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Summary
The Wisconsin Card Sorting Test (WCST) is used clinically
for evaluating frontal lobe function, but there is some
controversy as to its specificity for detecting frontal lobe
damage. To investigate the cerebral regions essential to the
performance of the Card Sorting Test, we measured the
regional cerebral blood flow (rCBF) in 18 normal subjects
by PET under the three conditions: (i) during the Modified
Card Sorting Test (MCST); (ii) during a matching-to-sample
(MTS) task, based on the MCST, but with selective attention
to one of three stimulus categories (colour, number or shape)
as a control to cancel the effects of maintenance of sets in
the MCST; (Hi) under resting conditions as overall control.
When rCBF during the MCST was compared with that

during each MTS task separately, significant activations were
observed during the MCST in the left or bilateral dorsolateral
prefrontal cortex (DLPFC), bilateral inferior parietal lobes,
left superior occipital gyrus and left cerebellum. Compared
with all the MTS tasks inclusively, significant increase in
rCBF was detected during the MCST in the bilateral DLPFC,
inferior parietal lobes, striate cortex, cerebellum and left
occipital cortex. These results suggest the involvement of the
DLPFC and other related areas such as the inferior parietal
cortex in the execution of the MCST, and may help explain
why a variety of brain lesions can result in impaired
performance on the Card Sorting Test.

Keywords: Card Sorting Test; prefrontal; maintenance of sets; attention; PET

Abbreviations: DLPFC = dorsolateral prefrontal cortex; MCST = Modified Card Sorting Test; MTS = matching-to-sample;
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Introduction
Since the original report by Grant and Berg (1948), the
WCST and its modified simple version, the MCST (Nelson,
1976) have been used as a means of assessing abstract
reasoning, particularly the ability to conceptualize abstract
categories and to shift cognitive sets according to changing
contingencies. Neuropsychological studies suggested that
patients with frontal lobe lesions, especially lesions in the
DLPFC, show greater impairment on the WCST than do
patients with lesions in other areas (Milner, 1963; Drewe,
1974; Robinsonsal., 1980; Arnettetai, 1994). Accordingly,
the WCST has been applied as a test of frontal lobe function
in a variety of patient populations. However, the specificity
of the test for prefrontal cortex function has recently been
questioned in some reports (Wallesch et al., 1983; Grafman
etai, 1990; Andersons al., 1991; van den Broek etai, 1993).

Several neuroimaging techniques, though principally l33Xe
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inhalation and single photon emission tomography, have been
used to investigate cerebral activation during performance of
the WCST in normal subjects and in neuropsychiatric patients,
particularly those with schizophrenia. It has been noted that
in normal subjects the DLPFC is activated more during the
performance of the WCST than during the resting state or
during simple sensorimotor control task such as the number-
matching task (Weinberger et al., 1986; Berman and
Weinberger, 1990; Rezai et al., 1993; Parellada et al, 1994;
Rubin et al., 1994; Berman et al., 1995). However, when
the objective is to explore the brain regions participating
specifically in the performance of the WCST, it is doubtful
whether the resting state serves as an appropriate control
condition, because the WCST involves complex cognitive
and sensorimotor processes.

In their recent neuropsychological studies, Owen and
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Fig. 1 The scheme of the MCST presented on the monitor. The
upper row shows the 'reference' cards which include the three
categories, number, colour and shape; below is the 'target' card.
The subjects have to match 'target' card to 'reference' cards on
the basis of one of the three possible categories.

colleagues (Owen et al., 1991, 1993) observed that patients
with frontal lobe lesions showed selective impairment in
their ability to shift the response set to a previously irrelevant
dimension (extradimensional set shift) but not in their ability
to shift attention to new exemplars of a previously relevant
dimension (intradimensional set shift). Extradimensional set
shift is analogous to shifting of sets involved in WCST, and
is, in fact, a core component of the WCST. Likewise,
intradimensional set shift is analogous to maintenance of
sets. To investigate the essential brain regions for performance
of the WCST in normal subjects, we measured the rCBF
during the Card Sorting Test and the control tasks using PET.
We designed our studies within several specific constraints.
First, to reduce the ambiguity of the task and the anxiety and
confusion of the subjects, we used the card sets of the MCST
(Nelson, 1976). Secondly, during the MCST, the subjects had
to maintain sets according to one of the three categories
consisting of number, colour and shape and shift the
dimensional set according to the feedback responses.
Therefore, to cancel the effect of maintenance of sets, we
used the MTS tasks with selective attention to a single
category as control tasks for comparison with the MCST.
Finally, as it is thought that the focusing of attention on
different categories would activate different brain areas, we
divided the subjects into three subgroups according to the
category chosen for the control task, and compared the results
among these subgroups. Thereafter, to confirm the cerebral
regions mainly responsible for performance of the MCST,
we compared the rCBF on the composite for all the MTS
tasks with that during the MCST.

Subjects and methods
Subjects
Eighteen right-handed male subjects (mean age 24.7 years,
range 21-35 years) took part in the study. All subjects were
fully informed as to the nature of the study, and written
consent was obtained from each volunteer under the guidance
of the Ethics Committee of Kyoto University Faculty of
Medicine. All subjects had the education level of 16 years
or more of formal education. Subjects were screened for a
past as well as present history of neurological, psychiatric or
other medical problems.

