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Abstract

This study aimed to explore the effects of age, education and gender on the performance of eight tests in the Korean
version of the CERAD neuropsychological assessment battery and to provide normative information on the tests in
the Korean elderly. The battery was administered to 618 healthy volunteers aged from 60 to 90. People with serious
neurological, medical and psychiatric disorders, including dementia, were excluded. Multiple linear regression
analyses were performed to assess the relative contribution of the demographic factors on the score of each
cognitive test. Age, education, and gender were found to have significant effects on the performance of many tests
in the battery. Based on these results, 4 overlapping age normative tables (60 to 74, 65 to 79, 70 to 84, and 75 to 90
years of age) with 3 educational strata (0 to 3 years, 4 to 6 years, and 7 years and more) for both genders are
presented. The normative information will be useful for a clinical interpretation of the CERAD neuropsychological
battery in Korean elderly as well as for comparing the performance of the battery across countries.
(JINS, 2004,10, 72–81.)
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INTRODUCTION

The Consortium to Establish a Registry for Alzheimer’s
Disease (CERAD) developed standardized clinical and
neuropsychological assessment batteries for a uniform eval-
uation of patients with Alzheimer’s disease (AD) (Morris
et al., 1989). The CERAD neuropsychological assessment
battery includes tests to assess the specific cognitive defi-
cits that appear in AD, such as memory impairment, disori-
entation, loss of expressive and receptive language, and
dyspraxia. Though it is more comprehensive than a simple
cognitive screening tool, the battery is relatively brief and
is easy to apply to geriatric patients. It also has been proved

to have good reliability and psychopathological validity
(Welsh-Bohmer & Mohs, 1997). J. Lee et al. translated the
original English version of the CERAD neuropsychologi-
cal assessment battery into Korean, which has proven to be
equally reliable and valid (J. Lee et al., 2002).

Many studies have shown that cognitive test results are
influenced by major demographic factors such as advanc-
ing age, educational levels and gender (Lezak, 1995). The
degree of influence from each factor varies considerably
according to individual cognitive test or domain. Therefore,
in order to obtain clinically useful normative information
for a cognitive test, the variables that confound the score of
an individual test need to be clarified. From there, separate
norms for the subjects, which are stratified according to
one or more confounding variables, can be obtained.

Previous studies (Ganguli et al., 1991; Welsh et al., 1994)
reported the influence of demographic variables on the cog-
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nitive tests in the CERAD neuropsychological battery and
presented some normative data for the elderly. However,
they were based mainly on well-educated western Whites
(Ganguli et al., 1991; Welsh et al., 1994). Ethnic or cultural
background can be a confounder for a cognitive test result
(Escobar et al., 1986; Kittner et al., 1986). Moreover, a
considerable number of elderly from Asian countries includ-
ing Korea are poorly educated and are not normally ex-
posed to neuropsychological tests. The more individuals in
a population are exposed to similar cognitive tests, the bet-
ter performance a cognitive test can become (Flynn, 1987).
Therefore, it is not advisable to extrapolate normative in-
formation from highly educated, White subjects to popula-
tions with different educational and ethnic backgrounds.

This study aimed to investigate the effects of age, educa-
tion, and gender on the performance of eight tests in the
Korean version of the CERAD neuropsychological assess-
ment battery, CERAD–K(N), and to provide the normative
information on these tests in the Korean elderly.

METHODS

Research Participants

Six hundred eighteen healthy elderly subjects (209 male
and 409 female; 60–90 years of age) were included in this
study. Seven centers located in a variety of regions in Korea
(one public health center, two welfare centers for the el-
derly, and four dementia or memory clinics) had been con-
ducting a service program for the early detection and
management of dementia for elderly in the community with
the support of the Korean Association for Dementia. An
announcement for this program was made through the local
newspapers and posters placed on a bulletin board at each
center. The study subjects were recruited from a pool of the
elderly registered in this program from January 1997 to
September 2000. They consisted of 94 spouses of dementia
patients and 524 community volunteers. All of them lived
in the community, and were not in a long-term care institu-
tion. Informed consent was obtained from each participant
according to the procedures approved by the institutional
review board of each center.

Each subject was examined by a psychiatrist with ad-
vanced training in neuropsychiatry and dementia research
according to the protocol of the Korean version of the
CERAD clinical assessment battery (J. Lee et al., 2002).
The tests consisted of a standardized clinical interview on
demographic information, cognitive and functional status,
drug inventory, depression and medical history, a cognitive
state examination including the six-item Korean version of
the Short Blessed test (D. Lee et al., 1999), and a general
physical and neurological examination. Reliable infor-
mants were also interviewed to acquire accurate informa-
tion regarding the cognitive and functional changes and
medical history of the subjects. A panel consisting of four
psychiatrists with expertise in dementia research made the

clinical decisions including dementia diagnosis. This panel
reviewed all available raw data from the clinical evaluation.

