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Abstract

Objective.To characterize qualitative ClockDrawing Test (CDT) error profiles across dementia
etiologies and mild cognitive impairment (MCI), and to propose a clinically interpretable six-
class framework.
Methods. In a hospital-based study in Kolkata, India, consecutive adults with cognitive
impairment completed a free-drawn “ten past ten” CDT. Errors were coded using classical
qualitative categories and clock components (face, numbers, hands), then collapsed into six
classes: conceptual, stimulus-bound/perseveration, spatial, planning, number-related, and
graphic-conceptual. For nonexclusive domains, omnibus Pearson χ² tests summarized error
distributions across diagnoses; Cramér’s V quantified effect size.
Results. Participants includedAlzheimer’s disease (AD; n= 36), vascular dementia (VaD; n= 16),
behavioral variant frontotemporal dementia (bvFTD; n = 9), MCI (n = 19), and other conditions
(n = 22). Although 50.0% drew a normal clock face, only 11.8% achieved perfect numbering and
12.7% set the hands correctly. Conceptual errors were most frequent (70.6%), followed by spatial
errors (47.1%); neglect and counterclockwise numbering were rare (3.9% each). Error distribu-
tions differed by diagnosis for face, numbers, and hands (all p < 0.001; V = 0.4–0.5). The six-class
scheme retained a significant distributional association with diagnosis (χ² = 43.365, p = 0.002;V =
0.3): bvFTD showed prominent conceptual and graphic-conceptual failures, AD combined
conceptual and spatial errors, MCI emphasized spatial and number-related errors, and VaD
was heterogeneous.
Conclusions. Qualitative CDT profiles vary meaningfully across cognitive disorders. This
concise six-class framework captures clinically salient patterns, especially in severely degraded
drawings, and may complement brief memory screening and digital CDT metrics.

Introduction

The clock drawing test (CDT) is a brief, equipment-free cognitive screening tool that probes
several interacting domains, including executive control, visuospatial organization, semantic
knowledge, working memory, numerical concepts, and motor planning.1–3 Although CDT per-
formance is useful in dementia screening, its interpretation remains challenging because numerous
scoring systems exist and qualitative errors often co-occur within the same drawing.1–5

These challenges are particularly relevant in mild cognitive impairment (MCI) and in
clinically heterogeneous dementia cohorts, where global pass/fail scoring may obscure diagnos-
tically informative patterns. CDT performance is also influenced by age, education, and cultural
familiarity with analog clocks, making simple cutoffs difficult to apply across settings.1–3

Evidence from eastern India remains limited, further underscoring the need for pragmatic,
clinically interpretable, and empirically grounded qualitative frameworks.

Accordingly, we examined qualitative CDT error profiles across patients with major neuro-
cognitive disorders and MCI in a real-world Indian cohort. Guided by established qualitative
CDT frameworks4,5 and by the observed clustering of errors, we also propose a simplified six-
class scheme intended to improve bedside interpretability, particularly when drawings are
severely degraded or contain overlapping error types.

Methods

Design and setting

We conducted a hospital-based cross-sectional observational study in the Department of
Neurology (Cognitive Clinic and inpatient services) at Medical College and Hospital, Kolkata
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(West Bengal, India), from September 2023 through August 2024.
The Institutional Ethics Committee approved the protocol, and
written informed consent was obtained from each participant or a
legally authorized representative.

Participants

Consecutive adults presenting with cognitive complaints were
eligible if they could cooperate with testing and provided informed
consent. Exclusion criteria comprised premorbidmajor psychiatric
disorders; serious visual or auditory impairment or language-
comprehension disturbance; lack of knowledge of analog clock
reading; and gross motor deficits that would preclude drawing.
Demographic and clinical variables were recorded as part of the
routine cognitive evaluation, including years of formal education,
educational attainment category, Mini-Mental State Examination
(MMSE),6 Clinical Dementia Rating (CDR),7 and instrumental
activities of daily living. The Montreal Cognitive Assessment
(MoCA) and Addenbrooke’s Cognitive Examination III (ACE-
III) were not administered uniformly across the cohort and, there-
fore, were not included in the present analysis.

Clock drawing test administration

Participants were instructed: “Please draw a clock, place all the
numbers, and set the time to ten past ten.”Drawings were produced
freehand on blank paper without a predrawn circle and without
corrective cueing during performance. The instruction was inten-
tionally brief, uniform, and easy to administer, following the same
standardization principle used in structured CDTprotocols such as
that described by Cacho et al.8 We selected a fixed “ten past ten”
target because it requires representation of two distinguishable
hands, avoids hand overlap, and preserves an open clock face for
qualitative inspection. Although this time setting is less conven-
tional than some previously used CDT commands, it was applied
consistently across all participants to support reproducible quali-
tative coding.

Qualitative error coding

Errors were coded using eight widely cited qualitative categories
(per Cahn and Freedman)4,5: stimulus-bound response (eg, minute
hand toward “10” rather than “2”); conceptual deficit (semantic or
rule-based failures about clock features or time setting); persever-
ation (repetitions or > 12 numbers/elements); left hemispace
neglect (numbers crowded to the right hemispace); planning deficit
(misplacement of anchor numerals 12–3–6–9); nonspecific spatial
error (mis-spacing without a specific pattern); numbers outside the
clock; and counterclockwise numbering. In parallel, we recorded
component-specific errors for the clock face (normal; mild distor-
tion; gross distortion), the numbers (normal; no numbers; missing;
added; spatial errors; numbers outside; counterclockwise; other/
multiple languages), and the hands (normal; no hands; single hand;
two hands with improper representation; additional hands).

Diagnostic ascertainment

Etiologic adjudication was supported by routine clinical investi-
gation, including noncontrast 1.5-T brain magnetic resonance
imaging (MRI) performed according to the institutional demen-
tia protocol, which comprised three-dimensional T1-weighted
volumetric sequences, fluid-attenuated inversion recovery, and
susceptibility-weighted imaging. Positron emission tomography

(PET) combined with computed tomography imaging was per-
formed in selected diagnostically challenging cases.

