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Abstract

Background: Verbal episodic memory tests in the Korean version of the Consortium to Establish a Registry for
Alzheimer’s Disease (CERAD) neuropsychological battery require literacy. VWhile modified administrations are provided
for illiterate individuals, there are no norms for evaluating the performance of illiterate subjects.

Objective: Assessing the performance of illiterate individuals has limitations, since existing norms were developed on
data from literate populations. The purpose of this study is to provide normative data for illiterate Korean older women.
Methods: The participants analyzed in this study were all illiterate. Among a sample of 109 non-demented older adults
recruited from community centers for dementia, only 9 were men. Thus, the current analysis developed norms for
women. Descriptive statistics were used to summarize participants’ characteristics and test scores. Linear regressions
were conducted to examine the effect of age on verbal episodic memory tests.

Results: Age was found to be significantly associated with performance on all word list tests. Age was divided into two groups
based on the average value for sufficient sample size and showed a significant difference in test performance: 60-75, >76 years.
Conclusions: Evaluating illiterate women using existing standards has the limitation of underestimating their performance
relative to their actual skills. The present normative data are expected to enable researchers and clinicians to more accur-
ately evaluate the results of the three verbal episodic memory tests, including the Word List Memory, Word List Recall,
and Word List Recognition in older illiterate Korean women.
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Introduction

The Consortium to Establish a Registry for Alzheimer’s
Disease (CERAD) neuropsychological assessment battery
is a very widely used neuropsychological test battery for
the evaluation of cognitive impairment in older adult.'~

The Korean version of the CERAD neuropsychological
battery [CERAD-K(N)] has also been developed and is
commonly used in Korea.*

The CERAD-K(N) includes three verbal episodic
memory tests—the Word List Memory (WLM), Word List
Recall (WLR), and Word List Recognition (WLRc).>*>
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The WLM test assesses learning ability for new verbal infor-
mation. After the participant reads the 10 words, they are
asked to recall them immediately. The WLRc test measures
the recognition of the target words presented in the WLM
task when presented with the 10 distractor words. Since
the WLM and WLRc utilize word list cards, and the WLR
requires recalling words from the WLM, these tests require
the ability to read words. Therefore, a modified form of
administration is provided for those who are illiterate: the
administrator reads each word aloud, and the participant
repeats it as the card is displayed.

Declines in episodic memory can be observed in both
normal and pathological ageing.® Episodic memory impair-
ment is one of the most common early cognitive symptoms
of dementia and is particularly disrupted in Alzheimer’s
disease.” The word list tests in the CERAD-K(N) measure
verbal memory function and are thus critical for assessing pro-
gression of Alzheimer’s disease. Applying norms obtained
from individuals with full reading ability to those with no
reading skills risks overestimation of cognitive impairment.
Therefore, the norms developed for the literate population
should not be used for the illiterate subjects. In non-Western
countries, attempts have been made to develop norms for
both illiterate and low-educated populations.®” In Korea,
10.6% of the population is illiterate; when only women are
considered, the rate rises to 15.3%.'° Despite relatively
large groups of illiterate older women in Korea, there are no
separate normative data available for this group.

In order to address this limitation, we aimed to provide a
modified administration method for the verbal episodic
memory tests in the CERAD-K(N) and to provide the nor-
mative information on the three tests for illiterate Korean
older women.

Methods

Participants

The data were obtained from illiterate older adults who par-
ticipated in the dementia screening program provided by two
regional public centers for dementia located in Seoul,
Republic of Korea, from 2010 to 2018. Specifically,
the study participants were elderly individuals residing
in Jongno-gu and Nowon-gu, Seoul, South Korea.
Individuals who voluntarily visited the centers for dementia
prevention or management took part in the early screening
program upon the recommendation of a staff member
from a local dementia care center and underwent the
CERAD-K(N) assessment. Following this, each subject
was examined by a psychiatrist with advanced training in
neuropsychiatry and dementia research according to the
protocol of the Korean version of the CERAD clinical
assessment battery for clinical diagnosis.” Diagnoses of
dementia, probable Alzheimer’s disease, and mild cognitive
impairment (MCI) were made according to the criteria and

guidelines of the fourth edition of the Diagnostic and
Statistical Manual of Mental Disorders'' and the National
Institute on Aging and the Alzheimer’s Association
(NIA-AA).'? A diagnosis of MCI further required a
Clinical Dementia Rating (CDR) score of 0.5." An inter-
view with a reliable informant was also considered in
making a final diagnosis. All subjects satisfied the strict
entry criteria excluding dementia and other serious
medical, psychiatric, and neurological disorders that could
affect mental function. Only non-demented individuals
including MCI and normal participants were included in
the study. Illiteracy was defined as the inability to independ-
ently read the 10 words of the WLM test in the
CERAD-K(N). This procedure identified 109 individuals
without a diagnosis of AD, who were illiterate. Data from
this group formed the basis for the current study.