All subjects satisfied the strict entry criteria excluding de-
mentia and other serious medical, psychiatric, and neurolog-
ical disorders that could affect mental function. A diagnosis
of dementia was made according to the criteria from fourth
edition of the Diagnostic and Statistical Manual of Mental
Disorders (DSM–IV; American Psychiatric Association,
1994). All subjects possessed adequate vision and hearing,
although many wore glasses and some required a hearing aid.
Individuals with minor physical abnormalities (e.g., diabe-
teswithnoseriouscomplications,essential hypertension,mild
hearing loss, etc) were not excluded. Illiterate persons were
also excluded because they were unable to read the word lists
in some tests. Illiteracy in this study was determined by
whether or not one could read a 10-word list for the Word
List Memory test in the CERAD–K(N).

Procedure

The CERAD–K(N) was administered at each site by trained
research nurses, who were blinded to the psychiatrist’s clin-
ical evaluation. The battery includes the eight tests listed
below, which are presented in the order of administration
with the battery.

1. Verbal Fluency: “Animal Category.”This test measures
verbal production, semantic memory, and language
(Rosen, 1980). It requires the subject to name as many
examples of the category “animal” as possible within
1 min.

2. Modified Korean version of the Boston Naming Test.
This test measures visual naming and presents 15 line
drawings of common objects from the Korean version of
the Boston Naming Test (K–BNT, Kim & Na, 1997).
These items are stratified into three groups containing
five items each, representing objects of a high, medium,
and low frequency of occurrence in the Korean lan-
guage. The maximum score is 15.

3. Mini-Mental State Examination in the Korean version of
the CERAD assessment packet (MMSE–KC). Mini-
Mental State Examination (MMSE; Folstein et al., 1975)
is a well-known screening tool for the cognitive func-
tion that measures orientation, language (repetition, nam-
ing, reading and writing), concentration, constructional
praxis, and memory. Because there are a significant num-
ber of illiterate people in Korea, the reading and writing
items were replaced by two items focusing on judgment
in MMSE–KC (J. Lee et al., 2002; Park & Kwon, 1991).
The maximum score for the test is 30.

4. Word List Memory. This is a free-recall memory test that
assesses the learning ability for new verbal information.
Three trials of a 10-item word list are presented. On
each trial, the 10 words are presented in a different or-
der. The subject is instructed to read each word aloud as
it is presented. Immediately following each trial, the sub-
ject is asked to recall as many items as possible (90 s
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allowed). The maximum number of correct responses is
30 for the 3 trials. All the words included in the Korean
version of the Word List Memory task have a high fre-
quency and high mental imagery. Lee et al. also consid-
ered the phonemic similarity, and semantics or word
length equivalence when they translated the English ver-
sion of the Word List Memory into Korean (J. Lee et al.,
2002).

5. Constructional Praxis. This task measures visuospatial
and constructional abilities. Four line drawings of fig-
ures with increasing complexity (a circle, a diamond,
intersecting rectangles, and a cube) are presented to the
subject for copying; 2 min are allowed for each figure.
The maximum score for a correct drawing is 11 for all
four figures.

6. Word List Recall. This test assesses the ability to recall,
after a delay of a few minutes, the 10 words given in the
Word List Memory task. A maximum of 90 s is allowed,
and the maximum score is 10.

7. Word List Recognition. This test assesses the recognition
of the target words presented in the Word List Memory
task when presented among the 10 distractor words. In
order to eliminate the possibility of a correct recognition
by chance, the subject’s final score is calculated as the
total number of correct answers for both the 10 target
words and the 10 distractor words minus 10. A score of
zero is given if the result is less than zero, The maxi-
mum score of this task is 10.

8. Constructional Recall. This task assesses the ability to
recall, after a few-minute delay, the four line drawings
of the figures presented in the Constructional Praxis task.
The maximum score of a correct drawing is 11 for all
four figures. This task also includes the recall for the
interlocking pentagons of the MMSE–KC. If a subject
recalled and drew those objects, we scored on them, but
did not consider this score when calculating the final
score for Constructional Recall.

Statistical Analysis

A separate stepwise multiple linear regression analysis was
performed to assess the relative contribution of age, educa-
tion, and sex on each CERAD–K(N) cognitive test score.
Age and education were entered as continuous variables
and sex was coded as zero and 1 for females and males,
respectively. The criteria for entry and removal of the vari-
ables werep , .05 andp , .10, respectively.

A series of 23 5 3 2 analyses of variance (ANOVA)
were also performed to determine any main effects and
interactions of age (60–74 and 75–90 years), education (0–3,
4–6, 7–9, 10–12, and$13 years), and sex (female and
male) on the tests.Post-hoccontrasts with a two tailedt test
were conducted when any main effect of education was
determined to be significant by ANOVA at thep , .05
levels. No adjustment was made for multiple comparisons.

RESULTS

Demographic Characteristics

The demographic characteristics of 618 subjects, who com-
pleted the CERAD–K(N), are shown in Table 1. The mean
age of the male subjects (73.6 years) was slightly higher
than that of the female subjects [71.2 years;t~290! 5 22.28,
p , .05]. The mean number of years of education was also
much higher in the male group (7.8 years) than in the fe-
male group [4.8 years;t~290! 5 1.97,p , .05].

