor
analysis. Acceptable level of MSA was .70 according
to the Kaiser(1974).

guideline  suggested by

Anti-image correlation matrix was also used to
examine the data adequacy to conduct factor analysis.
The factor analysis was performed using principal-axis
factoring with oblique rotation since there exist
significant ~ correlations among scoring variables. The
rotated factor patterns of the WCST scoring variables
were examined for latent cognitive factors of the
WCST. The number of meaningful factors to be
retained for rotation was determined on the bases of
two criteria: (a) cigenvalues of factors to be retained
are greater than 1 (b) visual examination of the scree
plot. SPSS Version 8.0 was wused for all of the

statistical analysis described above.

Results

The effect of age, sex, and IQ scores
on the WCST performance

The main question of interest is whether the
WCST performance is influenced by sex orfand IQ
level. The multivariate analysis of variance(PROC GLM
procedure) was use to examine main effects and
interaction effects between age and sex. The means
and standard deviations by age groups for 10 WCST

scoring variables are presented in Table 2. The results
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Table 2. Means and standard Deviations of the 10 WCST scoring variables by age groups

Age group
Scoring Variable 7 8 9 10 11
M SD M 8§D M SD M SD M SD
No. of Trials Administered 128.00 .00 126.88 3.46 12094 14.34 118.00 16.21 120.22 13.31
Total Number of Corrects 5686 21.15  69.22 17.62  69.74 17.21 74.10 18.74 76.94 14.23
Total Number of Errors 71.13 21.02 57.65 19.02 51.19 23.52 42.10 24.74 42.02 18.57
Perseverative Responses 2480 .77 2462 10.27 26.25 15.27 19.28 10.78 19.38 9.19
Perseverative Errors 2243 7.03 2276 818  21.84 10.68 21.00 11.94 20.17 8.17
Nonperseverative Errors 4870 21.58 3241 1870  22.23 10.11 23.09 14.47 25.16  9.90
Conceptual Level Responses 36.23 25.48 56.08 23.74  65.84 17.90 59.54 24.38 64.88 14.32
No. of Categories Completed 1.70 151 3.29 1.96 283 194 423 207 411 2.24
Trials to Complete First Category — 66.03 46.98 38.57 3591 35.67 37.75 33.57 37.75 3291 33.63
Failure to Maintain Set 133 1.24 1.54 1.19 1.80 1.72 1.71 1.69 2.00 1.65
Nate,. n = 160.
of multivariate analysis of variancePROC GLM Number of Errors, #(160) = -17, p <05, and

procedure) for the 10 WCST scoring variables by age
sex are presented in Table 3. The WCST performance
showed a significant difference among age groups,
wilk's Lamda = 570, F(4,155) = 1.028, p< .01; but
Wilks Lomda =

the interaction -effect

sex difference was not significant,
958, F(L,155) = .935, wmw,
between age groups and sex was not significant,
either, Wilk's Lamda = 775, F(4,155)= 1.095, m. As
can be seen in Table 3, 8 of the 10 scoring variables
showed significant age effects of the remaining two
variables, one (Perseverative Responses) showed age
effect approaching significance, F(4,155) = 2434, p
=.05. By contrast, Failure to Maintain Set was the
only scoring variable that showed no significant age
effect, F(4,155) = .921, w.

As can be seen in Table 5, very modest correlation
were found between VIQ scores and Nunber  of
Trials Administered, r(160) = -21, p <01, Total

Number of Categories Completed, #(160) = .24, p
<.01; between PIQ scores and Number of Trials
Administered, #(160) = -.20, p <.01, Total Number
of Corrects, r(160) = .19, p <.01, Total Number of
Errors, #(160) = -25, p <.01, and Nonperseverative
#(160) = -25, p <.01, Conceptual Level
n(160) = <.01, Number of
Categories Completed, #(160) = .31, p <.01; between
FSIQ scores and Number of Trials Administered,
#(160) = -.24, p <.01, Total Number of Corrects,

