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Two meta-analyses investigating age-related differences in performance on a popular measure of
executive function, the Wisconsin Card Sorting Test (WCST), are reported. The 1st meta-analysis
examined age-related changes in performance for the number of categories achieved, and the 2nd
meta-analysis examined performance for the number of perseverative errors committed. Results indicated
that robust age differences were present on both measures. Further analysis of moderator variables
revealed reliable effects of education and test version on both measures, whereas test modality led to
marginally significant differences in effect sizes obtained only for the number of categories achieved.
Findings are discussed along with current accounts of age differences in performance of the WCST.

The Wisconsin Card Sorting Test (WCST; Grant & Berg, 1948;
Heaton, Chelune, Talley, Kay, & Curtiss, 1993) is among the most
frequently administered neuropsychological tests (Butler, Retzlaff,
& Vanderploeg, 1991). The participant’s task on the WCST is to
sort a set of response cards on the basis of several dimensions
(color, form, and number), which change periodically during the
course of sorting. Participants are not instructed as to how to sort
the cards but must infer the correct sorting principles through
limited feedback from the experimenter, who only tells the partic-
ipant whether the sort is correct or incorrect. After a particular
number of consecutive successful sorts (the criterion varies de-
pending on the version), the sorting principle changes and the
participant must adjust accordingly. Scores are tallied along sev-
eral dimensions, with the number of categories achieved and the
number of perseverative errors committed the most commonly
reported measures. A participant is scored as having achieved a
category when they make a prespecified number of correct sorts
for a particular category. For example, in the most common
version of the test (Heaton et al., 1993), the participant must make
10 consecutive successful sorts to achieve a category. Persevera-
tive errors occur when the participant sorts according to a category
that was formerly correct but is no longer in effect.

Performance on the WCST is assumed to be dependent on an
array of cognitive processes, typically labeled executive functions.
A number of processes have been proposed as hallmarks of exec-
utive functioning, including the monitoring and control of behav-
ior, suppression of irrelevant information, reasoning, updating
information in working memory, inhibition of prepotent responses,
planning, shifting, and control of attention, among others (e.g.,
Baddeley, 1996; Kane & Engle, 2002; Koechlin, Ody, & Kounei-
her, 2003; Miyake et al., 2000; Shimamura, 2000; Waltz et al.,
1999). These executive functions are presumably localized in the

prefrontal cortex (PFC) or, more specifically, the dorsolateral PFC
(e.g., Duncan, 1993, 1995; Goldman-Rakic, 1987; Kane & Engle,
2002; Kimberg & Farah, 1993; Shallice & Burgess, 1991; Waltz et
al., 1999). In fact, the popularity of the WCST as a measure of
executive function is due largely to evidence indicating that it is
sensitive to dysfunction or damage to the PFC (e.g., Drewe, 1974;
Milner, 1963).1

The WCST is particularly important within the aging literature,
as several researchers have suggested that a decline in executive
functions may be a primary factor in the cognitive deficits present
in aging populations (e.g., Moscovitch & Winocur, 1995; West,
1996; Whelihan & Lesher, 1985). Neurologically, there is com-
pelling evidence that the neural substrates underlying the PFC, the
putative seat of executive function, deteriorate more rapidly with
age than other cortical regions (see Raz, 2000, for a review). There
is also extensive behavioral evidence indicating that older adults
perform more poorly than young controls on a number of tasks
thought to rely on executive functioning that are likewise sensitive
to frontal lobe lesions. For example, older adults show greater
interference on incongruent trials of the Stroop task (Houx, Jolles,
& Vreeling, 1993), produce fewer words on tests of verbal and
semantic fluency (e.g., Howard, 1980; Troyer, Moscovitch, &
Winocur, 1997), have greater difficulty on tasks that require plan-
ning (S. Daigneault & Braun, 1993), and show impairments in
source memory (e.g., Glisky, Polster, & Routhieaux, 1995; McIn-
tyre & Craik, 1987).

Age differences are also apparent on the WCST. For example, S.
Daigneault, Braun, and Whitaker (1992) reported that older adults
committed significantly more perseverative errors and completed
fewer categories than young adults. These findings have been
replicated in a number of other studies (e.g., Axelrod & Henry,

1 This finding has not been entirely consistent (e.g., Anderson, Damasio,
Jones, & Tranel, 1991; van den Broek, Bradshaw, & Szabadi, 1993; see
Mountain & Snow, 1993, for a review). However, a recent meta-analysis
(Demakis, 2003) of 23 studies comparing the WCST performance of
patients with frontal versus nonfrontal lesions revealed that frontal patients
achieved significantly fewer categories (d � –0.35) and made significantly
more perseverative errors (d � –0.32) than nonfrontal patients. Thus, the
WCST does appear to be sensitive to lesion location.
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1992; Beatty, 1993; Fristoe, Salthouse, & Woodard, 1997; Parkin
& Walter, 1991a), but there are exceptions. Haaland, Vranes,
Goodwin, and Garry (1987), for example, found that young-old
participants (aged 64–69 years) committed fewer perseverative
errors and achieved more categories than younger participants on
a 64-card version of the WCST. Boone, Ghaffarian, Lesser, and
Hill-Gutierrez (1993) likewise demonstrated that young-old par-
ticipants (aged 60–69 years) achieved more categories and com-
mitted slightly fewer perseverative errors than middle-aged partic-
ipants (aged 45–49 years). Thus, although the general pattern of
evidence indicates that there are significant age-related deficits on
the WCST, age-related differences are not always present.

Given that the WCST has become an increasingly popular
measure of executive function in aging research (Bryan & Luszcz,
2000), a meta-analysis can serve to synthesize the existing litera-
ture. A meta-analysis can also serve two other purposes. First, no
comprehensive quantitative review of age-related differences in
performance on the WCST currently exists. Given its widespread
use as a measure of executive function, a meta-analysis may help
to clarify the efficacy of the WCST as an executive task. Second,
the meta-analysis technique is ideally suited for examining poten-
tial moderator variables that may underlie performance on the
WCST. This is particularly important given the variability in
participants and the variety of administration methods that are
replete in the literature on the WCST.

The Meta-Analysis

A meta-analysis is a quantitative summary of a research litera-
ture that attempts to describe and test the magnitude of various
effect sizes across studies. One can think of an effect size as a
standardized score, analogous to a z score, for a dependent variable
or variables of interest. Using such effect sizes, one can examine
the influence of possible moderator variables and determine where
effect sizes reliably converge or differ (Hedges & Olkin, 1985).
For the current meta-analysis, effect sizes were derived by com-
paring the performance of healthy older adults, with an average
age of 55 years or older, to younger adults, with an average age
between 20 and 35 years, on the two most commonly reported
indices of performance on the WCST: the number of categories
achieved and the number of perseverative errors committed.