Effects of Age, Education, and Sex on
Cognitive Tests in CERAD–K(N)

Stepwise multiple regression analyses and ANOVA’s re-
vealed that seven out of eight cognitive tests in CERAD–
K(N)weresignificantly influencedbybothageandeducation,
as can be seen from Tables 2 and 3. The exception was Word
List Recognition. Younger persons outperformed the older
ones and the higher-educated ones performed better than the
lower-educated ones for every test in common. For the Word
List Recognition, only education significantly influenced the
test performance and the higher-educated subjects performed
better. However, age did not have any significant impact on
the test score.

Post-hoccontrasts with a two-tailedt test were con-
ducted when any main effect of education was determined
to be significant by ANOVA at thep , .05 level. Thepost-
hoccontrasts for the Verbal Fluency, Boston Naming Test,
and MMSE–KC revealed a significant graded difference
between the 0–3, 4–6 and 7–9 year education group. In
contrast, there was no significant difference between any of
the two groups among the 7–9, 10–12, and 13 or older
group. A significant difference was observed only between

Table 1. Demographic characteristics of the subjects

Variable Men Women Total

Number 209 409 618
Age (years) 73.66 6.3a 71.26 6.0 72.06 6.3

60–64 6 (2.9)b 48 (11.7) 54 (8.7)
65–69 61 (29.2) 143 (35.0) 204 (33.0)
70–74 58 (27.8) 103 (25.2) 161 (26.1)
75–79 45 (21.5) 71 (17.4) 116 (18.8)
80–84 27 (12.9) 29 (7.1) 56 (9.1)
85–90 12 (5.8) 15 (3.6) 27 (4.4)

Education (years) 7.86 5.4 4.86 4.0 5.96 4.8
0 87 (17.7) 125 (30.6) 162 (26.2)
1–3 8 (3.8) 39 (9.5) 47 (7.6)
4–6 68 (32.5) 159 (38.9) 227 (36.7)
7–9 26 (12.4) 40 (9.8) 66 (10.7)
10–12 29 (13.9) 35 (8.6) 64 (10.4)
13– 41 (19.6) 11 (2.7) 52 (8.4)

aM 6 SD
bNumber (percent)
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the 0–3 and 4–6 year groups in the case of Word List Mem-
ory, Constructional Praxis, and Word List Recall, and no
significant difference was found between any two groups
among the 4–6, 7–9, 10–12, and 13 or older groups. As for
Constructional Recall, graded differences were found be-
tween the 0–3, 4–6, 10–12 and 13 or older groups, but not
between the 4–6 and 7–9, or 7–9 and 10–12 groups.

The gender effect was somewhat different for each test
(Tables 2 and 3). For the Boston Naming test, MMSE–KC,
Constructional Praxis and Constructional Recall, males per-
formed significantly better than females. In contrast, fe-
males significantly outperformed males for Word List
Memory. In the case of Verbal Fluency, Word List Recall
and Word List Recognition, there was no significant asso-
ciation between gender and the test performance.

As shown in Table 2, with respect to the percent variance
explained by each significant variable (R2), which reflects
the relative degree of influence by each variable, education
explained a much greater proportion of score variances than
did either age or gender for the Verbal Fluency, Boston
Naming Test, MMSE–KC, Constructional Praxis and Con-
structional Recall. However, for the Word List Memory and
Word List Recall, age had a larger contribution to the vari-
ances of scores than did either education or gender.

As shown in Table 3, ANOVA’s revealed a significant
interaction between education and gender for the Boston
Naming test, MMSE–KC, and Constructional Praxis. The
test performance for these three tests declined more rapidly
in women than in men with decreasing education. For Con-
structional Praxis, a significant interaction was also found

Table 2. Stepwise multiple linear regression of age, education and sex on the
cognitive tests in CERAD–K(N)

Test Age Education Sex

Verbal Fluency B 20.14 0.22 —
SE(B) 0.03 0.03 —
b 20.22*** 0.26*** —
R2 4.8 8.8 —

Boston Naming Test B 20.12 0.21 1.38
SE(B) 0.02 0.03 0.25
b 20.24*** 0.33*** 0.21***
R2 3.0 20.3 3.7

MMSE–KC B 20.22 0.34 1.33
SE(B) 0.02 0.02 0.28
b 20.36*** 0.43*** 0.16***
R2 9.4 29.9 2.2

Word List Memory B 20.16 0.19 21.00
SE(B) 0.03 0.03 0.41
b 20.22*** 0.20*** 20.11*
R2 8.0 2.5 1.0

Constructional Praxis B 20.11 0.23 0.43
SE(B) 0.01 0.02 0.16
b 20.31*** 0.50*** 0.09*
R2 7.9 34.2 0.6

Word List Recall B 20.09 0.04 —
SE(B) 0.01 0.02 —
b 20.28*** 0.10* —
R2 8.7 1.0 —

Word List Recognition B 20.06 — —
SE(B) 0.01 — —
b 20.24*** — —
R2 5.7 — —

Constructional Recall B 20.14 0.29 0.87
SE(B) 0.02 0.02 0.24
b 20.28*** 0.45*** 0.14***
R2 5.4 30.0 1.5

Note.CERAD–K(N) 5 Korean version of the Consortium to Establish a Registry for Alzhei-
mer’s Disease neuropsychological assessment battery. B5 regression coefficient, SE(B)5
standard error of B,b 5 standardized regression coefficient,R2 5 percent variance explained by
each variable. Age and education were entered as a continuous variable, and sex was coded as 0
and 1 for female and male, respectively.
*p , .05; *** p , .0001 by stepwise multiple linear regression analysis.
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between Age3 Gender. The performance declined more
prominently in women than in men with advancing age.