Errors,

Responses, 22, p

#160) = .17, p <05, Total Number of Errors,
#160) = -24, p <.01, Nonperseverative Errors,
#(160) = -23, p <.01, Conceptual Level Responses,
#160) = .20, p <.05, Number of Categories
Completed, #(160) = .31, p <.01. When Compared

with factor scores, IQ scores showed the very modest
correlation with the Conceptual Formation factor as

can be seen in Table 6:

the factor score of Factor
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Table 3. MANOVA on the 10 WCST scoring variables by age groups and sex

frdpendens Depcndent WIS Univariee @ S ph
Sex No. of Trials Administered 09 L 77
Total Number of Corrects 127 L 26
Total Number of Errors 82 L 37
Perseverative Responses 59 1 44
Perseverative Errors 49 L 49
Nonperseverative Errors % 1.37 s 24
Conceptual Level Responses I8 L 38
No. of Categories Completed 92 L 34
Trials to Complete 1st Category 74 1 39
Failure to Maintain Set 03 L 86
Age No. of Trials Administered 4.49 4 00 7>10,11; 8>10
Group Total Number of Corrects 5.79 4 00 7> 8,9, 10, 11
Total Number of Errors 10.17 4 00 7>9,10,11; 8>10,11
Perseverative Responses 243 4 05
Perseverative Errors e 2.76 4 03 9>11
Nonperseverative Errors 7 9.88 4 00 7> 8,9, 10, 11
Conceptual Level Responses 8.03 4 00 7> 8,9, 10, 11
No. of Categories Completed 8.54 4 00 7> 8,9, 10, 11
Trials to Complete 1st Category 415 4 00 7> 8,9, 10, 11
Failure to Maintain Set 92 4 45
Age group  No. of Trials Administered 40 4 81
x Total Number of Corrects 91 4 46
Sex Total Number of Errors L10 4 36
Perseverative Responses 1.39 4 24
Perseverative Errors 1.34 4 26
Nonperseverative Errors 7 58 4 68
Conceptual Level Responses 1.08 4 37
No. of Categories Completed 79 4 54
Trials to complete Ist category 97 4 43
Failure to Maintain Set 1.34 4 26

Nate. a = Tukey HSD.
b <05 Tp < 0L
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Table 4. The Pearson correlation coefficient matrix between the 10 WCST scoring variables and
VIQ, PIQ, and FSIQ scores.

1Q scores

Scoring Variable VIQ PIQ FSIQ
No. of Trials Administered 2217 207 24"
Total Number of Corrects 11 19" 177
Total Number of Errors 17" 225" 24"
Perseverative Responses -11 -12 -13
Perseverative Errors -.10 -12 -12
Nonperseverative Errors -15 225" 23"
Conceptual Level Responses 13 n’ 20°
No. of Categories Completed 24" 31 31
Trials to Complete First Category -13 -13 -15
Failure to Maintain Set -08 -02 -06

{\Iote. n = 160.

p<05 p<OL

Table 5. The Pearson correlation coefficient matrix

among the 10 WCST scoring variables

Scoring  variables il 2 3 4 S 6 7 8 9 10

1 1.00

2 -13 Lo

3 59" -847 100

4 8" 377 557 L0

5 48" o387 567 97 100

6 4" 84" 9" 19 20" 100

7 28" " 91" -46" 47" -877 100

8 B VAR 0 88" 53" 54" 80" $4” Lo

9 30" -69” "o 7S ) S Z S £ S U1

10 26" 6”7 2377 13 213 =387 56" n" o -24" 1.00
Note. 1 = Number of Trials Administered; 2 = Total Number of Corrects; 3 = Total Number of Errors;

4 = Perseverative Responses; 5 = Perseverative Errors; 6 = Nonperseverative Errors;

7 = Conceptual Level Responses; 8 = Number of Categories Completed; 9 = Trials to Complete Fisst Category;
10 = Failure to Maintain Set.

n = 160.

p<05. Tp<olL
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I(Conceptual Formation. and VIQ, #(160) = -.17, p
<01, PIQ, (160) = -.26, p <.01, and FSIQ scores,
#160) = -24, p <.0L

Developmental Trends of the 10 WCST
scoring variables

Trend analyses revealed that age had a significant
linear effect(p <.05) on 9 WCST scoring variables
except Failure to Maintain Set(p>.05). Nonperseverative
Errors, Number of Categories Completed, Trials to
also  showed

Complete  First

quadratic effect(p<.05). Thus it can be concluded that

Category significant
WCST performance gradually improved with age
through 7 to 11 years of age but specific pattern of
developmental change appear to be different depending
on the scoring variables.

