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ABSTRACT
INTRODUCTION: This study assessed five scoring methods
of the Clock-Drawing test (CDT). 
MATERIAL AND METHODS: A total of 72 out-patients and
29 healthy controls were assessed three times. At Visit 1,
 diagnostic procedure and assessments were performed 
with the Clinical Global Impressions (CGI) and Global De-
terioration Scale (GDS), and the CDT and the Mini Mental 
State Examination (MMSE) were done blinded by a nurse.
At Visit 2, CDT and MMSE were repeated, and at Visit 3
the CDT, CGI and the GDS were repeated. The CDTs were 
then rated by physicians and nurses using five different 
methods of scoring. Receiver-operating characteristics
curve analyses were used to  assess the CDT’s suitability 
as a screening tool. Correlations between the five CDTs,
other scales and predictive values were calculated. The ex-
tent to which three-word recall could improve the predict-
ive values was analysed.
RESULTS: Correlations between the CDTs and the other 
scales were good. The predictive values were almost iden-
tical (positive values: 93-97%; negative values: 70-74%).
Three-word recall improved the values. Rates of dementia 
in general practice and corresponding predictive values 
were estimated which resulted in markedly lower positive
values around 60% for a rate of dementia of 20%, and 40%
for a rate of dementia of 10%. 
CONCLUSION: As predictive values were nearly identical,
the shortest scoring manual (0 to 1) seems preferable. 
FUNDING: The study was partly funded by Novartis Pharma
A/S.
TRIAL REGISTRATION: Scientific Ethical Committee,
2003-2-17.

The Clock-Drawing Test (CDT) [1] is a cognitive test with 
a number of scoring variations, most of which are fairly
easy and simple to perform and assess. Following the 
 initial publication on the CDT, several clinicians working 
with dementia have published studies using different
manuals for performing, scoring and interpreting the
CDT [2]. No consensus on the most appropriate method 
for each clinical situation has ever been reached [1]. 
Nevertheless, the clinical use of the CDT has increased
considerably over the past ten years. In Denmark, the
CDT is part of a cognitive screening recommended for
use in individuals applying for an extension of their driv-

ing permits beyond their seventieth birthday. The CDT
together with questions on orientation and three-word 
recall form the cognitive test usually performed in the 
surgery of general practitioners (GPs) [3]. In the present 
study, we investigated the clinical validity of the CDT as
a screening instrument for cognitive decline or demen-
tia. This is the first study of its kind on a Danish material.

MATERIAL AND METHODS 
Participants
The participants comprised patients referred to four
psycho-geriatric out-patient services in Denmark; nor-
mal controls were recruited, mostly among the patients’ 
caregivers and from local private organizations for the 
elderly. The patients had to fulfill the International
 Classification of Diseases (ICD)-10 criteria for dementia
[4], while the controls were recruited only if these 
 criteria were not met. All subjects were between 65 and
90 years of age. Candidates for participation were ex-
cluded if they suffered from aphasia, impaired hearing 
or sight severe enough to interfere with their ability to
be assessed on the scales applied. For the same reason 
only Danish-speaking participants could be included.
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Four attempts at the Clock Drawing test. The upper left is correctly per-
formed, the upper right and the lower left do not give the right time,
while the lower right clock shows additional problems in placing the 
numbers correctly.
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The participants have been described in more detail 
elsewhere [5].

Scales and diagnosis
The following scales were applied

A: The Clock-Drawing Test (CDT) [1]: As part of a com-
prehensive set-up, the CDT was performed on a pre-
drawn circle with a 10.6 cm diameter. Participants were 
asked to fill-in the numbers and set the time to ten past 
eleven. Participants were not allowed to look at another
clock for guidance. In some cases, numbers were written
outside the circle. As it became clear that this was a 
 habit in certain trades and businesses, this particular 
variant was accepted as correct.

B. The Mini Mental State Examination (MMSE) has 
eleven items with a score from 0 to 30, a low score be-
ing indicative of cognitive deterioration. The MMSE ver-
sion used in this study has been described elsewhere [6].
The items regarding orientation, three-word recall and 
the CDT are used as a cognitive screening test when
 elderly apply for an extension of their driver’s permit
 beyond their seventieth birthday.

C. The Clinical Global Impression (CGI) [7] is a global 
scale used by trained clinicians to assess the severity of 

a particular condition. Scale scores range from 1 to 7; 
1 = normal, not at all ill; 2 = borderline mentally ill;
3 = mildly ill; 4 = moderately ill; 5 = markedly ill; 6 = se-
verely ill; 7 = among the most severely ill.

