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Abstract

The Clock Drawing Test (CDT) has been recognized as an effective tool for dementia detection. This study investigated
the clock drawing performance of 240 non-demented elderly Korean people with a wide-range of educational levels and
28 patients with mild dementia of the Alzheimer’s type (DAT). We examined the effects of demographic factors,
including education, and established norms for the elderly population. We found that the educational attainment and
literacy status of older people influenced performance on the CDT significantly (p < .001). Furthermore, qualitative
error analysis revealed that normal participants with low educational background committed errors similar to errors of
the DAT patients. The DAT patients performed significantly worse than the non-demented participants in the CDT Total
score (p <.001). However, the CDT has better criterion validity in participants with more than 6 years of education. In
conclusion, the CDT performance in older people who are either illiterate or with 6 or less years of education
should be interpreted with caution. Conceptual errors in the CDT can be the result of not only dementia but also lack of

education. (JINS, 2010, 16,1138-1146.)
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INTRODUCTION

The prevalence of dementia is increasing rapidly in Korea
(Korea Ministry of Health and Welfare, 2007) and around
the world as populations are aging globally. Therefore, the
need for effective methods to evaluate and diagnose dementia
has never been greater. The Clock Drawing Test (CDT) has
been recognized as one of the most efficient and sensitive
screening tools for detecting the dementias, especially
dementia of the Alzheimer’s type (DAT). It is a simple test
that is easy to administer, yet it taps various cognitive func-
tions that deteriorate in dementia, especially in the DAT
(Freedman, Leach, Kaplan, Delis, Shulman, & Winocur,
1994; Shulman, 2000).

To draw a clock upon verbal command, an individual
must first have adequate auditory language skills to compre-
hend the instructions. Semantic and visuospatial representa-
tions of a clock and their retrieval mechanism are also crucial
for successful clock drawing. To translate these mental rep-
resentations into a drawing, one should be able to coordinate
his/her visuospatial attention system with graphomotor skills
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(Freedman et al., 1994; Mendez, Ala, & Underwood, 1992;
Shulman, 2000). Executive functions and visual perception
are also required for the planning and monitoring of the out-
put. Furthermore, in the “10 past 11” version of the CDT,
inhibitory control is required to suppress the perceptual pull
toward the number 10 drawn on the clock to correctly posi-
tion the long hand. These diverse skills are differentially or-
ganized in the cortical and subcortical, anterior and posterior,
and left and right cerebral hemispheres. Each component
can be selectively impaired, resulting in a qualitatively dis-
tinct drawing. It is this sampling of multiple neuropsycho-
logical functions that makes the clock drawing test such a
sensitive screening tool for dementia.

Originally developed as a test for attention in hemineglect
patients (Critchley, 1953; Luria, 1980), the CDT has gained
more popularity as a dementia screening tool in recent de-
cades (see Pinto & Peters, 2009, for a review). With an easy
and simple administration procedure, it has been well
accepted by both clinicians and patients. Numerous studies
have found excellent to moderate level of sensitivity and
specificity in detecting dementia using diverse administra-
tion and scoring procedures (see Shulman, 2000, for a
review; Death, Douglas, & Kennedy, 1993; Lam et al., 1998;
Shulman, Shedletsky, & Silver, 1986; Todd, Dammers,
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Adams, Todd, & Morrison, 1995; Tuokko, Hadjistavropoulos,
Miller, & Beattie, 1992; Watson, Alfken, & Birge, 1993;
Wolf-Klein, Silverstone, Levy, & Brod, 1989).

