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Because the number of elderly people is rapidly grow-
ing, using information and communication technol-
ogy (ICT) for services to watch single-elder-person
households has been attracting attention. Most of
these services are aimed at detecting elders’ abnor-
malities. They could become more effective, from the
preventive-medicine point of view, if additional func-
tions were added to watch for any decline in the el-
ders’ cognitive functions. In this paper, we describe
a method for detecting minor declines in elders’ cog-
nitive functions, which they may not be aware of, by
measuring and analyzing their spiral-tracing ability
using a tablet device. We developed such a measure-
ment/analysis system and applied it to three groups of
test participants: young, non-frail elders, and frail el-
ders. This paper first describes the method for analyz-
ing the numbers of out-of-orbit tracing attempts, the
numbers of uncompleted attempts, the required time,
and the angular velocities, and then refers to these
tasks to reveal the elders’ characteristics from the an-
alytic results.

Keywords: finger dexterity, cognitive assessment, physi-
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1. Introduction

As the elderly population is rapidly growing [1–3],
there is an increasing demand for detecting their cogni-
tive abnormalities, especially when they live alone. Ser-
vices to watch them using information and communica-
tion technology (ICT) have become more and more pop-
ular as part of home security [4–8]. Such technologies,
however, are mainly designed to detect abnormalities re-
lated to elders’ life crises by monitoring whether or not
they are active at home; they are not designed to detect
declines in the elders’ cognitive functions. Thus, sev-
eral cases have occurred where a family that lived far
away only noticed a problem when the elder’s dementia
was significantly advanced. Under the circumstances, it
would be more useful, from the perspective of extending
their healthy life expectancy, to add functions that moni-
tor the elders’ cognitive functions to the existing watching

services. In particular, those with asymptomatic cerebral
infarctions do not usually show any symptoms that will
adversely affect their daily lives; however, depending on
the infarction sites, they may be exposed to the risk of
accumulating minor effects on their perception, memory,
judgment, etc. As their age advances, the number of sites
affected by asymptomatic cerebral infarctions increases,
increasing their risk of developing symptomatic cerebral
infarctions or dementia later on [9–12]. As asymptomatic
cerebral infarctions can be detected by brain-imaging di-
agnoses with magnetic resonance imaging and/or com-
puterized tomography, medical brain checkups should be
effective for such people. If we could promote medical
brain checkups using tests at home or other simple meth-
ods, it could lead to the early detection of asymptomatic
cerebral infarctions.

Thus, we propose a testing system using a tablet de-
vice to be operated at home by the elders themselves [13],
which could detect any decline of their cognitive func-
tions, present the test results simply and clearly, and en-
courage them to get a medical brain checkup. Thus far,
we have built a basic measuring system using a tablet de-
vice to measure detailed time-series data on their hand-
writing [14]. In this study, we aim to reveal the elders’
cognitive characteristics by measuring their finger dexter-
ity in tracing a spiral figure displayed on the tablet screen.
If we could apply such measurements to assess their mo-
tor and cognitive functions, we could expect that continu-
ous, periodic measurements could lead to early detection
of such functional declines.

2. Assessments by Spiral-Tracing Tasks

Numerous methods for testing the fingers’ dexterity
have been proposed, and used to check for neurological
disorders and impaired motor functions [15, 16]. It is also
reported that declines in the fingers’ dexterity are linked to
declines in the cognitive functions [17, 18]. In this study,
we have paid special attention to the spiral-drawing tests,
among the various finger-dexterity tests that elders can
easily take at home.

Spiral-drawing tests involve tracing a spiral drawn on
a sheet of paper and have been adopted to test the up-
per limbs’ dexterity at clinical sites [19, 20]. Parkinson’s
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Fig. 1. Spiral type N (clockwise from inside to outside) and type I.
Fig. 2. Measurement environment.

Table 1. Six types of tasks.

