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Abstract.
Background: Time disorientation is one of the main symptoms observed in patients with dementia; however, their clock-
reading ability has not been fully reported.
Objective: This study aimed to investigate the clock-reading ability of both digital and analog clocks in patients with dementia.
We newly devised the clock-reading test (CRT) and the number-reading test (NRT) to assess cognitive factors that may affect
clock-reading ability. Furthermore, the discriminating power of the CRT was calculated.
Methods: 104 participants were categorized based on their Mini-Mental State Examination (MMSE) scores as follows:
subjective cognitive decline ∼ mild cognitive impairment (SCD∼MCI, N = 43), early Alzheimer’s disease (AD) (N = 26),
and middle-to-late AD (N = 35). Their cognitive abilities were evaluated using the clock-drawing test (CDT), CRT, and NRT.
Results: Cognitive decline leads to impairment of clock-reading ability which is more pronounced in the analog clocks
than digital ones. This deficit in clock-reading is attributed to a loss of semantic memory regarding clocks at all stages.
Additionally, visuospatial dysfunction and reduced ability of number recognition may lead to deficit in clock-reading in the
advanced stage of AD. The discriminating power of the CRT (analog) (AUC = 0.853) was high enough to detect cognitive
decline.
Conclusion: Digital clocks are more readable by patients with dementia. Since reading clocks is closely associated with
daily life, the CRT has proved to be a useful tool. A decline of analog clock-reading may be an early detector for the onset
of dementia in elderly patients.

Keywords: Alzheimer’s disease, clock test, cognitive impairments, dementia, neuropsychological tests

INTRODUCTION

Cognitive decline or dementia has become one of
the major concerns in rapidly aging societies. To some
extent, the progression of the disease can be prevented
or delayed using early intervention; therefore, early
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diagnosis is essential for maintaining the quality life
of people with cognitive decline.

Among the diseases that cause dementia,
Alzheimer’s disease (AD) is one of the most preva-
lent forms of dementia in developed countries [1,
2]. AD is a neurodegenerative disease characterized
by slowly progressive course of cognitive and
functional decline. The hallmark pathologies of
AD are extracellular accumulation of amyloid-!-
containing plaques and intracellular development
of tau-containing neurofibrillary tangles [3]. This
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neurodegenerative process in AD is estimated to start
20–30 years before the dementia symptoms emerge
[2], which is then followed by mild cognitive impair-
ment (MCI) phase. The clinical phase of MCI is an
intermediate state between normal aging and very
earlier dementia. Subjects with MCI have objective
memory impairment beyond that expected for age,
but their activities of daily living are essentially
intact [4, 5]. They also have a high likelihood of pro-
gressing to dementia at a rate of 10–15% per year [6,
7]. When cognitive impairment becomes apparently
sufficient for interfering with daily activities, the
patient is diagnosed with dementia [5]. As for AD,
signs of dementia are characterized by progressive
episodic memory impairment, challenges in planning
and solving problems, confusion with time or place,
trouble understanding visual images and spatial
relationships, difficulty completing daily tasks at
home or work, new problems with words when
speaking or writing, decreased poor judgement, and
so on [1]. It is now well-established that impairment
in the encoding of new episodic memories is typical
of the earliest stages of the disease. Deficits in
semantic memory, language, executive function,
verbal short-term memory, and perceptual and spatial
functions then follow this initial amnesic stage [8].

In order to evaluate the degree of cognitive decline,
the Mini-Mental State Examination (MMSE) is one
of the most widely used cognitive screening instru-
ments for dementia, covering various domains of
cognitive functions [9, 10]. It assesses orientation
to time and place, immediate and delayed recall,
attention and calculation, language, copying figures,
and the ability to follow simple verbal and written
commands. The MMSE has a maximum score of
30 points, and a score of 23 or less has generally
been accepted as indicating the presence of cognitive
impairment [9].

One of the main symptoms of dementia is disorien-
tation, which is a state of mental confusion, including
losing track of time, place, and people; as the disease
progresses, orientation to these three becomes dis-
turbed, mostly in this order. Disorientation to time is
often observed in the early stage of cognitive decline,
such as in patients with amnestic MCI due to AD [3,
11–14]. Therefore, questions such as “What is today’s
date?”, “Month?”, “Day of the week?”, and “Year?”
of the MMSE are reported to be strong predictors of
subsequent cognitive decline [15–17]. If time percep-
tion is compromised in dementia patients, it leads to
a lot of confusion, such as not being able to adhere to
medication, keep promises, and plan family events.

Thus, temporal disorientation may become a com-
mon cause of concern in patients and their relatives
[14].

In order to deal with disorientation non-
pharmaceutically, an approach called reality orien-
tation (RO) is used, providing dementia patients with
a greater understanding of their surroundings. In this
approach, the environment, including dates and loca-
tions, is frequently pointed out by caregivers. As such,
RO can benefit those living with dementia when used
appropriately [18–20]. From this perspective, plac-
ing a calendar or a clock around the patients may be a
useful approach to support them on the condition that
they can recognize date and time correctly. Further,
innovating a novel clock may help patients restore
temporal orientation for some time, as reported in a
case study by Coetzer [21]. Since time perception is
an essential cognitive function for human beings, we
need to evaluate the ability of dementia patients to
read the time and develop easily readable clocks for
them.