Despite its popularity, not many studies have examined
the effects of education on clock drawing performance;
moreover, few have developed education-specific norms for
the CDT. Initially, the CDT was assumed to be relatively free
of cultural and educational bias (Shulman et al., 1986). Some
studies have found the CDT scores to be independent of the
educational level (Ratcliff, Dodge, Birzescu, & Ganguli,
2003; Yamamoto et al., 2004), whereas several studies have
detected a correlation between them. In the United States
and Europe, a few studies have recently reported that educa-
tion and age had significant effects on the CDT performance
in cognitively normal older people (Hubbard et al., 2008;
Von Gunten, Ostos-Wiechetek, Brull, Vaudaux-Pisquem,
Cattin, & Duc, 2008). However, education was no longer
significant after adjustment of the general cognitive perfor-
mance in an U.S. study (Hubbard et al., 2008). Von Gunten
and colleagues (2008) found that the oldest and least-
educated group performed prominently worse than other
groups and education have little influence on CDT perfor-
mance except in this group. Thus, education effect was less
important or more limited in these elderly populations with
more than middle-school education. Education affected
clock drawing ability strongly in non-demented older people
in Asia and South America (Leung, Lui, & Lam, 2005; Lin
et al., 2003; Nitrini et al., 2004), many of whom had received
minimal education. Literacy also proved to be an important
variable influencing the CDT performance (Nitrini et al.,
2004). This is consistent with the findings that show stronger
effects of education in neuropsychological measures in pop-
ulations with wider variation in educational attainment,
which can also affect the efficacy of a neuropsychological
test (Chey, Na, Park, Park, & Lee, 1999; Rosselli & Ardila,
2003; Sahadevan, Lim, Tan, & Chan, 2002).

In this study, we investigated the effects of education and
literacy on CDT performance. We examined how these fac-
tors affect the quantitative scores, and established education-
and literacy-based norms and provided 5 percentile cutoff
scores for each subgroup. We then analyzed the CDT errors
qualitatively and provided base rates of errors in normal
older adults according to each education level. We further
compared the CDT errors of normal low-educated elderly
individuals with those of early DAT patients. Lastly, we in-
vestigated the clinical validity of the CDT by using cutoff
scores based on education and literacy.

METHODS

Participants

Two hundred forty elderly volunteers (age mean = 69.13; SD =
8.11; education mean = 7.48, SD = 5.06) were recruited from
local community facilities, such as community centers, work
places, senior citizen pavilions, and churches (Table 1). They
were sampled from three age groups: 55-64, 65-74, and 75-84
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Table 1. Demographic characteristics and K-DRS Total score
(Mean = SD) of the normal elderly participants

Years of
Age education N Sex ratio (M/F) K-DRS
55-64 <6 42 11/31 132.67 £ 6.67
=7 40 23/17 137.35 £3.58
65-74 <6 40 6/34 129.98 + 8.62
>17 46 18/28 135.46 +5.82
75-84 <6 36 9/27 123.81 +11.41
>7 36 7129 133.58 £ 6.09
Total 240 74/166 132.18 +8.48

Note. K-DRS = Korean version of the Dementia Rating Scale.

years old. Each age group consisted of similar numbers of par-
ticipants from two education levels: < 6 years and > 7 years. A
previous study found that elderly Koreans who had received
more than primary education performed significantly better in
most neuropsychological functions than those who had received
6 years or less education (Chey et al., 1999).

The volunteers were not demented and considered normal
based on the following criteria: (1) free from cognitive disor-
ders leading to functional impairments in everyday life; (2)
live independently without difficulty; (3) absence of memory
disorders; (4) absence of psychiatric and neurological ill-
ness; and, (5) absence of physical conditions that are known
to compromise cognitive capacity (such as hypertension or
diabetes) that could not be controlled by medication, thyroid
disease, and loss of consciousness for more than 1 hr. Com-
prehensive neuropsychological evaluation was conducted to
include people who would be representative of neurolog-
ically intact elderly Koreans. Initially, a brief neuropsy-
chological interview was administered to the volunteers
to confirm that they did not meet the Health Screening
Exclusion Criteria (Christensen, Multhaup, Nordstroal, &
Voss, 1991). Older persons who could not perform the test
due to severe vision or hearing problems were also excluded.
General cognitive performance was evaluated with the
Korean version of the Dementia Rating Scale (K-DRS; Chey,
1998), and participants with scores lower than the cutoff
scores were identified for further evaluation. Lastly, to ascer-
tain a participant’s significant cognitive or behavioral changes
in the past 2 years, the Semi-Structured Interview (SSI; Sano
et al., 1995; Lee, 2001) was administered to an individual
informant who either had lived with or met the participant at
least three times a week. To establish norms that are repre-
sentative of the normal elderly population, we included
participants who scored below the cutoff scores of the
K-DRS norms (Chey, 1998), if there was no corresponding
functional decline identified during the SSI.