Method

Studies for the current meta-analysis were obtained from a computerized
search of PsycINFO, MedLine, and Dissertation Abstracts using the key-
words executive function, aging, Wisconsin Card, Modified Card, and
prefrontal cortex. Additional searches were conducted in the Web of
Science citation index and through manual inspection of published articles.
To be included in the meta-analysis, articles had to meet several criteria: (a)
Articles must have included participants with an average age of 55 years or
older and a group of younger participants, with an average age between 20
and 35 years; (b) participants must be free of any neurological or psychi-
atric disorders and report good health; (c) WCST data were collected as a
primary component of the article or were part of a larger neuropsycholog-
ical screening; and (d) the article included means and standard deviations
or enough statistical information (e.g., F, t, p, or r values) to permit the
estimation of effect sizes. When studies did not include enough informa-
tion, the authors were contacted to provide the missing information. If this
was unsuccessful, the study was either excluded from the meta-analysis or,
if partial data was present, the effect size was conservatively estimated on
the basis of information reported in the text.

A total of 34 studies met the inclusion criteria for the first meta-analysis
based on the number of categories achieved.2 These articles were published
between 1990 and 2003 and included at least one group of older partici-
pants and one group of younger participants. Fifty-three effect sizes were
calculated on the basis of a total of 3,049 participants (1,687 older partic-
ipants and 1,362 younger participants). The average age of the older adults
was 71.27 years (SD � 7.04) and the average age of the younger adults was
24.50 years (SD � 3.14). On the basis of those studies reporting demo-
graphic data, younger adults had an average of 14.44 years of education,
whereas older adults had an average of 13.37 years of education, t(71) �
2.61, p � .05. Approximately 55% of the younger participants were
women, whereas approximately 58% of the older participants were women.

A total of 34 studies met the inclusion criteria for the second meta-
analysis based on the number of perseverative errors committed. These
articles were published between 1990 and 2003 and included at least one
group of older participants and one group of younger participants. Fifty-
five effect sizes were calculated on the basis of a total of 2,923 participants
(1,643 older participants and 1,280 younger participants). The average age
of the older participants was 71.54 years (SD � 7.05), and younger
participants averaged 24.77 years (SD � 3.06) of age. On the basis of those
studies reporting demographic data, younger adults had an average of
14.35 years of education and older adults had an average of 13.39 years of
education, t(74) � 2.26, p � .05. In addition, approximately 55% of the
younger participants were women, whereas approximately 58% of the
older participants were women.

Listing and Discussion of Coded Variables

Age. The first major variable to be coded was the average age reported
for the older participants tested. Age was coded as a categorical variable
with three levels: young-old (55–64 years), middle-old (65–74 years), and
old-old (75� years). In cases in which only the age range was available,
age was coded on the basis of the central point in the range reported.

Test version. The original version of the WCST (e.g., Milner, 1963),
still most typically administered (Heaton et al., 1993), consists of two sets
of 64 cards and a maximum of six categories. Categories are completed
after 10 consecutive, successful sorts. Heaton’s (1981) original scoring
rules have been revised over time in an effort to reduce ambiguity, and
scoring is currently based on Heaton et al. (1993). Nelson (1976) modified
the WCST to ease administration with participants who might become
unduly stressed by the length of the task. Nelson’s Modified Card Sorting
Test (MCST) includes two sets of 24 cards and further reduces sorting
requirements by requiring participants to produce only six consecutive
successful sorts to complete a category. On the basis of its limited sensi-
tivity to frontal lobe damage, one review of the MCST (de Zubicaray &
Ashton, 1996) has suggested that it may be a completely different version
of the test than the original WCST. Results from Demakis’s (2003)
meta-analysis of WCST performance substantiate this conclusion, as, in
seven studies, the MCST did not discriminate between patients with frontal
versus nonfrontal lesions. Whether this lack of sensitivity applies to aging

2 One may notice that this figure seems to be an underestimate in
comparison with the volume of studies administering the WCST that are
available. The primary reason for this is that a number of studies that
administer the WCST to older adults do not include a young control group
and thus do not meet the inclusion criteria. For example, many studies only
administer the WCST to different groups of healthy older adults (e.g.,
Axelrod & Henry, 1992; Loranger & Misiak, 1960). In addition, a number
of other studies compare healthy older adults with other older adults with
neurological or psychiatric problems, such as Parkinson’s disease (e.g.,
Beatty, Monson, & Goodkin, 1989; Brown & Marsden, 1988; Woods &
Tröster, 2003), dementia of the Alzheimer’s type (e.g., Bondi et al., 2003),
Korsakoff’s syndrome (e.g., Joyce & Robbins, 1991), or depression (e.g.,
Hart et al., 1988; Kinderman, Kalayam, Brown, Burdick, & Alexopoulos,
2000). This issue is revisited in the General Discussion section.
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populations is of some question. Other revisions of the original test of have
been made, reducing the task to 72 cards (Hart, Kwentus, Wade, & Taylor,
1988; Jenkins & Parson, 1978) and, more recently, to 64 cards (Kongs,
Thompson, Iverson, & Heaton, 2000). However, these versions did not
meet the inclusion criteria for the current meta-analysis and were not
examined. In summary, test version was coded as a categorical variable
with two levels: Heaton (WCST) and Nelson (MCST).

Test modality. Computerized administrations of the WCST have be-
come increasingly common (Degl’Innocenti & Backman, 1996; Fristoe et
al., 1997; Spencer & Raz, 1994) and may produce results that differ from
manual administrations. For example, Feldstein et al. (1999), on the basis
of their results from testing younger participants in computerized and
manual versions of the WCST, suggested that normative data from manual
versions of the WCST were not applicable to computerized versions. Thus,
test modality was coded as a categorical variable with two levels: manual
or computer based.

Education. Several studies have demonstrated a relationship between
education and performance on the WCST or MCST (e.g., Compton,
Bachman, & Logan, 1997; G. Daigneault, Joly, & Frigon, 2002; de Zubi-
caray, Smith, Chalk, & Semple, 1998; Lineweaver, Bondi, Thomas, &
Salmon, 1999; Maylor, Moulson, Muncer, & Taylor, 2002). For example,
de Zubicaray et al. (1998) reported a modest but significant correlation
between education and the number of categories achieved (r � .37).
Lineweaver et al. (1999) also reported a moderate correlation between
education and the number of perseverative errors committed (r � –.27).
Education was coded as a categorical variable based on the average number
of years of education reported by older participants with the following
levels: less than 12 years, 12–15 years, greater than 15 years, and unspec-
ified. These levels essentially correspond to an approximately high school
level education or less (less than 12 years), some university education
(12–15 years), and extensive university education (greater than 15 years).

