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stomach pains, palpitations, and chronic fever.
The patients were ‘to respond to simple ques-
tions such as, “What is wrong with you today?”
or “How long has this continued?” Three males
volunteered as simulated patients. Their re-
sponses were recorded with a high-resolution
camera. The individuals were instructed to
stare at the camera aperture during the record-
ing. Moreover, to eliminate visual stimuli from
the background, a white board was placed be-
hind them. The video of each filmed individ-
ual was converted to pictures of three different
sizes: 70 cm X 40 cm (large picture), 26 cm X
20 em (medium picture), and 14 cm X 12 cm
(small picture) and viewed on a 32-inch Sony
KD32HD700 monitor (Sony, Tokyo, Japan).
Nine doctors (eight physicians, one pediatri-
cian; average experience, 10.4 years) watched
the videos assuming that the videos repre-
sented medical interviews of first-time pa-
tients. The distance between the display and
the doctor was set at 130 cm, assuming the
large, medium, and small pictures represented
an actual medical interview, an interview on
television conference system, and an interview
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on a cellular videophone, respectively. At the
set distance, the small picture appears like an
image on a real-size cellular videophone as il-
lustrated in Figure 1. To ensure easy playback,
the videos were edited to be approximately 3
minutes in length and recorded on a DVD-R in
motion picture experts group (MPEG)-2 for-
mat. The videos were played on a Panasonic
DV474 DVD player (Panasonic, Tokyo, Japan).

Each doctor viewed the different-sized pic-
tures of all three patients; however, the pictures
were viewed in-a random order to eliminate
the influence of habituation and fatigue. A gaze
point recorder (EMR-8B, NAC Image Technol-
ogy, Tokyo, Japan) was used to record eye
movements. This special camera reads the in-
frared rays reflected from the pupil/cornea,
and thereby, tracks the movements of the gaze
point. For analysis, these tracks were mapped
on a picture captured simultaneously using the
gaze point recorder (Fig. 2). To examine the fo-
cusing activity on the face, the standard devi-
ation of the gaze-point coordinates for hori-
zontal direction (x) and vertical direction (y)
was calculated.

240 ¢

80

-160

0 160 320
[pixel]

FIG. 2. An example of tracks of eaze points. Gaze oints were plotted on an area of 640 ¥ 480 pixels using a gaze-
- p gaze p P P
point recorder. The area of the face is shown as a rectangle.
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In order to confirm the gazing, the temporal
movement and retention of the gaze were dis-
tinguished. When the gaze was static for longer
than 0.1 second, the gaze was assumed to be
retained. The position and time of the retention
were obtained. The total retention time during
which the gaze position was within the face
range was defined as the facial retention time.
The area of the face was considered a rectan-
gle that included the face, as shown in Figure
2. In the present study, we considered the fa-
cial retention time as the time during which eye
contact was established. This definition of the
eye contact, however, does not necessarily
mean the situation of gazing at each other. The
ratio of the facial retention time to the total re-
tention time was measured as the eye contact
rate.

After watching the videos, the doctors filled
out a questionnaire for the respective picture
sizes, and their subjective evaluations on the
pictures were statistically examined. The Stu-
dent’s paired t test was used for the statistical
analysis.

RESULTS

The standard deviation values of the gaze-
point coordinates decreased with the picture
size (Table 1). These changes suggest that as the
picture size decreased, the doctors had to make
an effort to concentrate on the pictures by sup-
pressing their eye movements and focusing on
the smaller range of the face.

As a result of the intense concentration, the
average of the eye contact rate was relatively
high; it was 92.2% for the large pictures, 91.8%
for the medium pictures, and 85.1% for the

TABLE 1.
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small pictures. The reduction in the average of
the eye contact rate in the case of small pictures
was derived from the extreme reduction in eye
movements observed in a doctor. Therefore, no
significant difference was observed between
the medium and small pictures, although the
eye contact rate showed a statistical decrease
in the case of medium/small pictures as com-
pared to the large pictures (Fig. 3).

In contrast, the subjective evaluations
showed that the impression of the medical in-
terview worsened in the small pictures that
simulated a medical interview using a cellular
videophone (Table 2). The scores for all the
questions were significantly lower with the
small pictures than with the medium /large pic-
tures. However, there was no correlation be-
tween the eye contact rate and the evaluation
scores (data not shown).

DISCUSSION

Using a gaze-point recorder, we could eval-
uate an eye contact rate in situations envision-
ing a medical interview in telemedicine. The
gaze-point recorders have been applied to var-
ious medical fields in order to determine the
effectiveness of medical education, the ability
to make diagnosis with medical images, or the
usability of the machine-user interface®; how-
ever, there have been no reports thus far on its
application to the evaluation of telemedicine.