According to the previous literature, the clock-
drawing test (CDT), one of the most widely used
neuropsychological screening tools, reflects the vari-
ous functions of the brain, including time perception
[22]. The CDT is a popular screening tool for demen-
tia [23]; it is used either by itself or as part of a brief
battery in routine clinical practice. Previous studies
showed that the CDT is highly and significantly cor-
related with the MMSE and other neuropsychological
batteries in patients with cognitive decline. Thus, it is
considered to be useful in detecting and monitoring
cognitive impairment [23, 24]. Although the CDT
is not a sensitive tool to detect very mild cognitive
decline, it has a high diagnostic value for detecting
moderate to severe dementia in patients [25, 26].

The task of clock drawing is a complicated one,
as it requires various cognitive and motor functions.
Both the frontal and parietal cortical areas play a
role in drawing a clock, as confirmed by a func-
tional magnetic resonance imaging study in normal
subjects [27]. The task of drawing a clock can be
affected by impairment of visuospatial ability includ-
ing space perception, constructional skill, executive
function, language processing, and semantic mem-
ory [28]. If these cognitive functions decline, we
assume that deficits in reading a clock may also
be expected. Tuokko et al. [22] developed a novel
composite clock test that included three types of
clock-related tasks (clock-drawing test, clock-setting
test, and clock-reading test). They examined them
with normal elderly and AD patients, reporting that
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the functionally relevant components of clock set-
ting and clock reading combined with clock drawing
made the composite clock test particularly useful as
a screening tool for AD [22].

What must be noticed is that the task of “clock
reading” is a more common behavior than the task
of “clock drawing” in daily life. The clock-reading
test (CRT) requires no goal-directed, planned behav-
ior, no comparisons between different stimuli, and
no manual activity [29]. Tuokko et al. [22] have
also suggested that clock reading is more dependent
on abstract conceptualization than on constructional
skills and may remain intact despite constructional
deficits. When compared with the task of “clock
drawing,” the task of “clock reading” is thought to
be less dependent on executive function and more
related to other functions such as semantic memory
and visuospatial function.

In contrast to episodic memory, which is typically
disturbed even in MCI and the earliest stage of AD,
semantic memory is culturally rather than personally
shared and is not temporally specific [30]. Semantic
competence is required for the comprehension of test
instructions and for the activation of clock number
concepts [29]. Rouleau et al. [31] have suggested that
conceptual deficits, in which a subject demonstrates
a misrepresentation of the clock or difficulty in set-
ting the hands, may occur because of loss of semantic
knowledge concerning the meaning and attributes of
analog clocks. They also suggested that conceptual
deficits were related to the severity of the patients’
dementia. Furthermore, according to Yamamoto et
al. [32], the frequency of conceptual deficits in MCI
was significantly lower than that in the AD/vascular
dementia/mixed dementia groups, and significantly
higher than that in the normal elderly group. Thus,
patients with AD are more likely to make errors
that reflect a deficit in adequately representing the
attributes, features, and meaning of a clock than the
normal elderly [31, 33]. It is also assumed that early
AD patients’ deficits in the clock test are mainly
determined by reduced access to semantic memory
regarding the appearance and functionally of a clock
[28].

Deficit of visuospatial cognition is one of the major
symptoms of dementia, which is further impaired
as the disease progresses [34]. When such patients
read an analog clock, they may not be able to cap-
ture the positional relationship between the clock
hands and digits because of this deficit. So, the sub-
scale of the intersecting pentagon copying task in the
MMSE is commonly used to assess visuospatial func-

tion. Accurately copying two interlocking pentagons
involves the transformation of visual information into
a motor plan, known as visuomotor integration [35].

Deficits in these cognitive functions, such as
semantic knowledge and visuospatial function, make
it difficult to read a clock accurately. Other than these
well-reported cognitive functions, patients may not
be able to recognize the number itself on the clock
display. Reading a clock is premised on being able to
read number itself, therefore, we hypothesized that
deficits in number recognition may also be related to
clock-reading difficulties in patients with dementia.
To the best of our knowledge, no studies have ever
focused on number recognition in the task of clock
reading for the patients with cognitive decline.

Furthermore, clock-reading ability may depend on
what types of clocks are used in the test. A previ-
ous study reported that patients who were unable to
recognize clock faces with analog displays could cor-
rectly recognize clock faces with digital displays [36],
suggesting that visuospatial-coded information about
time seems to be processed differently between ana-
log and digital clocks. Although little is known about
the topographic correlations of the cortical process-
ing of analog and digital displays in reading clocks,
Ebenbichler et al. [37] previously examined healthy
human controls by electrophysiological methods,
revealing a difference of cortical substrate between
when subjects read digitally-presented time displays
and analog displays. This disparity led us to ask which
is easier to read, traditional analog clocks or a digital
ones, for patients with cognitive impairment.

Since electronic devices have become increasingly
prevalent over time, we need to evaluate the influ-
ence of digital clocks in interpreting the result of a
clock test. Ilardi et al. [38] reported that even some
healthy controls were affected by daily exposure to
digital displays when they were asked to draw a
conventional analog clock; some placed numbers in
increments of five on the analog clock face instead of
placing numbers from 1 to 12. Therefore, the pres-
ence of digital contamination in the clock test ought
to be more carefully analyzed. As such, it is consid-
ered that the contents of the semantic knowledge of
analog clocks and digital clocks are different [39].
With respect to analog clocks, the semantic knowl-
edge means 1) the appearance of clock, 2) meaning of
clock face symbols, 3) functionality of clock hands,
and 4) converting the number pointed to by clock
hands to time. On the other hand, the semantic knowl-
edge for digital clock is composed of 1) the concept
of 24-hour notation, 2) meaning of AM/PM, and 3)
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appearance of the clock (wherein the colon is used to
partition the hour and minute values) [39]. If this is
the case, we need to evaluate the influence of digital
contamination on clock “reading” as well.

