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Age differences on the California Card Sorting Test:
Implications for the assessment of

problem solving by the elderly

WILLIAM W. BEATTY
University of Oklahoma Health Sciences Center, Oklahoma City, Oklahoma

The performance of young, middle-aged, and old groups of healthy normal controls was com
pared on two tests ofproblem solving: the Wisconsin and the California Card Sorting Tests (WCST
and CCST). In agreement with previous studies of the WCST, subjects 60 years of age and older
achieved fewer categories and made more perseverative responses and errors than did younger
subjects. However, the number of categoriesachieved and the measures of perseveration were
so highly and negatively correlated that they are not likely to be independent. On the CCST,
which provides multiple measures of performance, the old subjects generated and identified fewer
correct concepts and executed concepts less accurately when guided by abstract cues, but they
showed increased perseveration on only one of three measures. Furthermore, the old subjects
executed concepts in response to explicit cues and explained the correct sorts that they produced
as accurately as did the younger subjects. Recent studies demonstrate that distinctive patterns
of problem-solving impairment on the CCST are exhibited by patients with Parkinson's disease,
multiple sclerosis, chronic alcoholism, or schizophrenia, although performance by patients with
these disorders is qualitatively indistinguishable on the WCST. Since the CCST is about twice
as sensitive as the WCST for detecting impairment in patients with Parkinson's disease, the CCST
may prove especially useful for evaluating problem solving in the elderly.

The assessment of problem solving is an important com
ponent of any thorough neuropsychological evaluation.
The widely used Category Test (Reitan & Wolfson, 1985)
has the disadvantage of yielding only a single summary
score and therefore provides little information about why
patients perform poorly. The Wisconsin Card Sorting Test
(WCST) (Heaton, 1981) provides several different mea
sures of performance that ostensibly offer insight into the
nature of impaired problem solving. However, the con
sistently high negative correlations between the measure
of concept attainment (categories achieved) and measures
of perseveration (Beatty & Monson, 1990, in press) make
it clear that these indexes are not independent. Further
more, a subject who performs poorly, but matches cards
randomly, will exceed the recommended cutoff score for
impairment on the perseverative response measure (Beatty
& Monson, 1990).

Recently, Delis, Bihrle, Janowsky, Squire, and Shima
mura (1989) have devised the California Card Sorting Test
(CCST), which provides separate measures of concept
generation, concept identification, and concept execution,
as well as several different measures of verbal and non
verbal perseverative responding. In addition, after sub
jects have sorted cards according to a rule, they are
required to provide a verbal explanation of the rule (or
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principle) that they have used to generate the sort. This
feature of the CCST yields a measure of the quality of
verbal explanations for correct sorting behavior which is
relatively independent of the number of correct sorting
responses (concepts) actually generated. Thus, a subject
may produce a correct concept (as inferred from the non
verbal sorting response) and be quite unable to articulate
the " principle" that guided his/her behavior.

Delis, Squire, Bihrle, and Massman (1992) have re
ported that patients with acquired lesions of the frontal
lobes or with alcoholic Korsakoff's syndrome generated,
identified, and executed fewer correct concepts but made
more perseverative responses than did normal controls .
The frontal-lobe and Korsakoff patients also provided in
adequate verbal explanations for the correct sorts that they
did achieve. By contrast, a mixed group of amnesic pa
tients of other etiologies who did not show signs of frontal
lobe injury (by neuropsychological or neuroimaging cri
teria) performed almost normally .

In our own research, we have studied the performance
of patients with Parkinson's disease (PD), multiple scle 
rosis (MS), chronic alcoholism, and schizophrenia on both
theWCST and the CCST. Compared to age- and education
equated groups of normal controls, all of these patient
groups performed similarly on the WCST, achieving fewer
correct concepts (categories) but emitting more persever
ative responses and errors.