For the clinical validation study, 28 patients with mild
dementia of the Alzheimer’s type (DAT) participated in the
study (Table 5). Diagnosis of DAT was confirmed by a team
of clinicians, including a neuropsychologist, a neurologist
and a neuroradiologist, using the probable DAT criteria
developed by the National Institute of Neurological and
Communication Disorders and Strokes and Alzheimer’s
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Disease and Related Disorders Association (NINCDS-
ADRDA; McKhann, Drachman, Folstein, Katzman, Price, &
Stadlan, 1984). Laboratory tests (e.g., brain magnetic reso-
nance imaging [MRI], urinalysis, blood test, chest X-ray)
were performed to rule out etiologies of dementias other
than Alzheimer’s disease. The Global Deterioration Scale
(GDS; Reisberg, Ferris, De Leon, & Crook, 1982) was used
to assess the stage of illness. Eleven of the 28 patients
(39.3%) had a GDS score of 4, whereas 17 patients had a
GDS score of 5 (60.7%). Twenty-eight volunteers from the
normal sample were age- and education-matched with the
DAT cases as control subjects.

Informed consent was obtained from all participants
before testing. A small honorarium was given to the par-
ticipants upon completion of the task. And all data were
collected in compliance with the Helsinki Declaration.

Instruments

The Clock Drawing Test

The Clock Drawing Test (CDT) consisted of three succes-
sive conditions presented in a fixed order: the Free-draw
condition, the Pre-drawn circle condition, and the Clock-
setting condition. In the Free-draw condition, participants
were presented with an A4-size blank sheet and were given
the following instruction: “I would like you to draw a clock
face and put in the numbers.” After completion of the clock
face, they were asked to set the time to 10 after 11. In the
Pre-drawn circle condition, participants were given a sheet
of Ad-size paper with a pre-drawn contour of a clock; this
contour was a 10-cm-diameter circle. In the Clock-setting
condition, a toy clock was given, and the participants were
instructed to “Set the time using the hands of the toy clock.”
These procedures represent systematic efforts to parse or
isolate the major factors involved in clock-drawing impair-
ments (Freedman et al., 1994), that is, the successive condi-
tions were meant to test the limits of the patients (Milberg,
Hebben, & Kaplan, 1996) who could not draw the correct
clock in the first condition. Because the time to be set was
the same in all conditions, a perfect score in the free-draw
condition allowed the testee to skip the subsequent condi-
tions and obtain the full scores for these conditions.

A modified version of the Clock Scoring System (CSS) by
Todd, Dammers, Adams, Todd, and Morrison (1995) was
used for quantitative analysis (Detailed criteria for the mod-
ified CSS are listed in Appendix 1). Qualitative error analyses
of the CDT were performed using the criteria developed by
Rouleau, Salmon, Butters, Kennedy, and McGuire (1992).
The CSS has several advantages over other quantitative
scoring systems in that it uses well-defined objective criteria,
provides specific information concerning all aspects of clock
drawing, and requires little subjectivity of the scorer (Todd
et al., 1995). Todd and colleagues (1995) found that the CSS
discriminated dementia patients from the comparison sub-
jects, even after controlling age and education. In addition,
the inter-rater reliability of the CSS is quite high (range .82
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to .98). We further elaborated the scoring criteria for clock
hands to enhance inter-rater reliability. The CDT Total score
is the sum of all scores from each of the three conditions and
ranged from O to 20 (Appendix 2). The qualitative scoring
system by Rouleau et al. (1992) defines and confirms the
presence of conceptual, perseverative, stimulus-bound, and
spatial arrangement errors. Its inter-rater reliability was quite
good (Kappa coefficients range .63 to 1.0) in the Taiwan
elderly sample (Chiu, Li, Lin, Chiu, & Liu, 2008).