Normative Data

The above results for the effects of the demographic vari-
ables indicated that age, education, and gender need to be
taken into account for an accurate interpretation of the
CERAD–K(N) cognitive subtests. Therefore, the total group
was divided into four overlapping age tables, separately for
males and females, and three strata of educational levels
(0–3, 4–6,$7 years). The educational strata were deter-
mined by first considering the results from thepost-hoc
contrasts between the educational groups, which indicated
significant differences between the lower educational groups
(i.e., 0–3vs.4–6, or 4–6vs.7–9 year group) and no sig-
nificant differences between the higher educational groups
(i.e., 7–9vs.10–12, or 10–12vs.$13, or 7–9vs.$13 year
group) for most tests except Constructional Recall. The num-
ber of subjects within each cell required for stable estima-
tion of normative value was also taken into account. The
overlapping age tables have been suggested as a way to
maximize the quantity of information that can be obtained

from normative projects (Pauker, 1988). Overlapping cell
tables with midpoint ages occurring at 5-year intervals from
the 67 through to 82 years were developed (Tables 4–7).
The age range from which each normative value was esti-
mated is 14 years (i.e.,67 years around the midpoint age)
for each table (exceptionally, 15 years for the oldest group)
and the ranges for the adjacent tables are overlapped. In
order to interpret the test scores, the user should select the
table with the closest midpoint from the subject’s age. For
the sake of convenience, the age range of subjects to whom
each table should be applied is presented in the title of the
table. Each of these ranges was derived to encompass all
ages closer to one midpoint age than to the other adjacent
midpoint(s). This overlapping age table method provides a
broad normative base for each normative cell. The norma-
tive scores for each stratified cell are presented in the form
of a mean and standard deviation, and a median and range
from the 5th to the 95th percentile (Tables 4–7).

DISCUSSION

The results in this study indicate that older age is associ-
ated with lower performance on all cognitive tests in the

Table 3. Analyses of variance for main effects and interactions between age,
education and sex on the cognitive tests in CERAD–K(N)

Main effect Interaction

Test Variable F Variable F

Verbal Fluency Age 17.49*** Age3 Education 0.83
Education 11.43*** Age3 Sex 1.09
Sex 0.01 Education3 Sex 1.01

Boston Naming Test Age 15.20*** Age3 Education 2.32
Education 19.00*** Age3 Sex 1.40
Sex 4.94* Education3 Sex 2.69*

MMSE–KC Age 34.38*** Age3 Education 2.21
Education 39.85*** Age3 Sex 3.12
Sex 9.17*** Education3 Sex 2.71*

Word List Memory Age 14.99*** Age3 Education 2.14
Education 6.51*** Age3 Sex 2.15
Sex 6.28* Education3 Sex 0.49

Constructional Praxis Age 19.80*** Age3 Education 0.79
Education 43.56*** Age3 Sex 5.47*
Sex 3.67* Education3 Sex 3.34*

Word List Recall Age 24.11*** Age3 Education 0.87
Education 2.53* Age3 Sex 0.22
Sex 0.36 Education3 Sex 0.19

Word List Recognition Age 12.44*** Age3 Education 0.85
Education 1.33 Age3 Sex 0.46
Sex 0.68 Education3 Sex 0.34

Constructional Recall Age 31.69*** Age3 Education 0.19
Education 33.37*** Age3 Sex 0.09
Sex 7.60** Education3 Sex 0.12

Note.CERAD–K(N) 5 Korean version of the Consortium to Establish a Registry for Alzhei-
mer’s Disease neuropsychological assessment battery. Age is categorized as ‘60–74 and 75–90
years’; education as ‘0–3, 4–6, 7–9, 10–12, and$13 years’; and sex as ‘female and male,’
respectively.
*p , .05; **p , .01, *** p , .001 by 23 5 3 2 analyses of variance (ANOVA).
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CERAD–K(N). Two normative studies on the CERAD
neuropsychological tests conducted in the United States
(Ganguli et al., 1991; Welsh et al., 1994) also reported a
similar impact of age on most cognitive tests. The CERAD–
K(N) is almost equivalent to the English-American version
of the CERAD neuropsychological assessment battery (J. Lee
et al., 2002). Therefore, these findings suggest that, regard-
less of ethnic difference, the cognitive functions assessed
by the CERAD neuropsychological tests gradually decline
with advancing age even within the elderly. However, the
cohort effect cannot be excluded because these studies, in-
cluding ours, were not performed longitudinally.