Cognitive impairment and etiology were assigned according to
the Diagnostic and Statistical Manual of Mental Disorders, Fifth
Edition (DSM-5) (Mild and Major Neurocognitive Disorder),9

with etiologic adjudication according to the consensus criteria:
National Institute on Aging–Alzheimer’s Association (NIA-AA)
for Alzheimer’s disease (AD),10 National Institute of Neurolog-
ical Disorders and Stroke–Association Internationale pour la
Recherche et l’Enseignement en Neurosciences (NINDS-AIREN)
for vascular dementia (VaD), and international criteria for behav-
ioral variant frontotemporal dementia (bvFTD).11 Mild cognitive
impairment (MCI) was defined according to the NIA–Alzhei-
mer’s Association core clinical criteria.12 For clarity of reporting,
diagnoses were grouped as AD, VaD, bvFTD, MCI, or other
etiologies.

Statistics

Analyses were conducted using IBM SPSS package for Windows,
version 23.0. Categorical outcomes are presented as counts and
percentages. Continuous and ordinal variables used to describe the
cohort, including years of education, MMSE, and CDR, are sum-
marized as medians and interquartile ranges. Between-diagnosis
differences in these variables were examined descriptively using
the Kruskal–Wallis test, with Dunn post hoc comparisons where
appropriate. Between-group differences in categorical variables
were examined using Pearson’s χ2 tests (two-sided α = 0.05). Per-
formance was evaluated at three levels: component-wise (face,
numbers, hands), the eight classical qualitative categories, and a
simplified six-class scheme derived from observed error clustering.

For error domains that are not mutually exclusive (numbers,
hands, and classical/six-class frameworks), we constructedmultiple-
response contingency tables and applied χ2 tests to compare the
distribution of error occurrences across diagnoses; these omnibus
tests are interpreted descriptively as pattern summaries rather than
tests on exclusive patient categories. We report Cramér’s V as an
effect size for each omnibus comparison.

Results

Sample and etiologies

In the 102 participants, AD constituted 35.3% (n = 36), VaD 15.7%
(n = 16), bvFTD 8.8% (n = 9), MCI 18.6% (n = 19), and “other”
etiologies 21.6% (n = 22; atypical AD, dementia with Lewy bodies,
Creutzfeldt–Jakob disease, progressive supranuclear palsy, and
Huntington’s disease). These proportions are consistent with
reported patterns in urban Indian community and clinic samples,
where AD predominates, although the burden of VaD remains
substantial.13

Educational attainment ranged from illiteracy to graduate-level
education and beyond. Median years of formal education were 10.0
in AD, 8.5 in VaD, 4.0 in bvFTD, 12.0 in MCI, and 7.0 in the Other
etiologies group. High-school and graduate-level education were
the most common categories overall (41/102 [40.2%] and 37/102
[36.3%], respectively), and educational distribution differed mod-
estly across diagnostic groups (χ2=21.621, df = 12, p = 0.042).
Global cognitive severity measures also distinguished the MCI
group from the major neurocognitive disorder groups: Median
MMSE scores were 19.5 in AD, 22.0 in VaD, 13.0 in bvFTD, 27.0
in MCI, and 17.0 in the Other etiologies group, whereas median
CDR scores were 1.0, 1.0, 2.0, 0.5, and 2.0, respectively. Kruskal–
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Wallis tests showed between-diagnosis differences for both MMSE
and CDR (both p < 0.001), driven primarily by the MCI group. These
descriptive data indicate that theMCI groupwas globally less impaired,
while severity overlap remained among the dementia groups.

Clock face

Half of the cohort drew a normal clock face (51/102; 50.0%), 39.2%
(40/102) showed mild distortion, and 8.8% (9/102) showed gross
distortion; two drawings (2.0%) were noncircular/incomplete (one
rectangular clock in AD; one incomplete outline in MCI). Accord-
ing to diagnosis,MCI preserved a normal face in 18/19 (94.7%), AD
showedamixedprofile (normal 55.6%,mild 33.3%, gross 8.3%, other
2.8%), VaD split evenly between normal and mild (50.0%/50.0%),
and bvFTD produced no normal faces (mild 55.6%, gross 44.4%).
Between-group differences were significant (χ2=47.306, df = 12,
p < 0.001; Cramér’s V = 0.4) (Table 1 and Figure 1).

Numbers

Only 12/102 (11.8%) achieved perfect numbering. The most fre-
quent number-related errors were spatial (35/102; 34.3%), missing
numbers (34/102; 33.3%), and no numbers (32/102; 31.4%). Perfect
numbering occurred predominantly in MCI (10/12), while a con-
spicuous bvFTD pattern had no numbers (7/9). The distribution of
number-related error occurrences differed by diagnosis (χ2=82.951,
df = 28, p < 0.001; Cramér’s V = 0.5) (Table 2 and Figure 2). Because
the number of error categories is nonexclusive, the χ2 statistic is
interpreted as a distributional summary across diagnoses (see
Statistics).

At the diagnosis level, more than half of patients with MCI
showed perfect numbering (10/19; 52.6%), followed by a majority
of spatial errrors (7/19) and a few outside-the-clock errors (3/19).
In bvFTD, absence of numbers was striking (7/9; 77.8%), with a few
other errors. AD showed a mixed profile—missing (16/36) and
spatial (11/36) errors were frequent, with no numbers also com-
mon (11/36). VaD leaned toward spatial errors (9/16; 56.3%), with
missing and no numbers in each of the 5/16. The heterogeneous
Other etiologies group was dominated by missing (11/22), spatial
(6/22), and no-number (9/22) entries. Counterclockwise number-
ing was rare overall (4/102; 3.9%).