The Korean-dementia rating scale

The Korean-Dementia Rating Scale (K-DRS; Chey, 1998) is
a translated and adapted version of the Dementia Rating
Scale (Mattis, 1988). It is comprised of five subscales:
Attention, Initiation and Perseveration, Construction, Con-
ceptualization, and Memory. The total score of the K-DRS
measures the general cognitive functioning of an elderly
participant. Reliability and validity of the K-DRS has been
reported (Chey et al., 1999). Test—retest reliability within a
2-week interval was quite high (r = .96), and the inter-rater
reliability was also high (r = .99). The K-DRS Total score
discriminated DAT patients from normal controls who were
matched in age and education. It also correlated highly with
the Mini-Mental State Examination-Korean (MMSE-K;
Kwon & Park, 1989), a Korean version of the MMSE.

The Literacy Questionnaire & the literacy evaluation
form

The Literacy Questionnaire (Moon & Chey, 2004) is a semi-
structured interview that obtains information regarding the
ability to read and write Hangul, the Korean letter system, in
various domains, such as, reading transportation signs, la-
bels for shopping, religious books, and newspaper/books, and
also taking notes, and writing diaries/articles. The Literacy
Evaluation Form (Moon & Chey, 2004) provides specific crite-
ria for literacy or illiteracy based on the testee’s responses
during the Literacy Questionnaire interview. According to
these criteria, people who barely read or write but cannot use
Hangul in everyday life, as well as those who cannot read or
write at all, are classified as functional illiterates.

The Semi-Structured Interview

The Semi-Structured Interview (SSI; Sano et al., 1995) pur-
ports to identify significant functional decline and change in
seven cognitive and behavioral domains which are frequently
compromised in dementia: memory, performance, language,
disorientation, personality, depression, and behavioral distur-
bances. Additionally, we included the domain of psychotic
symptoms (Lee, 2001), which is rarely observed in mild stage
of dementia but frequently observed in the moderate to severe
stages. The SSI was used to identify functional deterioration
in low cognitive performers and to diagnose dementia pa-
tients. Poor cognitive functioning in illiterates or older adults
with low educational attainment could reflect stable low intel-
ligence rather than dementia (Chey, Na, Tae, Ryoo, & Hong,
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2006), and the SSI was used to differentiate significant func-
tional decline from stable low intelligence.

Procedure

Neuropsychological interviews and neuropsychological
tests were administered immediately after the health
screening procedures in the normal elderly participants.
Hearing difficulty or vision problems were determined at the
beginning of the brief neuropsychological interview. Those
who had significant difficulty hearing our instructions or
seeing the stimuli with available aids, that is, glasses and/or
hearing aids, were excluded from the study. The Literacy
Questionnaire and the SSI were included in the neuropsy-
chological interview. The neuropsychological test battery
included the K-DRS (Chey, 1998), the Elderly Memory dis-
order Scale (Chey, 2007), and the CDT. The DAT patients
underwent general physical and neurological examinations
as well as a brain MRI, which was followed 4 weeks later by
a neuropsychological evaluation.

Statistical Analysis

The descriptive statistics of the quantitative data were ana-
lyzed in two steps. The effects of demographic factors on the
CDT Total score were first analyzed, followed by calculation
of normative data specified by the significant demographic
factors that were identified. Hierarchical multiple regression
was used to examine the effects of demographic factors on
the clock drawing performance. Predictors were entered in
the regression model in the following order: years of educa-
tion, literacy status, age, and gender. Based on the results of
the hierarchical multiple regression analysis, analysis of
variance (ANOVA) and post hoc tests were administered to
determine the most appropriate groups for the norms. The
means and standard deviations as well as the 5 percentile
cutoff scores of the CDT Total score were calculated for
each normative group. Additionally, the base rates for the
CDT errors in normal elderly group were calculated. The
group differences in cognitive performance between DAT
patients and non-demented comparison group were analyzed
with either the 7 test or the % test.