With regard to education, these results suggest that a
higher educational level is associated with a better perfor-
mance on many of the CERAD–K(N) subtests. Then, per-

formance on the verbal memory measures, particularly the
Word List Recognition, appears to be relatively less af-
fected by education. These findings are largely parallel to
those reported in the other normative studies on the CERAD
neuropsychological tests (Ganguli et al., 1991; Welsh et al.,
1994). However, in contrast with Welsh et al.’s study (Welsh
et al., 1994), which reported no association between edu-
cation and the Verbal Fluency, this study observed that the
Verbal Fluency was significantly affected by education. The
apparent conflict between the two studies may be due to the
range of the distribution of educational level. The range of
educational level among our subjects was quite wide, from
zero to 22 years, while most subjects in Welsh et al.’s study
had more than 12 years of education. As indicated in our
post hoccontrasts, the education effect appears to diminish

Table 4. CERAD–K(N) normative data estimated from the ages 60–74a and used for the ages 60–69: Mean with
standard deviation, and median and range from the 5th to the 95th percentile

Education (years)

Tests Sex 0–3 4–6 $7

Verbal Fluency Male 13.16 4.4b 13.26 3.9 15.76 4.8
12.5 (6.0–25.0)c 13.0 (6.0–21.0) 15.0 (7.2–24.0)

Female 12.96 3.6 14.36 3.6 15.36 3.4
13.0 (7.0–19.5) 15.0 (8.0–21.0) 14.0 (11.0–21.7)

Boston Naming Test Male 10.66 3.2 11.16 2.5 11.76 1.9
10.0 (5.0–15.0) 11.0 (7.0–15.0) 12.0 (8.2–15.0)

Female 8.16 2.6 9.56 2.6 11.36 2.4
8.0 (4.0–12.5) 9.0 (5.8–14.0) 12.0 (6.3–14.0)

MMSE–KC Male 24.96 2.7 27.36 2.2 28.16 1.7
25.0 (18.0–30.0) 27.5 (23.1–30.0) 29.0 (24.3–30.0)

Female 23.76 3.5 26.46 2.6 28.26 1.5
24.0 (16.0–29.0) 27.0 (20.9–30.0) 29.0 (25.0–30.0)

Word List Memory Male 14.56 3.7 15.16 3.8 16.46 4.4
14.0 (6.0–20.0) 16.0 (9.0–22.0) 17.0 (8.2–23.0)

Female 15.26 4.2 16.86 4.8 18.36 3.1
15.0 (7.0–22.0) 17.0 (9.7–23.0) 19.0 (13.0–22.0)

Constructional Praxis Male 7.96 1.5 9.56 1.6 10.46 1.0
7.5 (6.0–11.0) 10.0 (7.0–11.0) 11.0 (8.0–11.0)

Female 7.56 2.0 9.76 1.6 10.46 1.0
7.0 (4.0–11.0) 10.0 (7.0–11.0) 11.0 (7.3–11.0)

Word List Recall Male 5.56 1.1 5.86 2.0 6.06 1.9
5.0 (2.0–8.0) 6.0 (2.0–9.0) 6.0 (2.2–9.0)

Female 5.36 1.8 6.06 1.9 6.46 1.8
5.0 (2.7–8.3) 6.0 (2.0–9.0) 7.0 (3.0–8.7)

Word List Recognition Male 9.36 1.0 9.16 1.4 9.06 1.4
10.0 (5.0–10.0) 10.0 (5.0–10.0) 10.0 (5.2–10.0)

Female 9.26 1.3 9.16 1.6 9.36 1.2
10.0 (6.7–10.0) 10.0 (6.0–10.0) 10.0 (6.0–10.0)

Constructional Recall Male 4.06 2.5 7.06 2.7 7.96 2.6
4.0 (0.0–10.0) 10.0 (2.0–11.0) 8.0 (4.0–11.0)

Female 3.96 2.2 5.46 2.4 7.26 2.6
4.0 (0.0–7.0) 5.0 (2.0–10.0) 7.0 (4.0–11.0)

Age mean6 SD [sample size] Male 67.56 2.5 [20] 67.26 3.3 [40] 67.76 3.5 [65]
Female 66.76 3.2 [92] 66.16 3.3 [137] 66.16 3.7 [65]

Note. CERAD–K(N) 5 Korean version of the Consortium to Establish a Registry for Alzheimer’s Disease neuropsychological
assessment battery.
aMidpoint age5 67.
bMean6 SD.
cMedian (5–95 percentile).
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within the highly educated group for most tests including
Verbal Fluency.