Activation tasks
For this study we used a computerized version of the MCST,
which was written in BASIC for a PC9801 computer (Nihon
Electric Co., Tokyo, Japan) (Fig. 1). The subjects were
instructed to match 'target' card to 'reference' stimuli on the
basis of one of the three possible categories; number, colour
or shape. The correct sorting principle changed in a prescribed
way of which the subject was not informed. The subjects
had to determine which one was correct based just on the
feedback, which was displayed on the monitor, and indicated
whether each response was right or wrong. When the subject
maintained a correct progression through six trials, the
principle was changed without warning, and the subject had
to search for the new correct category.

The MTS task with selective attention was designed to be
similar to MCST in visual stimulation, by employing the
same set of cards as used in the MCST, with the same motor
response, but not requiring the attentional set shift or rule
learning. Subjects simply matched the target card to one of
the four reference stimuli by maintaining attention to one of
the three categories. The category to which the subject had
to attend was indicated just before the scan. The subjects
were divided into three subgroups according to the category
on which they were asked to focus (colour, number or shape
group; each consisting of six subjects). There were no
significant differences in age (mean±SD) among the
subgroups (number, 22.2± 1.2 years; colour, 26.5±2.9 years;
shape, 25.5±5.7 years) as revealed by ANOVA.

Stimuli were presented on a monitor placed 60 cm in front
of the subject. The subjects responded to each trial by pushing
one of four buttons fixed on a plate which was held in
the right hand. The buttons were arranged in an array
corresponding to the layout of visual stimuli on the monitor.
Prior to the PET scan, the subjects were trained in this mode
of response until they could press appropriate buttons without
difficulty. The tasks were started 30 s prior to the start of
scanning and continued until 72 cards had been sorted. The
subjects were encouraged to work as efficiently and rapidly
as possible, but otherwise were allowed to proceed at their
own pace. The MCST performance was scored using Heaton's
criteria (Grant and Berg, 1981) except that 'failure to maintain
set' was calculated as the number of times in the test that
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the subject made at least three correct responses successively,
but failed to get the six that are required to complete the
category. Resting condition was also scanned by having the
subject simply look at the same visual stimuli as those used
in the MCST on the monitor with no response.

PET scanning
Six sets of rCBF images were obtained for each subject
under three conditions: (i) at rest (A); (ii) during one of the
MTS tasks (B); (iii) during the MCST (C). The sequence
ABCCBA or ACBBCA was used in a counterbalanced way
across the subjects to avoid order and habituation effects.
The PCT-3600W system (Hitachi Medical Co., Tokyo, Japan)
was used for acquisition of PET scans (Sadato et al, 1993).
This system simultaneously acquired 15 slices with a centre-
to-centre distance of 7 mm. All scans were obtained at a
resolution of 7.5 mm full width half-maximum in the
transaxial direction and 6.5 mm in the axial direction. Subjects
were positioned with the orbitomeatal line parallel to the
detector rings, and headholders were used to limit head
movement. A venous line was inserted into the antecubital
vein of the left arm for tracer injection. After a transmission
scan was obtained, the subject received a bolus injection of
925-1110 MBq (25-30 mCi) of H2

15O for each scanning.
Scan data were acquired for 120 s after the injection, and
the transaxial images, which represented the distribution of
rCBF, were reconstructed with corrections for attenuation.

Data analysis
The data were analysed with Statistical Parametric Mapping
(from the Wellcome Department of Cognitive Neurology,
Hammersmith Hospital, London, UK) implemented in Matlab
(Mathworks Inc., Natick, Mass., USA) (Friston et al, 1991,
1994; Worsley et al, 1992) on the workstation (Sun SPARC
station 5, Sun Microsystems Co., Mountain View, Calif.,
USA).

The original 15-slice scans were interpolated to 43 planes
with approximately cubic (2.0X2.0X2.33 mm) voxels. The
scans from each subject were realigned using the first image
as a reference. Following realignment, all images were
transformed into a stereotactic standard space by Talairach
and Tournoux (Talairach and Tournoux, 1988), and the
images were smoothed using an isotropic Gaussian filter. The
stereotactically normalized rCBF images were then adjusted
for individual differences in global blood flow using an
analysis of covariance (Friston et al, 1995). Finally, within-
group between-task comparisons were performed on a pixel-
by-pixel basis for all voxels common to all subjects. The
threshold was set at P < 0.001 or Z > 3.09 without correction
for multiple comparisons.

To examine the activated areas common to all subgroups
during the MTS task and MCST, we also compared the rCBF
during all the MTS tasks inclusively with that during the
resting condition and that during the MCST. This approach

Table 1 The MCST performance in three subgroups
divided according to the categories that were attended to
in the MTS tasks

Group

Total errors
Total correct
Categories
Perseverative errors
Nonperseverative errors
% Perseverative errors
Trial to first category
% Conceptual responses
Failure to maintain set
Unique responses
Learning to learn

Colour

19.9
52.1
7.8
4.1

14.3
0.06

7.0
0.69
0.30

1.5
-0.18

(11.1)
(11.1)
(2.4)
(6.3)
(3.1)
(0.09)
(J.I)
(0.20)
(0.67)
(2.7)
(0.25)

Number

17.0(4.1)
55.0(4.1)
7.9 (1.2)
2.6 (2.4)

13.4(1.9)
0.04 (0.03)