On the CCST, however, the various patient groups ex
hibited distinctive patterns of impairment . Mildly demented
PD patients (Beatty & Monson, 1990) and schizophrenics
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(Beatty , Jocic, Monson, & Katzung, in press) exhibited
poorer than normal performance on measures of concept
generation, identification, and execution, accompanied by
increases in verbal and nonverbal perseveration and lower
quality explanations for the correct sorts that they did
achieve. PD patients of normal mental status exhibited
no impairments on any of these measures. Patients with
MS (also of normal mental status) generated and identi
fied fewer correct concepts than did controls, but they
executed concepts normally, did not perseverate, and pro
vided normally complete verbal explanations for their cor
rect sorting behavior (Beatty& Monson, in press). Chronic
alcoholics also generated and identified fewer correct con
cepts than did controls, and executed concepts normally.
Unlike the MS patients, the alcoholics exhibited more
verbal and nonverbal perseverations, and their verbal ex
planations for correct sorting responses were markedly
inferior to those of controls (Beatty, Katzung, Nixon, &
Moreland, in press) . Indeed, the quality of the verbal ex
planations offered by the alcoholics was lower than that
of the mildly demented PD patients or the chronic schizo
phrenics, whose overall performance on other cognitive
tests was substantially inferior to that of the alcoholic s.

It is now widely appreciated that the average performance
of normal individuals aged 60 years and older on tests such
as the Category Test and the WCST is substantially inferior
to that of younger persons (Heaton, Grant, & Matthews ,
1986). To allow for variation in normal performance with
age, as well as education and sex, Heaton, Grant, and Mat
thews (1991) have recently published "norms" for the Cat
egory Test, the WCST , and a number of other tests that
are widely used in clinical neuropsychology. Although the
publication of these norms represents a considerable ad
vance over the previous state of affairs when clinicians had
to make their own ad hoc corrections for age and educa
tion, only one measure (perseverative responses) from the
WCST is considered. Futhermore, the norms published by
Heaton et al. (1991) inake no allowance for the fact that
performance on tests such as the WCST by groups of nor
mal elderly subjects is much more variable than that of
comparable groups of younger individuals. For example ,
Davis et al. (1990) found that the magnitude of within
group variance for perserverative errors on the WCST was
more than 10 times as large for the normal elderly group
than for a group of younger subjects.

Because the CCST appears to possess many advantages
over the Category Test and the WCST for the analysis
of problem solving by various clinical groups, a direct
examination of the influence of age , gender, and educa
tion on this new test seemed worthwhile. This paper re
ports such an analysis and provides a direct comparison
of the CCST and the WCST.

METHOD

Subjects
The subjects were 31 men and 34 women who were recruited as normal

controls for neuropsychological investigations of various patient popula
tions conducted by the author. They ranged in age from 18 to 75 years

and in education from 8 to 20 years (postdoctoral training was not con
sidered in calculating educat ion) . All subjects were carefully screened to
exclude individuals with histories of medical illness (e.g ., diabetes), cen
tral nervous system disease or injury, major psychiatric illness, serious
head injury, or drug or alcohol abuse that could affect test performance.
All the retained subjects scored within normal limits on a modified version
of the Mini-Mental State Exam (Folstein , Folstein, & McHugh, 1975) .
The subjects were paid for their participation and provided written in
formed consent. The study protocol was approved by the local institu 
tional Review Board. To facilitate presentation of the results, the subjects
were arbitrarily divided into threeage groups of21-22 individuals: young
(18-34 years) , middle aged (35-59 years), and old (60 years and older) .

Materials and Procedure
Wisconsin Card Sorting Test. The WCST was administered and

scored as described by Heaton (1981) .
California Card Sorting Test. This test consists of three sets of stim

ulus cards. Each set contains six cards with a single word printed on
each card. The cards in each set can be sorted into two groups of three
cards each, on the basis of 8 different sorting rules .

For each set , the subjects were tested under three conditions, which
were administered in a fixed order. The free sorting condition came
first. The six cards from the first set were arranged randomly on the
table in front of the subject, who was instructed to sort the cards in as
many different ways as possible and that after completing a sort hel she
was to explain how the two piles were different. Three minutes were
allowed for this phase, and the subjects were told to work quickly .

The second condition consisted of structured sorting. In this condi
tion, the examiner sorted the cards in each of the eight correct ways ,
and the subject was allowed 60 sec to describe the rule following each
sort . The third condition was cued sorting. The subjects were again asked
to sort the cards into two piles of three cards each, but on this part of
the test the examiner provided the rule by which the cards were to be
sorted. First, the examiner provided an abstract version of the rule and
if necessary an explicit vers ion of the rule. Sixty seconds were allowed
for each sorting attempt in the cued sorting phase of the text.