Post-hoc  analysis(Tukey HSD) was used to clarify the
point of developmental spurts by comparing adjacent
age groups for each of the 9 scoring variables.
Despite the main age effect, none of the adjacent age
group comparisons was significant for Number of
Trials Administered, Total Number

of Errors,

Perseverative  Responses, Perseverative Errors.  There
was a significant difference in between 7- to 8-
year-olds in the following 5 scoring variables: Total
Number of Correct Responses, Nonperseverative Errors,
Conceptual Level Responses, Number of Categories

Completed, Trials to Complete First Category.

The cognitive functions underlying the
10 WCST scoring variables

When data were first examined to determine the

appropriateness for factor analysis, most variables
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showed correlations higher than .70 as can be seen in
Table 5. The result of Bartlett's test of Sphericity, X
s, n=160) = 2879.89, p<.01 revealed thar there
exists common factors in the data. MSA(.78) was
proved itself as acceptable level of appropriateness.
Anti-image correlation matrix also showed that MSA's
of 10 scoring variables are all sufficient enough to
conduct factor analysis.

A principal axis factoring method was used to
extract latent common factors for the WCST scoring
variables. The rotated factor patterns along with their
corresponding factor loadings are presented in Table 5.
Three factors with eigenvalue greater than 1 accounted
for 90.88 % of variance. The Factor [ accounted for
approximately 60.24% of the common variance and
included six variables. They had factor loading higher
than .75 on Factor I: Nonperseverative Errors, Total
Number of Errors, Conceptual Level Responses, Total
Number of Corrects, Number of Categories Completed,
Trials to Complete First Category. This factor was
interpreted as “conceptual formation”. The Factor 1,
accounting for approximately 18.52% of the common
variance, had two variables, Perseverative Responses
and Perseverative Errors, with loading higher than .99.
This factor was interpreted as “perseveration ”  The
Factor [ accounted for approximately 12.12% of
the common variance had high factor loadings on
the Failure to Maintain Set and Number of Trials

Administered, and thus

sustain attention”.

interpreted as  ‘ability to

Discussion

The present study addressed two issues that are
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Table 6. The oblique Rotated Factor Pattern of the 10 WCST scoring variables.

Scoring Variables | Fa2Ct0r ; cormr(l;zr)nality
Nonperseverative errors 97 23 -8.186E-02 97
Total Number of Errors 96 58 -3.020E-02 96
Conceptual level responses -95 -49 37 9
Total Number of Corrects -89 -39 31 98
Number of Categories Completed -89 -55 -14 88
Trials to Complete First Category 76 30 -8.721E-02 38
Perseverative Responses 39 99 9.666E-02 99
Perseverative Errors 40 99 8.897E-02 98
Failure to Maintain Set -38 -14 71 60
Number of Trials Administered 47 48 it 75

eigenvalues 6.02 1.85 121
Percent of variance 60.24 18.52 12.12
cumulative percent of variance 60.24 78.76 90.88

Nae. 1 = Conceptual Formation; 2 = Perseveration; 3 = Ability to Sustain Attention.

n = 160.

essential to clinical utility of the WCST with children.
The purpose of the present study was to use a large
identify

developmental trends and a latent cognitive function

pormative  sample  to and explain the
for the 10 WCST scoring variables in school aged
children. The findings of this study strongly support
the presence of the developmental spurt consistent
with what was reported by Chelune and Baer (1986)
(1993).

confirmed the presence of the three cognitive functions

and Heaton et al The present results
(Conceptual Formation, Perseveration, Ability to Sustain
Attention) which underlie the performance on the
WCST. Moreover, these factors provide an economical

guideline to differentiate and classify the developmental

spurt presented by the 10 scoring variables.

- 47

The effect of sex and |Q scores on the
WCST performance

The findings of no effect of gender on the WCST
scores were also consistent with the previous research
(Chelune and Baer, 1986; Heaton et al, 1993; Levin
et al, 1991; Welsh et al, 1991), suggesting that boys
and girls do not show any different pattern in
developmental change.