7.8 (2.6)
0.73 (0.07)
0.92 (0.99)

1.0(2.1)
-0.15 (0.19)

Shape

19.2
52.8

7.8
3.9

14.8
0.05
9.9

0.71
0.83

0.5
-0.12

(6.9)
(6.9)
(1.7)
(4.6)
(2.3)
(0.06)
(9.8)
(0.11)
(0.72)
(0.9)
(0.24)

Values = means (SD) of the scores.

is similar to the one employed in a previous study by Dolan
et al. (1993), who examined the cerebral areas commonly
disturbed in two different diseases. In this analysis, all
subjects were regarded as a group irrespective of dimensions,
and the scans in each subject were divided into three
conditions: (i) MCST; (ii) the MTS task with maintenance
of set; (iii) rest. Then, MCST was contrasted with the MTS
task, and the MTS task with rest.

Results
Cognitive performance
The subjects generally performed well on the MCST
(Table 1). The subgroups showed similar performance levels
on the MCST [F(2,31) = 0.335, P = 0.71, by repeated
ANOVA].

CBF increase on the MTS tasks
Each MTS task versus rest (Table 2)
During the number matching task, rCBF was significantly
increased in the left primary motor and premotor cortex,
right premotor cortex, left inferior parietal lobule, right
precuneus and right cerebellum. These areas were also
activated in the colour- and shape-matching tasks. In addition,
during the colour-matching task, there was significant rCBF
increase in the right fusiform gyms and collateral sulcus, left
lingual gyrus, and left superior and right inferior occipital
gyri. During the shape-matching task, there were significant
activations in the right middle occipital gyrus and collateral
sulcus, right inferior and middle temporal gyri, right primary
visual cortex, bilateral superior occipital gyri and left
cerebellum. In addition, slight activation was seen in the
right occipitoparietal junction and the left frontal pole. In the
colour- and shape-matching tasks, rCBF was also increased
in the cingulate gyrus and the medial frontal gyrus.
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Table 2 Activated cerebral areas during the MTS task with selective attention to each category

Number

Area

L sulcus centralis
L gyrus precentralis
R gyms precentralis

(BA)

(4)
(6)
(6)

L lobulus parietalis inferior (40)

Precuneus
R precuneus

R cerebellum

(7)
(31)

R gyrus occipitalis superior (19)

X

-40
-52

24

-50
-36
-36

0
14
12

18
28
48
10

28

v

-18
— 2

-12

-32
-48
-38
-56
-64
-58

-50
-58
-70
-56

-64

z

48
28
48

44
44
48
36
36
24

-28
-28
-28
-24

32

Z

4.97
3.61
3.98

3.65
3.32
3.57
3.90
4.35
3.33

3.63
3.36
3.51
3.41

3.19

Colour

Area

L gyrus precentralis

L gyrus frontalis medialis
R gyrus frontalis medius

L gyrus supramarginalis

(BA)

(4)
(6)
(6)
(6)

(40)
L lobulus parietalis inferior (40)
R precuneus

R cerebellum

R gyrus cinguli

(31)

(24)

L gyrus occipitalis superior (19)
L gyrus occipitalis inferior
L gyrus lingualis
R sulcus collaterals
R gyrus fusiformis

R nucleus subthalamicus
L gyrus postcentralis

(18)
(18)

(18)

X

-26
-38
-12

32

-42
-40

24

26
36
34

34

-26
-28
- 8
14
8

30
10

-26

y

-12
- 6
- 2
- 6

-48
-40
-54

-60
-68
-60

16

-64
-84
-72
-80
-74
-82
-12
-28

z

44
44
48
48

36
40
36

-24
-16
-20

4

36
- 4

-12
-12
-12
-12
- 4
44

Z

4.40
5.09
4.59
4.07

3.72
3.29
3.41

5.15
4.93
4.87

3.25

4.52
3.53
3.27
3.99
3.79
3.60
3.48
3.24

Shape

Area

L gyrus precentralis

L gyrus frontalis medius

L gyrus frontalis medialis
R gyrus precentralis

(BA)

(4)

(6)

(6)
(6)

L lobulus parietalis inferior (40)
L gyrus supramarginalis
R precuneus

L cerebellum

R cerebellum

cerebellar vermis

L gyrus cinguli

R sulcus collateralis
R gyrus temporalis medius
R gyrus temporalis inferior
R gyrus occipitalis medius

(39)

(23)
(31)
(24)

(37)
(37)
(19)

R gyrus occipitalis superior (19)
L gyrus occipitalis superior (19)
L gyrus temporalis superior
R primary visual cortex
R parietooccipital junction
L gyrus frontalis superior

(17)
(19)
(10)

X

-32
-30
-22
-22
- 4
26
34
26

-36
42
16

-30
-24

20
24
10
0

-20
-22
-12

18
34
42
38
30

-24
-28

14
36

-24

>'

-22
-16
- 8
- 4
- 4

-12
-14
-14
-34
-54
-68

-62
-70
-74
-56
-70
-70

-26
-18

2

-68
-60
-60
-72
-70
-76
-50
-80
-64

60

z

52
44
56
44
52
40
48
52
44
36
32

-24
-28
-24
-16
-20
-24

32
40
36

-12
4

- 8
- 8
36
36
20
12
40
- 4

Z

4.45
3.19
4.40
3.89
3.42
3.93
3.53
3.43
4.71
3.58
3.63

4.20
4.27
4.40
4.30
4.07
4.80

5.22
4.70
3.40

5.32
4.24
3.57
3.27
3.25
3.34
4.65
3.64
3.61
3.89

BA = Brodmann area; R = right, L = left; x, y, z = coordinates as in Talairach's atlas; Z = Z score that shows significance of cerebral blood flow change; threshold:
P < 0.001 o r Z > 3.09