Method of Analysis

Following Hedges (1994), the fixed-effects model for analyzing cate-
gorical variables was used. The first step is to determine whether all effect
sizes are homogenous (QT). The QT statistic has an approximate chi-square
distribution with k – 1 degrees of freedom, where k is the number of
studies. For each categorical variable, a within-group fit statistic (QW) was
calculated to determine whether studies within groups were homogenous.
A significant QW would indicate that significant within-groups heteroge-
neity existed. Given this condition, one may attempt a more detailed
analysis of effect sizes and examine variation between groups using the
between-groups fit statistic (QB). This test is directly analogous to the
one-way analysis of variance omnibus F test for variation of group means,
and a significant QB indicates that the average weighted effect size differed
across groups.

Results and Discussion

Measures of effect size based on pooled standard deviations
(e.g., Cohen’s d, Hedges’s g) are most frequently used in meta-
analyses. However, across studies, older adults exhibited signifi-
cantly more variability in performance than did younger adults,
compromising pooled standard deviations as a measure of vari-
ability. Table 1 displays descriptive statistics for younger and older
adults on the basis of measures of categories achieved and per-
severative errors committed for the data analyzed in the current
study. Examination of the table confirms the observation that older
adults demonstrated considerably more variability, evident in
larger mean standard deviations on both measures, than younger
adults. In such cases, a pooled measure of variability is inappro-
priate. Therefore, per the recommendation of Rosenthal (1994),
Glass’s � (Glass, McGaw, & Smith, 1981) was calculated as the

estimate of effect size as follows, using only a single measure of
variability:

�Molder � Myounger�/SDyounger,

where Molder is the mean for the older participants, Myounger the
mean for the younger participants, and SDyounger is the standard
deviation for younger participants.3 In the interest of clarity, neg-
ative effect sizes for both categories achieved and the number of
perseverative errors committed denotes poorer performance by
older adults than younger adults on the measure of interest (i.e.,
fewer categories achieved or more perseverative errors commit-
ted). All effect sizes to be reported were weighted as a function of
sample size.4

Given that the measure of variability to be used is based on data
from younger participants, one can make the case that effect size
estimates may be somewhat inflated. Therefore, a pooled estimate
of effect size (Hedges’s g) was also calculated for comparison. A
description of this calculation along with results is provided in the
Appendix. Instances in which the metric of effect size to be used
in the current study (i.e., �) departs from g and changes the
interpretation of moderator variables are described in the General
Discussion section.

3 One can transform data to make the population standard deviations
more similar by using log transformations or other methods (e.g., square
roots). However, this remedy requires access to the original data set from
each study, making it impractical as an alternative.

4 Specifically, weights (wi) are inversely proportional to the conditional
variance (vi), which in turn is inversely proportional to the study sample
size. For �-based effect sizes, the conditional variance is calculated as
follows:

vi � ��n1 � n2�/�n1 � n2�� � ��2/ 2�n2 � 1��,

where n1 is the sample size if the first group, n2 is the sample size of
the second group, and � is the effect size. As can be seen, the larger the
sample size, the smaller the conditional variance. (In more conventional
terms, one can think of the conditional variance as the square of the
standard error.) Given that weights are calculated as the inverse of the
conditional variance (i.e., wi � 1/vi), larger weights will be derived
from studies with larger sample sizes. Thus, studies with larger sample
sizes, which should presumably provide a more accurate estimate of the
population effect size, are given more weight than studies with smaller
sample sizes (see Shadish & Haddock, 1994, for a more detailed
discussion of these issues).

Table 1
Descriptive Statistics for the Studies Examined in the
Meta-Analysis

Variable
Older

participants
Young

participants

Categories achieved
M 3.99 5.58
SD 1.83 1.10

Perseverative errors committed
M 15.85 6.92
SD 11.44 5.04

Note. The standard deviation refers to the mean of the standard deviations
reported across all studies examined.
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Categories Achieved Model

The average weighted effect size for the number of categories
achieved was significant (� � –1.13; 95% confidence interval [CI]
� –1.22, –1.04), indicating that older adults achieved significantly
fewer categories than younger adults.5 (Unless otherwise noted,
the alpha level for all statistical tests was set to .05.) In addition,
effect sizes were clearly not homogenous, as there was substantial
heterogeneity (QT � 220.49, p � .00).

Figure 1 displays a stem-and-leaf plot of mean weighted effect
sizes for the number of categories achieved. An examination of the
figure indicates that the distribution has a slightly negative skew,
with a number of effect sizes clustered on the higher side of the
mean (i.e., grouped toward 0). Two other points are relevant with
regard to the distribution of effect sizes. First, with only a few
exceptions, it appears that there is a distinct cutoff in effect sizes
at approximately –.50. This may be indicative of a publication bias
against small or even positive effect sizes, suggesting that the
population mean weighted effect size may be smaller than that
reported here. It is the case that a number of additional studies that
administer the WCST to groups of older participants do not in-
clude a comparison group of younger participants and thus are not
included in the current meta-analysis (see Footnote 2). Neverthe-
less, an enormous number of studies with effect sizes of zero
would have to exist (k0 � 9,476) for the average weighted effect
size to no longer differ significantly from zero. Second, three
outliers appear to be present at values of –4.4, –5.5, and –6.8.
These data were included in the analyses to be reported; however,
additional analyses were also conducted that excluded all outliers.
Those analyses resulted in one substantive departure of note from
the data reported (for test modality) that is described in the appro-
priate section.

Main effect analyses. Table 2 presents a summary of main
effect analyses for the number of categories achieved. The test of
QB may be used to determine whether the levels of a categorically
coded variable differ significantly from each other. First, the effect
of age (young-old, middle-old, old-old) was significant (QB �
51.59), with participants achieving fewer categories with increas-
ing age. Specifically, old-old participants achieved the fewest
categories (� � –1.88; 95% CI � –2.12, –1.64; k � 15), followed
by middle-old participants (� � –1.08; 95% CI � –1.19, –0.97;
k � 31), who achieved fewer categories than young-old partici-
pants (� � –0.70; 95% CI � –0.92, –0.47; k � 7). Partitioning

the within-group fit statistic (QW) according to levels of age
indicated significant within-group heterogeneity for middle-old
(QW2 � 130.53) and old-old participants (QW3 � 27.17).

The effect of test version (Heaton, Nelson) was significant
(QB � 10.23), indicating that the average weighted effect size for
the number of categories achieved differed between the two test
versions examined. Inspection of these data shows that older adults
achieved fewer categories with the Nelson version of the test (� �
–1.49; 95% CI � –1.72, –1.25; k � 13) than with the Heaton
version (� � –1.07; 95% CI � –1.16, –0.97; k � 40). Therefore,
although it may not be as sensitive to frontal lobe impairment as
the Heaton version (Demakis, 2003), the Nelson version appears to
be sensitive to age differences. Partitioning the within-group fit
statistic (QW) according to levels of test version indicated signif-
icant within-group heterogeneity for both the Nelson (QW2 �
36.74) and Heaton (QW1 � 173.48) versions.