The total number of people who underwent CERAD-
K(N) was 1,329, and the proportion of illiterate participants
among these subjects was estimated to be 8.2%. Due to past
educational practices in Korea, where women received less
education, illiterate women outnumber illiterate men in this
sample (Men, n=9; Women, n = 100). The number of men
present in the current sample is too small for current ana-
lyses, focus is therefore on data from the women.

All participants had adequate vision and hearing,
although many used glasses and some relied on hearing
aids. Individuals with minor physical conditions, such as
diabetes without serious complications, essential hyperten-
sion, or mild hearing loss, were not excluded from the
study. The study protocol was approved by the institutional
review board of the Seoul National University Hospital.

Procedure

The tests listed below were administered by trained psycho-
metrists or research nurses under the supervision by a
licensed neuropsychologist. They were blinded to the psy-
chiatrists’ clinical evaluation. The battery includes the
eight tests listed below, which are presented in the order
of administration of the battery.

Word List Memory test (modified for illiterate persons).
WLM is a task to assess learning ability and free-recall
memory.*'* The task consists of 10 common nouns, each
printed on a separate card, and while the list of words
remains the same across all 3 trials, the order of presentation
is randomized in each trial to minimize the primacy effect.
Literate participants are required to read aloud these 10
words; each word is presented for no more than two
seconds. Three trials are administered, and after each trial,
participants are asked to recall as many words as possible
without any prompts.

For the illiterate participants, the administration was
modified; an administrator would read aloud each word to
a subject, who then will repeat after the administrator as
the card is visually presented. Immediately following
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presentation and oral repetition of the 10 words, the partici-
pants are asked to recall as many words as possible without
any cues present. The word list used is identical to the word
list of CERAD-K(N),* which is validated and currently used.

The total score is calculated by summing the number of
correctly recalled words across the three trials, with a
maximum of 10 points per trial and 30 points in total. In
this study, we report the sum of correctly recalled words
across the three trials.

Word List Recall. WLR assess the ability to recall the 10
words given in the WLM, after a delay of few minutes (the dur-
ation to complete the Constructional Praxis task, approximately
3~5 min). A maximum of 90 s is allowed for the recall.

Word List Recognition (modified for illiterate persons).
The WLRc task is administered immediately after the
WLR task and evaluates the ability to recognize the target
words from the WLM task. 20 words are presented in a
mixed sequence. Ten of them are target words seen in
WLM, and the remaining ten are distractor words.

The participants are asked if they recognize the target
words as the test administrator reads out each word while pre-
senting the words on the cards; participants, after hearing the
words (and seeing the card), are required to provide a response
(yes or no). Consistent with the original administration, the
final score is calculated as the total number of correct
answers for both the 10 target words and the 10 distractor
words minus 10 (the number of correct “yes” responses +
the number of correct “no” responses— 10 =recognition
score). A score of zero is given if the result is smaller than
zero. Therefore, the maximum score is 10.

Statistical analyses

Descriptive statistics were used to summarize the partici-
pants’ characteristics, including the mean age and the
mean scores with standard deviations for each test: WLM,
WLR, and WLRc. A separate linear regression analysis
was performed to assess the relative contribution of age to
each verbal episodic memory test score. Age was entered
as a continuous variable. Participants were then categorized
into age-based groups, and the differences in scores for
WLM, WLR, and WLRc between the groups were examined.
Finally, normative data for each age group were obtained.
Statistical analyses were performed using the statistical soft-
ware Statistical Package for the Social Sciences (SPSS)
(version 25, IBM, New York, NY, USA). The graphs and
violin plots were created using the MedCalc software
(version 20.2, MedCalc Software Ltd, Ostend, Belgium).

Results

Demographic characteristics

The demographic characteristics of the subjects are pre-
sented in Table 1. One hundred illiterate women without

Table |. Demographic characteristics of the participants.