The composite of all the MTS tasks versus rest
(Table 3)
When the composite rCBF for all the MTS tasks was
compared with that in the resting condition, significant
activation was revealed during the MTS tasks in the left
primary motor and premotor cortex, right premotor cortex,
left supplementary motor area, bilateral inferior parietal
lobule, right precuneus, bilateral cerebellum, cingulate gyrus
and right occipital cortex.

CBF increase during the MCST (Fig. 2,
Table 4)
The MCST versus the number-matching task
Compared with the rCBF during the number-matching task,
the rCBF during the MCST was significantly increased in
part of the left DLPFC (middle and inferior frontal gyri,
Brodmann areas 9 and 45), the more rostral part of bilateral
middle frontal gyrus (area 10), left inferior parietal lobule,
right intraparietal sulcus and angular gyrus, bilateral ventral
occipital cortices, left lateral occipital cortex, left parieto-

occipital sulcus, right parahippocampal gyrus, and the left
cerebellum.

The MCST versus the colour-matching task
Compared with that during the colour-matching task, the
rCBF during the MCST was significantly increased in part
of the left DLPFC (middle frontal gyrus, area 9), the more
rostral part of left superior frontal gyrus (area 11), left
intraparietal sulcus, right inferior parietal lobule, left middle
temporal gyrus, right premotor cortex, left superior occipital
gyrus and the left cerebellum.

The MCST versus the shape-matching task
When the rCBF during the MCST was compared with
that during the shape-matching task, there was significant
activation during the MCST in part of the bilateral DLPFC
(middle frontal gyri, areas 9 and 46), the more rostral part
of left middle frontal gyrus (area 10), left inferior parietal
lobule, right supramarginal gyrus, bilateral superior occipital
gyri, left visual cortex, right inferior temporal cortex, parieto-
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Table 3 Activated cerebral areas in the composite for all the MTS tasks compared with those in the resting condition

Area

L. sulcus centralis
L. gyrus precentralis
R. gyrus precentralis
L. gyrus frontalis medialis
L. gyrus angularis
L. gyrus supramarginalis
L. lobulus parietalis inferior
L. sulcus postcentralis
R. lobulus parietalis inferior
R. precuneus
R. cerebellum

L. cerebellum

L. gyrus cinguli
R. gyrus cinguli
R. gyrus fusiformis
R. gyrus occipitalis medius

(Brodmann area)

(4)
(6)
(6)
(6)

(39)
(40)
(40)

(40)
(31)

(32)
(23)
(19)
(19)

Z score

6.52
4.96
5.33
5.91
4.88
5.61
5.93
6.91
3.15
5.42
7.41
6.88
6.20
4.34
3.54
3.42
3.62
5.90
4.04

x, y, z

- 2 8
- 3 0

26
- 1 4
- 2 6
- 4 0
- 4 0
- 4 0

42
22
22
32
4

-44
- 3 2
-12

4
16
26

coordinates in Talairach atlas

- 2 0
- 8

- 1 0
- 2

- 5 8
- 4 8
- 4 4
- 3 0
- 4 8
- 6 6
- 5 2
- 6 0
- 7 0
- 6 0
- 5 4

20
- 2 6
- 7 4
- 8 6

44
44
48
48
32
36
40
44
32
36

-28
-16
-20
-28
-28

32
24

-12
8

R = right, L = left; x,y,z = coordinates as in Talairach's atlas; threshold: P < 0.001 or Z > 3.09.

occipital sulcus and bilateral precuneus, and in the left
cerebellum.

The MCST versus the composite of all matching-
to-sample tasks (Fig. 2D, Table 5)
In this comparison, the rCBF during the MCST was
significantly increased in the bilateral DLPFC (areas 9 and
46), the more rostral part of bilateral superior and middle
frontal gyri (areas 10 and 11), bilateral inferior parietal
lobules, parieto-occipital sulcus, left medial frontal gyrus,
left dorsolateral and ventrolateral occipital cortex, bilateral
primary visual cortices, and the cerebellum.

Discussion
In all three categories of the MTS tasks employed in the
present study, there were significant rCBF increases seen in
the motor cortices including the primary motor, lateral
premotor and supplementary motor areas, in the inferior
parietal lobe, precuneus and the cerebellum. Contribution of
these areas to the MTS tasks was confirmed by the result in
the comparison of the composite for the MTS tasks with the
resting condition. These areas may subserve the motor
responses in connection with visuospatial cues (Colebatch
et ai, 1991; Deiber et ai, 1991; Grafton et ai, 1992). As
was revealed in the previous PET studies (Corbetta et al.,
1991; Gulyas and Roland, 1994), our results also showed
that attention to colour was correlated with activation in
the ventro-occipital and left superior occipital cortex, and
attention to shape with activation in the inferior
occipitotemporal cortex. The anterior cingulate gyrus is also
an important part of the attention system (Pardo et ai, 1990;

Posner and Petersen, 1990; Heinze et ai, 1994), and it was
activated in the colour- and shape-matching tasks. These
results suggest that, in spite of overlap in the major activated
areas, selective attention to different categories may activate
different cerebral areas. Therefore, when we attempt to use
the MTS tasks as a control condition against the Card Sorting
Test, it may be appropriate to take the influence of these
differences produced by attention into account.