Task N+ I+ N− I− NL N10
Spiral type N I N I N N
Start[deg] 0 0 1440 1440 1440 1440
Goal[deg] 1440 1440 0 0 0 0
Additional The ink is Please try to do
instruction transparent. this within 10 sec.

disease progression rates can be visually diagnosed by
trembles in the handwriting that reflect the shaking up-
per limbs. An automatic diagnosis for this disease using
a liquid-crystal tablet device has also been recently de-
veloped [21, 22]. Such spiral-drawing tests with no time
limit would be easy for a healthy person to accomplish
if they took them slowly and steadily, such that no visual
differences in their handwriting could be observed [23].
This study, aimed at detecting minor declines in the cogni-
tive functions of healthy persons with no subjective symp-
toms, has set the following conditions to make the spiral-
drawing task more difficult.

(a) Draw a spiral without crossing the lines bordering a
5-mm-wide space.

(b) Draw a spiral as fast as possible.

The above-mentioned conditions for the spiral-drawing
task, in which participants attempt to trace a 5-mm-wide
space instead of a fine line, are intended to encourage the
participants to draw as quickly as possible, rather than
tracing slowly and steadily along the line.

3. Purpose and Objects of Measurements

Figure 1 illustrates the spiral figures used for the mea-
surements. In the spiral-drawing task, the participant uses
a stylus pen to trace a spiral-shaped 5-mm-wide blank
space without crossing the black spiral lines, while their
handwriting data, which contain their fingers’ dexterity
characteristics, are recorded. Fig. 1(a) shows an example
of a participant’s handwritten spiral line. The spiral fig-
ure’s curvature becomes larger as it nears the center, so

more minute motions are required of the fingers at this
point. Larger motions are required of their wrists and
arms as they progress farther from the spiral center. Thus,
we can duly expect that such spiral-drawing tasks will en-
able us to measure a variety of dexterity characteristics as
the participants draw small to large arcs. Fig. 2 shows a
measurement scene.

To determine a method by which we could easily re-
veal elders’ characteristics, we conducted measurements
five times for each of the six types of spiral-drawing tasks
shown in Table 1. Using the two spiral types with differ-
ent spiral directions, as shown in Figs. 1(a) and (b), we
first established four spiral-drawing tasks: tasks to trace a
spiral from inside to outside (N+, I+) and tasks to trace
from outside to inside (N−, I−). Then, based on the N−
task, we established the NL task, in which the handwrit-
ing is not displayed on the screen, and the N10 task in
which the participants are instructed to complete it within
ten seconds. The task order performed by each participant
was decided using the Latin square design [24] to dimin-
ish any learning effects. The following four instructions
were given to the participants:

(1) Draw a line with a stylus pen without touching the
black lines.

(2) Draw a line from the starting point to the finish point.

(3) Draw a line as fast as possible.

(4) Draw a line with a single stroke of the pen.

The test participants were classified into the following
three groups:

• Young Group: 10 persons (20 to 23 years of age)
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• Non-Frail Elders Group: 11 persons (61 to 81 years
of age)

• Frail Elders Group: 6 persons (77 to 92 years
of age, HDS-R (Revised Hasegawa’s Dementia
Scale [25, 26]) = 3 to 28), including two persons
with Alzheimer’s dementia, one person with senile
dementia, two persons with a suspected case of de-
mentia, and one person with long-term care needs.

All of the participants were right-handed. The young
participants and non-frail elderly participants made 30 at-
tempts per person against 15 attempts by each frail elder.
To alleviate any measurement burden on the frail elders,
they performed a subset of the tasks, N+, N−, and NL,
and when they could not complete a task, they gave it up.

We used an active type of stylus pen with a fine nib to
give the users a sense of use closer to a ball-point pen. The
tablet device used for measurements had a 7-inch touch
panel with a 213-dpi resolution. The handwriting data
were sampled at a rate of about 60 Hz.