RESULTS

Effects of Education, Literacy, Age, and Gender on
the Clock Drawing Test Performance in a Normal
Elderly Sample

In a sample of 240 normal elderly persons, hierarchical
multiple regression analysis with the CDT Total score as the
predicted variable identified significant education (p <.001)
and literacy (p < .001) effects, but no effects of age or gender
(Table 2). Education accounted for 21.8% of the variance
[education R? change = .218; F(1,238) = 66.33; p < .001],
whereas literacy further accounted for 16.8% of the variance
[literacy R? change = .168; F(1,238) = 64.81; p <.001].
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Table 2. Multiple regression analysis on the CDT Total score by
education, literacy, age and gender (enter method)

Variable in the

equation B SEB [§ t P

Constant 18.86 1.60 11.82 .000
Education (years) .15 .04 23 3.78 .000
Literacy -4.92 .62 -47 -7.96 .000
Age (years) -.01 .02 -.03 =55 .582
Gender -.20 .39 -.03 -.50 .616

Note. The predictors were entered into the model in this order: education,
literacy, age, and gender. B = regression coefficient; SEB = standard error of
regression coefficient; § = standardized regression coefficient.

Literacy- and Education-Based Norms for the CDT

According to the results of the multiple regression, we sub-
divided two education groups (years of formal education < 6
and > 7) into four subgroups (years of formal education 0,
1-6, 7-12, and > 13) to explore optimal normative groups.
A two-way ANOVA [Years of formal education (0, 1-6,
7-12, > 13) x Literacy (illiterate, literate)] on the CDT Total
score was performed to confirm the grouping based on the
results of the regression. ANOVA confirmed the significant
main effects of literacy [F(1,234) = 27.17; p < .001] and
education [F(3,234) = 9.64; p < .001]. The interaction effect
was not significant [F(1,234) = .054; p = .82]. Therefore, the
norms for the CDT Total score were specified by literacy and
education. We further administered post hoc tests to examine
group differences among the four education groups to deter-
mine the most appropriate education groups for the norms.
First, the post hoc Tukey HSD tests demonstrated significant
difference between the uneducated group and all of the
educated groups (ps < .001). Furthermore, the test showed
significant difference between the primary (1-6 years)
and the secondary (7-12 years) education groups (mean
difference = —1.04; SE = .41; p = .05). However, no difference
was detected between the secondary and the higher (> 13
years) education groups (mean difference = .18; SE = .53; p >
.98). When we performed the post hoc tests in the literate
group only, the results were much the same. Based on these
results, the literate elderly groups were classified into three
education groups. No education effect was found in the illit-
erate participants [F(1,26) = .79; p = .38], because most of
them had no experience of formal education (82%). Therefore,
four separate norms specified by literacy and education were
developed. The descriptive statistics as well as the 5 percentile
cutoff scores of the CDT Total scores for each group are pre-
sented in Table 3. It is of note that, on average, illiterate elderly
people obtained very low scores on the CDT, not unlike the
performance of the dementia patients. Moreover, large perfor-
mance variance was observed in the illiterate elderly sample.

Error Analysis

The base rates of the CDT errors observed in each normative
group are demonstrated in Table 4. The most common error
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Table 3. Descriptive statistics of the CDT Total scores and 5
percentile cutoff points specified by education and literacy

Literacy Illiterate® Literate
Years of
education <6 0 1-6 >7

(n) (28) (18) (72) (122)
Mean 13.00 16.50 18.96 19.71
SD 6.35 344 1.89 93
Skewness -0.58 -0.82 -2.81 -4.07
5 percentile 2.5/3 10/10.5 15/15.5 18/18.5

cut-off point

3According to the definition of functional illiteracy, five individuals were
considered as illiterate even though they reported several years of schooling
experience.

observed in the normal elderly people was the spatial deficit
without any specific pattern (Rouleau et al., 1992). This
error was observed frequently in all the education groups.
Conceptual errors, however, were observed frequently in the
uneducated group, whereas rarely in the educated groups
[x*(1) =41.70, p < .001].