When the rCBF during the MCST was compared with that
during each MTS task separately, we found some different
patterns of rCBF activation. Despite this variety, the MCST
usually activated part of left or bilateral DLPFC (especially
area 9 in the middle frontal gyri), the more rostral part of
the prefrontal cortex (areas 10 and 11), bilateral inferior
parietal lobes, left superior occipital gyrus and the left
cerebellum. Although the observed activation in the DLPFC
during the MCST is consistent with the results of previous
neuroimaging studies (Weinberger et ai, 1986; Rezai et ai,
1993; Parellada et ai, 1994; Rubin et ai, 1994; Berman
et ai, 1995), the present results suggest that not only the
DLPFC, but also some other areas, such as the inferior parietal
lobes, are involved in the essential cognitive processing during
the MCST. Electrophysiological studies have revealed that
right parietotemporal and prefrontal activity varies when the
sort criterion is changed during the performance of the WCST
(Silberstein et ai, 1995). The present results, while confirming
the importance of the DLPFC in performing the MCST, may
offer an explanation for the finding that brain lesions in a
variety of loci other than the DLPFC can also result in
impaired performance on the Card Sorting Test (Grafman
et ai, 1990; Anderson et ai, 1991; van den Broek et ai,
1993; Upton and Corcoran, 1995).

Recently, Berman et al. (1995), using PET, studied
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Fig. 2 The statistical parametric mapping projections of comparison of the MCST with the MTS tasks
(significance level is P < 0.001). (A) MCST versus number-matching task (n = 6); (B) MCST versus
colour-matching task {n = 6); (C) MCST versus shape-matching task (n = 6). (D) Comparison of the
MCST with the composite for all the matching-to-sample tasks (n = 18). See Tables 4 and 5 for
measured values of coordinates.

cerebral activations during performance of the WCST, and
reported activations in the prefrontal, parietal and
occipitotemporal cortices. They used the simple card
matching task as their control task against WCST, and
found considerable activations in the orbitofrontal cortex as
well as in the DLPFC. In contrast, we found little activation
in the orbitofrontal cortex during the MCST when we
evaluated separately against the subgroups for each MTS
task, as shown in Fig. 2. Even when we treated all the
subgroups as a whole, we found only slight activations in
the orbitofrontal cortex as contrasted with relatively large
activations in the DLPFC. This difference may result from
the utilization of a portion of the cognitive process for
maintaining sets. During the MTS tasks in the present study,
the subjects had to maintain attention on one relevant category
throughout the test, and inhibit attention shift to irrelevant

categories. This process was scarcely involved in the control
task used by Berman et al. (1995). On the other hand, the
subjects in the present study needed the ability to shift
attention between sets, as well as to maintain attention on a
particular set, during the performance of the MCST.
Therefore, the reduction of activations in the orbitofrontal
cortex noted in our study suggests that the orbitofrontal
cortex may play a role in the process of maintenance of sets
during the MCST. At the probability level of P < 0.05, we
found activations in the orbitofrontal regions during the MTS
tasks: in the left orbitofrontal cortex during the shape-
matching task (x = -20, y = 34, z = -16, in Talairach's
coordinates) and in the frontopolar cortex during the
number-matching task (JC = 10, y = 64, z = -4). A study of
patients with orbitofrontal lesions also supports this
assumption that the orbitofrontal region may play a role in
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Table 4 Activated cerebral areas during the MCST) compared with each MTS task

MCST versus number-matching task

Area

L gyrus frontalis medius

L gyrus frontalis inferior
R gyrus frontalis medius

(BA)

(9)
(10)
(45)
(44)
(10)

L lobulus parietalis inferior (40)

L intraparietal sulcus
L sulcus parieto-occipitalis

R sulcus intraparietalis
R gyrus angularis

X

-38
-34
-44

30
32

-36
-34

(19/40)-26

(40/7)
(39)

L gyrus occipitalis superior (19)
L gyrus occipitalis medius

L cerebellum

L cuneus
R cuneus
L gyrus lingualis

L gyrus fusiformis

R gyrus lingualis
R gyrus parahippocampi
L gyrus precentralis

(19)
(18)

(18)
(18)
(18)

(19)

(18)

(6)

- 8
- 8
32
30

-26
-26
-18

-14
-36
-20

- 6
20
- 8
- 4

-28
-32

18
18

-36

v

28
50
14
44
48

-50
-58
-62
-86
-76
-64
-52

-78
-84
-84

-66
-72
-72

-102
-80
-68
-92
-76
-66
-56
-42
-10

:

28
20
20

-12
- 8

32
44
40
28
36
44
36

32
4

20

-24
-24
-28

4
24
- 4
- 8
- 8

-12
4

- 4
32

Z

3.52
3.90
4.61
3.28
3.26

4.87
3.74
4.05
4.44
4.08
3.51
3.76

4.84
4.69
4.47

4.31
4.05
3.84

5.41
3.27
5.06
4.88
4.34
4.45
4.12
3.86
3.30

MCST versus colour-matching task

Area (BA)

