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Abstract

Forty-six patients with single focal lesions (35 frontal, 11 nonfrontal) were administered the Wisconsin Card Sorting Test

(WCST) under three conditions of test administration. The three conditions varied in the amount of external support provided
via speci®city of instructions. The WCST, while a multifactorial test, is speci®cally sensitive to the e�ects of frontal lobe damage
if de®cits in language comprehension and visual±spatial search are controlled. There is also speci®city of functioning within the

frontal lobes: patients with inferior medial frontal lesions, unilateral or bilateral, were not impaired on the standard measures
although they had increased loss of set when informed of the sorting categories. Verbal instructions may provide a probe to
improve diagnosis and prognosis, assessment of the potential e�cacy of treatment, and the time frame of plasticity of speci®c

cognitive operations. # 2000 Elsevier Science Ltd. All rights reserved.
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1. Introduction

1.1. Wisconsin Card Sorting Test

The Wisconsin Card Sorting test (WCST) has been
considered a key measure in the diagnosis of frontal
lobe dysfunction [6,7,15,27,39,40]. This view of the
WCST as a speci®c measure of impairment in the fron-
tal lobes has also been seriously questioned. Reviews
and published research stressed that some patients
with de®nite frontal lobe damage performed well on
the WCST, or that impairment on the task could be
found after lesions in many regions of the brain [1±

3,10,16,19,24,43,46,52,56,70,71]. As the WCST remains
one of the most widely used of neuropsychological
tests [50], investigation of its usefulness as a measure
of frontal lobe dysfunction is highly relevant. Further-
more, the WCST is often used as a correlative index of
`frontal functions' in studies with neurologically intact
individuals [11,30,49]. Validation of this relationship is
required.

Understanding the brain-behavior relationships
tapped by the WCST requires careful analysis of
patients with brain disease. In particular, the compari-
son of patients with focal frontal to those with focal
nonfrontal lesions is essential. Only a small number of
studies have done this [2,40]. While such a complex
multifactorial test as the WCST is unlikely to be sensi-
tive only to the functions of the frontal lobe, analysis
of the cognitive processes involved can be helpful in
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understanding why and how individuals with lesions in
di�erent brain regions may be impaired on this test. A
corollary of this process analysis is that the WCST
may indeed be a reasonable index of frontal lobe func-
tioning, if there is control of some of the `nonfrontal'
processes involved in the performance of the WCST.
The study of patients with di�erent lesions may dis-
sociate how di�erent brain regions are involved during
the completion of this complex task. Imaging research
has already suggested that multiple regions are active
during the performance of the WCST [5,44] but such
studies cannot normally analyze the di�erent processes
required for such a complex task. Studies of lesion
patients serve as an important validation for such ima-
ging studies, but more importantly, they extend the
localization results. Dissociation of processes and
lesion location within the frontal lobe would also pro-
vide greater evidence for the separation of frontal lobe
processes that has been postulated [33,56,61,62,65,67].

The studies demonstrating that patients with frontal
lobe damage were impaired on the WCST have not
been consistent in their designation of the most rel-
evant region within the frontal lobes. Drewe [15]
suggested the importance of medial frontal cortex and
Stuss et al. [63] noted the sensitivity of the WCST to
orbitofrontal lesions (although the de®cit in the latter
patients was not re¯ected in an increased number of
perseverations but in loss of maintenance of set).
These results are in apparent contrast to Milner's orig-
inal emphasis on the dorsolateral prefrontal cortex and
the subsequent supporting evidence for this localiz-
ation [9,35,40,51,74].

How the test is administered is also important. Stuss
et al. [63] reported that the frontal lobotomy patients
became impaired after they were told the three sorting
criteria necessary to complete the task. It was possible
that the provision of information made these patients
re¯ect on what they were automatically doing, making
the task more `supervisory' in nature. This ®nding,
though fortuitous, could not be fully explored because
there was inadequate control over several factors, such
as comparison of lesion location, and the length of test
administration. The use of additional instructions may
also provide information as to the potential value of
external support provided by the instructions as a
rehabilitative tool in patients with focal frontal lobe
lesions [34,36,73]. This notion is supported by the fact
that several studies have demonstrated that instruc-
tions of various kinds had improved the performance
of schizophrenics on the WCST [4,18,21,37,57,72,76].
Manipulating WCST instructions might also be useful
in di�erentiating the sensitivity of the test for patients
with pathology in di�erent brain regions. For example,
in schizophrenic patients performance improved with
additional instructions but remained in the impaired
range [54]. Comparison of individuals who did and did

not improve with additional instruction would indicate
the severity of a particular patient's de®cit.

In the present study we examined WCST perform-
ance in a large sample of patients with focal single
lesions in frontal and nonfrontal regions of the brain,
and compared their performance to age- and edu-
cation-matched control subjects. In addition to extend-
ing previous work, we sought to analyze separable
cognitive processes required to complete the task,
di�erentiate patients according to intra-frontal lesion
location, and assess the e�ect of test structure (en-
vironmental support) on performance. Each subject
was administered the full 128 cards with the standard
administration [20,40]. Following this, two sets of 64
cards were administered, each proceeded by di�erent
instructions. For the ®rst set of 64 cards (64A), each
subject was told the three sorting criteria. For the sec-
ond set of cards (64B) (not administered to the normal
control subjects), each patient was told that the sorting
criterion changed after 10 correct responses. The ®rst
criterion was verbalised, and the patient was told
WHEN the change occurred, but not what the new
sorting criterion was. To replicate Stuss et al. [63], in
addition to standard measures of categories and perse-
verative errors, we analyzed `set loss', de®ned as the
number of times the subject obtained at least three
correct sorts in a row, followed by an error. We also
included a measure of perseveration re¯ecting consecu-
tive repetition of incorrect sorts.