Validity of the CDT as a Screening Tool for
Dementia

To examine the validity of the CDT as a measure of cogni-
tive function in this population, we performed a Pearson
correlation analysis between the CDT Total score and the
K-DRS Total score, a validated measure of general cognitive
ability (Chey, 1998). The scores were significantly corre-
lated (r = .62; p <.001).

To investigate the clinical validity of the CDT, we compared
the CDT performances of mild DAT patients with those of
non-demented older adults. The DAT patients performed
significantly worse than the non-demented matched controls
(ND) in the CDT Total score [#(27) = 5.83; p < .001] as well
as the K-DRS Total score [#(26) = 6.98; p <.001]. The means
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and standard deviations of the CDT Total score for the two
groups are illustrated in Table 5. The five percentile cutoff
scores for detecting dementia with the CDT had a sensitivity
of 56% and a specificity of 89% for the DAT diagnosis.
More specifically, the mid to high education subgroup (> 7
years; DAT = 10 cases; ND = 12 cases) illustrated a sensi-
tivity of 60% and a specificity of 92%, while the low educa-
tion subgroup (< 6 years; DAT = 18 cases; ND = 16 cases)
showed 53% and 88%, respectively.

Frequencies of errors on the CDT performance in the non-
demented comparison group and DAT group are presented in
Figure 1. We performed y? tests of dependence between the
groups (DAT-ND) and occurrence in only two error types
(e.g., the conceptual errors and the nonspecific spatial errors),
because half of the cells’ expected frequency was less than
5 in the other error types. A y? test of dependence between
groups (DAT-ND) and conceptual errors (present-absent) was
highly significant [¥3(1) = 10.22; p < .005], whereas that
between groups (DAT-ND) and nonspecific spatial errors
(present-absent) was not significant [y3(1) = 2.11, p = .15].
Conceptual errors were observed most frequently in the DAT
patients as in the normal older adults who were illiterate
(DAT group 50.0%, illiterate group 46.4%, see also Figure 2).

DISCUSSION

Literacy and education of an individual significantly influ-
enced the CDT performance in a non-demented elderly
Korean population with variable educational attainment. Older
people with lower education had lower CDT scores and
wider range of performance. The effects were most dramatic
in the illiterate individuals. It was noteworthy that illiterate
and/or uneducated older persons made errors similar to those
of the DAT patients, more specifically, the conceptual errors.
This is the first study, to our knowledge, to examine the
effects of literacy on the CDT performance systematically
and qualitatively.

We found that errors committed by uneducated people,
especially illiterate individuals, resembled those of the DAT
patients (Kitabayashi, Ueda, Narumoto, Nakamura, Kita, &

Table 4. The base rates (%) of the CDT errors in Free-Draw Condition by years of formal education and literacy status

[lliterate group

Literate group (1)

Error type (n=128) 0(n=18) 1-6 (n=172) >7 (n=122)
Size of clock - Too small 17.9 11.1 5.6 1.6
Size of clock - Too large 3.6 11.1 1.4 4.9
Stimulus bound response 10.7 5.6 1.4 0.8
Conceptual deficit 46.4 16.7 5.6 2.5
Left hemineglect 0 0 0 0
Planning deficit with the gap before 12 or 3, 6 or 9 14.3 11.1 4.2 0.8
Spatial error without specific pattern 393 44.4 34.7 14.7
Numbers outside 0 0 0 0
Counterclockwise 3.6 0 0 0.8
Perseveration 7.1 0 1.4 0.8

Note. CDT = Clock Drawing Test.

https://doi.org/10.1017/51355617710000731 Published online by Cambridge University Press


https://doi.org/10.1017/S1355617710000731

Education and clock drawing

Table 5. Age, education, K-DRS Total score and CDT Total score
(mean = SD) of the DAT and the non-demented elderly groups

DAT (n = 28) ND (n = 28)
Age 71.36 + 6.56 71.43 +6.62
Education 6.21 £4.15 6.46 +4.73
K-DRS 104.44 + 18.22 132.25 + 6.94
CDT 11.79 £ 6.16 18.45 £2.40

K-DRS = Korean version of the Dementia Rating Scale; CDT = Clock
Drawing Test; ND = non-demented matched controls.