Koreki et al. [40] recently performed a CRT with
digital clocks (CRT-digital) as well as with analog
clocks (CRT-analog), showing that digital clocks are
easier to read for patients with dementia. This result
is interesting in that most of the dementia patients
born before the advent of digital clocks might be
more comfortable with digital clocks. According to
their research, which examined patients with various
types of dementia, AD patients showed a particularly
faster decline in reading ability of analog than dig-
ital clocks. However, how this clock-reading ability
decreases as the disease progresses has not yet been
examined. Therefore, in this study, we would like to
investigate the ability to read analog and digital clocks
at various stages of AD progression and clarify the
factors for being unable to read clocks in each stage
to better help maintain the patients’ quality of life.

This study presents an analysis to compare the
reading ability of conventional analog clocks with
that of digital ones, especially in patients with AD.
Furthermore, we aim to investigate the causes of
deficit in clock-reading ability. For this purpose, we
examined the relationship between cognitive decline
and performance on a CRT, which we devised for this
study, compared the ability to read analog and digi-
tal clocks. Next, we evaluated the visuospatial ability
and the ability of number recognition and semantic
knowledge about analog clocks in order to analyze
the factors that may affect clock-reading ability.

Lastly, we calculated the detective value of CRT,
discriminating dementia patients from non-dementia
persons, and compared it with that of the CDT. If the
CRT has the same discriminatory power as the CDT,
it may be a more useful everyday screening tool.

METHODS

Subjects

A total 104 patients with subjective or objective
cognitive impairment were included. All patients
were outpatients who visited the Memory Clinic,
Kyoto University Hospital, between July 2018 and
December 2019.

Patients with AD or MCI were diagnosed by
a neurologist based on the National Institute on
Aging-Alzheimer’s Association workgroup (NIA-
AA) diagnostic criteria and Petersen’s criteria,

respectively, while SCD was defined as self-
experienced decline in cognitive functions, especially
memory, without formal deficits on neuropsycholog-
ical testing. For MCI, we chose patients who showed
amnestic MCI, since it is considered to be an earlier
stage of AD.

Exclusion criteria were as follows: 1) patients with
local brain lesion such as cerebrovascular diseases;
2) patients who face difficulty doing tasks because
of impaired hearing or visual acuity; and 3) patients
who could not carry out clock-reading tasks because
of aphasia.

All the participants examined were classified into
three groups based on their performance on the
MMSE. The MMSE subscales consist of an orien-
tation score (orientation to time and place), memory
score (word registration and word recall), attention
score (Serial 7s), language score (naming, repeti-
tion, following commands, reading, and writing), and
construction score (copying pentagons). We also col-
lected data of the MMSE subscales, since a previous
study has reported that the MMSE subscales are
also clinically useful measures, providing informa-
tion on memory, orientation, and construction ability
of the patients [41]. Although the MMSE alone is
perceived to be insufficient for the staging of demen-
tia, its scores are used in this study for convenience.
The staging is defined as follows: the participants
with scores≥ 24 are defined as subjective cognitive
decline ∼ mild cognitive impairment (SCD∼MCI),
those with 20–23 as early stage of AD (early AD),
and those with≤ 19 as middle-to-late stages of AD
(middle-to-late AD) [9].

Procedure

All the participants were administered MMSE by
a professional clinical psychologist. In addition to
MMSE, CDT, CRT, and number-reading test (NRT)
were administered by one examiner. The NRT and
CRT were particularly devised for this study.

Clock-drawing Test (CDT)
The participants were provided with a blank A4

sheet of paper and asked to draw the circle of a clock
face and the numbers in their appropriate positions
and then to place the hands “10 minutes past 11
o’clock.” Scoring of the CDT was according to the
Rouleau method [42]: 10 points for a perfect clock
and 0 points when unable to make any reasonable
representation of a clock. This scoring method is
designed to independently assess the accuracy of the
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Fig. 1. The actual clock face used in this study. Digital clock (D-1∼D-5) and Analog clock (A-1∼A-5) for CRT.

clock face representation (maximum score: 2 points),
the layout of the numbers (maximum score: 4 points),
and the position of the hands (maximum score: 4
points); higher scores reflected better performance
[42].

In general, conceptual errors reflect a loss or a
deficit in accessing knowledge of the attributes, fea-
tures, and meaning of a clock [31]. For the qualitative
analyses of the types of errors on the CDT, conceptual
errors regarding analog clocks were recorded by the
examiner. The following type of errors were classified
into conceptual deficits in the present study: a) mis-
representation of the time on the clock (the hands are
either absent or inadequately represented); b) misrep-
resentation the clock itself (only a clock face without
numbers or inappropriate use of numbers); c) the time
is written (in letters or numbers) besides the “11” or
between “10 and 11” on the clock or hands are either
absent or pointed toward “10” and/or “11”; and d) no
reasonable or understandable attempt at drawing.