2. Method

2.1. Participants

Focal lesion participants were recruited from neuro-
surgery, neurology, and rehabilitation centres in
Ontario and Massachusetts, and control participants
from the Rotman Research Institute control subject
database. All focal lesion participants had a single
focal lesion, veri®ed by CT or MRI, con®ned to fron-
tal, striatal or nonfrontal structures. Patients with uni-
lateral striatal lesions were included because previous
research had indicated similarity in performance to
patients with dorsolateral lesions [60]. In a few patients
a minor overlap of frontal and nonfrontal structures
or a minor secondary lesion was observed but allowed.
Focal lesion participants were at least (with one excep-
tion) 2.5 months post-onset. Two raters (CP and
MPA) who were blind to experimental results analyzed
all scans. Lesions were localized with standard atlases
and transferred to template according to the method
of Damasio and Damasio [12]. Patients with frontal
pathology were assigned to one of four lesion groups
as detailed in Stuss et al. [60]. This method of group-
ing patients takes into account the possibility of mul-
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Table 1

Etiology, lesion location and extent, and months post onset within patient groups

Participant no. Etiology Lesion location Months post onset Lesion extent

Right dorsolateral frontal

1067 Stroke Dorsolateral 20.9 Right frontal

1068 Stroke Dorsolateral, striatal 7.5 Right frontal

2001 Stroke Dorsolateral, striatal 5.3 Right frontal

2024 Stroke Dorsolateral, striatal 2.5 Right frontal

1043 Stroke Dorsolateral, striatal 15.1 Bilateral frontal

1064 Stroke Striatal 14.7 Right frontal

Left dorsolateral frontal

1053 Trauma Dorsolateral 291.1 Left frontal

1081 Hemorrhage Dorsolateral 10.0 Left frontal

2056 Tumor Dorsolateral 10.4 Left frontal

1042 Stroke Dorsolateral, lateral temporal (small) 17.8 Left frontal

1071 Stroke Dorsolateral, parietal 12.8 Left frontal

1079 Stroke Striatal 10.7 Left frontal

Superior medial frontal

2011 Stroke Superior medial, ACGa 3.6 Right frontal

2044 Tumor Superior medial, ACG 3.6 Right frontal

1055 Infarct Superior medial, dorsolateral 10.9 Right frontal

2012 Tumor Superior medial, striatal, ACG 3.9 Left frontal

1060 Stroke Medial, ACG 6.2 Bilateral frontal

1075 Hemorrhage Medial, ACG 22.1 Bilateral frontal

2039 Hemorrhage Medial, ACG 1.8 Bilateral frontal

2002 Infarct Medial, dorsolateral, ACG(L) 4.6 Bilateral frontal

2005 Tumor Medial, dorsolateral, ACG 3.6 Right frontal

2058 Tumor Medial, dorsolateral 74.6 Left frontal

2100 Stroke Medial, septal 9.8 Left frontal

2045 Stroke Medial, septal, ACG 59.8 Bilateral frontal

2049 Hemorrhage Medial, polar 3.4 Left frontal

Inferior medial frontal

1056 Stroke Inferior medial, ACG 33.1 Left frontal

1065 Trauma Inferior medial 15.7 Bilateral frontal

1070 Stroke Inferior medial, ACG(R) 2.6 Bilateral frontal

1077 Trauma Inferior medial 10.3 Bilateral frontal

2047 Stroke Inferior medial 3.5 Right frontal

1054 Tumor Inferior medial, dorsolateral, ACG 24.6 Right frontal

2102 Trauma Inferior medial, dorsolateral 4.3 Left frontal

2053 Trauma Inferior medial (R), dorsolateral (L), ACG(R) 3.4 Bilateral frontal

2104 Trauma Inferior medial, dorsolateral (L), lateral temporal (small, L) 3.9 Bilateral frontal

2013 Stroke Inferior medial, septal, ACG 8.8 Bilateral frontal

Right nonfrontal

2040 Lobectomy Temporal 89.3 NA

2055 Hemorrhage Temporal 55.4 NA

2057 Lobectomy Temporal 134.6 NA

2103 Stroke Parietal 34.6 NA

2043 Stroke Occipital 36.3 NA

Left nonfrontal

1058 Stroke Parietal 3.5 NA

2028 Stroke Temporal, occipital 31.3 NA

2032 Lobectomy Temporal 49.6 NA

2036 Lobectomy Temporal 91.4 NA

2038 Lobectomy Temporal 144.8 NA

2054 Lobectomy Temporal 142.6 NA

a ACG=Anterior Cingulate Gyrus.
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tiple brain regions being involved, allowing greater
speci®city of lesion location-behavior relations within
the frontal lobes. There were 35 frontal and 11 non-
frontal patients. Those with unilateral dorsolateral
frontal and/or lenticulostriate damage were classi®ed
as left and right dorsolateral frontal (RDL, N = 6;
LDL, N= 6). Those with lesions in the medial frontal
regions were classi®ed as superior (Brodmann areas 6,
8, 9, dorsal 10 and 24 on the medial surface with poss-
ible inferior medial extension) or exclusively inferior
medial frontal (Brodmann areas ventral 10, 11, 12, 25,
and 32 on the medial surface) (SM; N= 13; IM, N=
10). The superior and inferior medial frontal groups
included patients with left, right, or bilateral damage.
While subjects in the SM group possibly had extension
of the lesion into the IM area, none of the IM group