Hands

Only 13/102 (12.7%) set the hands correctly. The most common
finding was no hands (40/102; 39.2%), followed by two hands
incorrect (22/102; 21.6%), perseveration (18/102; 17.6%), and sin-
gle hand (7/102; 6.9%). Correct hands appeared exclusively inMCI
(13/19; 68.4%); 8/9 bvFTDomitted hands entirely. The distribution
of hand-related error occurrences differed by diagnosis (χ2 =
83.618, df = 16, p < 0.001; Cramér’s V = 0.5) (Table 3 and Figure 3).
Hand categories are nonexclusive; minor row inconsistencies reflect

Table 1. Clock Face Performance by Diagnosis (Row-Percentages)

Diagnosis (n) Normal
Mild

distortion
Gross

distortion Other

AD (36) 20 (55.6%) 12 (33.3%) 3 (8.3%) 1 (2.8%)

VaD (16) 8 (50.0%) 8 (50.0%) 0 (0.0%) 0 (0.0%)

bvFTD (9) 0 (0.0%) 5 (55.6%) 4 (44.4%) 0 (0.0%)

MCI (19) 18 (94.7%) 0 (0.0%) 0 (0.0%) 1 (5.3%)

Others (22) 5 (22.7%) 15 (68.2%) 2 (9.1%) 0 (0.0%)

Values are n (row %). Categories are mutually exclusive (percentages sum to ~100% within
each diagnosis). Pearson’s χ2 compares distributions across diagnoses (χ2 =47.306, df = 12,
p < 0.001; Cramér’s V = 0.4). “Other” denotes a non-circular or incomplete outline (one
rectangular clock in AD; one incomplete outline in MCI). Abbreviations: AD, Alzheimer’s
disease; bvFTD, behavioral variant frontotemporal dementia; MCI,mild cognitive impairment;
VaD, vascular dementia.

Figure 1. Clock face outcomes by diagnosis. Notes: 100% stacked bar chart showing the proportion of patients within each diagnosis who produced a Normal, Mild distortion,
Gross distortion, or Other (noncircular/incomplete) clock face (order from left to right: AD, VaD, bvFTD, MCI, Others; total n = 102). Percentages are calculated within the diagnosis.
Between-group differences were significant (χ2= 47.306, df = 12, p < 0.001). “Other” includes a rectangular clock (AD) and an incomplete outline (MCI). Abbreviations: AD, Alzheimer’s
disease; bvFTD, behavioral variant frontotemporal dementia; MCI, mild cognitive impairment; VaD, vascular dementia.
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Table 2. Number-Related Performance by Diagnosis (Row-Percentages; Nonexclusive)

Diagnosis (n) No numbers
Missing
numbers Added (>12)

Spatial
errors Counterclockwise

Outside
the circle

Other/multiple
language

Perfect
numbering

AD (36) 11 (30.6%) 16 (44.4%) 3 (8.3%) 11 (30.6%) 2 (5.6%) 10 (27.8%) 4 (11.1%) 2 (5.6%)

VaD (16) 5 (31.3%) 5 (31.3%) 1 (6.3%) 9 (56.3%) 1 (6.3%) 4 (25.0%) 2 (12.5%) 0 (0.0%)

bvFTD (9) 7 (77.8%) 2 (22.2%) 0 (0.0%) 2 (22.2%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

MCI (19) 0 (0.0%) 0 (0.0%) 0 (0.0%) 7 (36.8%) 1 (5.3%) 3 (15.8%) 0 (0.0%) 10 (52.6%)

Others (22) 9 (40.9%) 11 (50.0%) 2 (9.1%) 6 (27.3%) 0 (0.0%) 2 (9.1%) 1 (4.5%) 0 (0.0%)

Total (102) 32 34 6 35 4 19 7 12

Values are n (row%). Categories are notmutually exclusive (except “Perfect numbering”); within-diagnosis percentages can exceed 100%. “Perfect numbering” = numerals 1–12 present, in order,
and reasonably spaced. “Spatial errors” = spacing/ordering errors not attributable to anchor misplacement or neglect. Counterclockwise numbering is rare (4/102; 3.9%). Pearson’s χ2

summarizes distributional differences in error occurrence across diagnoses (χ2 = 82.951, df = 28, p < 0.001; Cramér’s V = 0.5). The Total row reports raw counts (no percentages). Abbreviations: AD,
Alzheimer’s disease; bvFTD, behavioral variant frontotemporal dementia; MCI, mild cognitive impairment; VaD, vascular dementia.

Figure 2. Key number-related outcomes by diagnosis (non–mutually exclusive). Notes: Grouped bar chart showing Perfect numbering (all numerals 1–12, ordered/appropriately
spaced), Spatial errors (spacing/ordering errors not due to anchor misplacement or neglect), Missing numbers, and No numbers for each diagnosis (order left-to-right: AD, VaD,
bvFTD, MCI, Others; total n = 102). Percentages are within diagnosis; categories are non–mutually exclusive, so sums across bars can exceed 100%. Between-group differences were
significant (χ2 = 82.951, df = 28, p < 0.001).