L gyrus frontalis medius (9)

L gyrus frontalis superior (11)
R gyrus frontalis medius (6)

L intraparietal sulcus
R lobulus parietalis inferior (40)

L gyrus occipitalis superior (19)

L cerebellum

L gyrus temporalis medius (39)

X

-38
-34
-20

30

-36
40

-34

-22

-34
-38

y

16
4

48
4

-64
-58

-80

-78

-62
-68

z

40
36

-12
48

36
40

28

-20

24
28

Z

3.58
3.14
3.28
3.28

3.47
3.11

3.29

3.80

3.43
3.39

MCST versus shape-matching task

Area

L gyrus frontalis medius

L gyrus frontalis medialis
R gyrus frontalis medius

L precuneus

(BA)

(9)
(10)
(6)
(9)
(9/46)
(6/8)

(7)
L lobulus parietalis inferior (40)
R gyms supramarginalis
R precuneus

(39)
(31)
(7)

L gyrus occipitalis superior (19)
L primary visual cortex (17)
R gyrus occipitalis superior (19)

L cerebellum

sulcus parieto-occipitalis
R gyrus temporalis inferior

R gyrus temporalis medius
L gyrus temporalis inferior
R nucleus ruber

(18)
(20)

(21)
(20)

X

-44
-32
- 4
30
26
24

-16
-36

40
24
10

-24
-22

26

-10
-18

0
50
54
56

-52
4

v

18
60
26
8

30
8

-74
-62
-48
-68
-78

-74
-78
-70

-80
-84

-78
-28
-48
-42
-44
-18

32
12
44
36
28
52

44
40
28
24
40

36
8

32

-28
-24

28
-16
-20
-12
-20
- 8

Z

4.82
3.87
3.56
4.64
3.83
3.73

3.53
3.15
3.72
4.50
3.33

3.40
3.57
4.39

3.38
3.14

3.76
3.29
3.21
3.16
3.22
4.52

BA = Brodmann area: R = right, L = left; JT, y, z = coordinates as in Talairach's atlas; Z = Z score that shows significance of cerebral blood flow change: threshold: P< 0.001 o r Z > 3.09.

the maintenance of sets during WCST (Stuss et ai, 1983).
Therefore, the relatively large activations in the DLPFC
during the MCST in the present study may also suggest that
the DLPFC may be more important in other cognitive
processes, such as shifting of sets or rule learning during the
MCST, than in the maintenance of sets.

Some previous neuropsychological and neuroimaging
studies have disclosed a tendency for left DLPFC dominance,
as opposed to the right DLPFC, on WCST performance
(Milner, 1963; Drewe, 1974; Berman and Weinberger, 1990;
Grafman et ai, 1990). However, there are also several reports
from behavioural studies that there is no right-left difference
on WCST performance (Robinson et ai, 1980; Anderson
et ai, 1991). We found left dominant activation in the DLPFC
when we used the number- or colour-matching task as the
control for the MCST. On the other hand, when we compared
the MCST with the shape-matching task, we found little
evidence of lateralized activation in DLPFC. Therefore, these
differences seem to be due to differences in the nature of
each control task employed. These three MTS tasks are
different only in terms of the categories to be attended to,
but this difference influences the results for lateralization of
the physiological activation during the MCST. However,
these different results concerning lateralization may be due,
in part, to the relatively small number of the samples in each
subgroup. The fact that apparent bilateral DLPFC activity

was observed during the MCST in the analysis of the
composite for three subgroups suggests that CBF was
increased in the bilateral DLPFC during the performance of
the MCST compared with that during the MTS tasks, perhaps,
even in the number and colour subgroup. Therefore, the
present findings suggest that the results of these activation
studies have to be carefully interpreted if the identification
of functional lateralization location is to be based on a brain
area identified by the subtractive approach.

The present study showed that during the MCST, the pre-
frontal cortex, parietal association cortex and the cere-
bellum are frequently activated in comparison with the various
control conditions, and confirmed the importance of the
DLPFC and involvement of other related regions during the
performance of the MCST. These data may provide basic
information useful in interpreting the results of behavioural
studies of patients with frontal or nonfrontal lesions. It can be
postulated that, by the comparison of the MCST with the MTS
tasks adopted in the present study, the effects of maintenance
of sets may be cancelled out, and thus the main factors
contributing to the resultant activations are shifting of sets and
rule learning. However, the temporal resolution of the PET
technique did not allow us to further isolate the cognitive
processes involved in the MCST. Therefore, it will be necessary
to perform investigations using additional approaches, such as
electrophysiological studies and correlation analysis of rCBF
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Table 5 Activated cerebral areas during the MCST compared with those during the composite for all the matching-to-
sample tasks

Area (Brodmann area) Z score x, v, z coordinates in Talairach atlas

Frontal cortices
L gyrus frontalis medius

L gyrus frontalis superior
L gyrus frontalis medialis
R gyrus frontalis medius

R gyrus frontalis inferior
R gyrus frontalis superior

Parietal cortices
L lobulus parietalis inferior
L intraparietal sulcus
R lobulus parietalis inferior
R sulcus parieto-occipitalis
Cerebellum
L cerebellum