extended into the SM area, suggesting for the SM
group that the SM region was the most relevant area
of brain pathology (hence the label). Patients with
severe aphasia (as indicated by the language tests), or
clinically detectable neglect, were excluded. Thus, we
classi®ed nonfrontal patients into right (N = 5) and
left (N = 6) nonfrontal groups. The lesion location
and etiology of the patient participants are detailed in
Table 1. Fig. 1 depicts the lesion overlap for each fron-
tal group.

Control participants (N = 16) were matched as clo-
sely as possible to the focal lesion participants accord-
ing to age, education, gender, and handedness, and
were screened for history of signi®cant neurological or
psychiatric disorders. The demographic data, estimated
IQ, and limited neuropsychological testing for all

Fig. 1. Overlap of the lesions for each of the four frontal groups.
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groups are presented in Table 2. There were no signi®-
cant group e�ects for age or education. The Digit
Span forward and the NART presented information
on basic abilities of each group. There was no signi®-
cant di�erence for Digit Span forward. There was a
signi®cant group di�erence on the NART
(F(6,52)=3.07, P = 0.05), with the control group's
score signi®cantly higher than that of the SM and IM
groups. There were no group di�erences for the Token
Test or the Boston Naming Test (BNT).

2.2. Administration

The WCST was administered in three sequential
conditions within the same testing session. The entire
administration lasted between 20 and 40 minutes,
depending on the patient. In condition 1, the adminis-
tration procedures of Grant and Berg [20,40] were fol-
lowed. In contrast to standard clinical procedures, in
which cards are administered until 6 sorting categories
(Colour, Form, Number twice) have been achieved
[22], we administered all 128 cards regardless of per-
formance. This assured equivalent exposure to the test
across subjects and maximized our assessment of set
loss.

After the ®rst 128 card administration (WCST128),
each participant (regardless of how they performed or
what they said) was then informed that there were
three ways to sort the cards correctly: by colour, num-
ber of shapes, and the type of shape itself. Condition
2, involving an additional 64 cards (64A), was then
administered as described above.

Following the 64A condition, a third condition
involving another set of 64 cards (64B) was adminis-
tered to the patient groups only. Participants were
reminded of the three sorting criteria, then asked to
sort by colour. After 10 correct sorts, the examiner
said, `Now I'm changing how you sort beginning with
the next card.' This warning was given each time the
criterion changed, but the actual sorting criterion was
not mentioned. This method is similar to the Nelson

[45] procedure for the modi®ed card sorting test ad-
ministration. The 64B condition was not administered
to control subjects, who were at ceiling on perform-
ance of condition 2.

2.3. Measurements

The following measurements were obtained for each
condition Ð WCST128; 64A; 64B.

1. Number of correct categories: the number of cat-
egories sorted with 10 consecutive correct responses.

2. Perseverations of the preceding criterion (PPC): all
incorrect responses that contained a match to the
preceding (no longer valid) sorting category. Sorts
that were correct but which also corresponded to
the preceding criterion were scored as correct. The
PPC measure is similar to perseverative errors as
scored by Heaton et al. [23]. PPCs in our study
were de®ned by the preceding criterion with one
exception. In cases of subjects who were so perse-
verative that they never attained the ®rst category, a
situation that occurred in nine of our focal frontal
participants, Heaton et al.'s perseverative error
score was substituted for PPC. The subject `estab-
lishes' the `perseverated to' criterion at the start of
the test with their ®rst unambiguous incorrect re-
sponse. This allowed us to establish the `preceding'
criterion by a string of consecutive responses to a
single incorrect criterion.

3. Perseveration of the preceding response (PPR):
exact repetitions of the immediately preceding incor-
rect response were designated perseverations of the
preceding response (PPRs). Only exact matches to
the preceding incorrect response were included. For
example, if form (F) was the correct criterion and
the subject sorted F, N, N, N, two PPRs would be
scored. If the sorts were F, CN, CN, then one PPR
would be scored. PPR was considered a more
pathognomonic kind of repetition than PPC, as the
participant had just been informed that the exact

Table 2

Demographic data, estimated IQ, and neuropsychological test results for the participant groups

Right dorsolateral Left dorsolateral Superior medial Inferior medial Right nonfrontal Left nonfrontal Control

Variable M SD M SD M SD M SD M SD M SD M SD

Age 62.0 9.7 51.0 9.0 53.6 10.8 49.6 10.2 43.0 16.4 40.8 10.2 48.9 15.9

Education 10.7 2.7 12.8 3.2 11.8 3.5 11.9 2.0 12.0 3.2 13.0 1.3 13.4 2.2

Boston Naming Test 46.0 18.2 46.6 8.5 47.2 10.5 50.9 9.7 56.0 3.2 43.2 8.7 55.6 3.7

Digit Span forward 5.4 1.5 6.0 1.2 5.8 1.3 6.5 1.1 6.8 0.8 6.0 1.5 7.1 1.3

NART 103.6 8.9 102.1 9.4 101.0 10.9 103.3 9.5 107.7 6.3 102.2 9.3 113.2 6.4

Token Test 41.5 4.4 41.0 5.2 38.4 9.7 43.5 0.8 44.0 0.0 42.2 1.5 43.1 0.9

Number males 3 4 8 6 3 0 6

Number females 3 2 5 4 2 6 10
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same response was incorrect. This error type is not
tallied in Heaton et al's system, but was used by
Nelson [45]. It is possible that an error could be
scored as both a PPC and a PPR, according to our
de®nitions. For example, if form was the correct
sorting criterion and colour the preceding criterion,
the following responses would be scored as indi-
cated.