D. The Global Deterioration Scale (GDS) [8] assesses 
the degree of severity of dementia disorders. The scale
has seven items: 1 = subjectively and objectively normal, 
independent; 2 = subjective complaints, objectively nor-
mal, independent; 3 = earliest signs of deficits, objective
deficits, independent; 4 = clinically obvious deficits on 
clinical interview, may live independently; 5 = unable to
survive without assistance, disorientation; 6 = will re-
quire assistance with basic activities of daily life, often in
nursing home; 7 = incontinent, verbal activities lost, al-
ways in nursing home. The GDS is not a diagnostic scale; 
it is used once a diagnosis of dementia has been made.

Assessment programme
Data collection took place from March 2003 to August 
2005. Twelve physicians and 16 nurses participated. 
Re-assessment of the CDTs made took place in 2007. 
All participants were assessed three times. At the first
visit, a diagnosis using the ICD-10 criteria and assess-
ments with the CGI and the GDS was made by one of 

TABLE 1

The five manuals used for scoring the Clock-Drawing Test (CDT).

CDT 1 [9]
score 0-5

CDT 2 [10]
score 0-2

CDT 3 [11]
score 0-1

CDT 4 [12] 
score 1-10

CDT 5 [13] 
score 1-6

5: Numbers and hands 
are correctly placed

2: Are numbers present 
and have they been 
placed correctly?

1: The clock 
drawing is 
correct

10-6: The drawing of a watch with circle and numbers that are
usually intact

1: A clock has nearly been drawn

4: Mild visuo-spatial 
errors

1: Are the hands present 
and have they been 
placed correctly?

0: The clock 
drawing is not 
correct

10: Hands are correctly placed 2: Numbers are placed in the correct  order, 
their placing is disregarded

3: Clear-cut errors
in time given

0: Neither numbers
nor hands are present
or they have been
placed incorrectly

9: Minor errors in placing of hands 3: Numbers are in correct order and  
correctly placed

2: Moderate visuo-
spatial errors

8: More obvious errors in placing of hands 4: Hands are drawn, their placing is 
 disregarded

1: Marked visuo-
spatial errors

7: Placing of hands are completely incorrect 5: Hands show the approximately  correct 
time, but are not placed quite correctly

0: Neither numbers
nor hands are remotely 
correctly placed

6: Incorrect use of hands (e.g. circling the time,
using digital numbers etc.)

6: Hands are placed correctly

5-1: Drawing of watch, circle and numbers are not intact

5: Numbers are all placed at one end of the circle, numbers
are reversed, etc., hands may still be present in some form

4: Placing of numbers is even more incorrect

3: Hands and numbers are no longer coherent.
Hands may not be present

2: The drawing implies that parts of the instruction has 
been understood; however, only weak signs of a watch is 
 recognizable

1: No attempt or only rudimentary attempts to draw a clock
may be recognized
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the physicians. Following this and on the same day, par-
ticipants were assessed by one of the nurses using the
MMSE and the CDT as well as other scales [5]. On the 
second visit one week later, nurses repeated the MMSE
and the CDT. The third visit took place six month after
the first and the assessment programmes were identical. 
Blinding of the results was upheld between the phys-
icians’ and the nurses’ test results throughout the study.
Co-rating sessions were done to ensure the reliability of 
the test; nine co-ratings of the MMSE and CDT and ten
of the CGI and GDS were held based on videotaped
 recordings of patients.

After completion of the primary study, copies of the 
original CDT results were made and distributed among 
the participating clinicians together with five different
scoring instructions, Table 1, including: a modified ver-
sion described by Shulman et al [9], the CDT as part of 
a short mental status test [10] and as part of the Mini-
Cog (i.e. the CDT combined with the three-word recall
test) [11], the 10-point version by Sunderland et al [12],
and a version by Shua-Haim et al [13]. These assess-
ments were performed independently and with no pos-
sibility of mutual interference.