These data appear to demonstrate that Nelson’s (1976) MCST
resulted in more substantial age differences than Heaton’s (1981;
Heaton et al., 1993) WCST version. However, this conclusion
must be treated with caution. For example, seven of the effect sizes
contributing to the mean weighted effect size for the Heaton
version were derived from young-old participants, whereas the
Nelson version did not include any participants from the young-old
age group. Therefore, a follow-up analysis was conducted that
excluded all young-old participants from the data for the Heaton
version. Results showed that even after excluding these young-old
participants, the Nelson version of the test (see mean weighted
effect size above) was more sensitive to age differences than the

Table 2
Summary of Main Effect Analyses for the Number of Categories
Achieved

Variable k �

95% CI Q

Lower Upper Within Between

Age
Young-old 7 	0.70 	0.92 	0.47 11.16 51.59**
Middle-old 31 	1.08 	1.19 	0.97 130.53**
Old-old 15 	1.88 	2.12 	1.64 27.17*

Version
Heaton 40 	1.07 	1.16 	0.97 173.48** 10.23**
Nelson 13 	1.49 	1.72 	1.25 36.74**

Modality
Manual 45 	1.17 	1.27 	1.07 186.24** 3.04
Computer based 8 	0.98 	1.17 	0.80 31.61**

Education

12 years 8 	1.64 	1.90 	1.38 26.26** 24.87**
12–15 years 25 	1.04 	1.16 	0.91 60.96**
�15 years 8 	0.97 	1.14 	0.81 66.93**
Unspecified 12 	1.49 	1.82 	1.16 41.43**

Note. k � number of effect sizes; � � mean weighted effect size; CI �
confidence interval; Q � heterogeneity; Heaton � Wisconsin Card Sorting
Test (WCST); Nelson � modified version of WCST.
* p � .05. ** p � .00.

5 The mean unweighted effect size (� � –1.75) was substantially larger
than the mean weighted effect size. Further, the mean unweighted effect
size was significantly greater than zero, t(52) � –9.77, p � .00. In addition,
the median unweighted effect size was –1.41. Finally, the mean weighted
effect size based on a pooled measure of variability (i.e., Hedges’s g) was
considerably smaller (g � –.87) than the mean weighted �-based effect
size reported.

Figure 1. Stem-and-leaf plot of weighted effect sizes for the number of
categories achieved. The first digit of each effect size is listed in the stem
column, with the second digit listed in the leaf column. Thus, the top two
entries of the figure are read as –6.8 and –5.5, respectively.
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Heaton version (� � –1.15; 95% CI � –1.26, –1.05; k � 33), a
difference that was significant (QB � 6.26, p � .05).

The effect of test modality (manual, computer based) was mar-
ginally significant (QB � 3.04, p � .08), as effect sizes were
somewhat larger when the WCST was administered manually
(� � –1.17; 95% CI � –1.27, –1.07; k � 45) than in a computer-
based format (� � –0.98; 95% CI � –1.17, –0.80; k � 8).
Partitioning the within-group fit statistic according to levels of test
modality indicated that significant within-group heterogeneity ex-
isted for both manual (QW1 � 186.24) and computer-based ver-
sions (QW2 � 31.61). It must be noted that when all outliers were
excluded from the data analysis, the difference between the manual
(� � –1.16; 95% CI � –1.26, –1.06; k � 43) and computer-based
(� � –0.92; 95% CI � –1.11, –0.74; k � 7) versions of the WCST
was statistically significant (QB � 4.69, p � .05).

Finally, analysis of education (less than 12 years, 12–15 years,
more than 15 years, unspecified) indicated that effect sizes differed
on the basis of the average number of years of education attained
(QB � 24.87). In particular, older participants who averaged less
than 12 years of education (� � –1.64; 95% CI � –1.90, –1.38;
k � 8) achieved fewer categories than older participants, who, on
average, had between 12 to 15 years of education (� � –1.04; 95%
CI � –1.16, –0.91; k � 25) or greater than 15 years of education
(� � –0.97; 95% CI � –1.14, –0.81; k � 8). Thus, it appears that
education is related to the number of categories achieved, a factor
that is included in norms for the WCST (Heaton et al., 1993).
Partitioning the within-group fit statistic (QW) according to levels
of education indicated significant within-group heterogeneity for
each age group.

Data for participants whose average level of education was
unspecified (� � –1.49; 95% CI � –1.82, –1.16; k � 12) are not
as easily interpreted. Further inspection of these data indicates that
this group was disproportionately made up of the older age groups
coded in the study. Specifically, six of the effect sizes were based
on participants classified as middle-old whereas five effect sizes
were based on participants classified as old-old; in only one study
were participants classified as young-old. When the oldest group
of participants was excluded from the analysis, there was a mod-
erate reduction in the mean weighted effect size (� � –1.39; 95%
CI � –1.85, –0.93; k � 7). Though not a complete account, this
suggests that the large effect size evident for participants whose
education was not specified may be an artifact of the distribution
of age groups within that category.

Hierarchical regression analyses. One potential factor that
must be accounted for when considering the effects of age is that
it is often confounded with other variables, such as education. For
example, according to the most recent census estimates (United
States Census Bureau, 2001), approximately 71% of older adults
aged 75 years and older have attained 12 or fewer years of
education. Further, 64% of older adults between the ages of 65 and
74 years and 54% of older adults between the ages of 55 and 64
years have attained 12 or fewer years of education. Thus, any
effect of education in the current meta-analysis may be more
firmly rooted in differences in chronological age. To address this
question, all variables were examined in a hierarchical weighted
least squares regression analysis, with weighting done in the same
manner used to calculate effect sizes (Hedges & Olkin, 1985; see
also Footnote 4). Such an analysis allows one to determine whether
a particular variable increases the proportion of explained variabil-

ity (Q) by an amount greater than would be expected by chance.
Age was first entered in the model, followed by education, which
was followed by a block with methodological variables corre-
sponding to test version and test modality. Results showed that age
alone accounted for slightly less than a fifth of the variability in
effect sizes (R2 � .18). Entering education accounted for an
additional 3.6% of the variability in effect sizes (QCHANGE � 8.10,
p � .05). Test version and test modality accounted for a small but
nonsignificant portion (1.5%) of the variability in effect sizes not
explained by age and education (QCHANGE � 3.30, p 
 .20). The
full model therefore accounted for slightly less than a quarter of
the variability in effect sizes (i.e., R2 � .23). Education explained
a small proportion of the variability in effect sizes beyond that
explained by age, whereas test modality and test version made
more minimal contributions.

