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Abstract

The clock drawing test (CDT) is a widely used cognitive screening test. It is useful in identifying focal lesions and
cognitive deficits in dementia groups. Lately, several studies attempted its use to differentiate between dementia
subtypes. Although many studies have examined the CDT in dementia populations, research into the use of clock
drawing in frontotemporal dementia (FTD) is limited. We examined quantitative (global) and qualitative (specific
error type) differences on the CDT between FTD (n5 36) and Alzheimer’s disease (AD; n5 25) patients and
controls without dementia (n5 25). Results showed significantly lower overall scores in the dementia groups
compared to the control group, whereas FTD patients scored significantly higher than the AD group. On qualitative
analysis, the FTD group had fewer stimulus bound responses, conceptual deficits, and spatial or planning errors
compared to the AD group. In conclusion, both global and error analysis of the CDT helped discriminate the FTD
group from controls and AD patients. (JINS, 2006, 12, 159–165.)

Keywords: Pick’s disease, Pick complex, Alzheimer’s type dementia, Primary progressive aphasia, Semantic
dementia, Clock drawing

INTRODUCTION

The clock drawing test (CDT) is a widely used clinical
measure to screen for dementia (Wolf-Klein et al., 1989;
Dastoor et al., 1991; Kirk & Kertesz, 1991; Huntzinger
et al., 1992; Libon et al., 1993; Shulman et al., 1993). It is a
quick (less than two minutes) and easy test to administer. It
is well tolerated by patients and straightforward to score,
giving results that are relatively independent of culture and
language (Shulman, 2000). Even though there are many
scoring systems for the clock with differing instructions
and emphases, the mean sensitivity and specificity for
dementia were estimated by Shulman to be high at 85% for
both. The CDT is usually performed correctly in individu-
als without cognitive impairment and is sensitive to cogni-
tive changes in those with dementia (Freedman et al., 1994;
Rouleau et al., 1996; Shulman, 2000). The CDT gives cli-
nicians information about the level of planning, numerical
and visual memory, comprehension, graphomotor ability,

and visuospatial and constructive skills of patients (Freed-
man et al., 1994; Shulman, 2000; Kremer, 2002). It has
been shown to discriminate individuals without dementia
from dementia populations (Sunderland et al., 1989; Wolf-
Klein et al., 1989; Mendez et al., 1992; Tuokko et al., 1992;
Esteban-Santillan et al., 1998). It also has discriminative
power among various dementia populations, discriminat-
ing Alzheimer’s disease (AD) from dementia with Lewy
bodies and Parkinson’s disease (Cahn-Weiner et al., 2003),
vascular dementia (VAD; Kitabayashi et al., 2001), and
Huntington’s disease (HD; Rouleau et al., 1992).

Frontotemporal dementia (FTD) has a probable preva-
lence of 12.5% of autopsied degenerative dementia cases
(Brun, 1987). A recent study by Knopman et al. (2005)
reported a lower estimate of 7.9%. The clinical syndromes
of FTD accepted by various consensus groups (Neary et al.,
1998; McKhann et al., 2001) are the behavioral variant
(FTD-bv), progressive nonfluent aphasia (PNFA), and
semantic dementia (SD). Patients with FTD have relatively
preserved episodic memory with prominent deficits in
behavior and language, which distinguishes them from AD.
Behavioral changes and executive dysfunction or both are
characteristic of FTD-bv; logopenia, agrammatism, effort-
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ful, and nonfluent speech are typical of PNFA (Mesulam,
1987), whereas comprehension deficits, loss of word and
object meaning, and semantic paraphasias define SD
(Snowden et al., 1989; Hodges et al., 1992). The clinical
evolution and sharing of underlying pathological features
are in favor of an overlapping cohesive complex (Kertesz
& Munoz, 1998; Kertesz et al., 2005) and these conditions
rarely if ever remain pure during the natural evolution of
the illness. These clinical syndromes contrast with AD, where
episodic memory loss is the primary deficit followed in the
early stages by some degree of executive, visuospatial, and
semantic impairment (Hodges & Patterson, 1995; Perry &
Hodges, 1999).