Table 3. Hand-Setting Performance by Diagnosis (Row-Percentages; Nonexclusive)

Diagnosis (n) No hands Single hand Two hands (improper) Perseveration Correct

AD (36) 13 (36.1%) 5 (13.9%) 8 (22.2%) 9 (25.0%) 0 (0.0%)

VaD (16) 5 (31.3%) 2 (12.5%) 5 (31.3%) 2 (12.5%) 0 (0.0%)

bvFTD (9) 8 (88.9%) 0 (0.0%) 0 (0.0%) 1 (11.1%) 0 (0.0%)

MCI (19) 0 (0.0%) 0 (0.0%) 4 (21.1%) 2 (10.5%) 13 (68.4%)

Others (22) 14 (63.6%) 0 (0.0%) 5 (22.7%) 4 (18.2%) 0 (0.0%)

Values are n (row%). Categories are notmutually exclusive; within-diagnosis percentagesmay not sum to 100%. A small number of drawings had incomplete hand annotations, so row totals can
be slightly < n in some diagnoses—interpret category rates individually. “Perseveration” denotes ≥3 hands or repeated/extra hands; “Two hands (improper)” denotes two hands drawn but
incorrect time and/or no length differentiation. Correct hand placement occurred only in the MCI group. Pearson’s χ2 summarizes distributional differences in error occurrence across diagnoses
(χ2 =83.618, df = 16, p < 0.001; Cramér’s V = 0.5). Abbreviations: AD, Alzheimer’s disease; bvFTD, behavioral variant frontotemporal dementia; MCI, mild cognitive impairment; VaD, vascular
dementia.
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overlapping codes and a small number of incomplete annotations—
which require interpretation of individual category rates (see Table 3
footnote).

Eight classical qualitative error categories

Using the classical categories (Freedman/Cahn), conceptual errors
were most frequent (72/102; 70.6%), followed by spatial (48/102;
47.1%). Neglect and counterclockwise numbering were each
uncommon (4/102; 3.9%). Conceptual errors predominated in
AD, VaD, and bvFTD, whereas spatial errors were most common
in MCI. Because categories are nonexclusive, the χ2 comparison is
interpreted as a distributional difference in error occurrences
across diagnoses (Table 4).

A simplified six-class scheme

Collapsing overlapping errors into six classes—conceptual,
stimulus-bound/perseveration, spatial, planning, number-related

(outside-the-clock/counterclockwise), and graphic-conceptual
(unrecognizable clock)—retained a significant distributional associ-
ation with diagnosis (χ2 = 43.365, df = 20, p = 0.002; Cramér’s
V= 0.3). ParticipantswithADshowedmainly conceptual and spatial
errors; those with bvFTD combined conceptual errors with frequent
graphic-conceptual failures; those with MCI emphasized spatial and
number-related errors; and participants with VaD remained hetero-
geneous (Table 5 and Figure 4). Because these classes are non-
exclusive, the chi-square should be interpreted as a distributional
summary rather than as a test of mutually exclusive diagnostic
categories.

Discussion

In this tertiary-care cohort from eastern India, qualitative CDT
error profiles varied systematically by etiology and provided clin-
ically meaningful information beyond a simple normal/abnormal
judgment. The most frequent abnormalities were conceptual and

Figure 3. Hand-setting outcomes by diagnosis. Notes: Grouped bar chart showing No hands, Single hand, Two hands (improper), Perseveration (extra hands), and Correct hand
placement for each diagnosis (order left-to-right: AD, VaD, bvFTD, MCI, Others; total n = 102). Percentages are within the diagnosis. Between-group differences were significant (χ2 =
83.618, df = 16, p < 0.001). Correct hands were observed only in MCI. Minor row inconsistencies in the source table reflect how hand features were recorded for some drawings;
interpret category rates individually.

Table 4. Classical Qualitative Error Categories (Cahn/Freedman) by Diagnosis (Row-Percentages; Nonexclusive)

Diagnosis (n) Conceptual Perseveration Stimulus-bound Planning Spatial Hemineglect Numbers outside Counterclockwise

AD (36) 32 (88.9%) 10 (27.8%) 4 (11.1%) 10 (27.8%) 20 (55.6%) 0 (0.0%) 10 (27.8%) 2 (5.6%)

VaD (16) 10 (62.5%) 3 (18.8%) 1 (6.3%) 6 (37.5%) 9 (56.3%) 2 (12.5%) 4 (25.0%) 1 (6.3%)

bvFTD (9) 9 (100.0%) 2 (22.2%) 0 (0.0%) 0 (0.0%) 2 (22.2%) 1 (11.1%) 0 (0.0%) 0 (0.0%)

MCI (19) 0 (0.0%) 2 (10.5%) 1 (5.3%) 0 (0.0%) 7 (36.8%) 0 (0.0%) 3 (15.8%) 1 (5.3%)

Others (22) 21 (95.5%) 8 (36.4%) 0 (0.0%) 10 (45.5%) 10 (45.5%) 1 (4.5%) 2 (9.1%) 0 (0.0%)

Values are n (row %). Categories are not mutually exclusive; within-diagnosis percentages can exceed 100% (each column reflects the presence of that error in a drawing, and a patient may
exhibit multiple errors). Definitions: Conceptual = semantic/rule violations about clock features or time setting; Stimulus-bound = literal responses (eg, minute hand toward “10” instead of “2”
for “ten past”); Perseveration = repetitions/extra elements (eg, >12 numbers ormultiple hands); Planning = anchormisplacement (12–3–6–9); Spatial =mis-spacing/mis-ordering not attributable
to anchors or neglect; Hemineglect = left hemispace neglect; Numbers outside = numerals written outside the circle; Counterclockwise = reverse numerical sequence. Between-diagnosis
differences are interpreted descriptively as distributional differences in error occurrence across diagnoses (see Statistics for handling of multiple-response tables and effect-size reporting).
Abbreviations: AD, Alzheimer’s disease; bvFTD, behavioral variant frontotemporal dementia; MCI, mild cognitive impairment; VaD, vascular dementia.
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spatial errors, whereas neglect and counterclockwise numbering
were uncommon. The proposed six-class framework preserved the
main diagnostic signal of established qualitative approaches while
offering a more practical structure for drawings with multiple
errors or for those in which the clock is too degraded for fine-
grained scoring.