As previously noted, a portion of the effect sizes examined were
derived for older adults whose level of education was not speci-
fied, potentially masking the relationship between WCST perfor-
mance and education. Therefore, a second, identical set of hierar-
chical analyses was conducted that excluded effect sizes for older
adults with unspecified levels of education (k � 12). Results
showed that age alone accounted for a fifth of the variability in
effect sizes (R2 � .20). Adding education (with unspecified edu-
cation excluded) explained an additional 4% of the variability in
effect sizes (QCHANGE � 6.82, p � .05). Entering test version and
test modality explained an additional 3% of the variability in effect
sizes (QCHANGE � 5.84, p � .12). Thus, the full model excluding
effect sizes for unspecified levels of education accounted for over
a quarter of the variability in effect sizes (R2 � .28).

Discussion. Several conclusions can be drawn from the meta-
analysis of the number of categories achieved. Clearly, robust age
differences were evident, as older participants achieved fewer
categories with increasing age. In addition, education was posi-
tively related to age, with participants with less than 12 years of
education in particular achieving the fewest categories. These data
are thus consistent with the normative data that are currently
available (Heaton et al., 1993; Lineweaver et al., 1999; see also
Axelrod & Henry, 1992). Hierarchical regression analyses indi-
cated that education contributed a small but significant proportion
explained variability to effects sizes in addition to that explained
by age.

Of additional importance in the current meta-analysis are data
for two other variables that have less conclusive standing in the
literature. First, the Nelson version of the test (the MCST) appears
to be just as sensitive to age differences for the number of cate-
gories achieved, if not more sensitive, than the Heaton (WCST)
version. This may be contrasted with recent data indicating that the
MCST is not sensitive to other variables, such as lesion location
(Demakis, 2003). Second, on the basis of the limited number of
computer-based studies available, it appears that the modality of
the test (manual vs. computer based) did lead to differences in the
number of categories achieved, though this difference was only
significant when outliers were excluded. Regression analyses in-
dicated that test version and test modality accounted for only a
small proportion of explained variability in effect sizes and are
likely far less important than the age of the participant. A second
meta-analysis examines whether these findings hold true for the
number of perseverative errors committed.
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Perseverative Errors Model

Across all studies analyzed, the mean weighted effect size for
the number of perseverative errors committed was significant (� �
–1.29; 95% CI � –1.40, –1.19), indicating that older adults com-
mitted significantly more perseverative errors than younger
adults.6 In addition, effect sizes were not homogenous, with con-
siderable heterogeneity present (QT � 398.06, p � .00).

A stem-and-leaf plot of weighted effect sizes for the number of
perseverative errors committed is displayed in Figure 2. Examina-
tion of the figure indicates that there is a slightly negatively
skewed distribution of effect sizes around the mean. The majority
of effect sizes are grouped at � � 1.00 or larger, but there are
several substantially smaller than 1.00, including one positive
effect size (i.e., one case of older adults committing fewer errors
than younger adults) and one effect size of zero. However, an
enormous number of studies with effect sizes of zero would have
to exist (k0 � 11,903) for the average weighted effect size to no
longer differ significantly from zero. It must also be noted that
there appear to be two outliers present in the distribution of effect
sizes, at values of –7.6 and –14.8. Analyses that excluded these
observations resulted in slightly smaller estimates of effect size
only for the Nelson version of the test and for participants whose
level of education was not specified.7 Thus, all observations were
included in the meta-analysis of perseverative errors committed.

Main effect analyses. Table 3 presents a summary of main
effect analyses for the number of perseverative errors committed.
The effect of age (young-old, middle-old, old-old) was significant
(QB � 58.39), with age positively related to the number of per-
severative errors committed. In particular, old-old participants
committed the most perseverative errors (� � –2.17; 95% CI �
–2.44, –1.90; k � 17). They were followed by middle-old partic-

ipants (� � –1.25; 95% CI � –1.37, –1.13; k � 31), who
committed more perseverative errors than young-old participants
(� � –0.81; 95% CI � –1.04, –0.58; k � 7). Partitioning the
within-group fit statistic according to levels of age indicated that
significant within-group heterogeneity existed for all groups.

The effect of test version (Heaton, Nelson) was significant
(QB � 43.02), as age differences were more pronounced for the
Nelson version of the test (� � –2.41; 95% CI � –2.76, –2.06; k �
14) than the Heaton version (� � –1.19; 95% CI � –1.30, –1.09;
k � 41). Partitioning the within-group fit statistic according to
levels of test version indicated significant within-group heteroge-
neity for both the Heaton (QW1 � 237.63) and Nelson (QW2 �
117.35) versions. Thus, as in the categories achieved analysis, the
Nelson version of the WCST was more sensitive to age differences
than the Heaton version. A follow-up test was conducted that
excluded all young-old participants, in a manner identical to the
categories achieved meta-analysis. Results showed that even after
excluding all young-old participants, the Nelson version of the test
remained more sensitive to age differences than the Heaton version
(QB � 35.44, p � .00).

In contrast to the categories achieved model, analysis of the
effect of test modality (manual, computer based) revealed that the

6 Results showed that the mean unweighted effect size (� � –2.68) for
the number of perseverative errors committed was markedly larger than the
mean weighted effect size and was significantly greater than zero, t(54) �
–7.87, p � .00. The median unweighted effect size was 1.90. In addition,
the mean weighted effect size based on a pooled measure of variability was
significantly smaller (g � –.83) than the mean weighted �-based effect size
reported.

7 Specifically, the mean weighted effect size for the Nelson version of
the test changed from –2.41 to –2.27 (95% CI � –2.63, –1.92; k � 12)
when outliers were excluded. Likewise, the mean weighted effect size for
older adults with unspecified levels of education changed from –2.91 to
–2.73 (95% CI � –3.16, –2.31; k � 13) when outliers were excluded.

Figure 2. Stem-and-leaf plot of weighted effect sizes for the number of
perseverative errors committed.

Table 3
Summary of Main Effect Analyses for the Number of
Perseverative Errors Committed

Variable k �

95% CI Q

Lower Upper Within Between

Age
Young-old 7 	0.81 	1.04 	0.58 15.86* 58.39**
Middle-old 31 	1.25 	1.37 	1.13 230.42**
Old-old 17 	2.17 	2.44 	1.90 93.34**

Version
Heaton 41 	1.19 	1.30 	1.09 237.63** 43.02**
Nelson 14 	2.41 	2.76 	2.06 117.35**

Modality
Manual 46 	1.30 	1.42 	1.18 331.89** 0.05
Computer based 9 	1.28 	1.47 	1.08 66.06**

Education

12 years 10 	1.70 	1.95 	1.44 89.72** 77.96**
12–15 years 23 	1.11 	1.24 	0.97 125.07**
�15 years 7 	1.09 	1.28 	0.89 28.87*
Unspecified 15 	2.91 	3.33 	2.49 76.38**

Note. k � number of effect sizes; � � mean weighted effect size; CI �
confidence interval; Q � heterogeneity; Heaton � Wisconsin Card Sorting
Test (WCST); Nelson � modified version of WCST.
* p � .05. ** p � .00.
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number of perseverative errors committed did not differ between
modalities (QB � 1). Specifically, the mean weighted effect size
for manual administration (� � –1.30; 95% CI � –1.42, –1.18;
k � 46) was almost identical to that for computer-based adminis-
tration (� � –1.28, 95% CI � –1.47, –1.08; k � 9). Partitioning
the within-group fit statistic according to levels of test modality
indicated that significant within-group heterogeneity existed for
both versions of the test.