The neuropsychological measures in the CERAD–K(N)
were affected by gender in different ways. The perfor-
mance scores on Constructional Recall were significantly
higher in males, while better scores on the Word List Mem-
ory were associated with female gender. Although this was
not statistically significant, females also scored better on
the Word List Recall and Recognition tasks (Tables 4–7).
These results are consistent with the observation that fe-
males usually perform better on verbal memory tasks and
males perform better on spatial memory tasks (Lezak, 1995).
With regard to the tasks with a visual recognition compo-
nent such as the Boston Naming Test and Constructional

Praxis, the scores of men were higher than those of women,
while Welsh et al. reported no gender effects on those tasks
in subjects with 12 or more years of education (Welsh et al.,
1994). These differences between our results and those of
Welsh et al. (1994) may be attributed to differences in the
educational levels of the subjects. As shown in Table 3, a
significant interaction exists between education and gender
in the Boston Naming Test and Constructional Praxis: the
score differences on these two tests between males and fe-
males were most prominent in the lowest education group
(0–3 years), gradually diminishing in the higher education
groups. As for MMSE–KC, which deals with multiple cog-
nitive domains, men outperformed women, as did better
educated subjects (Table 3). The Education3 Sex inter-

Table 5. CERAD–K(N) normative data estimated from the ages 65–79a and used for the ages 70–74: Mean with
standard deviation, and median and range from the 5th to the 95th percentile

Education (years)

Tests Sex 0–3 4–6 $7

Verbal Fluency Male 12.66 4.1b 13.26 4.2 15.46 4.6
12.0 (6.0–22.8)c 14.0 (6.0–21.0) 15.0 (8.0–24.0)

Female 12.46 3.7 13.76 3.6 14.46 3.5
12.0 (6.8–19.0) 14.0 (7.4–20.7) 13.5 (10.0–20.8)

Boston Naming Test Male 9.86 3.2 11.06 2.6 11.56 1.9
9.5 (3.5–15.0) 11.0 (6.6–15.0) 12.0 (8.0–15.0)

Female 7.56 2.6 9.46 2.6 11.06 2.4
7.0 (3.0–12.0) 9.0 (5.0–14.0) 11.0 (6.0–14.0)

MMSE–KC Male 24.66 3.3 26.96 2.4 28.06 1.7
25.0 (17.5–29.1) 27.0 (23.0–30.0) 28.0 (24.1–30.0)

Female 22.56 3.9 26.26 2.8 27.76 1.9
23.0 (15.0–28.0) 27.0 (20.5–30.0) 28.0 (24.2–30.0)

Word List Memory Male 13.66 3.8 15.06 4.3 16.26 4.2
14.0 (6.0–11.0) 15.5 (8.0–23.0) 16.0 (8.0–23.0)

Female 14.36 4.3 16.76 4.8 17.46 3.2
14.0 (6.5–21.0) 17.0 (10.0–22.5) 18.0 (12.3–22.0)

Constructional Praxis Male 7.86 1.5 9.46 1.6 10.36 1.1
7.0 (6.0–11.0) 10.0 (7.0–11.0) 11.0 (8.0–11.0)

Female 7.06 2.2 9.46 1.7 10.26 1.2
7.0 (3.0–11.0) 10.0 (6.0–11.0) 10.0 (7.0–11.0)

Word List Recall Male 5.06 1.9 5.66 2.2 5.86 2.0
5.0 (2.0–8.0) 6.0 (2.0–9.5) 6.0 (2.0–9.0)

Female 4.96 1.8 5.86 1.9 6.06 2.1
5.0 (2.0–8.0) 6.0 (2.0–8.0) 6.0 (2.0–9.0)

Word List Recognition Male 8.86 2.0 8.96 1.5 8.86 1.4
10.0 (2.5–10.0) 9.5 (4.0–10.0) 10.0 (5.0–10.0)

Female 8.86 1.4 9.06 1.6 9.06 1.5
9.0 (6.0–10.0) 10.0 (6.0–10.0) 10.0 (5.3–10.0)

Constructional Recall Male 3.46 2.3 6.46 3.2 7.76 2.6
4.0 (0.0–8.7) 7.0 (0.6–11.0) 8.0 (4.0–11.0)

Female 3.36 2.2 5.26 2.3 6.56 2.7
3.0 (0.0–7.0) 5.0 (2.0–9.0) 7.0 (2.0–11.0)

Age mean6 SD [sample size] Male 72.96 4.1 [30] 71.96 4.2 [53] 71.16 3.8 [81]
Female 71.56 4.0 [120] 71.16 3.1 [131] 71.06 3.8 [67]

Note. CERAD–K(N) 5 Korean version of the Consortium to Establish a Registry for Alzheimer’s Disease neuropsychological
assessment battery.
aMidpoint age5 72.
bMean6 SD.
cMedian (5–95 percentile).
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action reflects better performance by poorly educated male
elderly, and might be explained by differences in their re-
spective social roles. Male elderly, even those with little
formal education, had more chances to obtain informal learn-
ing during their outside occupational activities, while poorly
educated female elderly, who are usually devoted to house-
work, had fewer opportunities for intellectual stimulation.
However, these gender effects appear to be less important
in those who received at least 6 years of elementary
education.