Multiple measures of performance were derived from the CCST. For
the free sorting phase, the total number of sorts attempted provided a
measure of initiation. This total score was broken down into three ad
ditional measures: (I) the numbe r of correct sorts, (2) the number of
perseverative sorts (i.e ., sorting the cards according to the same rule
a second or third time), and (3) the number of other errors (e .g ., sort
ing the cards into piles with unequal numbers of cards) . The quality
of the verbal explanations for the sorts correctly achieved was scored
on a three-point scale as follows : two points were assigned if the sub
ject verbalized the sorting principle that applied to both piles (e.g ., " Color
of the cards" or "These are green and these are yellow"); one point
was assigned if the subject verbalized the rule as it applied to only one
of the piles (e.g., "These are green and these aren't"); zero points were
assigned for "don't know" responses and for responses that were clearly
incorrect. The number of verbal perseverations (i.e . , restating a pre
viously given rule) was also counted. The structured sort ing phase was
scored exactly as was the verbal portion of the free sorting phase. In
the cued sort ing phase, the numbers of correct sorts in response to ab
stract cues and to explicit cues were analyzed separately.

RESULTS

Table 1 summarizes the demographic characteristics of
the three age groups as well as their performance on the
WeST. As can be seen in the table, the average educa
tion levels were high but comparable for the three groups .

As expected, the old group performed more poorly on
the WCST than did either the young or the middle-aged
groups . Significant differences were observed on the num
ber of categories achieved and the number ofperseverative
responses and errors, but the groups did not differ in the
number of nonperseverative errors, trials to the first cate-



gory, or failures to maintain set. Note also that the perfor
mance of subjects in the old group was considerably more
variable than that of subjects in the other groups . The mag
nitude of within-group variance was 5.64 times as great for
the old subjects as for the middle-aged on the number of
categories achieved. For perseverative responses, the ratio
of within-group variances for these two groups was 7.93.

Table 2 summarizes the results on the CCST. In the
free sortingcondition, the old group attempted fewer sorts
and achieved fewer correct sorts than did the young or
the middle-aged group, but the old subjects did not make
more verbal or nonverbal perseverative errors, nor did
they commit more nonperseverative (other) sorting errors.
When sorting performance was expressed as a percent
age of total sorts, no significant differences among groups
were observed.

The subjects in the old group attained fewer total points
for their verbal explanations than did the subjects in
the other two groups. However, since verbal points are
awarded only for explanations of correct sorting responses,
points/correct sort provides a purer measure of the qual
ity of verbal explanations. On this measure, the old sub
jects scored slightly, but not significantly higher than sub
jects in the young or the middle-aged group.

In the structured sorting condition, the old subjects at
tainedfewer totalpoints (indicatingthat they identifiedfewer
concepts) and made more perseverative errors than did the
subjects in the other two groups . The old subjects also per
formed more poorly than the other subjects in the abstract
condition of the cued sorting phase. No significant differ
ences were observed in the explicit condition, but most sub
jects in all groups attained maximum (24) scores.

Examination of the relative magnitudes of within-group
variances indicated that, with one exception, the ratios
of within-group variances for the old versus the middle
aged group were less than 2.0 . For perseverative re
sponses during the structured sorting phase, the ratio of
within-group variances for these two groups was 3.01.

There were no significant differences between means
or variances for the young and middle-aged groups on
any measure.

Examination of patterns ofcorrelations for various mea
sures revealed the usual high and negative relationship
between the number of categories achieved on the WCST
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and the number of perseverative responses and errors (ab
solute rs > .85, ps < .(01). For the free sorting phase
of the CCST, correlations between measures of concept
attainment and perseveration were low and statistically
insignificant (absolute rs < .22). For the structured sort
ing phase, however, the number of points attained was
negatively correlated with the number of perseverations
(r = - .65, p < .(01) .

Despite the wide range of education of the subjects
(8-20 years) , there were no significant relationships
between education and any of the measures of perfor
mance obtained on the CCST (absolute rs < .17) . These
results should be interpreted cautiously, however, because
level of education was not significantly correlated with
any of the measures of performance from the WCST (ab
solute rs < .20).

DISCUSSION

The present findings reveal that the CCST, like most tests of problem
solving (Heaton et aI., 1986; Salthouse, 1992), is sensitive to the effects
of age . Consideration of the pattern of the age differences on the CCST,
however, helps to isolate the nature of the problem-solving deficien
cies in this highly educated normal elderly sample.