Although many studies have investigated various clock
drawing tasks in dementia populations, research into the use
of clock drawing in FTD is limited (Kremer, 2002). Moretti
et al. (2002) showed that FTD patients had similar scores to
VAD patients, but higher scores thanAD patients on a 10-point
scoring system. Rating was confined to overall CDT scores
rather than detailed error analysis among the groups. Ras-
covsky et al. (2002) found that pathologically confirmed FTD
patients (3 with Pick body pathology and 11 with Dementia
Lacking Distinctive Histology) scored higher thanAD patients
on the CDT, but again, only overall differences were exam-
ined. Because clock drawing is a complex task, requiring var-
ious cognitive skills, detailed error analysis may reveal
cognitive changes reflecting different dementias (Kitaba-
yashi et al., 2001). For example, Rouleau et al. (1992) found
no overall difference between patients diagnosed with AD
and HD on the command condition of the CDT. However, on
qualitative error analysis, important distinctions became evi-
dent in graphic difficulties, conceptual errors, perseveration,
and stimulus-bound responses.Additional research by Cahn-
Weiner et al. (2003) and Heinik et al. (2000) has shown that
qualitative differences emerge between dementia groups
when no disparity was found overall.

The aim of our study therefore, was to examine both
overall and error differences among clock drawings pro-
vided by FTD and AD patients, as well as individuals with-

out dementia. We hypothesized that the early preservation
of visuospatial skills in FTD patients (Elfgren et al., 1994;
Rascovsky et al., 2002; Kertesz et al., 2003) would yield
higher scores in the spatial layout of the clock in these
groups compared to the AD group. The AD group was
expected to have significantly more difficulty on concep-
tual aspects of the task, as reported previously (Rouleau
et al., 1992, 1996). We only examined the command condi-
tion of the CDT in this pilot study, which has been shown to
be a more sensitive and cognitively demanding measure
compared to the copy condition (Freedman et al., 1994).

METHOD

Research Participants

We analyzed clocks drawn by older individuals without
dementia (n 5 25) and patients diagnosed with FTD (n 5
36) and AD (n 5 25). The FTD group was composed of
FTD-bv (n5 18), PNFA (n5 13), and SD (n5 5) patients.
All study participants were seen in our clinic between 2003,
when CDT according to the Rouleau et al. (1992) system
became a regular part of clinical assessment, and early 2005
(see Table 1). The AD patients all met the criteria for prob-
able Alzheimer’s disease according to the National Institute
of Neurological and Communicative Disorders and Stroke
and the Alzheimer’s Disease and Related Disorders Asso-
ciation (NINCDS-ADRDA; McKhann et al., 1984). The
FTD sample fulfilled the Neary et al. (1998) and McKhann
et al. (2001) criteria. The positive predictive value on autopsy
based on the McKhann et al. (1984) and Neary et al. (1998)
criteria have been shown to be greater than 80% (Bowler
et al., 1998; Kertesz et al., 2005). The PNFA group included
patients who were anomic, logopenic, and nonfluent. The
SD group was diagnosed by the presence of a prominent
comprehension deficit, naming difficulty, and asking the
meaning of nouns and objects. All FTD patients were placed
into FTD-bv, SD, and PNFA groups based on syndromes at
the onset of illness. From the history provided at consulta-

Table 1. Demographic characteristics, cognitive test results, and overall CDT scores of participants

FTD
(n5 36)

AD
(n5 25)

Controls
(n5 25)

Total Population
(N5 86)

M (SD) M (SD) M (SD) M (SD) p value

Age (yrs) 65.14 (7.66) 78.76 (6.04) 65.36 (3.96) 69.16 (8.78) b,.001
Education (yrs) 13.64 (3.74) 11.88 (4.77) 12.12 (2.93) 12.69 (3.9) .17
Duration of illness (yrs) 3.83 (2.02) 3.42 (2.12) .45
Gender (F:M) 18:18 10:15 13:12 41:45 .65
MMSE (maximum5 30) 24.22 (3.98) 22.12 (1.92) 28.84 (1.07) 24.95 (3.86) c,.001
DRS-2 (maximum5 144) 113.21 (20.23) 113.25 (11.55) 139.44 (3.59) 121.63 (18.94) a,.001
CDT (maximum5 10) 7.74 (1.99) 5.48 (2.36) 9.54 (.58) 7.6 (2.4) c,.001