R cerebellum

Occipital cortices
L gyrus occipitalis superior
L sulcus parieto-occipitalis
L gyrus occipitalis medius
L gyrus lingualis
L gyrus fusiformis
L primary visual cortex
R primary visual cortex
R nucleus ruber

(9)

(11)
(10)

(11)
(6)
(9)

(9/46)
(10)
(9/44)

(8)
(11)

(40)

(40)

(19)
(19)

(18)
(19)
(17)
(17)

5.09
4.58
3.88
3.34
3.58
3.78
3.99
3.78
4.02
3.96
3.48
3.45
4.96
3.66

3.74
5.74
5.29
4.73

5.12
4.84
3.59
3.24

6.33
4.46
4.54
4.62
4.55
3.70
3.56
3.56

-42
-36
-36
-26
-26
-32
-22
-6
36
30
28
48
26
24

-40
-34
36
22

-18
-38
26
32

-26
-4
-22
-4
-20
-8
10
4

22
12
2
34
54
54
48
20
12
24
50
10
6
42

54
62
64
70

78
68
80
72

78
78
78
90
74
90
88
18

32
32
40

-16
-8
12

-12
44
32
28
-8
32
48

-12

40
36
40
24

-28
-20
-28
-28

32
32

-4

R = right, L = left; x, v, z, = coordinates as in Talairach's atlas; threshold: P < 0.001 or Z > 3.09.

activations with behavioural parameters, in order to further
clarify the cognitive components active during performance of
the MCST.

Acknowledgements
We wish to thank Drs H. Saji, Y. Magata, K. Ishizu, H.
Okazawa and Y. Yonekura and the other staff members of
the Department of Nuclear Medicine, Faculty of Medicine,
Kyoto University, for their support and technical help. This
research was supported by General Research Grant for Aging
and Health (Chairman: Dr N. Yamaguchi), Research Grants
for Nervous and Mental Disorders 'Functional Imaging'
(Chairman: Professor Y. Sasaki), and for Special Project
(Chairman: Dr T. Sato) from the Japan Ministry of Health
and Welfare, and a research grant from Uehara Memorial
Life Science Foundation, for H.S.

References
Anderson SW, Damasio H, Jones RD, Tranel D. Wisconsin Card
Sorting Test performance as a measure of frontal lobe damage.
J Clin Exp Neuropsychol 1991; 13: 909-22.

Arnett PA, Rao SM, Bernardin L, Grafman J, Yetkin FZ, Lobeck
L. Relationship between frontal lobe lesions and Wisconsin Card
Sorting Test performance in patients with multiple sclerosis.
Neurology 1994; 44: 420-5.

Berman KF, Weinberger DR. Lateralisation of cortical function
during cognitive tasks: regional cerebral blood flow studies of normal
individuals and patients with schizophrenia. J Neurol Neurosurg
Psychiatry 1990; 53: 150-60.

Berman KF, Ostrem JL, Randolph C, Gold J, Goldberg TE, Coppola
R, et al. Physiological activation of a cortical network during
performance of the Wisconsin Card Sorting Test: a positron emission
tomography study. Neuropsychologia 1995; 33: 1027-46.

Colebatch JG, Deiber MP, Passingham RE, Friston KJ, Frackowiak
RSJ. Regional cerebral blood flow during voluntary arm and hand
movements in human subjects. J Neurophysiol 1991; 65: 1392^101.

Corbetta M, Miezin FM, Dobmeyer S, Shulman GL, Petersen SE.
Selective and divided attention during visual discriminations of
shape, color, and speed: functional anatomy by positron emission
tomography. J Neurosci 1991; 11: 2383-402.

Deiber MP, Passingham RE, Colebatch JG, Friston KJ, Nixon PD.

D
ow

nloaded from
 https://academ

ic.oup.com
/brain/article/119/5/1667/369248 by guest on 09 April 2024



Brain activation during a Card Sorting Test 1675

Frackowiak RSJ. Cortical areas and the selection of movement:
study with positron emission tomography. Exp Brain Res 1991; 84:
393-402.

Dolan RJ, Bench CJ, Liddle PF, Friston KJ, Frith CD, Grasby PM,
et al. Dorsolateral prefrontal cortex dysfunction in the major
psychoses; symptom or disease specificity? J Neurol Neurosurg
Psychiatry 1993; 56: 1290-4.

Drewe EA. The effect of type and area of brain lesion on Wisconsin
Card Sorting Test performance. Cortex 1974; 10: 159-70.

Friston KJ, Frith CD, Liddle PF, Frackowiak RS. Comparing
functional (PET) images: the assessment of significant change.
J Cereb Blood Flow Metab 1991; 11: 690-9.

Friston KJ, Worsley KJ, Frackowiak RSJ, Mazziotta JC, Evans AC.
Assessing the significance of focal activations using their spatial
extent. Hum Brain Map 1994; 1: 214-20.

Friston KJ, Holmes AP, Worsley KJ, Poline JB, Frith CD,
Frackowiak RSJ. Statistical parametric maps in functional imaging:
a general linear approach. Hum Brain Map 1995; 2: 189-210.

Grafman J, Jonas B, Salazar A. Wisconsin Card Sorting Test
performance based on location and size of neuroanatomical lesion
in Vietnam veterans with penetrating head injury. Percept Mot Skills
1990; 71: 1120-2.

Grafton ST, Mazziotta JC, Woods RP, Phelps ME. Human functional
anatomy of visually guided finger movements. Brain 1992; 115:
565-87.