Clock-reading test (CRT)
To measure patients’ clock-reading abilities, 10

clock faces indicating different time (5 analog clocks
and 5 digital clocks) were presented on a tablet dis-
play for five seconds per clock face, and the subjects
were asked to read the clock time (the hour num-
ber and the minute number). Each clock face showed
a different time. The actual clock faces used in this
study are shown in Fig. 1. Previously, the CRTs devel-
oped by Schmidtke et al. [29] used analog clocks
without numbers on clock face. In this study, we chose
clocks with numbers that we often see in our daily
routines, since this CRT is expected to be an early

detector of cognitive decline in daily life. The scor-
ing for the CRT was assigned as follows: one point
for the correct answer and zero points for the wrong
or no answer. Thus, the CRT has a maximum score of
10 points: 5 points for the digital clock and 5 points
for the analog clock.

Number-reading test (NRT)
To measure participants’ recognition of number,

20 numbers were presented on a tablet display at ran-
dom and the participants were asked to read them.
These 20 numbers consist of 11 “seven-segment dig-
ital font” numbers and 9 “graphic design number
font” ones. The seven-segment digital font is widely
used for calculators, electronic meters, digital clocks,
and other digital devices, whereas several types of
graphic design number font are usually used for con-
ventional analog clock faces. For testing, one-digit
numbers of both fonts were presented for two sec-
onds and two-digit numbers were presented for three
seconds. Representative numbers used in this study
are shown in Supplementary Figure 1. The scoring
for this NRT was assigned as follows: one point for
correct answers and zero for wrong or no answers.
Thus, the NRT has a maximum score of 20 points: 11
points for the seven-segment digital font and 9 points
for the graphic design number font.

Statistical analyses

Statistical analyses were performed using JMP Pro
(version 15.2.0) and R statistical package (version
4.0.2, R Foundation for Statistical Computing). Sta-
tistical significance in this study was defined when
the p-value was less than 0.05.
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One-way analysis of variance (ANOVA) was cho-
sen to assess group differences for age and MMSE
score, while Spearman’s rank correlation coefficients
were calculated to assess the relationship between
MMSE and CRT. The nonparametric Kruskal-Wallis
test was applied to detect group differences in the
CDT, CRT, and NRT. For post hoc comparisons,
we used the Steel–Dwass test. Chi-square tests were
applied for categorical data for 1) the detection of
differences in gender distribution and 2) the detec-
tion of differences in each clock face (D-1∼D-5,
A-1∼A-5). The Wilcoxon rank sum test was chosen
to assess differences in the scores of CRT in patients
with conceptual deficits regarding analog clocks and
those without conceptual deficits. The nonparamet-
ric Wilcoxon signed-rank test was chosen to assess
1) the difference in CRT scores between analog clock
and digital clock and 2) the difference in the scores
of CRT (analog) and CRT (digital) in patients with
conceptual deficits regarding analog clocks.

A discriminant analysis was performed with
CDT, CRT (analog), and CRT (digital) as predic-
tor variables for differentiating non-dementia patients
(MMSE scores ≥ 24, corresponding to MCI and SCD
patients in this study) from dementia patients (MMSE
scores< 23). The Receiver Operating Characteristic
(ROC) analysis was used to identify each optimal
cutoff point for the CDT, CRT (analog), and CRT
(digital). Subsequently, their sensitivities, specifici-
ties, positive predictive value, and negative predictive
value were calculated. The Youden index was used
to determine the optimal cutoff point. The sensi-
tivity of the CRT refers to its ability to correctly
identify those individuals who have been classified
as having dementia according to MMSE. Specificity
refers to the CRT’s ability to correctly identify those
individuals who have previously been classified as
non-dementia persons (SCD∼MCI). The diagnostic
accuracy of CDT and CRT were calculated at the
area under the curve (AUC). The DeLong’s test for
two correlated ROC curves was applied to compare
the AUC of the ROC curves.

Ethical approval

The study’s protocol approval was granted by
the Ethics Committee of Kyoto University Hospi-
tal (R1243). Oral and written informed consent was
obtained from participants and their caregivers. They
were informed of their freedom to withdraw from the
study.

RESULTS

Demographic characteristics of the participants

The characteristics of the subjects and mean
MMSE scores of the 3 groups are shown in Table 1.
The SCD∼MCI group consisted of 43 subjects who
had scores of 24–30 on the MMSE. The early AD
group consisted of 26 subjects who had scores of
20–23 on the MMSE. The middle-to-late AD group
consisted of 35 subjects who had scores of 0–19 on
the MMSE. As to the CDT, we could not get a depic-
tion from seven participants (two participants were in
the early AD group and five were in the middle-to-late
AD group), the total being 97 in CDT. The ANOVA
of the mean age (F[2, 101] = 0.95, p = 0.38) did not
show any significant group differences. The 3 groups
also did not differ in gender distribution (χ2[2] = 3.23,
p = 0.20).