Results of the freesorting phase indicated that the elderly group gener
ated fewer correct sorts and fewer total sorts than did the young and
middle-aged groups; but they showed no increased tendency to make
verbal or nonverbal perseverative responses and they explained their
correct sorting responses as well as the younger subjects did . Since the
free sorting phase is timed, one might attribute the deficits of the older
subjects primarily to a simple slowing of mental and/or motor responding
(see, e.g ., Chamess, 1985).

Consideration of performance on the structured and cued phases of
the CCST indicates that such an interpretation is probably incomplete.
During these phases, the 60 sec allowed for responding were almost
never used , so it is unlikely that impairments can be attributed to mental
slowing . Instead, the fact that the old group attained fewer points on
the structured sorting phaseand abstract portion of the cued sorting phase
suggests that they were less able to identify concepts and to follow ab
stractly stated rules . The increased number of perseverative responses
by the old group during the structured sorting phase probably reflects
a genuine increased tendency to perseverate under some circumstances,
although the increased perseverative responding observed on this mea
sure may simply be a secondary consequence of poorer overall perfor
mance . The latter interpretation is consistent with the high negative cor
relation between points attained and perseverative responses that was
observed only on the structured sorting phase.

One deterrent to the widespread use of theCCST in clinical practice
is the time (45-60 min) required for one to administer the complete (i.e.,

Table 1
Demographic Characteristics and Performance on the Wisconsin Card Sorting Test

Age
Education
Categories
Perseverative responses
Perseverative errors
Nonperseverative errors
Trials to Ist category
Failure to maintain set

M

25.5
15.0
5.8

11.3
9.9

10.1
13.3
0.6

Young Middle Aged Old F(2,62)

SD M SD M SD for Groups

5.7 40.6 6.1 70.9 6.5 306.71*
2.2 15.8 2.5 15.5 4.2 0.41
0.7 5.8 0.8 4.6 1.9§ 6.63t
7.5 11.0 9.8 24.2 27.6§ 4.02·
5.8 9.9 8.5 20.5 2I.5§ 4.34*
7.6 7.7 8.1 13.0 9.4 2.12
5.2 13.5 6.6 18.8 25.6 0.88
I.l 0.5 0.7 I.l 1.4 2.07

*p < .05.
LSD test .

tp < .01. *p < .001. §Differs significantly (p < .05) from young and middle-aged groups by Fisher
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Table 2
Performance on the California Card Sorting Test

Young Middle Aged Old F(2 ,62)
M SD M SD M SD for Groups

Free Sorting

Total sorts 20 .3 2.4 20 .6 2 .9 18.2 3.0t 4 .69*
Correct sorts 18.3 1.9 18.1 2.2 15.9 3.0t 6.70t
Perseverative sorts 1.5 1.6 1.9 1.8 2.0 1.8 0.50
Other errors 0 .5 0 .8 0 .6 0 .6 0 .3 0.6 0.75
% Correct 90 .7 6.5 88.4 7 .9 87.4 9.5 0.95
% Perseverative sorts 7 .1 6 .7 8.9 7.5 10.8 9.0 1.18
% Other 2.2 3.7 2.7 3.0 1.8 3.3 0.39

Verbal

Total points 32 .5 4 .1 32.0 4 .7 28.9 6.1:j: 3.31*
Points l correct 1.77 0.1 1.77 0 .1 1.82 0.1 1.09
Perseverative responses 0 .1 0.3 0 .3 0 .8 0 .2 0.5 0.63

Structured Sorting

Total points 32 .2 6.8 30 .1 7.0 26 .1 8.2:j: 3.81 *
Perseverative responses 0 .5 0.9 0.8 1.9 2.3 3.3 :j: 4 .05*

Cued Sorting

Abstract 22 .2 1.0 21.7 1.5 21.0 I.3:j: 4.68*
Explicit 23 .8 0.4 23 .8 0.5 23 .5 0 .9 1.55

*p < .05. tp < .0 1. :j:Differs significantly (p < .05) from young and middle-aged groups by Fisher LSD test.

three-set) version of the test that was used in this study. However, in
our recent study of problem solving by schizophrenic patients (Beatty
et aI., in press), we found that a short version, consisting of the first
set , was nearly as sensitive as the longer version . It will be important
to determine whether or not the short version of the CCST is also sen
sitive to deficits in problem solving exhibited by less severely impaired
patient groups.
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