Response Scoring

F Correct
FC Correct
C PPC
CN PPC
FN Correct
CN PPC
CN PPC, PPR
N Incorrect (other)
N PPR

4. Set Loss: the number of times an incorrect response
occurred after three or more consecutively correct
responses [63]. This contrasts with system of Heaton
et al., where set loss is scored after ®ve or more cor-
rect responses. For example, if number was the cor-
rect criterion, the sequence NC, NC, N, NF, F, N,
NC would include one set loss error (italic) [58]. To
ensure that the participant was sorting to the cor-
rect criterion, at least one of the three or more cor-
rect responses had to be an unambiguously correct
sort (i.e. a single match to the correct criterion, in
this case number). Considering set loss as a percen-
tage of correct responses did not a�ect the results.
Therefore, raw set loss scores are reported. Because
set loss was signi®cantly positively skewed (i.e.
many subjects with low scores and a few subjects
with very high scores), additional analyses were con-
ducted using cut-o� scores. For WCST128, subjects
with two or more set loss errors were classi®ed as
having high set loss and those with fewer than two
were classi®ed as low set loss. As the 64A and 64B
conditions had half as many cards as the WCST128
condition, this cut-o� score was reduced to one.

5. Other: this category is for non-perseverative errors
and unique errors that do not match any sorting
criterion.

2.4. Statistical analyses

First, the main e�ects of group and condition on the
various scores were analyzed in mixed design ANO-
VAs. Then, for each condition (WCST128, 64A, 64B)

the e�ect of group was examined using ANOVAs for
each measurement score (categories, PPC, PPR, and
set loss). Finally, based on past research, categories
and set loss for the SM and IM groups were compared
directly in mixed design ANOVAs with condition and
group as factors. All group di�erences were evaluated
in post hoc analyses with the Newman±Keuls test.
Unless otherwise indicated, all di�erences were con-
sidered statistically signi®cant at P<0.05.

3. Results

Although the control group had a NART score sig-
ni®cantly greater than the SM and IM groups, the
results are una�ected if the NART score was used as a
covariate. Moreover, there was no pattern of WCST
results that was commensurate with IQ level. For
example, while the two nonfrontal groups had some-
what lower IQ, their WCST scores were as good if not
better than the control group. While the SM and IM
groups both had signi®cantly lower IQ scores than the
control group, their WCST pro®les were noticeably
di�erent from each other. There was no signi®cant
group di�erence in lesion size (P=0.26).

We ®rst tested the main e�ects of condition and
group and possible interactions by comparing for all
measures the ®rst two conditions (128 and 64A), the
latter doubled across all groups, and then 64A and
64B. This latter analysis was done as the control group
had not received the 64B condition. There were signi®-
cant main e�ects of group and condition with no sig-
ni®cant interactions, with one exception noted below.
These main e�ects are summarized as follows: the two
dorsolateral frontal groups and the superior medial
groups were signi®cantly impaired compared to the
control group on the measures of categories obtained,
PPCs and PPRs for all conditions, with minor vari-
ations. All groups improved with instructions for all
measures, again with minor variations. The e�ects of
groups analyzed separately for each condition are pre-
sented below.

3.1. Condition 1 Ð WCST128 (Fig. 2A±2D)

There was a signi®cant group e�ect for the number
of categories obtained (F(6,55)=10.14). As seen in Fig.
2A, the RDL, LDL, and SM groups attained signi®-
cantly fewer categories than the two nonfrontal and
control groups. The performance of the IM frontal
group was not impaired relative to nonfrontal and
control groups, and was signi®cantly better than the
RDL and SM groups.

The three frontal groups with low categories also
had signi®cantly more PPCs than the control group
(F(6,55)=9.52) (Fig. 2B). The SM group committed
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signi®cantly more PPCs than all groups with the
exception of the RDL and LDL. The RDL group was
signi®cantly more impaired than the right nonfrontal
and control groups, and the LDL was signi®cantly
more impaired than the control group only. The pro-
®le for PPRs (F(6,55)=11.31) was similar to that for
PPCs (Fig. 2C); the SM, RDL, and LDL groups were
signi®cantly impaired relative to posterior groups, the
control group, and the IM group.

Means for set loss errors are presented in Fig. 2D.
In contrast to the other performance indices where the
SM group was among the poorest performing groups,
the SM group was least impaired among all groups on
the set loss measure. This may be related to their in-
ability to attain the string of three or more correct re-
sponses that de®ne set loss errors. When high set loss
was de®ned as two or more set loss errors, the RDL
group had the highest percentage of subjects with high
set loss (67% Ð compared to 25% of controls), but
there were no statistically signi®cant group di�erences.
There was no group e�ect for other (non-perseverative,
unique) errors.