Results of CRT and CDT

Reading time performance of digital and analog
clocks

We first evaluated the participants’ clock-reading
abilities in both digital and analog clocks. As to digi-
tal clocks, the percentages of the correct answers for
all type of tested clocks were as follows: D-1:88.5%;
D-2:84.6%; D-3:74.0%; D-4:76.0%; and D-5:78.8%.
These five digital clocks did not statistically dif-
fer in the number of correct answers (χ2[4] = 9.59,
p = 0.05). As for analog clocks, the percentages were
as follows: A-1:65.4%; A-2:71.2%; A-3:63.5%; A-
4:66.3%; and A-5:59.6%. Moreover, the results of
these five analog clocks did not differ (χ2[4] = 3.25,
p = 0.52). Since there is no significant difference in
the correct answer rate of each clock, the scores of
the analog and digital clocks are totaled.

Correlation between cognitive decline and CRT
performance

We examined whether the ability of reading a clock
may be correlated with cognitive decline detected
by the MMSE. Spearman’s correlation coefficients
between the MMSE and CRT (both analog and
digital) are shown in Table 2. There were signif-
icant correlations between the total scores of the
MMSE and the scores of the CRT (analog) (r = 0.76,
p < 0.0001) and CRT (digital) (r = 0.77, p < 0.0001).
Moreover, all of the subscales of the MMSE were
significantly correlated with the scores of CRT (both
analog and digital; Table 2).
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Table 1
Demographic characteristics of the participants

SCD ∼ MCI early AD middle-to-late
AD

Number, n Total 43 26 35
Gender Male 18 9 7

Female 25 17 28
Age, y 79.2 (6.04) 80.3 (10.0) 81.6 (7.5)

MMSE Total [Range: 0–30] 26.4 (1.88) 22.0 (1.02) 13.5 (4.4)
Subscale

Orientation score
Time score [0–5] 4.02 (0.83) 2.19 (1.60) 0.83 (0.98)
Place score [0–5] 4.84 (0.37) 4.31 (0.84) 1.94 (1.64)

Memory score
Words registration [0–3] 2.98 (0.15) 2.96 (0.20) 2.63 (0.81)
Words recall [0–3] 1.98 (1.03) 0.84 (0.93) 0.03 (0.17)

Attention score
Serial 7s [0–5] 3.86 (1.10) 3.23 (1.61) 1.37 (1.19)

Language score
Naming [0–2] 2.0 (0) 2.0 (0) 1.71 (0.67)
Repetition [0–1] 0.88 (0.32) 0.92 (0.27) 0.43 (0.50)
Following commands [0–3] 2.86 (0.35) 2.77 (0.43) 2.54 (0.61)
Reading [0–1] 1.0 (0) 1.0 (0) 0.86 (0.36)
Writing [0–1] 1.0 (0) 0.92 (0.27) 0.54 (0.51)

Construction score
Copying pentagons [0–1] 1.0 (0) 1.0 (0) 0.69 (0.47)

Characteristics of subjects and mean (standard deviations: SD) on the MMSE (total score and its subscale).
MMSE, Mini-Mental State Examination; SCD∼MCI, patients with subjective cognitive decline ∼ mild
cognitive impairment; early AD, patients with early stage of AD; middle-to-late AD, patients with middle-
to-late stages of AD.

Table 2
Spearman’s rank correlation coefficient between MMSE score and

performance of CRT

CRT (analog) CRT (digital)

MMSE Total 0.76 ∗∗ 0.77 ∗∗

Subscale
Orientation score 0.59 ∗∗ 0.66 ∗∗

Memory score 0.63 ∗∗ 0.55 ∗∗

Attention score 0.62 ∗∗ 0.50 ∗∗

Language score 0.61 ∗∗ 0.75 ∗∗

Construction score 0.56 ∗∗ 0.67 ∗∗

Spearman’s rank correlation coefficient between MMSE (total
score and its subscale) and score of CRT. MMSE, Mini-
Mental State Examination; CRT (analog), clock-reading test
(analog clock); CRT (digital), clock-reading test (digital clock).
∗∗p < 0.0001.

Group differences in CRT and CDT
The means and standard deviations (SD) in CDT

and CRT are calculated and shown in Table 3. As
the cognitive function declines, the score of CRT
decreases in the same way as the score of CDT.
The early AD patients performed significantly worse
compared to SCD∼MCI patients in CDT, CRT (ana-
log), and CRT (digital). The scores of CRT (both
analog and digital) in the middle-to-late AD group

were significantly lower than those in the early AD
group.

Comparison of analog and digital clock-reading
ability

We then investigated the ability of reading clocks
and compared the results of analog and digital clocks.
As shown in Fig. 2, the scores of digital clocks were
significantly higher than those of analog clocks in
the SCD∼MCI group (Z = 3.42, p = 0.0006) and early
AD group (Z = 3.44, p = 0.0006). In contrast, no sig-
nificant difference between the scores of analog and
digital clocks could be detected in the middle-to-late
AD group (Z = 1.50, p = 0.13).