The present results suggest that the doctors
had to make an effort to look at the patients’
faces. As the picture size decreased, the doc-
tors’ gaze range became narrower. It is known
that some special techniques that are different
from the actual medical interviews are neces-

STANDARD DEVIATION OF GAZE-POINT COORDINATES

Standard deviation

(pixel) Large picture Medium picture Small picture

Horizontal direction 34.8 a 29.4 a 24.1
L J | — |

Vertical direction 39.0 a 292 2%2
l L i

a

aStudent’s paired f test, p < 0.05.
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FIG. 3. Eye contact rate. * Student’s paired ¢ test, p < 0.05.

sary for telemedicine.®” Focusing on the face
appears to be an important communication
skill that is used unconsciously during telecom-
munication. The effort of the concentration re-
sulted in high values of the eye contact.

It is believed that eye contact during exami-
nation has two implications—the patient’s sat-
isfaction and improving the doctor’s inter-
viewing skill. Nonverbal communication skills,

including eye contact, have been reported to
improve patient satisfaction.® Giron also re-
ported that eye contact is associated with a doc-
tor’s psycho-diagnostic ability.” Therefore, we
could presume that a low rate of eye contact
leads to low patient satisfaction. This is also in-
dicative of a doctor’s low psycho-diagnostic
ability, although we could not estimate the
lower limit of the eye contact rate.

TaBLE 2. SUBJECTIVE EVALUATION OF QUESTIONNAIRES

Question

Large picture Medium picture Small picture

Was the screen sharp?
Were you able to perceive the change in
expression or facial color from the screen?

Was it almost equivalent to the information that
can be obtained from an actual examination?

Was it of a quality that can be used in an actual
examination?

4.67 3.89 2.67
L a L 2 |
4.67 4.44 3.11
| I |

a
4.11 4.00 2.78
| | - |
a
4.44 4.00 2.78
. i . |

3Student’s paired f test, p < 0.05.
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With regard to the experiments on gaze, the
analysis might have to be performed at an ac-
tual telemedicine site; however, in order to
mimic environmental conditions, the present
experiment was performed in a controlled
telemedicine environment. In addition, the
present virtual patients continued to stare at
the doctor (the recoding video camera). These
optimized conditions might also improve the
rate of eye contact. In other words, the direc-
tion of the patient’s face and actual background
with various visual stimuli could affect eye
contact in the conditions where a videophone
is actually used.

One of the nine doctors showed a prominent
decrease in the eye contact rate with a decrease
in the picture size. The type of focusing skill
may show considerable differences among the
individuals. Whether the focusing skill can be
improved by practice will be confirmed in the
future.

In the subjective evaluations by the ques-
tionnaires, no significant difference was ob-
served between the large and medium pictures,
suggesting that a television conference could
be an alternative method to the face-to-face
medical interview. Although the average of the
eye contact rate in the medium picture was sta-
tistically lower than that in the large picture,
both these values were almost the same. On the
other hand, the impressions of the small pic-
ture yielded low scores as compared to others.
However, because there was no correlation be-
tween eye contact and subjective evaluations,
the low evaluation scores may not be the result
of the reduction in the amount of acquired in-
formation.

In fact, the average of the eye contact rate did
not significantly decrease despite a prominent
reduction in eye movements of one doctor. In
order to maintain a high value of the eye con-
tact rate, the eye movements were suppressed
to a narrow range. This concentration on a nar-
row field may produce fatigue and cause low
subjective evaluation scores.

Consequently, we found that a cellular
videophone could be useful during medical in-
terviews in telemedicine. The eye contact rate
in the small picture was almost same as that in
the medium picture simulating a television
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conference system. However, the subjective im-
pressions were not necessarily good, and it ap-
peared that certain arrangements for using the
system may be required. For first-time patients,
a television conference system with a medium-
size display is a better choice for a medical in-
terview because the medium picture yielded
good eye contact and subjective evaluations.
The cellular videophone could be a useful de-
vice for following up patients with ease for the
second time and later.