Analysis of the effect of education (less than 12 years, 12–15
years, more than 15 years, unspecified) indicated that effect sizes
differed on the basis of the average number of years of education
attained (QB � 77.96), with education negatively related to the
number of perseverative errors committed. Specifically, partici-
pants who averaged less than 12 years of education (� � –1.70;
95% CI � –1.95, –1.44; k � 10) made more perseverative errors
than did participants who averaged between 12 to 15 years of
education (� � –1.11; 95% CI � –1.24, –0.97; k � 23). In
addition, participants who averaged between 12 to 15 years of
education made slightly fewer errors than participants who aver-
aged over 15 years of education (� � –1.09; 95% CI � –1.28,
–0.89; k � 7). Partitioning the within-group fit statistic (QW)
according to levels of education indicated that significant within-
group heterogeneity existed for each group.

As in the analysis of categories achieved, data for participants
whose average level of education was unspecified (� � –2.91;
95% CI � –3.33, –2.49; k � 15) were most similar to data for
participants with the least education. Part of this effect size may be
derived from the distribution of ages for participants with unspec-
ified levels of education. Further inspection of these data indicated
that one study was classified as having young-old participants,
nine studies were classified as having middle-old participants, and
five studies were classified as having old-old participants. When
old-old participants were excluded from the analysis, the resulting
effect size was lowered substantially (� � –2.51; 95% CI � –2.97,
–2.06; k � 10). Thus, this provides a partial account of differences
in effect sizes derived for participants whose education is unspec-
ified. Otherwise, it is not entirely clear why effect sizes differed for
this group.

Hierarchical regression models. All moderator variables were
examined in a hierarchical weighted least squares regression anal-
ysis. Age was entered first, followed by education, which was
followed by a methodological block with test version and test
modality. Results showed that age alone explained approximately
a fifth of the variability in effect sizes (R2 � .21). Entering
education explained an additional 14% of the variability in effect
sizes (QCHANGE � 56.80, p � .00). Finally, entering a block
containing test version and test modality explained approximately
3.4% more of the variability in effect sizes (QCHANGE � 13.47,
p � .01). Thus, the full model accounted for well over a third of
the variability in effect sizes obtained (R2 � .38).

An identical analysis was also conducted that excluded effect
sizes derived from older subjects whose level of education was not
specified (k � 15). Unlike the categories achieved analysis, ex-
cluding subjects in this manner did not increase the amount of
variability explained by the model. Specifically, results showed
that age accounted for almost a quarter of the variability in effect
sizes (R2 � .24). Education explained an additional 1.4% of the
variability, a value that was not significant (QCHANGE � 3.60, p �
.17). Entering test version and test modality accounted for an
additional 4% of the variability in effect sizes (QCHANGE � 10.06,

p � .01). Therefore, the full model excluding effect sizes for
subjects whose level of education was not specified accounted for
less than a third of the variability in effect sizes obtained (R2 �
.29).

Discussion. Consistent with the previous meta-analysis of cat-
egories achieved, analysis of the number of perseverative errors
committed revealed that age differences were most evident for the
oldest age groups. As well, effect sizes were largest for those age
groups with less than 12 years of education attained on average, a
finding consistent with the extant normative data (Heaton et al.,
1993). Regression analyses also indicated that education contrib-
uted substantial unique explained variability beyond that explained
by age. As in the meta-analysis of categories achieved, the Nelson
version of the test was more sensitive to age differences than the
Heaton version. However, in contrast to the categories achieved
model, effect sizes did not differ on the basis of test modality.
Results from hierarchical regression analyses indicated that these
variables accounted for a small portion of explained variability in
addition to that explained by age and education.

General Discussion

Findings from the meta-analyses reported demonstrate that the
WCST is sensitive to age differences, with results revealing well
over a standard deviation difference between younger and older
adults on both measures of interest. In particular, the mean
weighted effect size for the number of categories achieved was
–1.13 and the mean weighted effect size for the number of per-
severative errors committed was –1.29. These two measures are
highly correlated (Kramer, Humphrey, Larish, Logan, & Strayer,
1994; Lineweaver et al., 1999) and often load on the same factor
(Boone, Ponton, Gorsuch, Gonzalez, & Miller, 1998; Koren et al.,
1998; Salthouse, Fristoe, & Rhee, 1996). In addition, both cate-
gories achieved (e.g., J. R. Crawford, Bryan, Luszcz, Obonsawin,
& Stewart, 2000; Glisky et al., 1995; Johnson, De Leonardis,
Hashtroudi, & Ferguson, 1995) and perseverative errors commit-
ted (e.g., Arbuckle & Gold, 1993; Head, Raz, Gunning-Dixon,
Williamson, & Acker, 2002; Raz, Gunning-Dixon, Head, Dupuis,
& Acker, 1998) are used with approximately equal consistency as
predictors in investigations of age-related changes in cognition or
as measures of executive abilities or frontal integrity. The current
data suggest that the measure of perseverative errors committed is
marginally more sensitive to age differences in comparison with
categories achieved and may be a better metric of executive
function if a single score from the WCST is to be used.

Moderator Variables

Results from analyses of moderator variables revealed reliable
effects of age and education for both measures examined. Regard-
ing age, performance declines were particularly steep for the oldest
participants examined (i.e., the old-old group), as they demon-
strated close to a two standard deviation difference for the number
of categories achieved (� � –1.64) and the number of persevera-
tive errors committed (� � –1.90) in comparison with younger
participants (cf. Axelrod & Henry, 1992; Heaton et al., 1993). In
addition, the influence of education was most apparent for those
groups of older participants who averaged less than 12 years of
education. Participants in this group committed more perseverative
errors and achieved fewer categories than participants who aver-
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aged more than 12 years of education. Clearly, age is the more
powerful predictor of performance. However, both analyses, par-
ticularly that for perseverative errors, demonstrated that education
did account for a significant portion of explained variability.