3.2. Stage 2 Ð 64A (Fig. 3A±3D)

The structure provided in the 64A condition (where
subjects were informed what the three criteria were)
di�erentially a�ected performance across groups. As in
WCST128, SM, RDL, and LDL groups attained fewer
categories than the nonfrontal or CTL groups
(F(6,55)=11.33) (Fig. 3A). The IM group was again
the least impaired of the frontal groups, attaining sig-
ni®cantly more categories than the SM and RDL
groups. Unlike the WCST128 condition, however, the
IM group was impaired relative to the control and
right nonfrontal groups.

The group di�erences for PPCs in the 64A con-
dition (F(6,55)=8.96) were similar to that of the
WCST128 condition (Fig. 3B). Again, the SM
group had the highest number of PPCs, followed
by the RDL group, both of which were signi®cantly
higher than the posterior and control groups. The
LDL group was also impaired relative to control
participants. The IM group was not impaired. As
in the WCST128 condition, the IM group had sig-

Fig. 2. Means and standard errors are presented for the performance of each of the participant groups on the four measurement scores, obtained

in condition one, WCST128. (A) Ð number of correct categories achieved; (B) Ð PPC Ð perseverations of the preceding criterion; (C) Ð PPR

Ð perseverations of the preceding response; (D) Ð Set Loss. RDL Ð right dorsolateral frontal; LDL Ð left dorsolateral frontal; SM Ð su-

perior medial frontal, IM Ð inferior medial frontal, RNF Ð right nonfrontal; LNF Ð left nonfrontal; CTL Ð age and education matched con-

trol participants; ���P<0.001; ��P<0.01; �P<0.05.
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ni®cantly fewer PPCs than the SM group. Unlike
the WCST128 condition, they also had signi®cantly
less PPC errors than the RDL group. The SM,
RDL, and LDL groups again had elevated PPR
scores compared to all other groups (F(6,55)=9.02)
(Fig. 3C). Whereas these di�erences attained signi®-
cance for the SM and RDL, the comparison
between the LDL and nonfrontal groups fell short
of signi®cance, possibly due to variance di�erences
across the groups.

Although the omnibus test for group di�erences in
set loss in the 64A condition fell short of signi®cance
(F(6,55)=2.06, (P < 0.08)), there were signi®cant
di�erences among the group means. The IM group
was signi®cantly impaired relative to controls (P <
0.05). As in WCST128, the SM group had low set loss,
again probably because of the inability to attain set.
When analyzed in terms of percentages of subjects at
or above the cut-o� score of 1 set loss error, both the
IM and RDL groups had high percentages (80 and
83%, respectively, compared to 56% of control sub-
jects), although these di�erences were not statistically
signi®cant. There was a signi®cant e�ect of group
(F(6,53)=3.65) on the `other' errors, with the RDL
and LDL groups signi®cantly greater than the control

subjects, but the IM and SM groups did not di�er
from the control group on this measure.

3.3. Stage 3 Ð 64B (Fig. 4A±4D)

The SM, RDL, and LDL groups were impaired in
the 64B condition, in which subjects were told when
the sorting criterion changed (as well as being apprised
of the three criteria prior to the start of the condition).
Although these three groups improved in the 64B con-
dition, they still achieved fewer categories than the
other groups (F(5,39)=4.14) (Fig. 4A), although the
di�erence reached signi®cance only in comparison to
the IM group. The lack of di�erence in comparison to
the nonfrontal groups was due to the restricted ranges
in these groups, which similarly a�ected the other 64B
analyses. (The 64B condition was not administered to
controls.)

The SM group continued to have high PPCs in the
64B condition (F(5,39)=3.80) (Fig. 4B), with signi®-
cant di�erences in comparison to the IM and left non-
frontal groups. RDL, and to a lesser extent LDL,
showed non-signi®cant trends towards high PPC
scores. The signi®cant e�ect for PPR (F(5,39)=3.80)
(Fig. 4C), involved the SM and RDL groups, with the

Fig. 3. The four scores for the second condition, consisting of 64 cards, are depicted. For this condition, participants were informed of the three

categories. All other de®nitions are as in the legend for Fig. 2.
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SM group signi®cantly di�erent from the posterior
and IM groups, and the RDL group signi®cantly
di�erent from the IM group only. Unlike WCST128
and 64A, the LDL group did not commit a signi®-
cantly greater number of PPRs than other groups,
although their score for this measure was elevated.

There were no signi®cant di�erences for set loss,
although the RDL group was the most prone to this
error type in the 64B phase (Fig. 4D).

3.4. Comparison of the SM and IM groups

Supplemental analyses of the e�ect of condition on
the set loss and categories for the SM and IM groups
were motivated by previous research suggesting a set
loss de®cit for patients with IM lesions when ad-
ditional instructions are provided [63]. Furthermore,
SM and IM patients are often grouped together in a
single medial frontal group even though these areas
are functionally and architectonically distinct. There
was a signi®cant group by condition interaction for set
loss (F(2,40)=5.20). A signi®cant group di�erence was
found only for the 64A condition, in which the IM
group were signi®cantly impaired (Fig. 5). The inter-
action for categories was not signi®cant. The IM

group performed signi®cantly better than the SM

group except for a signi®cantly greater set loss in the

64A conditions.