CONCLUSION

Analysis of the eye movements of the doctor
during a simulated medical interview in
telemedicine was performed by using videos of
various sizes. The results showed that the doc-
tor intentionally narrowed the gaze fields and
managed to look at the patient’s face. We ob-
served that a specific skill was required for the
communication in telemedicine. The responses
given in the questionnaires revealed that the
doctors did not have a good impression of the
medical interviews with a cellular videophone.
However, the results also indicated that the use
of a cellular phone in telemedicine is an effec-
tive method of medical interview with a good
eye contact, because no significant difference in
the eye contact rate was observed between the
medium and small pictures produced by a sim-
ulated television conference system and a cel-
lular videophone, respectively.
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ABSTRACT

People with dementia often have low physical activity and some sleep problems. This study
focused on daily life activities and sleeping conditions, and examined the use of these pa-
rameters for detecting dementia. Five passive infrared (IR) sensors were installed in each of
14 subject’s houses. Each patient lived alone. The subjects’ in-house movements were recorded
by the passive IR sensor for approximately 3 months (average, 78 days). Based on these records,
the following parameters of life activities were assessed: (1) the number of outings, (2) total
sleep time, (3) number of sleep interruptions, and (4) sleep rhythm. Subjects with impaired
cognition (Mini Mental State Examination [MMSE] < 24) had a significantly lesser number
of outings (p = 0.001) and a tendency toward a shorter sleep time (p = 0.054) in comparison
with control subjects (MMSE = 24). These results suggest that the monitoring of life activi-
ties by using passive infrared sensors could be an efficient method for detecting dementia.

INTRODUCTION however, has not been widely recognized in
Japan. As a consequence, this often gives rise
IN Jaran, the population of elderly people is to an awkward situation in which patients with
increasing dramatically. The Japanese soci- dementia are brought in to see a doctor after
ety is facing severe problems: the burgeoning showing symptoms of dementia, such as pori-
cost of medical and nursing care, shortage of omania. The early detection of dementia is par-
nursing care facilities, and increasing number ticularly difficult in the elderly living alone.
of solitary deaths. Moreover, several reports Recently, some commercial services have
have shown that the elderly living alone are at been provided for the elderly living alone in
a higher relative risk for dementia.}? Demen- Japan. We supposed that in-house movement
tia is considered one of the most serious dis- data obtained using these commercial sensors
eases in the health management of elderly peo- could be utilized for detecting early dementia;
ple. however, in previous studies, monitored data
It is important to detect dementia at an early was not used as clinical data but was mainly
stage. Early detection makes early treatment used to confirm the safety of the concerned in-
possible. The importance of early detection, dividual3®

Division of Medical Informatics, Shinshu University Hospital, Matsumoto Japan.
Matsushita Electric Works Information Systems Co., Ltd, Osaka, Japan.
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MATERIALS AND METHODS

This study consisted of 14 volunteers who
each lived alone in Matsumoto, Japan. The
mean age of the subjects was 80.0 years (range,
67-90 years). Before monitoring, the subjects’
signatures’ were voluntarily obtained in an in-
formed consent document. The study was car-
ried out for 3 months from February to April
2005. The mean study period was 78 days.

Infrared sensors

Infrared (IR) sensors provided by the Mi-
mamori net service (Matsushita, Osaka, Japan)
were used to monitor the subjects’ in-house
activities. “Mimamori” means “watching over
someone” in Japanese. In this study, five pas-
sive IR sensors were installed in each subject’s
house (Fig. 1). The sensors are activated by hu-
man movements when an elderly person en-
ters a radial area that is within approximately
5 meters of the sensor. When a sensor is acti-
vated by movement, the place and time are
recorded. The sensed data are automatically
transmitted wirelessly and temporarily stored
at a receiver unit in the house. Once per day,
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the receiver transfers the data to a data center
with an embedded mobile phone module in the
receiver unit.

Evaluation of subjects

After the experiment, the cognitive func-
tional status of the subjects was assessed by
performing a Mini Mental State Examination
(MMSE). Additionally, in order to improve the
validity of data analysis, by using question-
naires, the number of outings and sleep time
were determined.

Analysis of sensor data

A computer program to analyze the sensed
data was created. From the data, this program
could extract the times at which the subjects left
and returned to their homes and their sleep on-
set and wake-up times based on the following
simplified patterns: (1) going out pattern—a
definite no-response period after the activation
of a sensor installed at an entrance; (2) coming
home pattern—activation of an entrance sensor
after going out; (3) sleep onset pattern—a def-
inite no-response period after activation of a
sensor installed in a bedroom at night; and (4)