Grant DA, Berg EA. A behavioral analysis of degree of
reinforcement and ease of shifting to new responses in a Weigl-
type card-sorting problem. J Exp Psychol 1948: 38: 404-11.

Grant DA, Berg EA. Wisconsin Card Sorting Test. Manual. Odessa
(FL): Psychological Assessment Resources, 1981.

Gulyas B, Roland PE. Processing and analysis of form, color and
binocular disparity in the human brain: functional anatomy by
positron emission tomography. Eur J Neurosci 1994; 6: 1811-28.

Heinze HJ, Mangun GR, Burchert W, Hinrichs H, Scholz M, Munte
TF, et al. Combined spatial and temporal imaging of brain activity
during visual selective attention in humans. Nature 1994; 372: 543-6.

Milner B. Effects of different brain lesions on card sorting. Arch
Neurol 1963; 9: 90-100.

Nelson HE. A modified card sorting test sensitive to frontal lobe
defects. Cortex 1976; 12: 313-24.

Owen AM, Roberts AC, Polkey CE, Sahakian BJ, Robbins TW.
Extra-dimensional versus intra-dimensional set shifting performance
following frontal lobe excisions, temporal lobe excisions or
amygdalo-hippocampectomy in man. Neuropsychologia 1991; 29:
993-1006.

Owen AM, Roberts AC, Hodges JR, Summers BA, Polkey CE,
Robbins TW. Contrasting mechanisms of impaired attentional set-
shifting in patients with frontal lobe damage or Parkinson's disease.
Brain 1993; 116: 1159-75.

Pardo JV, Pardo PJ, Janer KW, Raichle ME. The anterior cingulate
cortex mediates processing selection in the Stroop attentional conflict
paradigm. Proc Natl Acad Sci USA 1990; 87: 256-9.

Parellada E, Catafau AM. Bernardo M, Lomena F, Gonzalez-
Monclus E, Setoain J. Prefrontal dysfunction in young acute
neuroleptic-naive schizophrenic patients: a resting and activation
SPECT study. Psychiatry Res 1994; 55: 131-9.

Posner MI, Petersen SE. The attention system of the human brain.
[Review]. Annu Rev Neurosci 1990; 13: 25-42.

Rezai K, Andreasen NC, Alliger R, Cohen G, Swayze V 2d,
O'Leary DS. The neuropsychology of the prefrontal cortex. Arch
Neurol 1993; 50: 636-42.

Robinson AL, Heaton RK, Lehman RAW, Stilson DW. The utility
of the Wisconsin Card Sorting Test in detecting and localizing
frontal lobe lesions. J Consult Clin Psychol 1980; 48: 605-14.

Rubin P, Holm S, Madsen PL, Friberg L, Videbech P, Andersen
HS, et al. Regional cerebral blood flow distribution in newly
diagnosed schizophrenia and schizophreniform disorder. Psychiatry
Res 1994; 53: 57-75.

Sadato N, Yonekura Y, Senda M, Iwasaki Y, Matoba N, Tamaki N,
et al. PET and the autoradiographic method with continuous
inhalation of oxygen-15-gas: theoretical analysis and comparison
with conventional steady-state methods. J Nucl Med 1993; 34:
1672-80.

Silberstein RB, Ciorciari J, Pipingas A. Steady-state visually evoked
potential topography during the Wisconsin Card Sorting Test.
Electroencephalogr Clin Neurophysiol 1995; 96: 24-35.

Stuss DT, Benson DF, Kaplan EF, Weir WS, Naeser MA, Lieberman
I, et al. The involvement of orbitofrontal cerebrum in cognitive
tasks. Neuropsychologia 1983; 21: 235-48.

Talairach J, Tournoux P. Co-planar stereotaxic atlas of the human
brain: 3-dimensional proportional system: an approach to cerebral
imaging. Stuttgart: Georg Thieme, 1988.

Upton D, Corcoran R. The role of the right temporal lobe in card
sorting: a case study. Cortex 1995; 31: 405-9.

van den Broek MD, Bradshaw CM, Szabadi E. Utility of the Modified
Wisconsin Card Sorting Test in neuropsychological assessment. Br
J Clin Psychol 1993; 32: 333-43.

Wallesch CW, Kornhuber HH, Kollner C, Haas HC, Hufnagl
JM. Language and cognitive deficits resulting from medial and
dorsolateral frontal lobe lesions. Arch Psychiatr Nervkrankh 1983;
233: 279-96.

Weinberger DR, Berman KF, Zee RF. Physiologic dysfunction of
dorsolateral prefrontal cortex in schizophrenia. I. Regional cerebral
blood flow evidence [see comments]. Arch Gen Psychiatry 1986;
43: 114-24. Comment in: Arch Gen Psychiatry 1991; 48: 282-3.

Worsley KJ, Evans AC, Marrett S, Neelin P. A three-dimensional
statistical analysis for CBF activation studies in human brain [see
comments]. J Cereb Blood Flow Metab 1992: 12: 900-18. Comment
in: J Cereb Blood Flow Metab 1993; 13: 1040-2.

Received February 20, 1996. Revised May 15, 1996.
Accepted June 18, 1996

D
ow

nloaded from
 https://academ

ic.oup.com
/brain/article/119/5/1667/369248 by guest on 09 April 2024