Dementias, are generally classified by the cause, have
some common symptoms caused by the decline in cere-
bral function. The frail-elders group included a few per-
sons without dementia, a few persons with suspected de-
mentia, and a few persons with different kinds of demen-
tia, which made it difficult for us to individually derive
any statistical outcome. However, all the participants in
the frail-elders group were certified as needing long-term
care and commonly had evident symptoms in their cogni-
tive or motor functions. Thus, we noted any differences in
such symptoms between the healthy persons and the frail
elders.

4. Analytic Method and Results

4.1. Analyses of Out-of-Orbit Scores and
Uncompleted Tasks

In all of the six tasks, where the participants were asked
to trace a 5-mm-wide space bordered by black lines, their
handwriting occasionally touched or crossed the black
lines. By counting how many times their handwriting
crossed the black lines and returned in one tracing at-
tempt, their out-of-orbit scores (O3 scores) were recorded.
When some of the participants gave up their tracing at-
tempts in the middle and did not reach the finish point,
the O3 scores were recorded as N/A (not applicable).
When some of the frail-elderly participants determined
that they would never be able to reach the finish point and
aborted their attempts, such uncompleted attempts were
also recorded as N/A. Fig. 3 shows the aggregate results
of the O3 scores.

All of the young participants succeeded in reaching the
finish point, complying with all of their instructions; thus,
no N/A attempts were counted. The young participants’
zero-O3 scores (i.e., no deviations) account for the largest
percentage (83.7%) in the I− task, and the second largest
percentage (82.0%) in the N+ task.
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Fig. 3. O3scores for each trial.

Fig. 4. Uncompleted N+ task by a participant in the frail-
elders group.

The non-frail elder participants have some N/A at-
tempts in every task. Specifically, N/A attempts account
for 22.6% in the N10 task, twice as many as those in the
N− task, where N/A attempts account for 9.0%. The non-
frail elder participants have the fewest N/A attempts in the
NL task (3.6%).

The frail-elder participants’ N/A attempts account for
more than 40% in every task, and 54.2% in the N+
task. Fig. 4 shows an example of an uncompleted (N/A)
N+ task: an attempt by a frail-elder participant (with
Alzheimer’s dementia, HDS-R = 3), in which the partic-
ipant began drawing a circle from the inside, determined
that he would never be able to complete the drawing, and
gave it up; all of his tasks for drawing a circle from the in-
side are N/A attempts. The frail elders have fewer zero-O3

scores than the other participant groups, and such zero-
crossing attempts only account for 12.5% in the N+ task.
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Four of the six frail-elder participants achieved O3 scores
of N/A or 1 or more, with no zero-O3 scores, in all of their
attempts.

We discuss the O3-score characteristics of the three par-
ticipant groups in Subsection 5.1. Although differences
between the young and non-frail elders are clearly rec-
ognizable in the O3 scores, in the following subsections,
we discuss other analytic methods that could better reveal
both groups’ characteristics.

4.2. Analysis of Required Time
The time required by the participants to trace a spi-

ral constitutes one of the important indices for measuring
their work rates per unit time. The time required for one
tracing attempt is measured from the time their handwrit-
ing passes the starting point until the time when it passes
the finish point. When measuring the required time, un-
completed (N/A) attempts are omitted because they cover
shorter distances and require a shorter time than the com-
pleted attempts.

Figure 5 shows the mean time required by the partic-
ipants to complete each task, together with the standard
deviations. The t-tests show significant differences in the
mean average required time between the young partici-
pants and the non-frail elder participants. In the N10 task,
where the participants were instructed to complete a draw-
ing task within 10 seconds, 90% of the young participants
completed the task within 10 seconds on average, while
27% of the non-frail elder participants did so.

Figure 6 shows the mean time required to complete the
tasks with O3 scores of 0, or 1 or more, together with the
standard deviations. Both the young participants and the
non-frail elder participants required a significantly longer
average time to complete the tasks with a zero O3-score.