The WCST performance in the present study was
presented to covary with intellectual functions in
children:  very
between FSIQ, VIQ, and PIQ scores and Conceptual

modest correlations  were  reported

Formation factor. There have been consistent data

suggesting that Categories Completed which
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Table 7. The oblique Rotated Factor Pattern of the 10 WCST scoring variables.

Scoring Variables . Fac2tor ; cormr(l;zr;ality
Nonperseverative errors 97 23 -8.186E-02 97
Total Number of Errors 96 58 -3.020E-02 96
Conceptual level responses -95 -49 37 9
Total Number of Corrects -89 -39 31 98
Number of Categories Completed -89 -55 -14 88
Trials to Complete First Category 76 30 -8.721E-02 38
Perseverative Responses 39 9 9.666E-02 99
Perseverative Errors 40 99 8.897E-02 98
Failure to Maintain Set -38 -14 71 60
Number of Trials Administered 47 48 it 75

eigenvalues 6.02 1.85 121
Percent of variance 60.24 18.52 12.12
cumulative percent of variance 60.24 78.76 90.88

Nae. 1 = Conceptual Formation; 2 = Perseveration; 3 = Ability to Sustain Attention.

n = 160.

constituting Factor [(Conceptual Formation) in the
present study correlated significantly with VIQ(Chelune
and Baer, 1986, Heaton et al, 1993; Reader, Harris,
Schuerholz, & Dencla, in press). Based on these
results, it can be assumed that there is a overlap
between VIQ and the conceptualization —ability
measured by the WCST. It can be argued that the
VIQ by its verbal component is more closely affiliated
with Conceptualizadon. In the present study, we
didn't exercise analysis of covariance of IQ because if
the covariate shares variance with both independent
and dependent variables, controlling IQ may remove a
portion of variance directly attributable to the
cognitive function underlying the performance on the
WCST. The question of whether the underlying

cognitive factor(Conceptual  Formation) is really a
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function of frontal lobe or if IQ needs further studies

with appropriate research designs.

Developmental Trends of the 10 WCST
scoring variables.

In the present study, children's WCST performance
lincarly improved with age in all WCST scoring
variables except for one variable (Failure to Maintain
Set).  Failure to find linear trend in the variable
might be explained by the inherent nature of the
variable.  That is, in contrast to the other WCST
scoring variables, a high score on the Failure to
Maintain Set might not necessarily reflect an inferior
petformance(Koren, Seidman, Harrison, Lyons, Kremen,

Caplan, Goldstein, Faraone, & Tsuang, 1998) hecause
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in order to “fail to maintain set”, one has to acquire
it first. Thus a low score on this variable might be
reflective of either performance superb (ie. perfect
maintenance of set) or extremely poor performance (.
e. no set has ever been acquired).

Examination of the developmental spurt for the five
scoring  variables constituting  Factor  [(Conceptual
Formation) suggested some correspondence with known
stages of  frontal growth spurt between 7 and 9
years of age reported in previous research such as the
normative electroencephalographic  work(Thatcher, 1991),
stages of concrete operation period(7 to 11 years) and
conceptual shift(by the age 8) in the study of
(Gholson &  Beilin, 1979,
Stevenson, 1968). This study found that children's

(Total

conceptual  acquisition

petformance on  Concept Formation Factor

Number of  Corrects, Nonperseverative  Errors,
Conceptual level responses, Number of Categories
Completed, Trials to complete first category) showed a
developmental spurt between age 7 to 8 followed by
no further change. Nonperseverative Errors, Number of
Categories Completed, and Trials to Complete first
Category also showed significant quadratic effects in
trend analysis, further supporting the developmental
shift consistent with cognitive developmental theories.
In other words, these quadratic curves represent the
performance  profile  which shows a  substantially
increasing proficiency in WCST performance of those
scoring variables from age 7 to 8 and through 11
years olds. These findings are similar to those of
other investigators who have
children(Chelune & bear, 1986; Chelune &

Thompson, 1987; Welsh et al, 1991).

studied samples of
normative
On the contrary, performance on Perseveration

Responses and  Perseveration Errors, constituting the
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Factor II(Perseveration) showed a different developmental
trend from the Factor I The developmental advance
of 7 to 8 year olds in the Perseveration Responses
observed by Welsh et al. (1991) and that of 6 to 7
year olds in Perseveration Errors reported by Chelune
and Baer(1986) were not replicated in the present
study. Trend analyses revealed a gradual linear
improvement with age in both measures. Given that
"perseveration” is a significant impairment factor in the
WCST performance in clinical groups (Koren et al,
1998; Barkley, Grodzinsky, & Dupaul, 1992;
Robinson, Heaton, Lehman, & Stilson, 1980), further
investigation  is needed to  understand  the
developmental pattern of Perseveration Responses and
normal  children  and

Perseveration  Errors  with

adolescents.