Data from the current meta-analysis also showed that effect
sizes differed on the basis of test modality only for the number of
categories achieved. On the basis of their comparison of the
manual version of the WCST with a computerized version, Feld-
stein et al. (1999) suggested that normative data from the WCST
was not applicable to computerized versions. The null result for the
effect of test modality for the number of perseverative errors does
not necessarily contravene their findings. In particular, Feldstein et
al. examined the performance of several groups of younger par-
ticipants on various computerized versions of the WCST that
differed on the basis of the method of input, including conditions
using a mouse, keyboard, or touch screen. They reported several
departures from the normative data. For example, participants who
used a keyboard or touch screen made significantly more errors
than did participants in a manual version, whereas performance for
participants who used a mouse was quite similar to the manual
version. Test modality may thus interact with the method of input.
These issues may be further exacerbated when testing older adults,
who report less computer usage than younger adults and require
more time to acquire computer skills (e.g., Charness, Kelley,
Bosman, & Mottram, 2001). Consequently, although the current
data provide inconsistent support for the notion that computerized
versions of the WCST produce data that differ from manual
versions, further investigation is warranted to determine whether
manual and computerized versions of the WCST are equivalent
measures.

Findings from both meta-analyses also indicated that Nelson’s
(1976) MCST resulted in more robust age differences than the
Heaton (1981; Heaton et al., 1993) WCST version of the test, even
when young-old participants were excluded from the analysis. This
is particularly important in light of recent work demonstrating that
the MCST does not differentiate between frontal and nonfrontal
patients (Demakis, 2003), a finding echoed by de Zubicaray and
Ashton’s (1996) review of the MCST. One possibility is that the
MCST may be less reliant on the PFC than the Heaton version of
the test.8 Regardless, although the MCST may be of questionable
validity as a tool to diagnose lesion location, it seems to provide
more than adequate sensitivity to age differences. The administra-
tion advantages of the MCST are of course apparent, as it takes
less time to administer and leads to less frustration for the partic-
ipant. However, it is not clear whether these different versions of
the test, with the reduction in cards from 128 to 48 for the MCST,
measure precisely the same construct. As previously noted, the
MCST requires fewer correct sorts (six) than the WCST before a
category is achieved. Grant and Berg (1948), in some of the
original work with the WCST, demonstrated that performance
improved as the number of correct sorts required to complete a
category was increased. Presumably, increasing the number of
correct sorts required facilitates learning of the sorting rule. The
greater age differences reported for the MCST perhaps reflect this,
as 10 sorts (WCST) may facilitate learning of the sorting rules to
a greater extent than six sorts (MCST), leading to better
performance.

Direct evidence comparing the WCST and MCST is limited.
Greve and Smith (1991) administered the MCST and an earlier
standardized version of the WCST (Heaton, 1981) to 18 older

participants. Participants were administered one version of the test
during an initial session and were administered the other version
several weeks later. A strong, significant correlation between the
number of perseverative errors committed on both tests was ob-
tained (r � .60). However, the correlation between the number of
categories achieved on the two tests was far weaker (r � .38) and
did not reach significance. Part of this failure to detect a significant
correlation may be due to the fact that a number of participants
performed near ceiling on the measure of categories achieved,
truncating the variability in scores. It is also apparent that a
relatively small number of participants were tested. Thus, more
conclusive evidence is needed in the form of direct comparisons
between performance on the WCST and the MCST.

Accounting for Age Differences

Despite the ubiquity of the WCST as a measure of executive
function in aging populations (Bryan & Luszcz, 2000), there are
relatively few explanatory accounts of the source of age-related
differences in performance. As previously noted, the WCST ini-
tially gained popularity as a diagnostic tool to detect damage to the
PFC (Drewe, 1974; Milner, 1963). Given that the PFC deteriorates
rapidly with age (Raz, 2000), age-related declines in performance
on the WCST may be explained as the result of a concomitant
decrease in frontal lobe integrity (cf. West, 1996). Several studies
(Head et al., 2002; Raz et al., 1998; Schretlen et al., 2000) have
demonstrated that performance on the WCST is correlated with
volumetric measures of the PFC. However, this does not neces-
sarily elucidate the underlying cognitive processes that mediate
performance.

One possibility is that age-related declines on the WCST are
linked to a more fundamental age-related decline in working
memory (Baddeley, 1986), a system presumed to be dependent on
the PFC (see Kane & Engle, 2002, for a review). Working memory
is likely crucial for performance on the WCST given that the
participant must keep in mind information about previous sorts
while simultaneously processing information to determine the next
sort (Dehane & Changeux, 1991; Hartman, Bolton, & Fehnel,
2001; Hartman, Steketee, Silva, Lanning, & Andersson, 2003;
Kimberg & Farah, 1993; but see Stratta et al., 1997). Hartman et
al. (2001; Experiment 2) have tested this hypothesis by reducing
working memory demands on older participants during perfor-
mance of the WCST. Specifically, older and younger participants
were either administered the standard version of the WCST or a
modified version that provided explicit visual feedback (i.e., a
cardboard arrow labeled YES or NO was placed above the most
recent sort), in addition to the standard oral feedback typically
given.9 Results from the standard administration condition indi-
cated that older participants achieved significantly fewer catego-
ries and committed significantly more perseverative errors than
younger participants. However, when administered the modified
version, age differences were largely eliminated. Therefore, age
differences on the WCST may be a function of reduced working

8 I thank an anonymous reviewer for this suggestion.
9 This condition was not included in the current meta-analysis as it

deviated a great deal from the standard administration without any com-
parable manipulations that might allow it to be analyzed as a moderator
variable.
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memory, a capacity with well-established age-related deficits
(Verhaeghen, Marcoen, & Gossens, 1993).

Alternatively, Salthouse and colleagues (Fristoe et al., 1997;
Salthouse et al., 1996) have suggested that age differences in
performance on the WCST are the result of a more basic deficit in
processing speed (cf. Salthouse, 1996). Evidence for this perspec-
tive comes from work demonstrating that a large proportion of
age-related variance in performance of the WCST is reduced when
measures of processing speed are taken into account. For example,
Salthouse et al. (1996) removed the majority of the age-related
variability for the number of perseverative errors committed after
accounting for measures of perceptual and motor speed. Further-
more, Fristoe et al. (1997) found that age-related variability in the
use of feedback during performance of the WCST was accounted
for by measures of working memory and speed of processing. In
turn, age-related differences in working memory were largely
accounted for by speed of processing measures.

Thus, there is some question as to whether age differences on
the WCST are the result of reduced working memory, general
cognitive slowing, or a combination of the two, as they may be
redundant constructs (cf. Charness & Schultetus, 1998). Such
questions also leave unresolved the matter of exactly which exec-
utive function is tapped by the WCST. On the basis of structural
equation modeling, Miyake et al. (2000) have suggested that
performance on the WCST reflects a factor termed Shifting, which
refers to the ability to shift back and forth between multiple tasks.
Data from Hartman et al. (2001; see also Kimberg & Farah, 1993)
suggest that the WCST also involves processes devoted to updat-
ing working memory.

Alternative Estimates of Effect Size and Other Caveats

The estimate of effect size reported in the current study (�) used
a measure of variability based on the standard deviations of
younger participants. This may potentially inflate estimates of
effect size, and findings should be interpreted cautiously for this
reason. The Appendix provides a more conservative set of effect
size estimates using a pooled measure of variability (Hedges’s g).
Even with a more conservative estimate of effect size, a number of
findings remain unchanged. For example, for the categories
achieved model, reliable effects of age and education are present.
In addition, g-based effect sizes yielded reliable effects of age and
no effect of test modality for the perseverative errors model,
consistent with findings from the model based on �.