Fukui, 2001; Lessig, Scanlan, Nazemi, & Borson, 2008;
Rouleau et al., 1992; Rouleau, Salmon, & Butters, 1996).
Conceptual deficits observed in the DAT patients have been
interpreted as stemming from the loss of semantic associa-
tion evoked by the word clock and the graphic representation
of a clock (Rouleau et al., 1992). However, this interpreta-
tion assumes that everyone had developed the semantic and
visuospatial representations of a clock and the constructional
ability to translate these mental representations into a drawing
before cognitive decline in dementia. Contrary to this as-
sumption, some older persons might fail to develop these
abilities. We found that misrepresentation of the clock itself
was mostly observed in the uneducated participants from
both the normative groups and the DAT group. The concep-
tual errors made by an uneducated normal individual are
likely to be due to poor development of the representation of
a clock or time on a clock face that are based on numeracy
and abstract thinking. Even though semantic association or
representation may be intact, the necessary constructional
skills might be poorly developed in uneducated people as
well (Moon & Chey, 2004; Manly et al., 1999).

The significant effects of education on the CDT perfor-
mance found in our study are in contrast to its recognition as
a test relatively independent of the effects of education
(Shulman, 2000). This, however, appears to be mainly due to
the difference in the range of education of the study popula-
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tions. When we examined the education effects confined to a
subpopulation of elderly people with 7 and longer years of
education in our study, we also found insignificant education
effects [7-12 years and >12 years; F(1,116) = 3.17; p =
0.08], while the age effects increased to significance [55—-64,
65-74 and more than 74 years old; F(2,116) =4.49; p < .05],
a finding very similar to those observed in previous studies
in the developed countries (Freedman et al., 1994; Yamamoto
et al., 2004). In an elderly Chinese sample with mean
education less than ours and expected literacy quite low, the
CDT performance correlated significantly with years of
education (Leung et al., 2005). Marcopulos, McLain, and
Giuliano (1997) also demonstrated that education was asso-
ciated with the CDT performance in a sample of rural elderly
Americans with limited education. Furthermore, the sensi-
tivity and the specificity improved as the years of education
increased. These findings suggest that the CDT may be a
more valid tool for screening dementia in older people with
more than primary education. This is consistent with Ainslie
and Murden (1993) who examined the effects of education
on the specificity and the sensitivity of several CDT scoring
systems. They found that low education decreased the spec-
ificity of some scoring systems, and concluded that clini-
cians have to use the CDT with caution when evaluating
individuals with low education. More recent study (Leung et al.,
2005) has provided different cutoff scores by educational
level to discriminate early DAT patients (Clinical Dementia
Rating = 1) from age-matched normal controls, finding that
sensitivity was lowest in the low education group (years or
education < 2). This could be partly due to the fact that
despite no formal schooling some individuals attain high
level of cognitive functions through informal education and
self-discipline, especially in developing countries where
economic hardship precluded formal education within
disadvantaged populations. This possibility might cause
large variance of cognitive performance, which could result
in low sensitivity in this group of older people.

MDAT (n=28)
BEND (n=28)

Fig. 1. Distribution of error types in the dementia of the Alzheimer’s type (DAT) and non-demented participants (ND) in

the Free-Draw Condition.
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Fig. 2. Examples of conceptual errors observed most frequently in the illiterate individuals with no education and in the
dementia of the Alzheimer’s type (DAT) patients. (A) Non-demented participant, female, 82 years old, uneducated, illit-
erate; (B) Non-demented participant, female, 69 years old, uneducated, illiterate; (C) DAT patient, female, 70 years old,
education = 6 years, literate; (D) DAT patient, female, 57 years old, uneducated, illiterate.