Thus, gender as well as age and educational level were
found to have statistically significant effects on the perfor-
mance of many subtests in CERAD–K(N). For studies such
as this there are challenges in recruiting very large numbers

of subjects to obtain reliable normative data for neuropsy-
chological tests. In order to overcome this dilemma, the
overlapping age tables proposed by Pauker (1988) were
adopted. Using this procedure, we were able to present more
stratified and more accurate normative data tables with ad-
equate numbers of subjects for most normative cells. Nor-
mative data in each age-overlapping table were estimated
from a broader age range (e.g., 65–79 for Table 5), which
overlaps with an adjacent one. However, these norms can
be applied to people within a narrower, non-overlapping
age range (e.g., 70–74 for Table 5). The users of our norms
can refer to the title of each normative table, which shows
the age range from which norms were estimated, and the
ranges to which they can be applied.

Table 6. CERAD–K(N) normative data estimated from the ages 70–84a and used for the ages 75–79: Mean with
standard deviation, and median and range from the 5th to the 95th percentile

Education (years)

Tests Sex 0–3 4–6 $7

Verbal Fluency Male 12.56 4.2b 14.16 4.3 14.66 4.3
11.0 (6.0–22.3)c 14.0 (7.0–21.0) 14.5 (7.9–24.0)

Female 11.96 3.8 13.16 3.6 14.06 3.5
11.0 (6.0–19.0) 13.0 (7.0–19.0) 13.0 (10.0–22.0)

Boston Naming Test Male 9.56 3.3 10.56 2.9 11.36 2.0
9.5 (3.6–15.0) 11.0 (5.0–15.0) 11.0 (8.0–15.0)

Female 7.26 2.9 9.46 2.6 10.56 2.5
7.0 (3.0–13.0) 10.0 (5.0–14.0) 11.0 (6.0–14.0)

MMSE–KC Male 24.56 3.2 26.36 2.7 27.96 1.7
25.0 (17.0–29.5) 27.0 (21.2–30.0) 28.0 (24.9–30.0)

Female 21.26 4.1 25.96 2.9 27.06 2.1
22.0 (14.9–28.0) 26.0 (22.0–30.0) 27.0 (23.0–30.0)

Word List Memory Male 13.26 4.1 14.26 4.6 15.76 4.1
13.5 (6.0–20.0) 14.0 (7.1–23.0) 15.5 (7.9–23.0)

Female 13.76 4.3 16.26 4.2 17.06 3.7
14.0 (6.0–21.5) 17.0 (9.0–23.0) 18.0 (11.0–22.0)

Constructional Praxis Male 8.06 1.7 9.06 1.8 10.26 1.1
7.0 (6.0–11.0) 9.0 (6.1–11.0) 11.0 (7.9–11.0)

Female 6.46 2.3 9.06 1.9 9.96 1.3
6.0 (2.0–11.0) 10.0 (5.0–11.0) 10.0 (7.0–11.0)

Word List Recall Male 4.56 2.1 5.16 2.3 5.46 2.0
5.0 (2.0–8.0) 5.0 (1.1–9.0) 6.0 (1.9–9.0)

Female 4.76 1.9 5.76 2.0 5.96 2.0
5.0 (2.0–8.0) 6.0 (2.0–8.0) 5.0 (2.0–9.0)

Word List Recognition Male 8.66 2.2 8.56 1.8 8.76 1.6
9.5 (2.4–10.0) 9.0 (4.0–10.4) 9.0 (5.9–10.0)

Female 8.66 1.6 8.76 1.6 8.76 1.6
9.0 (5.5–10) 9.0 (5.0–10.0) 9.0 (5.0–10.0)

Constructional Recall Male 3.26 2.6 5.76 3.3 7.46 2.5
4.0 (0.0–8.9) 5.0 (0.1–11.0) 7.5 (2.0–11.0)

Female 2.86 2.1 4.96 2.3 6.26 3.0
2.8 (0.0–7.0) 5.0 (1.8–9.0) 6.0 (2.0–10.9)

Age mean6 SD [sample size] Male 7746 4.3 [31] 7706 4.3 [43] 76.76 3.8 [56]
Female 76.66 4.0 [97] 76.36 3.2 [64] 76.86 3.1 [42]

Note. CERAD–K(N) 5 Korean version of the Consortium to Establish a Registry for Alzheimer’s Disease neuropsychological
assessment battery.
aMidpoint age5 77.
bMean6 SD.
cMedian (5–95 percentile).
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Even when adopting the overlapping age tables, the size
of some cells in the normative tables is still quite small
(e.g., 20 in the cell for males with an educational level of
0–3 years in Table 4 and 21 for females with an educational
level $7 years in Table 7). A relatively small sample size
increases the standard error and possibly reduces the stabil-
ity of the estimated results. Therefore, users should be more
cautious when interpreting the test scores of individuals
within such cells.

The higher education stratum (i.e.,$7 years) of our norm
encompasses a very wide range of educational levels (7–22
years). As the results from thepost-hoccontrasts between
the higher educational groups (7–9, 9–12, and$13 year
group) suggested a diminished education effect at$7 year

for most tests in this sample, we combined these groups
into one. However, thepost-hoccontrasts may not com-
pletely exclude the possibility of differences between the
ends of this stratum. Welsh et al.’s study, which was con-
ducted on highly educated subjects, also reported a positive
association of education with some of the CERAD neuro-
psychological tests. In this study, the mean and standard
deviation for educational level of subjects with a$7 year
educational level were 11.6 and 3.2 years, respectively.
Therefore, some caution should be taken when interpreting
the test results of individuals with extremely high educa-
tional levels.