Note. AD5Alzheimer’s disease, FTD5 Frontotemporal dementia.
acontrols versus FTD, controls versus AD.
bAD versus controls, AD versus FTD.
cFTD versus controls, FTD versus AD, controls versus AD.
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tion, 15 patients in the FTD-bv group had a behavioral
syndrome at onset, 2 had dysexecutive problems observed
around the home and at work, and 1 had a combination of
both behavioral and dysexecutive symptoms at onset. At
the time of the CDT, 3 FTD-bv patients had began to develop
symptoms of progressive aphasia (PA), 2 had features of
SD, and 1 had signs of motor neuron disease. Of the 5 SD
patients, 3 had developed behavioral changes by the time of
testing.

FTD patients with extrapyramidal disorders, such as cor-
ticobasal degeneration syndrome (CBDS) and progressive
supranuclear palsy (PSP) that would interfere with their
ability to perform the CDT, were excluded. This only resulted
in the exclusion of two patients. One patient had FTD-bv as
a primary syndrome with secondary and tertiary syndromes
of CBDS and PA, respectively. The other patient had PNFA
as a primary syndrome and PSP as the secondary syndrome.

The exclusion criteria for all patients included meta-
bolic causes of dementia, history of drug abuse, alcohol
dependence, serious psychiatric condition, neurological dis-
order such as stroke or closed head injury, a current major
depressive episode, psychosis, acute mania, and bipolar
disorder. Imaging was conducted on all patients to exclude
other causes of dementia such as stroke or tumor. How-
ever, imaging was not used as a confirmatory diagnostic
measure; diagnosis was based on the prior mentioned clin-
ical criteria.

Control data was obtained from the accompanying care-
givers of patients. The control group was selected to match
the FTD groups in age and education. The inclusion criteria
for controls consisted of no history of memory problems,
age and education-adjusted scale score of nine or higher
(normal range) on the second edition of the dementia rating
scale (DRS-2; Jurica et al., 2001); and Mini-Mental State
Examination (MMSE; Folstein et al., 1975) scores above
age and education adjusted cut-off scores (Crum et al., 1993).

Procedures

After receiving a pencil and a blank sheet of paper, par-
ticipants were told, “I would like you to draw a clock, put
in all the numbers, and set the hands for 10 after 11.” The
drawings were analyzed by two judges (WD and NB) who
were blinded to the diagnosis and identity of each individ-
ual in our study. The judges followed the quantitative (over-
all) scoring system, set out by Rouleau et al. (1992), with
a maximum of 10 points. It was designed to examine the
clock face (maximum, 2 points), layout of numbers (max-
imum, 4 points), and the position of the hands (maximum,
4 points). The average score of the raters was used in the
analysis. Qualitative error scoring was done according to
six error types also employed by Rouleau et al.: (1) clock
sizes that are either large (greater than 12.7 cm) or small
(less than 3.81 cm); (2) graphic difficulties such as distor-
tions in the clock face, hands or a general clumsy perfor-
mance; (3) stimulus-bound responses that are either pure
(also known as the “frontal pull” response), where the