Sensor
7.5 x7 x3cm

I
|

H

Kitchen

Living room

B Rest room

Bath room

|
3En’[rance

Receiver unit
16 x 14cm

FIG. 1. Infrared sensors and a transceiver—an installation example. Each sensor with a cover range of 5 meters has
a potential to detect motion in the ordinary size of Japanese rooms. The rental fee for this system is approximately
$30 per month.
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TasiLe 1. CHARACTERISTICS OF SUBJECTS AND EXTRACTED DATA FROM SENSORS
Sleeping time Bedtime Wake-up time  Interruption
Subjects  Age  Gender ~MMSE  Outing/month (min) + 18D (min) * 18D (min) sleep/day
No. 1 70 F 20 15 251 22:35 = 99 6:51 = 50 4.5
No. 2 84 F 27 18 397 22:09 = 59 6:22 + 38 2.0
No. 3 67 M 22 10 434 20:27 £ 75 7:16 = 42 35
No. 4 81 F 29 24 488 19:59 + 115 8:03 + 48 3.8
No. 5 80 F 29 13 564 20:58 = 45 7:18 = 10 1.7
No. 6 88 F 27 27 537 20:27 = 57 7:12 £ 25 3.5
No. 7 81 F 29 20 395 23:15 = 23 6:51 = 26 1.1
No. 8 77 F 26 25 325 23:31 = 76 7:47 * 36 43
No. 9 82 F 27 18 388 22:54 = 58 6:31 = 52 1.4
No. 10 82 F 23 19 371 20:04 £ 36 4:26 += 39 2.7
No. 11 76 F 30 28 486 21:35 = 118 7:25 £ 67 1.7
No. 12 90 F 21 4 317 21:49 = 120 6:38 + 134 29
No. 13 85 M 29 25 401 21:01 = 63 5:39 = 40 2.6
No. 14 77 F 27 16 412 23:20 = 82 6:60 = 26 1.1

MMSE, Mini Mental State Examination; SD, standard deviation.

interruption of sleep pattern—activation of
sensors installed in rooms other than a bed-
room. The time of sleep onset was defined as
the bedtime and the last sleep interruption as
the wake-up time. The number of outings, to-
tal sleep time, number of sleep interruptions,
and sleep rhythm were analyzed. These data
were compared between subjects in an im-
paired cognition group (MMSE <24) and
those in a control group (MMSE = 24).

RESULT

Some important parameters could be ex-
tracted from the data measured by infrared
sensors that were used to evaluate the daily ac-
tivities and sleep rhythms of the subjects (Table
1). We found that the standard deviations of
the bedtimes and wake-up times could be uti-
lized as an indicator of sleep rhythm. The com-

parison of the impaired cognition group with
the control group revealed a significantly lower
number of outings and a tendency toward a
shorter sleep time in the impaired cognition
group (Table 2).

We compared the analysis data to the ques-
tionnaire answers. Excellent agreement and
significant positive correlations were found be-
tween these data (number of outings: correla-
tion coefficient R? = 0.84 p < 0.001, sleep time:
R? = 0.83 p < 0.001).

DISCUSSION

The present study showed that the number
of outings and sleep time were probably good
indicators for the early detection of dementia.
For elderly people living alone, an outing ap-
peared to be not only a physical activity but
also a social activity. Fratiglioni et al.! enu-

TaBLE 2. CoOMPARISON BETWEEN THE IMPAIRED CoGNITION GROUP AND CONTROL GROUP

MMSE < 24 MMSE = 24 P
Age 77.3 81.1 0.32
Number of outing/month 12.0 21.3 0.01*
Sleeping time (min) 343.0 439.0 0.05
Standard deviation of wake-up time 50.2 36.8 0.18
(min)
Standard deviation of bedtime (min) 82.3 69.5 0.50
Interruption of sleep/day 34 2.3 0.12

Student’s paired ¢ test, *p < 0.05.
MMSE, Mini Mental State Examination.
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merated “living alone” and “without any close
social ties” as risk factors for developing de-
mentia. In contrast, it was reported that an ac-
tive and social lifestyle was effective in pre-
venting the development of dementia.6”

To evaluate sleep, we extracted the sleep
time and number of sleep interruptions. Statis-
tical analysis revealed fluctuation in bedtime
and wake-up time. Sleep disorders include not
only a reduction in sleep time but also the com-
prehensive inclusion of multiple factors. It is
well known that people with dementia often
have sleep disorders.

This study showed that the impaired cogni-
tion group experienced significantly lower
number of outings and tended to have some
kind of sleep problem as compared with the
control group. There are several reports indi-
cating that people with dementia become inac-
tive prior to the development of dementia.8 The
continuous monitoring of living conditions
was considered necessary for the early detec-
tion of dementia.

CONCLUSION

We were able to estimate the living pattern
of elderly people from data obtained without
any problems or restrictions. The present study
indicates that some parameters can be utilized
as indicators of early dementia. In addition, the
method used in this study is highly feasible and
can be performed at low cost in Japan because
of the application of commercially provided
services.

(W%}
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