Conceptual and graphic-conceptual failures likely reflect dis-
ruption of semantic knowledge about clock structure and time-
setting rules, together with executive disorganization severe
enough to render the drawing globally unrecognizable. In contrast,
spatial and planning errors plausibly reflect impairment of visuo-
spatial organization, sequencing, planning, and response monitor-
ing. This interpretation is consistent with the cognitive demands of
the CDT, which requires semantic knowledge, visuospatial con-
struction, numerical organization, motor planning, and executive
control.1–5,14 It also accords with longitudinal and cross-sectional

studies showing that conceptual deficits, stimulus-bound behav-
iors, and perseveration are common in dementia and may become
more prominent as impairment advances.15,16

The distribution of errors in the present studywas coherent with
thesemechanisms. Participants with AD combined conceptual and
spatial errors, in keeping with the dependence of CDTperformance
on semantic knowledge, visuospatial organization, and executive
control, and with prior qualitative studies showing prominent
conceptual and spatial disturbances in AD.4,5,14–20 Those with
bvFTD showed prominent conceptual failures, severe graphic dis-
tortion, and frequent omission of fundamental clock elements,
consistent with disruption of executive, behavioral, and organiza-
tional control systems in frontotemporal syndromes.11,21 Partici-
pants with VaD displayed heterogeneous performance, as expected
given the variable topography of vascular lesions and the frequent
contribution of dysfunction in subcortical-frontal circuitry.22

Figure 4. Six-class qualitative error profile by diagnosis. Notes: Heatmap displaying the percentage of patients within each diagnosis meeting each of six qualitative classes:
Conceptual, Stimulus-bound/Perseveration, Planning, Spatial, Number-related (outside/counterclockwise), and Graphic conceptual (unrecognizable clock). Colors encode
percentage; columns are the six classes; rows (top-to-bottom) are AD, VaD, bvFTD, MCI, Others. Categories are non-mutually exclusive. The six-class framework retained
discriminatory power across diagnoses (χ2 = 43.365, df = 20, p = 0.002).

Table 5. Simplified Six-Class Scheme by Diagnosis (Row-Percentages; Nonexclusive)

Diagnosis (n) Conceptual Stimulus-bound/Perseveration Planning Spatial Number-related Graphic conceptual

AD (36) 32 (88.9%) 14 (38.9%) 10 (27.8%) 20 (55.6%) 12 (33.3%) 5 (13.9%)

VaD (16) 10 (62.5%) 4 (25.0%) 6 (37.5%) 11 (68.8%) 5 (31.3%) 4 (25.0%)

bvFTD (9) 9 (100.0%) 2 (22.2%) 0 (0.0%) 3 (33.3%) 0 (0.0%) 6 (66.7%)

MCI (19) 0 (0.0%) 3 (15.8%) 0 (0.0%) 7 (36.8%) 4 (21.1%) 0 (0.0%)

Others (22) 21 (95.5%) 8 (36.4%) 10 (45.5%) 11 (50.0%) 2 (9.1%) 11 (50.0%)

Values are n (row%). Classes are not mutually exclusive; within-diagnosis percentages can exceed 100%. Definitions: Conceptual = semantic/rule violations about clock features or time setting;
Stimulus-bound/Perseveration = literal time-setting responses (eg, minute hand toward “10” for “ten past”) and/or repeated/extra elements; Planning = anchor misplacement (12–3–6–9);
Spatial = spacing/ordering errors not attributable to anchors or neglect; Number-related = outside the circle and/or counterclockwise numbering; Graphic conceptual = unrecognizable clock.
When a Graphic conceptual depiction is present, other classes may be indeterminable in that drawing; this class was coded to avoid underestimating the error burden. Pearson’s χ2 summarizes
distributional differences in error occurrence across diagnoses (χ2 =43.365, df = 20, p = 0.002; Cramér’s V = 0.3). Abbreviations: AD, Alzheimer’s diseasentia; bvFTD, behavioral variant
frontotemporal dementia; MCI, mild cognitive impairment; VaD, vascular deme.

6 A. Banik et al.

https://doi.org/10.1017/S1092852926101072 Published online by Cambridge University Press

https://doi.org/10.1017/S1092852926101072


In contrast, participants with MCI were characterized mainly by a
display of spatial and number-related errors, with comparatively
fewer conceptual failures, a pattern consistent with the known
limitations of global CDT scoring in milder disease and with the
value of qualitative inspection for detecting subtle organizational
and visuospatial errors.1–3,23–25

Part of the contrast betweenMCI and the dementia groups may
reflect global cognitive severity rather than etiology alone. This is
supported by the MMSE and CDR distributions: the MCI group
was less globally impaired, whereas the dementia groups showed
lowerMMSE scores and higher CDR ratings. Therefore, differences
such as the higher frequency of correct hand placement inMCI and
the more frequent graphic-conceptual failures in bvFTD should be
interpreted in light of severity. However, severity alone is unlikely
to explain the full pattern. The persistence of distinct qualitative
profiles across AD, VaD, bvFTD, MCI, and other etiologies sug-
gests that the type of CDT error also reflects the dominant cognitive
systems affected, not merely the overall level of impairment.

Educational background is another important modifier. CDT
performance is generally considered useful across a broad range of
schooling levels, though subtle features, particularly numeral spac-
ing, sequencing, and hand placement, may still be influenced by
education, literacy, and familiarity with analog clocks.1–3,24,25 In
our cohort, educational attainment ranged from illiteracy to
graduate-level education. Although the clock face itself appeared
less affected by education, number- and hand-related errors were
more frequent among participants with lower educational attain-
ment. This finding supports cautious interpretation of minor
number-placement and hand-setting abnormalities, especially in
low-education settings. Normative and review data similarly indi-
cate that age and education can influence CDT performance,
reinforcing the need to interpret qualitative errors in the context
of the patient’s education and culture.1–3,24,25

Neglect and counterclockwise numbering were rare and con-
tributed little to distinguishing AD,VaD, and bvFTD in this cohort.
These errors are recognized in qualitative CDT frameworks, but
their low frequency in our sample suggests limited diagnostic yield
for differentiating common neurodegenerative etiologies in routine
clinical practice.4,5,14,26 Their presence may still be clinically mean-
ingful when interpreted in the broader neurological context, par-
ticularly if focal visuospatial or vascular mechanisms are suspected,
but they should not be over-weighted as stand-alone markers of
dementia subtype.