hands are set to 10 to 11 instead of 10 after 11; or other
types of stimulus bound responses that are also rated as
conceptual errors, such as the time written on the clock,
absent hands or hands pointed to 10 or 11; (4) conceptual
deficits that include misrepresentation of the time, such as
the hands are absent or inadequately displayed; or misrep-
resentation of the clock face, such as a clock without num-
bers or the inappropriate use of numbers; (5) spatial or
planning deficits that include neglect of the left half of the
clock, gaps between numbers, numbers outside the clock,
and counterclockwise layout of numbers; and (6) persev-
eration of hands or numbers. A qualitative error was con-
sidered present only if both judges agreed on its presence.
The judges reviewed each clock independently and in a
random order. Using a two-way random effects model based
on consistency, the interrater reliability intraclass correla-
tion coefficient of the average rater for overall scores was
.95 (.92–.96), p , .001. Cohen’s kappa measure of agree-
ment between the raters on qualitative measures ranged
from fair to excellent (.49–.8). The Cohen’s kappa value
and standard error for qualitative measures were as fol-
lows: clock size (.54 6 .12), graphic difficulty (.49 6 .1),
stimulus-bound responses (.73 6 .08), conceptual deficits
(.66 6 .08), spatial or planning deficits (.59 6 .09), and
perseveration (.8 6 .11). All participants were adminis-
tered the DRS-2 except for 4036 FTD and 5025 AD patients,
whereas all received the MMSE. Time pressure during
clinic visits resulted in the missing DRS-2 data.

Statistical Analyses

A multivariate analysis of variance (MANOVA) was con-
ducted to assess age, education, MMSE, and DRS-2 scores
among the groups. Tukey-Kramer post hoc comparisons
were done. A t test was performed to examine duration of
illness differences between the dementia groups. Gender
differences among the groups were analyzed using the chi-
square test. An analysis of covariance (ANCOVA) was per-
formed to examine overall CDT scores among the control,
FTD, and AD groups using age and education as covariates.
Post hoc tests were conducted with a Bonferroni adjust-
ment. Chi-square tests were performed to analyze qualita-
tive error frequencies among the groups. A logistic regression
analysis was utilized to discriminate AD patients from the
FTD group based on CDT measures.

All statistical analyses were performed using the Statis-
tical Package for the Social Sciences (SPSS version 10.1
for Windows, Chicago, IL, USA) and all hypotheses were
tested at alpha level of .05 (2-tailed).

RESULTS

Demographic and Cognitive Test Results
for Groups

Table 1 shows demographic characteristics and cognitive
test results of the groups. A MANOVA showed a significant
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difference between the groups in demographic variables [Pil-
lai’s Trace 5 1.03, F(8,146) 5 19.41, p , .001]. Age was
significantly different among the groups, F(2,75)5 33.72,
p , .001. On Tukey-Kramer post hoc analysis, the AD
group was significantly older than the FTD, p , .001, and
control groups, p , .001. No difference in age was found
between the control and FTD groups, p5 .92. There were
no significant differences among the groups in education,
F(2,75)5 1.82, p5 .17. MMSE scores were significantly
different among the groups, F(2,75)5 34.76, p, .001. On
Tukey-Kramer post hoc analysis, the control group had sig-
nificantly higher MMSE scores compared to the FTD, p ,
.001, and AD groups, p, .001. The FTD group had signif-
icantly higher MMSE scores than the AD group, p 5 .04.
DRS-2 scores were significantly different among the groups,
F(2,75)5 27.46, p , .001, with higher scores in the con-
trol group compared to the FTD, p , .001, and AD groups,
p , .001, on Tukey-Kramer post hoc analysis. There was
no significant difference in total DRS-2 scores between the
dementia groups, p 5 1. An independent samples t test
showed that the time from onset of illness to testing (repre-
sented as duration of illness in Table 1) was similar between
the dementia groups, t(58)5 .77, p5 .45. Chi-square analy-
sis showed no significant gender differences among the
groups, x2(2, N5 86)5 .86, p5 .65.

Overall and Error Analysis of CDT
comparing Control, AD, and FTD groups

Figure 1 shows the quantitative CDT scores for the groups.
An ANCOVA covarying for age and education showed a
significant difference in overall scores among the groups,
F(2,80)5 19.97, p , .001 (see Table 1). Post hoc analysis
with a Bonferroni adjustment showed that the control group
had significantly higher scores than the FTD, p, .001, and

AD groups, p , .001. The adjusted means for the control,
FTD, and AD groups were 9.6 (SE5 .38), 7.62 (SE5 .33),
and 5.53 (SE5 .48), respectively. The FTD group had sig-
nificantly higher scores than the AD group, p , .01. A
second ANCOVA comparing the dementia groups covary-
ing for severity of dementia as measured by the MMSE in
addition to age and education still showed significantly
higher overall scores in the FTD group compared to the AD
patients, p , .047.