4.3. Analysis of Angular Velocities
As an index by which we can compare the dexterity in

more detail than the required time, we determined the pen
nib’s angular velocity at each degree of the spiral figure
drawn in Fig. 1, based on the handwriting data comprised
of a set of timestamps and XY coordinates. We only an-
alyzed the data on the pen nib’s angular velocities in the
normal direction from the start to the goal and omitted
any data on the handwriting in the reverse direction. We
only analyzed the data on the attempts that completed the
tasks with zero-O3 scores. Fig. 7(a) shows the angular
velocities in the six tasks attempted by the young partici-
pants. In the four tasks that start from outside the spiral,
or 1440 deg, the handwriting reaches a maximum angu-
lar velocity at around zero degrees and the second peak at
around 150 deg; in the N10 task, the second peak value
is 559.5 deg/s at 148 deg. The above-mentioned charac-
teristics are not recognizable in the data for the non-frail
elder participants. In the N10 task by the young partic-
ipants, the angular velocities reached the highest at the
82.6% range of angles in all six tasks.

Figure 7(b) shows the non-frail elders’ angular veloci-
ties in the six tasks: in the N10 task, their angular veloci-
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Fig. 5. Mean task-completion time.
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Fig. 6. Task-completion time and O3 score.

ties are the highest at an 86% range of angles including 31
to 1115 deg in all of the six tasks; the maximum angular
velocity in the N10 task is 472.0 deg/s at 68 deg.

The young participants and the non-frail elder partic-
ipants showed some common characteristics: In the N+
and I+ tasks, where the handwriting starts from the in-
side, the angular velocities tended to decrease more at an-
gles larger than 180 deg inside the spiral than in other
tasks.

5. Discussion

5.1. Characteristics of O3 Scores of Young, Non-
Frail Elders, and Frail Elders

The frail elders’ O3 scores show that their N/A attempts
account for more than 40% of all the tasks and that they
have fewer zero-O3 attempts than the other participant
groups in all the tasks. We note from the above-mentioned
test results that the tracing tasks show significant differ-
ences in O3 scores between the frail-elders group and the
other two participant groups.

The young participants had no N/A attempts counted as
O3 scores; they fully complied with the instructed condi-
tions until the finish point. The young participants’ zero-
O3 score attempts account for the highest percentage in
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Fig. 7. Angular velocity of each task.

the I− task (83.7%) and the second highest percentage in
the N+ task (82.0%). The participants draw a clockwise
arc in the I− and N+ tasks and counterclockwise in the
other four tasks. Given that people from different cultures
are accustomed to different ways of drawing a circle, tests
with both Japanese and German participants showed that
the Japanese participants tended to draw a circle clock-
wise from the bottom to the top, while the German par-
ticipants drew counterclockwise from the top to the bot-
tom [27]. The fact that the participants in this study are all
Japanese, who are rather accustomed to drawing a curve
clockwise than counterclockwise, could explain why the
numbers of the participants’ attempts completed without
deviating from the designated space are the largest in the
I− and N+ tasks. Testing with participants from different
cultures and analyzing such test results remain as issues
to be addressed in future work.

The non-frail elders had some N/A attempts in every
task. In particular, their N/A attempts account for 22.6%
of the attempts in the N10 task, which represents more
than twice as many N/A attempts than in the N− task

(9.0%). This could be attributed to the condition specific
to the N10 task that the participants must complete the
drawing task within 10 seconds: they may have given pri-
ority to shortening the required time and pressed ahead
with the task, compromising the task quality. On the other
hand, the non-frail elders have the smallest number of
N/A attempts in the NL task, which accounts for 3.6%.
In the NL task, where the drawn orbit is not displayed, the
participants do not receive feedback on their drawing di-
rections or velocities, which could significantly alleviate
any burden on the non-frail elders, resulting in the above-
mentioned decrease in N/A attempts in the NL task.