Variable Total (N=100)
Age (y) 77.6 +7.6
60-75 (N=40) 70.4 +4.23°
76-90 (N=60) 823+5.1°

™M + SD (M: mean; SD: standard deviation).

dementia participated in this study. The mean age was
77.6 (SD=7.6). The mean score of each test was, WLM
7.3 (SD=4.5); WLR 1.7 (§SD=1.9); WLRc 4.8 (SD=34)
in the total group.

Effect of age on the word list tests

In normative study, the effect of age is analyzed to deter-
mine its significance and whether age-related differences
should be considered in establishing normative data.
Therefore, the effect of age on each verbal episodic
memory test score was analyzed by a linear regression
test. As shown in Table 2, there was a significant age
effect on the three tests. Therefore, we decided to stratify
the subjects into two age groups based on the frequency dis-
tribution of the current data to ensure sufficient size of each
cell. The age group was divided into two strata; 60-75, and
>76 years group.

As presented in Table 3 and Figure 1, there was a signifi-
cant difference between the two age groups for all three
tests. Compared to the >76 years group, the 60-75 years
group performed significantly better on the WLM, WLR,
and WLRc. The violin plots illustrate score distributions
across age groups. The 60-75 years group displays a nar-
rower, taller distribution, reflecting more consistent per-
formance, whereas the >76 years group shows a wider,
flatter distribution, indicating greater variability in test
scores and a broader range of cognitive abilities.

Normative data of WLM, WLR, WLRc

Based on the results of above analyses, we decided to
provide the norms for the two age groups. The normative
data for the WLM, WLR, and WLRc tests are presented
in Table 3. Slight differences in sample numbers are
observed for each test. In the WLM, one participant
responded to trials 1 and 2 but refused to respond to
trial 3 (female, 76 years old), but readily responded to
the WLR. For the WLRc, there were a total of 3 cases
in which scores could not be obtained. The reasons
were case of not performing the test, refusing to continue
to participate, and having difficulty in understanding the
instruction (female, 63 years old; female, 92 years old;
female, 94 years old, respectively); for those who com-
pleted the WLM and WLR, the recognition trial was
given.
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Table 2. Regression of age on the WLT scores in CERAD-K(N).

Test Intercept B (SE) B R?

Word list memory  25.65 —0.24 (0.06) —0.40%** 0.16

Word list recall 9.89 —0.11 (0.02) —0.42%% 0.17

Word list 14.39 —-0.12 (0.05) —-0.26*  0.07
recognition

WLT: word list test; B: regression coefficient; SE: standard error of B; f:
standardized regression coefficient; R*: percent variance explained by age.
Age was entered as a continuous variable. ¥**p <0.001, *p < 0.05. To
predict an individual’s test score, the following regression equation can be
used: Predicted score of word list memory =25.65 — 0.24 X age; predicted
score of word list recall =9.89 — 0.1 | X age; and predicted score of word
list recognition = 14.39 — 0.12 x age.

Table 3. Normative table of the WLT scores by age.

Age (y)

Variables Total 60-75 >76  t-test

Word List Memory n 99 40 59
M 726 930 5.88 <0.00]***
SD 449 4.3 421

Word List Recall n 100 40 60
M 1.74  2.68 1.12  <0.00]***
SD 1.91 1.90 1.65

Word List n 97 39 58

Recognition M 478 6.18 3.84  0.001**

SD 3.4| 3.13 3.29

WLT: word list test; y: years; n: numbers; M: mean; SD: standard deviation;
*p<0.01; ¥**p<0.001 by t-test.

Discussion

The current study was aimed to provide normative data for
the CERAD-K(N) verbal episodic memory tests (WLM,
WLR, as well as WLRc) for older illiterate women in
Korea. Our analyses revealed that all the three episodic
memory tests were influenced by age. Based on the
results, normative data stratified only by age are provided.

Our findings on the association between age and the
scores of the three verbal episodic memory tests align
with previous studies on literate individuals.* Beyond age,
gender is commonly cited as an important demographic
factor influencing test performance. A prior study of literate
older Korean adults found a significant gender effect on the
episodic memory tests of the CERAD-K(N).* However,
the current study, based on data from a local dementia
care center, included only 9 male participants, making the
data unsuitable for analyzing gender effects across the com-
bined male and female sample. It is worth noting that recruit-
ing a sufficient number of illiterate older males from diverse
regions in Korea is challenging, as the majority of the illiter-
ate older population consists of women (approximately
85.3% of 900,000, according to the Korea National
Statistical Office report in 2020).15 Thus, the norms devel-
oped in this study are expected to better reflect the actual

phenomenon, where illiteracy is predominantly concen-
trated among women, and to enhance clinical usefulness
when evaluating illiterate individuals.