Data analysis
Test-retest results and inter-rater reliability were ana-
lysed using intra-class-coefficients [14]. The CDT’s value 
as a screening-tool was analysed using receiver-operat-
ing characteristics curve (ROC)-analyses with the ICD-10
diagnoses as the golden standards [15]. The most opti-
mal cut-off  value was decided for each CDT scoring, and 
each CDT was tested for correlation with other parame-
ters such as the MMSE, the GDS and the CGI using the 
Spearmann correlation coefficients [16]. Positive and 
negative predictive values were calculated for the study 
population and estimated for the population in general
practice. The base rates of dementia were 71% in all 
analyses; the prevalence of dementia in general practice
is unknown. We chose to set it at 10% and 20%, the 
 latter percentage being approximately the double of 
the estimated prevalence of dementia in the Danish 
population within the age range of the participants of 
this study, i.e. 11.5% [17]. It was also analysed how
many of the false positive and false negative participants 
could subsequently be captured by the recall item of the
MMSE as an add-on item using a cut off of one false an-
swer. Furthermore, we analysed the correlation of the
CDT and the item: “copying two overlapping pentagons” 
of the MMSE, as this item also assesses the visuo-spatial 
function. 

Ethics
The study was partially funded by Novartis Pharma a/s.
The study was performed in accordance with the Hel-

sinki declaration and approved by the local scientific 
ethics committee. All participants received verbal and
written information and written consent of participation 
was given. No other trial registration was needed.

Trial registration: Scientific Ethical Committee, 
2003-2-17. 

RESULTS
A total of 101 persons were included in the study, the
age and gender distribution as well as the MMSE scores
are illustrated in Table 2. In all, 29 were non-demented, 
59 suffered from probable Alzheimer’s disease, eight 
had probable vascular dementia and five had other 
forms of dementia disorders. Eighty-two (15 controls) 
were re-assessed at visit two, ninety at visit three; how-
ever, two were too cognitively impaired to fully partici-
pate in the testing which left 88 (27 controls) data sets
for analysis. No controls were found to fulfil the demen-
tia criteria at visit three. Statistically significant differ-
ences were found between the participating patients
and controls regarding age and MMSE score. The intra-
class-coefficients [10] of the MMSE, CGI and GDS ratings 
were all satisfactory (0.98, 0.88 and 0.69, respectively).
The test-retest of the original CDT was satisfactory 
(0.74). The inter-observer reliability for all five sets of 
CDT scoring when used by the physician was almost per-
fect (0.98-0.99), while that of scoring set four was some-
what lower (0.89); however, this was still almost perfect 
when applied by the nurses.

The correlations between the five CDT sets and the
CGI and GDS ranged from 0.69 to 0.79. The highest cor-
relation was observed for the most specific scoring set 
(no. 4) and the lowest resulted from the least specific 
(no. 3). The correlation with the MMSE was somewhat
weaker; however, it remained acceptable, ranging from
0.70 to 0.81, while the correlation with the copying of 
pentagons was weaker still, 0.63-0.69.

The distribution of age and gender, Mini-Mental-State-Examination, Clinical Global Impressions and Geri-
atric Deterioration Score scores for the participants suffering from dementia and the healthy controls.

Demented 
(n = 72)

Non-demented
(n = 29) p valuesa

Women, n (%) 45 (63) 17 (59) NS

Age, years, mean ± SD 80.5 ± 8.3 75.3 ± 6.7 0.003

MMSE score, median (range) 17 (1-29) 29 (26-30) 0.0001

MMSE score, mean ± SD 15.6 ± 6.9 28.6 ± 1.5 0.0001

CGI, mean ± SD 4.4 ± 1.1 1.0 ± 0.0 0.001

GDS, mean ± SD 4.9 ± 1.8 1.2 ± 0.4 0.001

CGI = Clinical Global Impressions; GDS = Global Deterioration Scale;
MMSE = Mini Mental State Examination; NS = not significant; SD = standard deviation.
a) Wilcoxon signed rank; Mann-Whitney test.

TABLE 2
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The results of the ROC analyses are given in Table 3. 
The optimal cut-off value for each scoring set is shown;
it should be noted that scoring set no. 3 had only one 
possible cut-off value (i.e. the value 1) as it is dichotom-
ous. Using these cut-off values, the predictive values 
were calculated for the study population. Predictive 
 values were also calculated for prevalence rates closer
to those likely to be found in general practice. Only 
small differences were found between the five scoring 
methods, in the study population as well as in the “gen-
eral practice” population. The positive predictive values 
decrease and negative predictive values increase con-
siderably as prevalence rates decrease. The number of 
false predictions in the study population varied between
13 (CDT 4) and 15 (CDT 3). When subsequently adding
the recall item from the MMSE, the number of falsely 
predicted cases fell to five (CDT 2), four (CDT 3, 4 and 5)
and three (CDT 1). In all CDTs, only one individual with
dementia remained test-negative when the recall item 
was used.