The Cognitive functions underlying the
10 WCST scoring variables

One of the goals of this study was to examine the
factor structure of the WCST in normal children. To
our knowledge, no such effort has been reported in
the literature. In this study the 10 WCST scoring
variables could be reduced to three factors which were
interpreted as  Conceptual Formation, Perseveration,
and Ability to Sustain Attention. Interestingly, the
three factor solution detected in this study dosely
corresponds  to the one consistently identified by
studies with adult schizophrenic patents(Koren et al,
1997; 1992),

proportions of variance accounted for by the factor

Sullivan et al, except  that  the
were different. In other words, in the present study,
Conceptual Formation was represented as a major

factor which explained approximately 60% of the
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common variance. Perseveration was a second factor
which account for approximately 20% of the common
variance. On  the contrary, Perseveration was
represented as a major factor which accounted for
approximately 60% of the common variance in adult
schizophrenics. Based on these results, therefore, it can
be considered that the pattern of performance on the
three cognitive functions might be used as the index
to enhance diagnostic sensitivity. Moreover, the three
cognitive factors underlying performance on the WCST
bear close resemblance to the source of performance
on the WCST mentioned by Heaton(1981):
conceptualization, inhibition, ability to maintain set.
These findings are important that identification of
cognitive functions underlying each scoring variables is
expected to  lead to a dear interpretation of WCST

findings.

Applicability of main findings

The multiple scoring variables of the WCST(Heaton,
1981) have never been submitted to factor analysis in
children, which could reduce redundancies of the many
scoring systems. In the present study, we used an
expanded scoring system developed by Heaton(1981),
to differentiate multiple cognitive processes  that
required to the performance on the WCST. This was
the first study to use 10 WCST scoring variable in
pormal children, to our knowledge. The three factor
solution detected in this study provides a more
accurate and reliable guideline to interprer high level
cognitive abilides measured by the WCST. This
approach is important for two reasons. First, the
extracted  factor  structure

provides an  empirical

framework for future examination of the construct
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validity of the WCST and for studying the cognitive
and neural mechanism which underlie performance.
Second, a better understanding of the WCST will
enhance its value with respect not only to assessment
The findings of

the developmental spurt in the present study provide

and diagnosis but also to treatment.

strong support for the notion that conceptualization is
the source of performance on the WCST(Heaton,
1981). Although the present study does not directly
address the sensitivity of the WCST to frontal lobe
children,

performance with age norm could suggest some useful

functioning  in comparison  of their

hypothesis  for  the development of  conceptual

formation ability mediated by frontal lobe.

Directions for future research

The fruitful direction for future research include a
study to examine the construct validity, the tests
previously demonstrated to be sensitive to frontal lobe
function(i.e. test with demonstrated criterion validity),
other that the WCST, to identify evidence supporting
the convergent validity of the WGCST factors as
potentially valid measure of the frontal lobe functions.
Future investigations of factorial structure against
clinical group might lead to enhancing diagnostic
specificity and sensitivity. Different clinical group such
as ADHD or neurological patient group  such as
Seizure disorder may differ on the topography of the
three factors according to their cognitive deficit. In
subsequent studies, criterion validity of each of the

should be evaluated by

neuropsychological tests that are known to specifically

factors administrating

measure the factor. The stability of the factor

structure  should also be examined with a sample
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including adolescents older than 1l-years of age in
future studies.

The limitations of the present study in terms of the
generalization resulting from use of computer version
of the WCST. As there was no examination about the
performance  difference induced by computer
administration in normal children, it is not all clear
whether computer administration itself fertilize or
disturb the performance of children. The effect of the
administration is  the

computer  Versus - in-person

significant issue requiring clarification.
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