However, several differences between effect size estimates were
evident. Foremost among these, the effect of test version did not
differ for either model with g-based effect sizes. In the case of the
categories achieved model, this is less problematic, as the differ-
ence between the Heaton (1981) and Nelson (1976) versions
approached significance ( p � .09). However, for the perseverative
errors model, the difference between the Heaton and Nelson ver-
sions was minimal (QB � 1). This is perhaps not surprising, given
that the measure of perseverative errors is characterized by height-
ened variability in performance for older adults (see Table 1).
Thus, effect sizes based on a pooled estimate of variability may
perhaps be unduly influenced by this greater variability. Such an
explanation may also provide an account of why education, a
reliable moderator variable in normative data for the WCST (e.g.,
Heaton et al., 1993), was only marginally significant ( p � .06) for
the perseverative errors model with g-based effect sizes. A useful

perspective for compromising between these two effect size esti-
mates may be to view �-based effect sizes as statistically sound
(cf. Rosenthal, 1994) but providing an upper boundary estimate of
age differences. Such estimates, at the very least, point to trends in
the WCST, including possible differences between the Nelson and
Heaton versions of the test. Thus, �-based estimates may be
evaluated in concert with g-based effect sizes, which, though
statistically questionable in the context of the current data, provide
a lower boundary estimate of the true effect size.

It is also important to bear in mind that the meta-analyses
reported examined only a portion of the literature on the WCST
and aging. This follows primarily because a number of studies did
not provide a young control group with which to compare age-
related differences in performance (see Footnote 2). Clearly, an
increase in the number of studies would likewise increase the
statistical power of the analyses presented. This would be partic-
ularly relevant for examining the effects of test version and mo-
dality on WCST performance. However, the basic pattern of age
differences would likely remain unaltered, as an enormous number
of studies would have to exist (approximately 9,400 in the case of
the categories achieved model and approximately 12,000 for the
perseverative errors model) to remove what are highly reliable age
differences.

Summary and Conclusion

Overall, the current study indicates that age differences are
robust on the two most common measures of performance on the
WCST, the number of categories achieved and the number of
perseverative errors committed. These differences are most pro-
nounced for the number of perseverative errors committed and are
particularly acute for the oldest age groups. Furthermore, these
data revealed reliable effects of test version and education. The
effect of test modality was inconsistent, as effect sizes differed
only for the measure of categories achieved. Accounts of age-
related differences on the WCST are less clear, but the data
indicate that it may tap executive functions, such as updating
working memory and shifting. In summary, the WCST is a com-
plex measure of executive function characterized by reliable and
robust age differences.
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Appendix

g-Based Effect Size Model for Categories Achieved

This appendix describes the calculation and results for a pooled estimate
of effect size. The effect size estimate used (�) in the current study was
based on a single measure of variability derived from younger participants.
This perhaps provides a more liberal estimate of effect size than the true
population effect size. Thus, Hedges’s g was also calculated to provide a
more conservative estimate of effect size based on pooled standard devi-
ations. The general formula for Hedges’s g is as follows:

g �
Me � Mc

��ne � 1�se
2 � �nc � 1�sc

2

ne � nc � 2

,

where Me is the mean of the experimental group (i.e., older participants),
Mc is the mean of the control group (i.e., younger participants), ne is the

number of participants in the experimental group, nc is the number of
participants in the control group, se is the standard deviation of the
experimental group, and sc is the standard deviation of the control group.
A key feature of this estimate for present purposes is that the denominator
pools standard deviations from both groups. The weighting function (wi)
for g-based effect sizes is identical to that for �-based effect sizes,
calculated as the inverse of the conditional variance (vi)—that is, 1/vi.
However, the conditional variance for g is calculated slightly differently, as
follows:

vi � ��n1 � n2�/�n1 � n2�� � �g2/ 2�n1 � n2 � 2��,

where n1 is the sample size of the first group, n2 is the sample size of the
second group, and g is the effect size estimate. Results and analyses of
g-based effect sizes are presented in Tables A1 and A2.

(Appendix continues)

493AGE-RELATED DIFFERENCES



Received December 29, 2003
Revision received March 24, 2004

Accepted March 29, 2004 �

Table A1
Summary of Main Effect Analyses for the Number of Categories Achieved for g-Based Effect
Sizes

Variable k g

95% CI Q

Lower Upper Within Between

Age
Young-old 7 	0.58 	0.79 	0.37 2.17 22.00**
Middle-old 31 	0.83 	0.93 	0.74 47.86*
Old-old 15 	1.21 	1.38 	1.03 13.14

Version
Heaton 40 	0.84 	0.92 	0.75 54.67 2.87
Nelson 13 	1.01 	1.20 	0.83 27.63*

Modality
Manual 45 	0.85 	0.94 	0.77 74.55* 1.57
Computer based 8 	0.97 	1.14 	0.80 3.85

Education
�12 years 8 	1.30 	1.51 	1.09 14.75 22.41**
12–15 years 25 	0.79 	0.91 	0.68 23.28

15 years 8 	0.73 	0.88 	0.58 10.53
Unspecified 12 	0.97 	1.20 	0.74 14.20

Note. k � number of effect sizes; g � mean weighted effect size; CI � confidence interval; Q � heterogeneity.
Heaton � Wisconsin Card Sorting Test (WCST); Nelson � modified version of WCST.
* p � .05. ** p � .00.

Table A2
Summary of Main Effect Analyses for the Number of Perseverative Errors Committed for
g-Based Effect Sizes

Variable k g

95% CI Q

Lower Upper Within Between

Age
Young-old 7 	0.61 	0.82 	0.40 2.89 14.84**
Middle-old 31 	0.80 	0.90 	0.70 63.94**
Old-old 17 	1.10 	1.27 	0.94 16.86

Version
Heaton 41 	0.83 	0.92 	0.74 79.32** 0.40
Nelson 14 	0.90 	1.08 	0.71 18.81

Modality
Manual 46 	0.82 	0.91 	0.73 84.13** 0.78
Computer based 9 	0.90 	1.07 	0.74 13.62

Education
�12 years 10 	1.03 	1.21 	0.84 18.84* 7.52
12–15 years 23 	0.78 	0.90 	0.66 48.34**

15 years 7 	0.73 	0.91 	0.56 6.07
Unspecified 15 	0.95 	1.14 	0.75 17.76

Note. k � number of effect sizes; g � mean weighted effect size; CI � confidence interval; Q � heterogeneity.
Heaton � Wisconsin Card Sorting Test (WCST); Nelson � modified version of WCST.
* p � .05. ** p � .00.
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