These results were obtained from a healthy elderly sam-
ple. This study excluded the people with dementia and other

Table 7. CERAD–K(N) normative data estimated from the ages 75–90a and used for the ages 80–90: Mean with
standard deviation, and median and range from the 5th to the 95th percentile

Education (years)

Tests Sex 0–3 4–6 $7

Verbal Fluency Male 11.06 3.8b 13.56 4.2 14.06 3.4
11.0 (5.0–18.8)c 14.0 (6.1–21.3) 14.0 (9.6–20.4)

Female 10.96 3.6 12.26 3.9 12.96 3.6
10.5 (5.0–18.5) 12.0 (6.0–20.0) 12.0 (8.00–21.5)

Boston Naming Test Male 8.26 3.0 9.96 2.9 10.86 2.2
8.50 (2.3–13.0) 10.0 (4.4–14.7) 11.0 (6.2–14.0)

Female 6.16 2.8 9.36 2.8 10.46 2.3
6.0 (2.0–11.0) 10.0 (4.5–14.0) 11.0 (6.0–14.0)

MMSE–KC Male 23.76 4.3 25.56 2.9 27.26 1.6
24.5 (13.5–28.8) 25.0 (20.5–30.0) 27.0 (24.0–29.4)

Female 19.56 4.0 24.96 3.0 26.26 2.2
19.0 (13.7–26.0) 24.0 (20.0–30.0) 26.0 (20.0–30.0)

Word List Memory Male 13.16 4.0 14.06 4.8 15.46 3.7
13.5 (5.0–19.2) 14.0 (6.3–23.0) 15.0 (8.2–23.0)

Female 12.96 4.2 16.16 4.6 16.46 3.4
13.0 (6.0–12.6) 17.0 (7.0–22.0) 17.0 (7.5–22.0)

Constructional Praxis Male 8.06 1.8 8.56 1.8 9.96 1.3
7.0 (6.0–11.0) 8.0 (6.0–11.0) 10.0 (7.0–1.0)

Female 5.76 2.4 8.06 1.8 9.66 1.5
6.0 (2.0–10.5) 8.0 (5.0–11.0) 10.0 (6.0–11.0)

Word List Recall Male 4.46 2.2 4.86 2.4 4.96 2.0
4.5 (0.4–8.0) 5.0 (0.6–9.7) 5.0 (1.6–9.4)

Female 4.56 1.9 5.76 2.5 5.86 2.0
5.0 (1.0–7.5) 6.0 (1.0–9.5) 6.0 (2.0–9.5)

Word List Recognition Male 8.46 2.3 8.26 1.7 8.36 2.0
9.0 (2.0–10.0) 9.0 (4.0–10) 9.0 (4.0–10.0)

Female 8.46 1.8 8.66 1.7 8.56 2.5
9.0 (5.0–10.0) 10.0 (5.0–10.0) 10.0 (5.0–10.0)

Constructional Recall Male 3.16 2.6 4.36 2.9 7.16 2.9
2.5 (0.0–8.8) 4.0 (0.0–11.0) 7.5 (1.1–11.0)

Female 2.26 2.0 4.86 2.4 5.76 2.9
2.0 (0.0–6.7) 5.0 (0.0–9.0) 5.5 (1.0–9.0)

Age mean6 SD [sample size] Male 83.06 3.6 [25] 82.46 3.9 [28] 82.36 4.4 [31]
Female 82.06 4.3 [72] 81.96 3.9 [22] 81.76 3.8 [21]

Note. CERAD–K(N) 5 Korean version of the Consortium to Establish a Registry for Alzheimer’s Disease neuropsychological
assessment battery.
aMidpoint age5 82.
bMean6 SD.
cMedian (5–95 percentile).
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major illnesses that would affect the cognitive function
through a clinical examination. Elderly populations usually
include a considerable proportion of patients with dementia
and severe medical conditions. The prevalence rate of de-
mentia is approximately 8.2–9.5% in Korea (D. Lee et al.,
2002; Woo et al., 1998) and 6.3–10.3% in Western coun-
tries (Canadian Study of Health and Aging Working Group,
1994; Evans et al., 1989; Livingston et al., 1990). For this
reason, we offered norms from a relatively healthy elderly
sample since the aim was to define the range of normal-
ity which might then be helpful in detecting dementia and
other problems, such asaging-associated cognitive decline
(AACD; Levy, 1994),

In summary, both age and educational level had a con-
siderable influence on most cognitive functions assessed by
the CERAD neuropsychological battery, though education
appeared to have a lesser effect on verbal memory than on
the other cognitive functions. Gender also had an effect on
the performance of several subtests of the CERAD neuro-
psychological battery, particularly in the less educated group.
The normative information presented in this article might
be useful for the clinical interpretation of the CERAD neuro-
psychological tests in the Korean elderly or the elderly who
have emigrated from Korea. These data may also be useful
in future cross-cultural comparisons of the CERAD battery.
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