These observations motivated the development of the simplified
six-class framework. Because multiple CDT errors often co-occur,
and because some severely impaired drawings cannot be reliably
decomposed into all classical categories, the six-class scheme groups
related phenomena into clinically interpretable domains: conceptual,
stimulus-bound/perseveration, planning, spatial, number-related,
and graphic conceptual. Merging stimulus-bound responses with
perseveration reflects shared executive-control dysfunction, whereas
the graphic-conceptual category captures globally unrecognizable
clocks that would otherwise be difficult to score meaningfully.
Combining uncommon number-placement anomalies into a single
number-related class also improves clinical usability without dis-
carding relevant information. Prior qualitative and comparative
studies support the broader principle that CDT errors cluster across
cognitive domains and that drawings become increasingly difficult to
classify into isolated error types as dementia advances.4,5,14–16,23

Several error domains in our study were coded as nonexclusive
multiple-response categories. Accordingly, the omnibus χ2 tests
were used as descriptive summaries of error-occurrence distributions

across diagnoses rather than as tests of mutually exclusive patient
categories. The observed effect sizes were moderate for clock face
and the six-class framework, and large for number- and hand-
related errors, supporting the clinical relevance of these qualita-
tive patterns. Nevertheless, the results should be interpreted as
pattern recognition within a clinical cohort, not as definitive
diagnostic rules.

Clinically, CDT is best used as part of a brief cognitive screening
battery rather than as a standalone diagnostic instrument, espe-
cially in early disease. Pairing clock drawing with a memory probe,
as in theMini-Cog, improves cognitive screening performance, and
recent meta-analytic evidence supports the Mini-Cog’s diagnostic
accuracy across healthcare settings.27,28 In practice, rapid qualita-
tive appraisal of three elements—overall recognizability of the
clock, adequacy of the 12–3–6–9 anchors and number sequence,
and presence and correctness of two hands—maps directly onto
our six-class framework and may efficiently triage patients for
fuller neuropsychological and etiologic assessment.17

The proposed framework may be particularly useful in
resource-limited settings. In such contexts, a structured qualitative
reading of the CDT offers a practical intermediate approach
between simple pass/fail scoring and advanced biomarkers or
digital tools that may be unavailable.1–3,27,28 It is inexpensive, rapid,
clinically interpretable, and feasible in busy neurology or primary
care settings. Importantly, it should not be presented as a substitute
for a full diagnostic evaluation. Rather, it may help clinicians
recognize patterns suggestive of different cognitive systems, esti-
mate the need for more detailed assessment, and prioritize patients
for neuroimaging, specialist referral, or longitudinal follow-up.
This framing is consistent with the Mini-Cog literature, which
emphasizes brief, practical screening in time-sensitive and resource-
limited settings.27,28

Modern digital CDT adds complementary value by quantifying
process-level features, including pauses, stroke order, latency, and
drawing dynamics, which are invisible in static drawings.29–32

Digital CDT studies have shown that such process measures may
improve discrimination ofMCI or early AD andmay correlate with
biological measures, including amyloid/tau PET and MRI-derived
brain volumes.29,31,32 However, digital systems are not universally
available. In many real-world settings, especially where specialist
neuropsychological testing or biomarker assessment is limited, a
structured qualitative approach remains practical and informative.

This study has several strengths, including consecutive recruit-
ment in a tertiary-care Indian setting, a context underrepresented
in the CDT literature; qualitative coding anchored to established
frameworks; and multilevel analysis across clock components,
classical error categories, and a simplified six-class scheme. Limi-
tations should also be acknowledged. The cross-sectional, clinic-
based design precludes inference about progression or prediction.
The absence of an age- and education-matched cognitively unim-
paired control group limits normative interpretation, particularly
given the influence of education, literacy, and cultural numeracy on
CDTperformance.24,25 Group sizes were asymmetric, especially for
bvFTD, so some within-group percentages have wide uncertainty
and should be interpreted cautiously. The “other” etiologies group
was clinically heterogeneous. In addition, we did not formally
assess inter-rater reliability or diagnostic blinding in the present
study. Future studies should include blinded multi-rater coding,
reproducibility analyses, larger etiologically balanced samples, and
longitudinal follow-up to determine whether specific qualitative
CDT patterns predict diagnostic evolution or conversion from
MCI to dementia.
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In conclusion, qualitative CDT profiles differ meaningfully
across cognitive disorders. Conceptual and spatial errors dominate,
neglect and counterclockwise numbering are uncommon, and
bvFTD is notable for severe graphic-conceptual failures with omis-
sion of fundamental clock elements. A condensed six-class quali-
tative framework preserves clinically relevant information while
improving usability when drawings are too degraded for detailed
scoring. Used alongside brief memory measures and interpreted in
light of severity and education, this approach may support practi-
cal, low-cost cognitive assessment in real-world clinical workflows,
while complementing digital CDTmetrics where such technologies
are available.

Acknowledgments. J.B.-L. receives support from the Recovery, Transforma-
tion, and Resilience Plan of the Spanish Ministry of Science and Innovation
(grants TED2021-130174B-C33, NETremor, and PID2022-138585OB-C33,
Resonate), as well as from the National Institutes of Health (NINDS R01
NS39422 and R01 NS094607).

Author contribution. All authors contributed significantly to the creation of
this manuscript; each fulfilled the criteria as established by the ICMJE.

Ethics statement. Written informed consent was obtained from the patients
participating in the study (consent for research).

Disclosures. None of the authors reports any relevant disclosures.