In this study, the sensitivity of the CDT for dementia
screening was lower than those reported in previous studies
(see Shulman, 2000, for a review; Death et al., 1993; Leung
et al., 2005; Shulman et al., 1986; Todd et al., 1995; Tuokko
et al., 1992; Watson et al., 1993; Wolf-Klein et al., 1989).
This difference could be due to the methodological differ-
ence determining cutoff scores between our study and other
studies. We determined the cutoff scores at a specific point,
that is, 5 percentile score, on the distribution of normative
data for each education group. This method could warrant
consistently high specificity irrespective of clinical groups,
although the sensitivity might vary according to the con-
cerned clinical group. On the other hand, most of the previous
studies investigating the utility of the CDT as a dementia
screening tool determined the optimal cutoff scores accord-
ing to the contrasting-group method (Koffler, 1980). Be-
cause the cutoff score is set at the score that best separates
the dementia group from the normal control group in these
studies (Death et al., 1993; Leung et al., 2005; Shulman
et al., 1986; Todd et al., 1995; Tuokko et al., 1992; Watson
et al., 1993; Wolf-Klein et al., 1989), the cutoff scores vary
depending on the specific clinical group upon which the
analysis was based. Consequently, both the sensitivity and
the specificity also vary. Although dementia is a progressive
disease, and the severity of symptoms differs according to
the disease stage, few studies to date have used cutoff scores
incorporating dementia progress.

Despite the fact that the CDT may be an attractive instru-
ment for detecting dementia in the elderly people with more
than primary education, it may not be the best tool for
elderly individuals without education, especially those who
are illiterate. Our findings suggest that clinicians must use
caution in using the CDT in populations with low educa-
tional attainment. The findings of our study, however, need
replication in other elderly populations with low education
or who are illiterate. In addition, future studies need to con-
sider larger patient groups with a wide range of educational
levels to obtain more conclusive evidence.

In conclusion, this study found that the CDT performance
is influenced not only by dementia but literacy status and
educational attainment. Conceptual errors frequently observed
in the DAT patients were also observed in the non-demented
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elderly individuals with scarce education, especially those
who were illiterate. In addition, we provide normative data for
the Korean population specified by education and literacy.
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APPENDIX 1

Modified Version of the Clock Scoring System

H. Kim and J. Chey

Scoring Criteria in the Free-draw and Pre-drawn condition
I. Shape*
2 points = Symmetry and Closure
1 point = Symmetry or Closure
0 point = No casing (e.g., circle, square, etc.)
II. Numbers 1-6 (Total of all criteria met)
1/2 point = At least one numbers present
1/2 point = All numbers present
1/2 point = At least one numbers in right side
1/2 point = All numbers in right place
0 point = No numbers
III. Numbers 7-12 (Total of all criteria met)
1/2 point = At least one numbers present
1/2 point = All numbers present and no number over 12
1/2 point = At least one numbers in left side
1/2 point = All numbers in right place
0 point = No numbers
IV. Hands (Total of all criteria met)
1/2 point = At least one hands present
1/2 point = Two hands present
1 point = Minute hand longer than hour hand
1 point = An “11” is present and is pointed out in some way for the time
1 point = A “2” is present and is pointed out in some way for the time
0 point = No hands or perseveration on hands

Scoring Criteria in the Clock Setting Condition (Total of all criteria met)
1 point = Hour hand is in the correct position (i. e. The shorter hand approaches 11 o’clock).
1 point = Minute hand is in the correct position (i.e., The longer hand approaches number 2).

Note. *Only in the Free Draw Condition.
APPENDIX 2

Calculation of the CDT Total Score

Total Score ( /20 points) = Free-draw ( /10 points) + Pre-drawn ( /8 points) + Clock setting ( /2 points)
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