Cognitive factors affecting clock-reading ability

Results of the NRT
The results of the CRT led us to ask what factors

affect the ability of reading clocks in patients with
cognitive decline. We, thus, investigated what cogni-
tive factors decrease the ability of clock “reading.”
We first examined whether patients were able to rec-
ognize numbers correctly, since number-recognition
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Table 3
Means and standard deviations (SD) for the CDT and CRT

CDT CRT (analog) CRT (digital)
mean (SD) 95%CI Rank mean (SD) 95%CI Rank mean (SD) 95%CI Rank

score score score
mean mean mean

SCD∼MCI 9.12 (1.29) [8.31, 9.92] 64.70 4.56 (0.80) [4.14, 4.98] 74.03 4.95 (0.30) [4.54, 5.36] 66.97
early AD 7.17 (2.70) [6.09, 8.25] 43.94 3.19 (1.67) [2.65, 3.73] 49.37 4.54 (0.90) [4.01, 5.07] 56.29
middle-to-late AD 4.73 (3.84) [3.77, 5.70] 30.55 1.71 (1.69) [1.25, 2.18] 28.37 2.49 (2.17) [2.03, 2.94] 31.91
χ2 28.39 47.75 40.81
p < 0.0001 < 0.0001 < 0.0001

Pairwise comparison Rank score Z p Rank score Z p Rank score Z p
mean mean mean

difference difference difference

SCD∼MCI
early AD 16.10 3.39 < 0.0001 18.00 3.95 0.0002 8.39 3.03 0.0069
middle-to-late AD 24.11 4.93 0.002 32.83 6.64 < 0.0001 25.14 5.98 < 0.0001

early AD
middle-to-late AD 9.49 2.22 0.068 14.08 3.12 0.0052 15.72 3.70 0.0006

Mean (standard deviations: SD) on the MMSE (total score and its subscale). The nonparametric Kruskal-Wallis test was applied to detect group
differences in the CDT, CRT (analog), and CRT (digital). For post hoc comparisons, we used the Steel-Dwass test. Continuity correction is
applied to the rank score mean difference. MMSE, mini-mental state examination; CDT, clock-drawing test; CRT, clock-reading test (analog
clock / digital clock); SCD∼MCI, patients with subjective cognitive decline ∼ mild cognitive impairment; early AD, patients with early
stage of AD; middle-to-late AD, patients with middle-to-late stages of AD.

Fig. 2. The comparison of analog clocks and digital clocks for CRT. Score of the CRT (analog clock/digital clock) in SCD∼MCI, early AD,
and middle-to-late AD. The nonparametric Wilcoxon signed-rank test was applied. CRT, clock reading test (analog clock/digital clock);
SCD∼MCI, patients with subjective cognitive decline ∼ mild cognitive impairment; early AD, patients with early stage of AD; middle-to-late
AD, patients with middle-to-late stages of AD; IQR, interquartile range.

ability has not been investigated in past literature.
As the seven-segment display of digital numbers
is widely used for digital clocks, we examined the
patients’ ability to recognize numbers correctly in
both seven-segment digital font and graphic design
number font. The means and SD in the NRT are
shown in Fig. 3A. The middle-to-late AD patients
performed significantly worse than the SCD∼MCI
patients in the reading task of both seven-segment
(Z = 3.38, p = 0.0021) and graphic design numbers
(Z = 2.94, p = 0.014), whereas early AD patients and

SCD∼MCI patients performed well when recog-
nizing numbers, indicating that number-recognition
ability was decreased in the patients of the middle-
to-late AD group, which may have affected clock
reading. As to the seven-segment font, a significant
group difference was detected between the early AD
and middle-to-late AD groups (Z = 2.72, p = 0.0018),
although it was not observed for the graphic design
number font (Z = 2.19, p = 0.07). This result raises the
possibility that seven-segment numbers are not easily
recognizable for advanced AD patients.
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Fig. 3. The results of Number Reading Test. A) Means and standard deviations (SD) for Number Reading Test. Mean (standard deviation:
SD) on the NRT. The nonparametric Kruskal-Wallis test was applied to detect group differences in the NRT. For post hoc comparisons, we
used the Steel-Dwass test. Continuity correction is applied to the rank score mean difference. NRT, number reading test (seven-segment
font/graphic design number font); SCD∼MCI, patients with subjective cognitive decline ∼ mild cognitive impairment; early AD, patients
with early stage of AD; middle-to-late AD, patients with middle-to-late stages of AD. B) Group difference in the performance of the
Number Reading Test. Score of the NRT (seven-segment font/graphic design number font) in SCD∼MCI, early AD, and middle-to-late AD.
The×markers in the box represent the mean value. ∗p < 0.05, ∗∗p < 0.01.

Loss of semantic knowledge
Next, we evaluated another factor that might affect

clock-reading ability. Loss of semantic knowledge
about analog clocks was examined by the presence

of conceptual errors detected by CDT, as previously
reported [31]. The percentage of patients with con-
ceptual deficits about analog clocks in our study are
shown in Fig. 4A, with 16.3% in the SCD∼MCI,
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Fig. 4. The effect of conceptual deficit on CDT/CRT. A) Percentage of the patients whose depiction in CDT had conceptual deficits.
SCD∼MCI, patients with subjective cognitive decline ∼ mild cognitive impairment; early AD, patients with early stage of AD; middle-
to-late AD, patients with middle-to-late stages of AD. B) The comparison of the score CRT (analog and digital) in patients with/without
conceptual error. The Wilcoxon rank sum test was applied. C) The comparison of the score of CRT (analog) and CRT (digital) in patients
with conceptual error. The nonparametric Wilcoxon signed-rank test was applied. CRT, clock-reading test (analog clock/digital clock).
The×markers in the box represent the mean value.

41.7% in the early AD, and 66.7% in the middle-to-
late AD groups.