References

1. Aprahamian I, Martinelli JE, Neri AL, YassudaMS. The clock drawing test:
a review of its accuracy in screening for dementia. Dementia & Neuropsy-
chologia. 2009;3(2):74–80. doi:10.1590/S1980-57642009DN30200002.

2. Pinto E, Peters R. Literature review of the clock drawing test as a tool for
cognitive screening.Dement Geriatr Cogn Disord. 2009;27(3):201–213. doi:
10.1159/000203344.

3. Shulman KI. Clock-drawing: is it the ideal cognitive screening test? Int J
Geriatr Psychiatry. 2000;15(6):548–561. doi:10.1002/1099-1166(200006)
15:6<548::AID-GPS242>3.0.CO;2-U.

4. Cahn DA, Salmon DP, Monsch AU, et al. Screening for dementia of the
Alzheimer type in the community: the utility of the clock drawing test.Arch
Clin Neuropsychol. 1996;11(6):529–539. doi:10.1093/arclin/11.6.529.

5. FreedmanM, Leach L, Kaplan E, Winocur G, Shulman KI, Delis DC. Clock
Drawing: A Neuropsychological Analysis [online]. New York, NY: Oxford
University Press; 1994. Accessed at: https://books.google.com/books/
about/Clock_Drawing.html?id=HVzO2gi3rDcC.

6. FolsteinMF, Folstein SE, McHugh PR. “Mini-mental state”. J Psychiatr Res.
1975;12(3):189–198. doi:10.1016/0022-3956(75)90026-6.

7. Hughes CP, Berg L, DanzigerW, Coben LA,Martin RL. A new clinical scale
for the staging of dementia. Br J Psychiatry. 1982;140(6):566–572. doi:
10.1192/bjp.140.6.566.

8. Cacho J, García-García R, Arcaya J, Vicente JL, Lantada N. A proposal for
application and scoring of the clock drawing test inAlzheimer’s disease.Rev
Neurol. 1999;28(7):648–655.

9. Sachdev PS, Blacker D, Blazer DG, et al. Classifying neurocognitive disor-
ders: the DSM-5 approach. Nat Rev Neurol. 2014;10(11):634–642. doi:
10.1038/nrneurol.2014.181.

10. McKhannGM,KnopmanDS, ChertkowH, et al. The diagnosis of dementia
due to Alzheimer’s disease: recommendations from the National Institute
on Aging-Alzheimer’s association workgroups on diagnostic guidelines for
Alzheimer’s disease.Alzheimers Dement. 2011;7(3):263–269. doi:10.1016/j.
jalz.2011.03.005.

11. Rascovsky K,Hodges JR, KnopmanD, et al. Sensitivity of revised diagnostic
criteria for the behavioural variant of frontotemporal dementia. Brain.
2011;134(9):2456–2477. doi:10.1093/brain/awr179.

12. Albert MS, DeKosky ST, Dickson D, et al. The diagnosis of mild cognitive
impairment due to Alzheimer’s disease: recommendations from the
National Institute on Aging‐Alzheimer’s Association workgroups on

diagnostic guidelines for Alzheimer’s disease. Alzheimers Dement. 2011;
7(3):270–279. doi:10.1016/j.jalz.2011.03.008.

13. Banerjee TK, Dutta S, Das S, et al. Epidemiology of dementia and its burden
in the city of Kolkata, India. Int J Geriatr Psychiatry. 2017;32(6):605–614.
doi:10.1002/gps.4499.

14. EknoyanD, Hurley RA, Taber KH. The clock drawing task: common errors
and functional neuroanatomy. J Neuropsychiatry ClinNeurosci. 2012;24(3):
260–265. doi:10.1176/appi.neuropsych.12070180.

15. Rouleau I, SalmonDP, Butters N, Kennedy C,McGuire K. Quantitative and
qualitative analyses of clock drawings in Alzheimer’s and Huntington’s
disease. Brain Cogn. 1992;18(1):70–87. doi:10.1016/0278-2626(92)90112-Y.

16. Duro D, Tábuas-Pereira M, Freitas S, Santiago B, Botelho MA, Santana I.
Validity and clinical utility of different clock drawing test scoring systems in
multiple forms of dementia. J Geriatr Psychiatry Neurol. 2018;31(3):
114–122. doi:10.1177/0891988718774432.

17. Lessig MC, Scanlan JM, Nazemi H, Borson S. Time that tells: critical clock-
drawing errors for dementia screening. Int Psychogeriatr. 2008;20(3):
459–470. doi:10.1017/S1041610207006035.

18. MendezMF, Ala T, UnderwoodKL. Development of scoring criteria for the
clock drawing task in Alzheimer’s disease. J Am Geriatr Soc. 1992;40(11):
1095–1099. doi:10.1111/j.1532-5415.1992.tb01796.x.

19. Sunderland T, Hill JL, Mellow AM, et al. Clock drawing in Alzheimer’s
disease. J AmGeriatr Soc. 1989;37(8):725–729. doi:10.1111/j.1532-5415.1989.
tb02233.x.

20. Wolf-Klein GP, Silverstone FA, Levy A, Brod M, Breuer J. Screening for
Alzheimer’s disease by clock drawing. J Am Geriatr Soc. 1989;37(8):
730–734. doi:10.1111/j.1532-5415.1989.tb02234.x.

21. Pressman PS, Miller BL. Distinguishing behavioral variant frontotemporal
dementia from primary psychiatric disorders. J Neuropsychiatry Clin Neu-
rosci. 2021;33:205–217.

22. Gorelick PB, Scuteri A, Black SE, et al. Vascular contributions to cognitive
impairment and dementia. Stroke. 2011;42(9):2672–2713. doi:10.1161/
STR.0b013e3182299496.

23. Spenciere B, Alves H, Charchat-Fichman H. Scoring systems for the clock
drawing test: a historical review. Dementia & Neuropsychologia. 2017;
11(1):6–14. doi:10.1590/1980-57642016dn11-010003.