The mean value of numerous published normative data
for literate older adults was around 20/30 for the WLM
(immediate recall) or above 7/10 for the WLR (delayed
recall).'®!'” In contrast, the current norms for illiterate
Korean older women were 7.26 for WLM, 1.74 for WLR,
and 4.78 for WLRc. Given these considerations, the use
of normative data derived from literate populations may
lead to an increased risk of misclassifying cognitively
intact illiterate older adults as cognitively impaired. A
recent study reported that healthy illiterate elders showed
lower performance than low-functioning or cognitively
impaired educated/literate individuals. This discrepancy
may reflect differences in neural substrates and learning
strategies.18 Additionally, formal education and training in
reading and writing enable people to develop intellectual
skills necessary for successful cognitive test performance,
which relies heavily on language function.'®*° Therefore,
illiterate individuals with limited opportunities to develop
such skills are more likely to exhibit relatively lower
verbal memory performance. In Korea, specifically, males
tend to have more opportunities for social activities that
can influence cognitive test performance, even with the
same level of education.?!

Considering the significant impact of literacy, educa-
tional differences, and the unique characteristics of illiterate
women on cognitive test performance, establishing separate
normative data that account for these factors is crucial. In
non-Western populations, where lower educational attain-
ment may be more prevalent, conventional cognitive assess-
ment tools often fail to accurately reflect the abilities of
these individuals. Previous studies have emphasized the
need for distinct normative data to assess verbal memory
function in the illiterate elderly population.® In Korea,
while the population is less ethnically diverse than in
Western countries, rapid ageing has resulted in a substantial
proportion of illiterate individuals among the elderly. This
underscores the importance of separate normative data to
address educational disparities in this demographic group.

In the current CERAD-K(N) norms, data are provided
for individuals with zero years of formal education. These
norms have traditionally been used to assess the cognitive
performance of illiterate individuals. However, the norma-
tive data were derived from individuals who, despite
lacking formal education, still possessed basic literacy
skills. This differs significantly from the present sample,
which includes individuals with no formal education and
no literacy skills. Applying the existing CERAD-K(N)
norms to a fully illiterate population is problematic and
may result in inaccurate assessments, particularly for early
cognitive decline, such as episodic memory deficits com-
monly seen in Alzheimer’s disease. In typical Alzheimer’s
disease, episodic memory decline is more consistently
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Figure |. Performance on the word list memory, word list recall, and word list recognition tasks, with violin plots showing the

distribution of scores across the two age groups.

observed compared to other cognitive domains.??
Considering that both illiteracy>® and female gender* are
significant risk factors for dementia, the new norms devel-
oped in this study are expected to be more accurate in asses-
sing the episodic memory of illiterate women. Identifying
the preclinical stages of cognitive decline is particularly
important. Since subjective memory complaints are preva-
lent in this population, appropriate normative data are
essential for distinguishing normal ageing from true cogni-
tive decline. Typically, a score 1.5 standard deviations
below the matched control group indicates a decline in
the specific cognitive domain.?> Furthermore, core clinical
criteria for cognitive impairment include deficits in one or
more cognitive domains.?®*’

This study has some limitations that should be consid-
ered. First, we provide illiterate-based norm only for the
verbal episodic memory tests (WLM, WLR, and WLRc).
We selected these tests among the eight tests in the
CERAD-K(N) battery because they are important for
objectively identifying cognitive declines. Performance of
the other cognitive tests that are not dependent on reading
skill, such as Verbal Fluency test, Boston Naming test,
Constructional Praxis, and Constructional Recall, may
also be negatively influenced by illiteracy, given that
visual perception, visuo-constructional ability, executive
function, and visual memory functions are also improved
by formal educations.'?"***° Future research to investi-
gate the influence of illiteracy on the performance of
the other tests will be useful. Second, the sample size
was limited because the samples were selected based on
convenience sampling; the data were collected from a
nearby regional public center for dementia. Collecting
data from dementia centers in other regions in the
future would be highly beneficial for developing
improved normative data for illiterate participants for
other tests in the CERAD-K(N).
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