Then, we compared the cognitive functions and
clock-reading abilities of patients with and without
conceptual deficits about analog clocks. The scores of
the total MMSE and its subscales (orientation score,
attention score, memory score, language score, con-
struction score) in patients with conceptual deficits
were significantly lower (p < 0.0001) than those in
patients without conceptual deficits, indicating that
patients with conceptual errors have more severe cog-

nitive deficits. As shown in Fig. 4B, the mean score of
CRT (analog and digital) in patients with conceptual
deficits was 5.22 (SD: 0.49), while the mean score of
CRT without conceptual deficits was 8.42 (SD: 0.36),
indicating that the score in participants with concep-
tual deficits was significantly lower than the score
in patients without conceptual deficits (Z = –4.83,
p < 0.0001).

Further, we asked which clocks were more read-
able for those with conceptual deficits. As shown
in Fig. 4C, these patients’ mean score of CRT for
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digital clocks was 3.08 (SD: 2.18) and that for ana-
log clocks was 2.14 (SD: 1.84). The score of CRT
(digital) was significantly higher than that of CRT
(analog) (Z = 2.11, p = 0.035), clearly demonstrating
that digital clocks are more readable for patients with
conceptual errors. Collectively, since the contents
of the semantic knowledge differ between analog
and digital clocks, patients with conceptual deficits
involving analog clocks may be able to read digital
ones.

Deficits in visuospatial ability
Next, we examined whether other domains of cog-

nitive function such as visuospatial function may
affect clock reading in AD, since visuospatial func-
tion is known to be associated with the CDT scores.
We picked up a subscale “copy pentagon” in the
MMSE, which is used to assess visuospatial func-
tion. The score of this subscale decreased only in the
middle-to-late AD group, as shown in Table 1. We
then examined the relationship between visuospatial
function and clock-reading ability. The Spearman’s
rank correlation coefficients with the subscale of
“copy pentagons (construction score)” in the MMSE
were r = 0.56 (p < 0.0001) and r = 0.67 (p < 0.0001)
for performance in the CRT (analog) and CRT (digi-
tal), respectively, as shown in Table 2. Further, the
relationship between the CRT and MMSE scores
(total score and its subscale) in the middle-to-late
AD group is shown in Supplementary Table 1.
The correlation coefficient with “copy pentagon
(construction score)” were r = 0.59 (p = 0.0002) and
r = 0.58 (p = 0.0002) for CRT (analog) and CRT (dig-
ital) respectively, which were larger values than that
of other subscales in the middle-to-late AD group.

Predictive value of CRT in evaluating cognitive
decline

Finally, we compared the predictive abilities of the
CRT and the CDT. If the predictive value of the CRT
is comparable to that of the CDT, the former will be a
useful tool for detecting cognitive decline, which can
be used more easily.

The AUC, cutoff point, sensitivity, specificity, pos-
itive predictive value (PPV), negative predictive value
(NPV), and ROC curves are shown in Fig. 5. The ROC
curve analyses show that CRT (analog) produced
discrimination of suspected dementia patients from
non-dementia persons (diagnosed as SCD∼MCI)
(AUC: 0.853), which produced a higher discrimina-
tion ability than CRT (digital) (AUC: 0.737). To our

surprise, the discriminating power of CRT (analog) is
higher than that of CDT (AUC: 0.795) in our study. A
significant difference was detected only between CRT
(analog) and CRT (digital) (Z = –3.005, p = 0.003).
There were no significant differences between the
discriminating power of CDT and CRT (digital)
(p = 0.334) and between CDT and CRT (analog)
(p = 0.267). This result suggests that testing reading
ability of analog clocks may be able to discriminate
dementia patients from non-dementia persons more
effectively than CDT, although this difference was
not significant.

DISCUSSION

The present study was designed to test the clock-
reading abilities in patients with cognitive decline.
The task of “clock reading” is a common behavior in
daily life; however, little is known about the reading
abilities of dementia patients. Recently, Koreki et al.
[40] reported similar findings as ours. They evaluated
clock-reading ability of both analog clocks and digital
clocks. According to them, digital clocks are easier to
read for patients with dementia. However, we believe
that our paper has contributed further novel findings
to the field. We not only compared the reading abil-
ity of digital and analog clocks, but also calculated
the detective values both of CRT (analog) and CRT
(digital). Further, we investigated and analyzed the
factors that may reduce clock-reading ability, such as
number-reading ability, semantic knowledge about
analog clocks, and visuospatial function. We then
used various designs of clocks often seen in daily
life, which makes our results more generalizable for
detecting patients’ cognitive function.

Clock-reading ability in patients with cognitive
decline

First, we found that there is a significant corre-
lation between clock-reading ability and the scores
of the MMSE. As with the CDT, which is widely
used for screening dementia, the scores of the CRT
decrease with a decline in cognitive abilities. Clock-
reading ability for both digital and analog clocks
decreases even in early AD patients compared with
non-dementia (SCD∼MCI) persons, as shown in
Table 3. Thus, the CRT, especially CRT (analog),
may have discriminating power for cognitive decline,
which was also verified by the result of ROC curve
(Fig. 5).
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Fig. 5. Predictive value of CRT. A) AUC, Cutoff Point, Sensitivity, Specificity, PPV, and NPV for CDT and CRT. Predictive value of CDT
and CRT in evaluating cognitive decline. CDT, clock-drawing test (Rouleau scoring method); CRT, clock-reading test (analog clock/digital
clock); AUC, area under the curve; 95%CI, 95% confidence interval; PPV, positive predictive value; NPV, negative predictive value. B) ROC
curve. Receiver operating characteristic (ROC) curves for the CDT, CRT (analog), and CRT (digital) in differentiation between non-dementia
(SCD∼MCI) and suspected dementia.