5.2. Characteristics of Time Required by Young
and Non-Frail Elders

A comparison by tasks, except for the N10 task, shows
that the largest number of participants required the short-
est time in the NL task, where the handwriting was not
displayed. Thus, they were not bothered by any visual
feedback, so they might have been less concerned about
touching or crossing the spiral lines when increasing their
writing velocities.

Generally, taking sufficient time to draw a line carefully
should make a precise and accurate orbit, which should
also apply to any type of drawing task. In any attempts
counted as O3 scores of 1 or more, the participant may
have prioritized shortening the time required to complete
the tasks, while somewhat neglecting the instructions not
to deviate from the designated space. Therefore, we com-
piled the mean required time and standard deviations for
the attempts counted as O3 scores of 0 and 1 or more,
as shown in Fig. 6. It shows that both the young and
non-frail elder participants required a significantly longer
mean time to complete their tasks with no deviations.

5.3. Angular-Velocity Characteristics of Young and
Non-Frail Elders

The length of a spiral line per degree becomes shorter
as it nears the center. Therefore, as the pen nib moves
along a spiral line at a constant linear velocity, its angular
velocity increases as it nears the center. Fig. 7 shows the
angular velocities when the participants have drawn a line,
together with a broken line for the angular velocities of the
10-s complete (with constant velocity) attempt. The 10-
s complete attempt is when an ideal person have drawn
a line at a constant velocity (31.5 mm/s) in the middle
of the 5-mm-wide space (for a total length of 315.0 mm)
in just ten seconds. Ten seconds is the instructed time
limit of the N10 task. The angular velocities of both the
young and non-frail elder participants are the highest at
the widest range of angles in the N10 task, of all of the six
tasks, as described in Subsection 4.3.

A comparison of angular velocities between the 10-
s complete and the N10 task by the young participants
shows that their angular velocities in the N10 task are
higher at every angle than in the 10-s complete. The
non-frail elders’ angular velocities in the N10 task are
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lower than in the 10-s complete at angles below 216 de-
grees inclusive, between 373 deg and 396 deg, and above
1410 deg inclusive, and are remarkably lower than the
young participants in the N10 task, especially in the space
nearer the spiral center. This may be attributed to the el-
ders’ lack of dexterity in drawing a line with a tight cur-
vature near the spiral center.

6. Conclusion

We proposed a method to analyze elders’ dexterity by
measuring spiral-tracing tasks using a tablet device as a
method to detect minor declines in their cognitive func-
tions. We developed a new measurement/analysis pro-
gram to measure six kinds of tasks attempted by three
groups of participants – young, non-frail elders, and frail
elders – and analyzed the numbers of their out-of-orbit at-
tempts, uncompleted attempts, required time, and angular
velocities, to prove that the developed program can re-
veal distinctive differences between the above-mentioned
groups. An especially noteworthy finding is that, while
the young participants had no uncompleted attempts, the
non-frail elders had 3.6% to 22.6% of uncompleted at-
tempts in the six tasks, and the frail elders had over 40%.
The analysis of the time required for the N10 task with a
time limit showed that the ratios of the participants who
completed the task within 10 seconds on average were
90% of the young participants and 27% of the non-frail
elders: a significant difference in the mean required time.
This analysis seems to suggest the effectiveness and eas-
iness of the N10 task in detecting minor declines in the
cognitive functions.

As the developed system can be operated with an
affordable, generic tablet device available at ordinary
homes, we hope that the knowledge acquired in this study
can effectively be used in one-elderly-person households
to daily monitor any changes in their dexterity and extend
their healthy life expectancy as well. On the other hand,
we are concerned that the developed method will not be
applicable in its current state to watch elders with already
shaking hands. We need to widen its application range by
devising more methods, e.g., by combining it with other
testing methods.

In the future, we plan to continue periodically monitor-
ing the same test participants to determine a new monitor-
ing method by which we can detect medium- to long-term
functional declines.
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