Figure 2 shows the percentage of different errors types
committed by the groups. On qualitative error analysis using
the chi-square test, the groups differed significantly in
graphic, x2(2, N 5 86) 5 9.64, p , .01, stimulus bound,
x2(2, N 5 86) 5 29.48, p , .001, conceptual, x2(2, N 5
86)5 27.69, p, .001, and spatial or planning errors, x2(2,
N586)529.89, p, .001. Comparisons between the demen-
tia groups showed significantly fewer errors in stimulus
bound responses, p , .001, conceptual deficits, p 5 .02,
and spatial or planning errors, p , .001, in FTD patients
compared to the AD group. Subanalysis of stimulus-bound
responses showed significantly fewer errors in the FTD group
compared to the AD group in “frontal pull”, p 5 .04, and
stimulus bound responses that are also rated as conceptual
errors, p , .01. Subanalysis of conceptual errors showed
significantly fewer errors in misrepresentation of time, p5
.02, in FTD patients compared to the AD group. No differ-
ence in misrepresentation of clock face was found between
the groups, p5 .34. Subanalysis of spatial or planning errors
showed significantly more errors in the spatial layout of
numbers, p , .01, and numbers outside the clock, p5 .03,
in AD patients compared to the FTD group. There was no
difference between the groups in neglect of the left hemi-
sphere, gaps before 12, 3, 6, and 9, and numbers arranged
counter-clockwise, p . .05.

The control group made significantly less errors in graphic
difficulty, p , .05, fewer stimulus-bound responses, p ,
.05, conceptual deficits, p , .05, and spatial or planning
errors compared to both FTD and AD patients. The AD
group also made more perseverative errors compared to the
control group, p5 .04.

A logistic regression analysis was performed to discrim-
inate AD patients from the FTD group. The analysis was
done with a diagnosis of FTD or AD as the categorical
dependent variable and overall scores, stimulus-bound
responses, conceptual deficits, and spatial or planning errors
as predictor variables. The model was significant, x2(4,
N5 61)5 26.18, p , .001, accounting for between 34.9%
and 47% of the variance in discriminating FTD from AD
patients. The model correctly classified 88.9% of FTD
patients and 76% of AD patients with an overall prediction
accuracy of 83.6%.

DISCUSSION

Consistent with previous studies investigating the CDT
(Moretti et al., 2002; Rascovsky et al., 2002), the FTD
group has higher overall scores on the CDT compared to

Fig. 1. Mean and individual data points of quantitative scores
among the FTD (n 5 36), AD (n 5 25), and control (n 5 25)
groups.
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the AD group. Qualitative error analysis shows that the FTD
group has fewer visuospatial deficits, particularly in the
spatial layout of numbers. Previous studies (Elfgren et al.,
1994; Rascovsky et al., 2002) have shown better perfor-
mance in FTD patients compared to AD patients on visuo-
spatial abilities, but this is the first study to show such
deficits in the context of the clock drawing task. Compared
to the FTD group, the AD group has more conceptual def-
icits and stimulus-bound errors most consistent with a con-
ceptual deficit. Rouleau et al. (1992, 1996) suggested that
this increased occurrence of conceptual deficits in AD
patients is due to a loss of semantic association evoked by
the word “clock.”