Intriguingly, when analog and digital clocks were
compared, the average score of reading analog clocks
was significantly lower than that of digital ones, even
in the SCD∼MCI and early AD groups. This result
suggests that analog clock reading is disturbed earlier
than digital reading, which is consistent with Koreki
et al.’s result, as they calculated the digital-analog
score gap and showed that there was a significant
difference between the score gap and the score of
the MMSE. We also tried to calculate this score gap
in each group and found that it was biggest in the
early AD group, which corresponds to the results of
comparison of analog and digital clock-reading abil-
ity shown in Fig. 2. In the group of middle-to-late
AD, there is no significant difference between ana-
log and digital clocks, probably because they could

not read either of them correctly. However, a larger
SD in the scores of digital clocks may suggest that
some patients in this group can still read digital clocks
correctly.

Factors affecting clock-reading ability in patients
with cognitive decline

Next, we analyzed the factors that affect the ana-
log and digital clock-reading ability of patients with
cognitive decline. We attribute the decreased ability
of clock reading to several factors that we specu-
late from this study: number-reading ability, semantic
knowledge, and visuospatial function.

Our study investigated whether participants could
recognize numbers of the clock face (display) prop-
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erly to see if number-reading ability is associated with
the CRT. The results showed that number-reading
ability was decreased only in the middle-to-late AD
group, which may affect clock-reading ability in
advanced AD cases, regardless of the type of clock.
Considering that patients with mild cognitive decline
(in the early AD group) could read numbers prop-
erly, the reduced ability of reading clocks in early
AD patients did not attribute to deficits in number
recognition.

We then found that the score of CRT in patients
whose depiction in CDT had conceptual deficits
regarding analog clocks was significantly lower than
the score in patients without conceptual deficits, sug-
gesting that loss of semantic knowledge about analog
clocks could be one of the factors that reduces clock-
reading ability. We also found that loss of semantic
knowledge about clocks (both analog and digital) is
considered to be a cause of error in the CRT at all
stages, including middle-to-late AD as well as MCI
and early AD. As stated before, analog clock read-
ing depends more on abstract conceptualization than
constructional skills [22]. According to a previous
study by Leyhe et al. [43], semantic memory concern-
ing complex knowledge about the functionality of an
analog clock decreases in the early impairment stage.
Later, additional deficits concerning the functionality
of the minute hand and the meaning of the clock face
symbols begin to accumulate. Additionally, semantic
knowledge of the hour hand and the appearance of
the clock is lost in the advanced stage of AD. These
previous literatures support our study that the loss of
semantic knowledge about clocks (both analog and
digital) could be a factor that reduces clock-reading
ability at all stages of AD.

Moreover, patients with conceptual deficits about
analog clocks had significantly higher scores in CRT
(digital) than CRT (analog), suggesting that even if
patients have loss of semantic knowledge of analog
clocks, some could still read digital clocks correctly.
This observation may be attributed to the fact that the
contents of the semantic knowledge differ between
analog and digital clocks. From these results, we
conclude that patients with conceptual deficits about
analog clocks should be advised to use digital ones.

A deficit of visuospatial cognition also could be
a factor affecting clock-reading ability [44]. When
patients read an analog clock, they need to capture the
positional relationship between the clock hands and
digits; however, it becomes difficult to recognize the
angle of lines because of visuospatial dysfunction that
arises as the disease progresses [45]. In this study, the

scores of “copy pentagons” in the MMSE, which is
thought to represent visuospatial function, decreased
only in the middle-to-late AD group, as shown in
Table 1. As expected, we found that the score of “copy
pentagons” in the MMSE is significantly related to
analog clock-reading ability. It is known that visu-
ospatial function is impaired in dementia in the later
stage [34], which may lead to a decrease in analog
clock-reading ability in cases of advanced dementia.

Discriminating power of clock-reading test for
cognitive decline

Since telling time is a common task in daily life,
and clock-reading ability is necessary for maintaining
temporal orientation, we explored whether clock-
reading ability may be an early indicator of detecting
cognitive decline. As shown in Fig. 5, the AUC of
CRT (digital) was smaller and the AUC of CRT (ana-
log) was greater than that of CDT, suggesting that
CRT (analog) showed a high discriminating power for
dementia patients in our study. This point is clinically
important since analog clock-reading ability may be
an early detector of cognitive decline in the daily
life of elderly patients. Therefore, when the elderly
have difficulty in working out the time on the tradi-
tional analog clock face, it may be a warning sign of
cognitive decline that is as sensitive as the CDT.

Strengths and limitations

This study presents novel insights into the clock-
reading ability of both digital and analog clocks in
patients with cognitive decline of various degrees.
We further investigated the cognitive factors that may
affect reading clocks. From this research, we propose
that digital clocks may be more readable than ana-
log clocks for patients with dementia. The limitation
of this study is that the patients were recruited from
one hospital and with an AD background. In order to
further generalize this result, more patients from var-
ious hospitals and facilities should be collected, and
future studies including other types of dementia (i.e.,
dementia with Lewy bodies) are needed to make this
clock-reading test more useful.
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