Fig. 4. The four scores for the third condition, consisting of 64 cards, are illustrated. For this condition, all participants were reminded of the

three categories, and warned each time the sorting criterion would change. The control group did not receive this condition. All other de®nitions

are as in the legend for Fig. 2.

Fig. 5. Interrelationship between the number of categories achieved,

and set loss for the patients in the inferior medial and superior me-

dial frontal lesion groups. For 64A and 64B, the scores are doubled

to allow comparison to condition one with 128 cards.
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4. Summary

As can be seen in Figs. 2 and 3 the patients with
nonfrontal lesions were not impaired compared to the
matched control group on any measure. Further, there
were no signi®cant di�erences between the two non-
frontal groups on any of the measures. The frontal
e�ects were due to perseverative errors and set loss
errors. Non-perseverative and unique errors were not
indicative of frontal dysfunction. One exception was
the 64A condition, where RDL and LDL patients
made more of the other errors. However, even in this
condition, errors of this sort were not elevated in the
IM and SM groups, who were nevertheless impaired
on the other measures.

Of the four frontal groups, three groups, SM, RDL,
and LDL were the most consistently impaired. In par-
ticular, the SM group was the most impaired on nearly
every measure. One exception was set loss. Although
the SM patients' low set loss scores in the WCST128
condition could be accounted for by a failure to
achieve the requisite string of correct responses, this
does not account for their low set loss in the 64B con-
dition, where their number of categories increased two-
fold over the 64A condition. In contrast, the RDL
group had high set loss in the context of decreased cat-
egory shifts, and was the only group to maintain high
set loss across all three conditions.

The IM group was least impaired of the frontal
groups, but appeared to have a selective problem that
was related to the context provided by the instructions.
In the WCST128 condition, there were no signi®cant
di�erences between the IM frontal and nonfrontal or
control groups. In the 64A condition, the IM group
remained superior to the other frontal groups, but was
impaired relative to control subjects in the number of
categories attained. This appears to be due to a high
degree of set loss. The degree of set loss for the IM
group increased 50% from 1.7 in the WCST128 con-
dition to 2.6 in the 64A condition Ð which had half
as many cards. Importantly, this increased set loss
occurred in the absence of an increase in PPC and
PPR errors. With additional increased instruction
(64B), this set loss de®cit diminished.

The set loss measure di�erentiated the IM and SM
groups. The SM group showed minimal set loss for
both 64A and 64B. The IM group had the highest set
loss of all frontal groups, revealed in the 64A con-
dition, but this was virtually eliminated in 64B.

5. Discussion

5.1. The WCST as a measure of frontal lobe functioning

The presented data support the widely held assump-

tion that the WCST is sensitive to focal frontal brain
damage, and that this e�ect is speci®c to patients with
focal frontal brain damage. There are, however, quali-
®cations. The sensitivity of the WCST depends on
which measure is used, re¯ecting a di�erentiation of
processes/lesion location relationships within the fron-
tal lobes. For the standard measures such as persevera-
tions of the preceding criterion and number of
categories achieved, there is minimal e�ect of damage
to the inferior medial frontal region. In addition, test
administration plays a role in the sensitivity of the
test.

In our nonfrontal patients, we excluded those with
notable aphasia or neglect. We wanted to understand
distinct processes that are necessary for the perform-
ance of the WCST, and it was important to test
patients who could do the basic aspects of the task.
Since chronicity of lesions has been suggested to have
an e�ect on WCST performance [2,53,68], we tested
patients with circumscribed lesions, who were in a
chronic stage of recovery after injury. There was no
signi®cant correlation of chronicity with any WCST
measure, the highest correlation being 0.23 in the
wrong direction. Nevertheless, our frontal patients
were tested at a somewhat earlier phase (mean of 13.4
months after injury Ð excluding 1053 with close to
300 months Ð with 65% less than one year) than
those in the Anderson et al. [2] study (mean of 27
months, with over 50% over one year), who did not
®nd a speci®c sensitivity of the frontal lobes to the
WCST. It may be that at least one year is necessary
for spontaneous improvement in this type of task.

5.2. Left and right dorsolateral frontal lobe

The sensitivity of the dorsolateral prefrontal cortex
to the demands of the WCST proposed in lesion and
imaging studies [9,35,38,40,51,74] is con®rmed by our
results. Lesion and imaging studies have demonstrated
the involvement of both right and left dorsolateral
frontal lobes [5,15,40,44,47]. The results of hemispheric
laterality (regardless of the within hemisphere location)
on the WCST can be grouped into three categories:
greater de®cit with left hemisphere damage [17]; a
greater e�ect with right hemisphere damage [10,25,70];
or no lateralizing e�ect [6,25,45,69,71]. In our study,
impairment on the number of categories achieved and
number of perseverations was observed after left and
right dorsolateral damage. However, there were di�er-
ences in how severe the impairment was. Thus,
patients with LDL, RDL and SM lesions were all
impaired relative to controls, but the LDL patients
were impaired to a lesser degree. For the 64B adminis-
tration, the LDL group was not signi®cantly impaired
on PPR, while the RDL and SM groups were. Several
previous studies had suggested that the right frontal
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patients made more perseverative errors than the left
frontal group [15,22,47]. This may be re¯ective of the
greater sustained attention and monitoring role of the
right frontal lobe [55,75]; however, this was found only
in the 64B condition.