The finding of increased errors on visuospatial aspects of
the clock in the AD group compared to FTD patients was
expected because memory function is necessary for the accu-
rate recall of the visuospatial aspects of a clock (Freedman
et al., 1994). However, Rouleau et al. (1992) found that AD
patients show a vast improvement in the copy condition of
the CDT where perceptual ability, not intact recall, is an
essential component. The command condition examined in
our study requires language skills to comprehend verbal
instructions, and memory and conceptualization for the visual
layout of a clock and the various time settings, making it
more demanding than the copy condition (Freedman et al.,
1994). The command condition is not only sensitive to pari-
etal lobe damage, reflected by visuospatial deficits, but also
to deficits in language, semantic, and memory processes in
the temporal lobe, and executive functioning in the frontal
lobe. As a result, the command condition is the most widely
used administrative procedure of the CDT. This is in con-
trast to two other options, namely, placing various time
settings in partially completed clocks with numbers and
circular boundaries or copying visually presented clocks,

already completed. Rouleau et al. (1996) showed that the
command condition was most sensitive to change, which
was evidenced by a steeper decline over three annual ses-
sions compared to the copy condition. Given sufficient time,
patients could complete all three forms of CDT because
they each have a different emphasis, despite the consider-
able overlap in cognitive resources required (Freedman et al.,
1994). However, the command condition places greater reli-
ance on conceptualization and visual memory, which is more
difficult and impaired in AD patients than other groups,
perhaps adding to the diagnostic value of this format in
dementia.

Compared to the FTD group, the AD group had more
errors in what is considered executive function errors, spe-
cifically, the “frontal pull” response, despite some research
showing greater executive impairment in FTD compared to
AD patients (Pachana et al., 1996). Executive deficit depends
on the measures used and it is very sensitive to aging and to
all dementing processes. Both AD and FTD groups have a
degree of executive deficit but the extent and contribution
of this to clock drawing needs to be explored further. The
Royall et al. (1998) “CLOX” format uses specific instruc-
tion to identify dysexecutive errors that may be useful for
this purpose. The “frontal pull” response is consistently
referred to as an error of executive function in the clock
drawing literature (Freedman et al., 1994). However, we
believe that in addition to an executive error, the “frontal
pull” response can be indicative of a comprehension defi-
cit, for example, as a conceptual misunderstanding of the
time instruction of “10 after 11” for “10 to 11.” Rouleau
et al. (1992) also alluded to the “frontal pull” response as a
grammatical error or a momentary lapse of attention. Cosen-
tino et al. (2004) failed to find significant correlations
between qualitative error deficits on the command condi-

Fig. 2. Percentage of control individuals (n5 25) and FTD (n5 36) and AD (n5 25) patients making different kinds
of qualitative errors.
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tion of CDT and executive and semantic test indices. They
used a qualitative scoring system comparable to the Rou-
leau et al. (1992) version to compare AD and VAD patients.
They suggested that discrepant findings in previous studies
focusing on the CDT as strict measures of executive dys-
function (Royall et al., 1998) or semantic deficits (Libon
et al., 1993, 1996) are most likely due to the multiple cog-
nitive resources utilized in this task. Their results suggest
that deficits in executive control and semantic knowledge
can have similar effects on the command condition of the
CDT. To a certain extent, Rouleau et al. recognize the over-
lapping cognitive skills needed to perform the CDT and
stipulate that certain errors be scored simultaneously in dif-
ferent categories. Their qualitative error scoring system
requires that instances where the time is written on the clock
and hands are absent or pointed to 10 or 11 be scored as
both stimulus-bound and conceptual errors.

Our results suggest better-preserved visuospatial skills
and conceptual abilities on the CDT in patients presenting
with cognitive presentations of FTD compared to AD patients
after adjusting for age, education, and dementia severity.
The regression analysis correctly classified 88.9% of FTD
patients and 76% of AD patients. Although the MMSE and
DRS-2 are generally used to assess severity in dementia,
these measures are heavily language dependent. Despite
the ability of the CDT to discriminate FTD and AD patients,
there is much overlap between these groups. Similar to other
brief cognitive screens, the CDT should not be used in iso-
lation. However, it is an effective tool to utilize in combi-
nation with other measures to aid diagnosis. Analysis of
FTD subtypes should be the priority for future research in
this area. This was not done in our study due to the small
sample sizes. Moreover, an understanding of changes in the
clock drawing profiles of different FTD subgroups over
time is likely to yield valuable information regarding the
cognitive profile of FTD as the disease progresses.
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