24. Nyborn JA, Himali JJ, Beiser AS, et al. The Framingham heart study clock
drawing performance: normative data from the offspring cohort. Exp Aging
Res. 2013;39(1):80–108. doi:10.1080/0361073X.2013.741996.

25. Hubbard EJ, Santini V, Blankevoort CG, et al. Clock drawing performance
in cognitively normal elderly.Arch Clin Neuropsychol. 2008;23(3):295–327.
doi:10.1016/j.acn.2007.12.003.

26. Kao H-J, Chiang T-H. Numbers written counterclockwise in the clock
drawing test. J Neuropsychiatry Clin Neurosci. 2014;26(1):E48–E49. doi:
10.1176/appi.neuropsych.13030052.

27. Abayomi SN, Sritharan P, Yan E, et al. The diagnostic accuracy of the mini-
cog screening tool for the detection of cognitive impairment—a systematic
review and meta-analysis. PLoS One. 2024;19(3):e0298686. doi:10.1371/
journal.pone.0298686.

28. Borson S, Scanlan J, Brush M, Vitaliano P, Dokmak A. The mini-cog: a
cognitive ‘vital signs’ measure for dementia screening in multi-lingual
elderly. Int J Geriatr Psychiatry. 2000;15(11):1021–1027. doi:10.1002/1099-
1166(200011)15:11<1021::AID-GPS234>3.0.CO;2-6.

29. Müller S, Preische O, Heymann P, Elbing U, Laske C. Increased diagnostic
accuracy of digital vs. conventional clock drawing test for discrimination of
patients in the early course of Alzheimer’s disease from cognitively healthy
individuals. Front Aging Neurosci. 2017;9:101. doi:10.3389/fnagi.2017.00101.

30. Müller S, Herde L, Preische O, et al. Diagnostic value of digital clock
drawing test in comparison with CERAD neuropsychological battery total
score for discrimination of patients in the early course of Alzheimer’s
disease from healthy individuals. Sci Rep. 2019;9(1):10915. doi:10.1038/
s41598-019-40010-0.

31. Rentz DM, Papp KV, Buckley R, et al. Association of digital clock drawing
with PET amyloid and tau pathology in normal older adults. Neurology.
2021;96(14):e1844–e1854. doi:10.1212/WNL.0000000000011697.

32. Yuan J, Au R, Karjadi C, et al. Associations between the digital clock
drawing test and brain volume: large community-based prospective cohort
(Framingham heart study). J Med Internet Res. 2022;24(4):e34513. doi:
10.2196/34513.

8 A. Banik et al.

https://doi.org/10.1017/S1092852926101072 Published online by Cambridge University Press

https://doi.org/10.1590/S1980-57642009DN30200002
https://doi.org/10.1159/000203344
https://doi.org/10.1002/1099-1166(200006)15:6&e_x003C;548::AID-GPS242&e_x003E;3.0.CO;2-U
https://doi.org/10.1002/1099-1166(200006)15:6&e_x003C;548::AID-GPS242&e_x003E;3.0.CO;2-U
https://doi.org/10.1093/arclin/11.6.529
https://books.google.com/books/about/Clock_Drawing.html?id=HVzO2gi3rDcC
https://books.google.com/books/about/Clock_Drawing.html?id=HVzO2gi3rDcC
https://doi.org/10.1016/0022-3956(75)90026-6
https://doi.org/10.1192/bjp.140.6.566
https://doi.org/10.1038/nrneurol.2014.181
https://doi.org/10.1016/j.jalz.2011.03.005
https://doi.org/10.1016/j.jalz.2011.03.005
https://doi.org/10.1093/brain/awr179
https://doi.org/10.1016/j.jalz.2011.03.008
https://doi.org/10.1002/gps.4499
https://doi.org/10.1176/appi.neuropsych.12070180
https://doi.org/10.1016/0278-2626(92)90112-Y
https://doi.org/10.1177/0891988718774432
https://doi.org/10.1017/S1041610207006035
https://doi.org/10.1111/j.1532-5415.1992.tb01796.x
https://doi.org/10.1111/j.1532-5415.1989.tb02233.x
https://doi.org/10.1111/j.1532-5415.1989.tb02233.x
https://doi.org/10.1111/j.1532-5415.1989.tb02234.x
https://doi.org/10.1161/STR.0b013e3182299496
https://doi.org/10.1161/STR.0b013e3182299496
https://doi.org/10.1590/1980-57642016dn11-010003
https://doi.org/10.1080/0361073X.2013.741996
https://doi.org/10.1016/j.acn.2007.12.003
https://doi.org/10.1176/appi.neuropsych.13030052
https://doi.org/10.1371/journal.pone.0298686
https://doi.org/10.1371/journal.pone.0298686
https://doi.org/10.1002/1099-1166(200011)15:11&e_x003C;1021::AID-GPS234&e_x003E;3.0.CO;2-6
https://doi.org/10.1002/1099-1166(200011)15:11&e_x003C;1021::AID-GPS234&e_x003E;3.0.CO;2-6
https://doi.org/10.3389/fnagi.2017.00101
https://doi.org/10.1038/s41598-019-40010-0
https://doi.org/10.1038/s41598-019-40010-0
https://doi.org/10.1212/WNL.0000000000011697
https://doi.org/10.2196/34513
https://doi.org/10.1017/S1092852926101072

	Qualitative clock-drawing errors across dementia etiologies and mild cognitive impairment: a clinically interpretable six-class framework
	Introduction
	Methods
	Design and setting
	Participants
	Clock drawing test administration
	Qualitative error coding
	Diagnostic ascertainment
	Statistics

	Results
	Sample and etiologies
	Clock face
	Numbers
	Hands
	Eight classical qualitative error categories
	A simplified six-class scheme

	Discussion
	Acknowledgments
	Author contribution
	Ethics statement
	Disclosures
	References