5.3. Set loss and the inferior medial frontal region

At ®rst blush, sparing of performance of the IM
group on the commonly used WCST measures of num-
ber of categories achieved and number of persevera-
tions seems inconsistent with the monkey literature,
where inferior prefrontal lesions have been reliably as-
sociated with perseveration [41]. In recent monkey stu-
dies, however, this discrepancy has been resolved [13].
The extra-dimensional shifting that corresponds to
PPC's is speci®cally a�ected by lateral frontal lesions
(and not by orbitofrontal lesions) in the monkey [14].
This attentional disinhibition can be contrasted with
a�ective disinhibition (assessed by reversal of stimulus-
reward associations), a�ected by orbitofrontal lesions
(and not by lateral frontal lesion) [14], but not speci®-
cally assessed by WCST measures. Moreover, this
good performance of patients with inferior medial
frontal lesions on at least certain `frontal lobe'
measures parallels other ®ndings in our lab on letter
¯uency and conditional associative learning [31,60].

The inferior medial patients (bilateral, left or right
unilateral lesions), however, were not free of de®cits.
They showed increased loss of cognitive set in the 64A
condition. The pro®le of results in which the increased
set loss in the IM group occurs in the absence of an
increase in PPC and PPR errors stresses that lesions in
this region produces a pattern of de®cits distinct from
that of patients with frontal damage in other regions.
This increased set loss in patients with orbitofrontal or
inferior medial lesions is consistent with other
research. Stuss et al. [63] reported increased set loss in
frontal leucotomy patients. Nagahama et al. [44]
demonstrated in a PET study that controlling for
maintenance of set reduced orbitofrontal activation,
leading to the suggestion that the orbitofrontal cortex
might play a role in maintenance of set. Berman et al.
[5] also showed orbitofrontal activation during the
WCST, but they did not speci®cally focus on mainten-
ance of set. These results are not inconsistent with Mil-
ner's [38,40] claim that the WCST is sensitive to
dorsolateral prefrontal cortical dysfunction, since she
did not assess loss of set.

What may be the cause of the set loss in the IM
patients? A single, unitary factor, such as a `working
memory' de®cit proposal, cannot account for these
WCST results. Both loss of set and perseverations
would seem to require working memory, yet di�erent
frontal groups are impaired on these measures in
di�erent ways. For the dorsolateral groups, there

appears to be some relationship between set loss and
perseverative errors. The SM group, on the other
hand, reveals dissociation between the number of per-
severative errors and set loss score. The IM group has
primarily set loss di�culty. The fact that the IM
patients could manage and use the information pro-
vided argues against a working memory de®cit. The
de®cit cannot be due to boredom, since boredom
would result in an even worse set loss in 64B (in which
condition performance was normal).

Two possible reasons for set loss are proposed, de-
rived from a comparison of IM and RDL groups who
demonstrated a di�erent pro®le of problems with set
loss. The same leucotomy patients with orbitofrontal
(IM) lesions who demonstrated set loss on the WCST
[63] were signi®cantly impaired on the Brown±Petersen
test of `short-term memory', despite normal memory
on the Wechsler Memory Scale [66]. In a separate
study, IM patients were impaired on a strategy appli-
cation task requiring the suppression of responses to
irrelevant (but salient) stimuli [32]. The additional in-
formation given in the instructions, the additional
e�orts required in counting backwards while trying to
remember letters, or the inhibitory processing of irrele-
vant stimuli, may have evoked additional `supervisory'
re¯ective e�orts interfering with more automatic pro-
cessing, as earlier hypothesised [63].

The disturbed process underlying set loss in the
RDL group (which had a trend to be more resistant to
the instruction manipulation) may be di�erent from
that of the IM group. The right frontal lobe is
involved in sustaining attention and monitoring
[29,75]. Sustained attention de®cits would be expected
to produce loss of set. We have already demonstrated
loss of set in a subset of these patients in a di�erent
task, conditional associative learning [31]. In a study
of memory, right frontal patients tended to repeat
words previously recalled, as if they were not monitor-
ing their output [59]. Mizuno [42], in a study of the
WCST performance of 126 patients, also suggested
that the di�culty in maintaining set re¯ected a sus-
tained attention problem, although the set loss de®cit
was attributed to general right hemisphere damage,
with no indication of rostral-caudal speci®city. Our hy-
pothesis Ð that set loss in the IM group is related to
a disruption of automatic processing, and the set loss
in the RDL group to a sustained attention de®cit Ð is
suggested by our results. More direct examination of
the above hypothesis is warranted in future research.

5.4. The role of the superior medial frontal lobes

While there clearly was some overlap of lesion area
involvement in the di�erent groups, the patients with
superior medial involvement (including patients with
unilateral right OR left SM as well as bilateral
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damage) performed as badly as the patients with dor-
solateral lesions. Few previous studies have identi®ed
the involvement of the SM area in WCST perform-
ance. Kawasaki et al. [28] reported less activation in
the left medial prefrontal cortex in schizophrenic
patients. Nagahama et al. [44] observed blood ¯ow ac-
tivation in bilateral rostral areas 10 and 11, left SMA,
and bilateral cingulate. In our study on verbal ¯uency
with many of the same individuals, patients with left
dorsolateral and bilateral SM lesions were impaired,
but not those with right dorsolateral lesions [60]. In
this present study, the performance of the SM group
was most similar to the right frontal DL group. Tak-
ing the verbal ¯uency and WCST results together, one
might consider that the SM region is functionally con-
tinuous with the dorsolateral region that is involved in
a speci®c cognitive process. This is consistent with
Pandya and Yeterian's [48] assertion that these two
regions emerge from the same archicortical (hippocam-
pal) evolutionary trend. We are uncertain what speci®c
brain region within the SM is most necessary, since we
could not dissociate the e�ects of SMA, rostral areas
10, 9, and 8, and superior anterior cingulate damage.
We also could not di�erentiate any lesion laterality or
size e�ect.