DISCUSSION
The perfect scale for assessing dementia should be short 
and easy to administer. Furthermore, it should be applic-
able throughout the entire dementia disorder spectrum 
and it should reliably discriminate between demented 
and non-demented individuals.

Screening of dementia is often done by applying 
a number of scales and it has been customary that both 
the MMSE and the CDT were part of this set-up. The CDT
to some extent assesses the frontal and temporo-par-
ietal brain function by roughly screening the following 
cognitive abilities: understanding of verbal material,

apraxia, visuo-spatial ability, executive functioning,
and abstract thinking. The CDT may in this way be seen 
as supplementing the MMSE and it does not seem to 
emotionally affect the tested individuals [18]. The CDT
seems to correlate with other cognitive tests and with 
the regional cerebral blood-flow in Alzheimer disease 
patients [19]. 

The CDT’s adequacy as a screening tool has previ-
ously been studied [1, 20]. These studies did not find
the CDT to be very reliable when screening for incipient 
and mild dementia, and they also criticised even earlier
studies that reported satisfactory screening abilities for 
focusing on more advanced cases. When using the CDT
with other cognitive tests, as has been done in this
study, a general improvement in sensitivity has been 
shown; however, this was not achieved when the CDT
was combined with the MMSE.

One limitation of the present study is the small
number of controls and the fact that most of the partici-
pants with dementia were mildly to moderately ill per-
sons referred for dementia assessment. The study there-
fore does not analyse the CDT’s ability to discriminate
between cognitively intact persons and persons with 
very mild impairment.

The advantages of this study are the fact that se v-
eral centres participated in ensuring that individuals 
from rural areas, cities and from the Capital Region 
 participated. The participating centres all diagnose and
treat dementia disorders on a daily basis, which height-
ens the validity of the dementia diagnosis. On the other
hand, it might be argued that a test intended for use
in general practice ideally should be studied in this en-
vironment. In clinics such as those participating in the
present study, dementia disorders are highly prevalent
and the number of test-positives will be very high. The 
predictive values of a screening test studied under such
circumstances will be overrated, and this must be taken 
into account when judging the CDT’s clinical usability in
everyday life in the GPs’ practice. Albeit results should 
be interpreted with caution due to the small number of 
controls, this is corroborated by the calculations of the 
predictive values in “general practice” using dementia
prevalence rates of 20% and 10%. Adding the recall item 
will reduce the false test-negative results, while false 
test-positive results remain largely unchanged. How-
ever, individuals with test-positive results should be 
 referred for more thorough investigation at a memory 
or dementia clinic.

CONCLUSION
A single test that may decide whether an individual 
could safely continue to drive does not exist. Such evalu-
ation depends on a number of factors, one of which is
whether the individual suffers from a dementia disorder

TABLE 3

The most appropriate cut-off values of each Clock-Drawing Test. The posi-
tive and negative predictive values for each Clock-Drawing Test in the
study and projected to artificial general practice populations based on 
rates of dementia arbitrarily set at 20% and 10%.

CDT 1 CDT 2 CDT 3 CDT 4 CDT 5

Cut-off value ≤ 3 ≤ 1 0 ≤ 8 ≤ 3

Sensitivity, % 86 87 85 87 86

Specificity, % 86 83 86  86 86

Study

PPV, % 94 93 94 97 94

NPV, % 72 72 70 74 72

General practice 20%

PPV, % 61 56 60 60 61

NPV, % 96 96 96 96 96

General practice 10%

PPV, % 41 36 40 43 41

NPV, % 98 98 98 98 98

CDT = Clock-Drawing Test; NPV = negative predictive value; 
PPV = positive predictive value.
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requiring further examination and possibly treatment. 
In this study, we have tried to examine which scoring
manual of the CDT is the best when screening for de-
mentia. The differences in outcome between the indi-
vidual scoring manuals are minor; all CDTs have a sensi-
tivity and a specificity of around 86% and 87%. Positive
predictive values ranged from 93% to 97%, while the
negative predictive values ranged from 70% to 74 %. 
All enjoyed excellent inter-rater reliabilities. Even 
though the CDT 4, the most elaborate scoring manual,
had slightly higher values, the CDT 3 seems to be the 
most recommendable owing to its simplicity. To increase
the CDT’s clinical usability, it is recommended to com-
bine it with a three-word recall test.
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