5.5. Perseveration measures

The di�erent measures of perseveration may assess
di�erent cognitive processes. PPCs have been inter-
preted as extradimensional shifting, requiring a release
from a previously relevant dimension and eventually a
move to a previously irrelevant dimension [47]. While
Owen and colleagues found no obvious relationship
between the degree of perseveration and the precise lo-
cation of the frontal lobe excision (all patients in their
study were surgical excision patients), our data suggest
some relationship, with the IM group not demonstrat-
ing perseverative impairments. Our measure of PPR
represents the immediate repetition of a response that
was just identi®ed as being erroneous. Such errors
have been reported to be more related to the right
hemisphere, particularly the right frontal region [8,55].
Our results implicated the right frontal and superior
medial regions. PPRs would appear to be a true
pathognomonic sign of frontal (with the exception of
the IM area) lobe disturbance. Very few nonfrontal
patients exhibited these, particularly when instructions
had been given.

5.6. Our experimental manipulations: the value of
instructions and external support

The de®cit on the WCST in the frontal lobe patients
is not secondary to a conceptualization or category
deduction de®cit. Many of the patients spontaneously

verbalised what the three sorting categories were, and

there were no group di�erences (with the exception of

set loss for the IM group) between 128 and 64A.

Stratta et al. [57] had demonstrated that, in 62% of

schizophrenics who had performed poorly on the

WCST, mere statement of the criteria before sorting

improved performance. For the rehabilitation of fron-

tal lobe patients, our data indicate that this would not

be the case. In most patients with focal frontal lobe

damage, it is not the lack of knowledge but the use of

knowledge that is most detrimental.

A major observation for the 64B condition is the

e�ect of alerting participants to the impending cat-

egory shifts (in addition to the practice e�ects). These

instructions brought performance to ceiling in the non-

frontal and IM groups. Performance also improved for

the other frontal groups (SM, LDL, and RDL), where

the number of categories achieved increased more than

two-fold and the number of perseverative errors

decreased. Highly structured verbal instructions pro-

viding explicit direction do improve test performance

of frontal lobe patients on the WCST, suggesting that

this may be a worthwhile rehabilitative avenue to pur-

sue. It would be necessary to see if such an e�ect gen-

eralizes, can be internalized [64], or if any

improvement is retained over a period of time. There

is some suggestion in the schizophrenia literature that

instructions on how to complete the WCST results in

some retention of bene®t over time [4,21,37,76],

although this may depend on the type of patient tested

[18]. An additional implication from the 64B condition

is that modifying the WCST by announcing impending

category shifts, as employed in the Modi®ed Card

Sorting Test [45], makes the test less sensitive to fron-

tal lesions, a conclusion suggested earlier by Teuber

[68].

Despite the general improvement on 64B, perform-

ance of the SM, RDL, and LDL groups remained

impaired compared to the other patient groups,

although this was not signi®cant for all measures. One

implication of this ®nding relates to the assessment

and diagnosis of individual patients. The use of this

level of instruction may be one way of narrowing the

number of classi®cation outliers, at least for the non-

frontal lesioned patients. Documenting that a patient

who performs poorly on the WCST is able to under-

stand general task demands, and does signi®cantly

improve after this level of instruction, may provide

useful functional information about the individual

patient. Conversely, this method identi®es those indi-

viduals who have di�culty even when provided with

considerable external support.
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6. Conclusion

This is one of a few studies on the WCST that has
been completed on patients with documented focal
lesions in various regions of the brain. The current
data, along with previous lesion data research on
WCST performance, provide a framework for under-
standing the value of the WCST for the assessment of
brain-damaged individuals. Certain themes are con-
stant. The WCST is a multifactorial test that requires
a distributed neural network. Performance can be
impaired on this test for various reasons, and not all
of these are related to the functions associated with
the frontal lobes. Nevertheless, in patients who meet
certain conditions related to a basic ability to address
the demands of the task, the WCST can be sensitive to
the e�ects of frontal lobe damage.

Our results, in conjunction with other published
data, suggest functional dissociations between superior
and inferior medial regions and between dorsolateral
and orbitofrontal/inferior medial areas. The patients
with superior medial frontal lobe involvement were
most impaired on the standard WCST measures (with
the exception of set loss). The IM group displayed
somewhat of an opposite pro®le. The left and right
dorsolateral involvement groups were comparable on
almost all measures, with the exception of continuing
set loss problems in the RDL group, even after the
highest level of additional instruction had been given.
Whereas the IM group had high set loss and low PPC
in 64A, the DL groups were characterized by perse-
veration.

The possibility that recovery could take place at a
late stage, and that verbal instructions can be used as
a probe for improvement of behavior, might provide a
window for prognosis, timing of rehabilitation e�orts,
assessment of e�cacy of treatment, and for scienti®c
understanding about the time frame of plasticity of
speci®c operations [26].
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