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Aim: The primary aim of this study was to examine the impact of age, gender and the stage
of dementia on the results of an assistive technology intervention that make use of communi-
cation robots (com-robots). The intervention was designed to improve the social participation
and interactions of nursing home residents. While our previous study showed that the overall
effects of com-robot intervention were positive, it was unknown what impact age, gender and
the stage of dementia of participants had on such an intervention.

Methods: This was a non-randomized, multicenter quasi-experimental intervention study
conducted in residential care homes in Japan. Two types of com-robots were introduced for
8 weeks after baseline evaluation. The World Health Organization’s ICF was used for evaluat-
ing any changes present after the 8-week intervention. In total, 78 residents (68 women,
10 men, 86.5 � 7.7 years old) participated in the study. The Degree of Daily Life Indepen-
dence Score for People with Dementia (DDLIS-PD) was employed for measuring the stage of
dementia.

Results: The results showed that the older participants aged ≥80 benefited more from the
intervention than the younger cohort did (P < 0.05). A greater improvement was shown
among those with a more advanced stage of dementia than those at a less advanced stage
(P < 0.05), when using DDLIS-PD.

Conclusions: The overall findings support the use of com-robots within the context of a
care team for older people with moderate dementia, and those who are aged ≥80 years.
Geriatr Gerontol Int 2020; ••: ••–••.

Keywords: assistive technology, communication robot, eldercare, long-term care policy,
socially assistive robot.

Introduction

Assistive technologies in care settings are increasingly expected to
perform a broader set of functions and roles. While there are great
expectations for robotics-aided care, which encourage and facili-
tate social participation and interactions of older people, the use
of AI-driven Socially Assistive Robots (SARs) has remained
rare.1–4

However, several studies began reporting the positive impact of
SARs on the daily living and quality of life of older people.5–12

Many of these studies examined animal-shaped companion robots
and their therapeutic effects on older people.5–10 Takayanagi et al.
found that people with every stage of dementia showed greater
interest in a seal robot than in an animal-shaped stuffed toy.10

The interactive functionality appears to be a powerful element in
generating interest and engagement among users.

With a particular focus on communication, a feasibility study
on the usefulness of remotely operated telepresence robots was
conducted, connecting people with dementia (PwD) and their
families.11 The participants’ emotional responses and engagement
with the telepresence robot were reported to be positive. Another

study reported the positive impact of communication robots
(com-robot) on older people’s communication, self-care and tasks
in social life.12 There is also a study13 showing that information
and communication technology (ICT) systems can enhance the
quality of life and safety of older people with Alzheimer’s disease,
particularly among those who are aged 75–84 years and those with
moderate dementia. The study suggests that age and the severity
of cognitive impairment in older people can affect the efficacy of
SARs in having an impact.

Despite these findings, there has been little evidence in practice
as to how different essential factors such as sex, age and stage of
dementia could influence the effectiveness of SARs, particularly
com-robots in long-term care settings.

Against this background, the study was designed to examine
the three components (sex, age and stage of dementia) when com-
robots were used in nursing care facilities. In Japan, robotic-aided
care for older people is now seen as one of the core long-term care
policy agendas. The size of the older population (approximately
35 million, as of 2018) is overwhelming in comparison with other
countries.14 It is estimated that by 2025 there will be a shortfall of
370 000 nurses and care workers.15–17 In April 2018, the Ministry
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of Health, Labour and Welfare (MHLW) established the Office for
Nursing Care Robot Development and Promotion, and appointed
special staff to take charge of it.

Considering the inevitability of SARs use within the context of
long-term care in Japan, the primary purpose of this study was to
ascertain the appropriateness of using com-robots for older people
living in nursing homes by investigating whether differences in
sex, age and stage of dementia have any effect on the impact of
com-robots on older people’s social participation and interactions.

Methods

This was a non-randomized, multicenter, pre/post-intervention
study. As mentioned above, this was carried out as part of a larger
project partially funded by the AMED.

Study site and participants

The study site included four nursing homes and two rehabilitation
facilities for older people in Japan. Ten accredited residential care
facilities were originally approached, each with >15 years of expe-
rience and six of which agreed to participate. In total, 65 older
persons were recruited as participants. The inclusion criteria for
individual participants were whether they were able to express
their will, show some interest in com-robots and conduct two-way
communications with their carers and family members. Further-
more, 14 were also selected from the participating facilities, and
they were assigned to the control group (CG). During the 8-week
intervention period, one participant in the CG dropped out. In
total, 79 (65 in the intervention and 14 in the CG) participated in
the study. Of 79 older people who originally participated in the
robot intervention, one person moved to a different unit and
dropped out during the course of the study. In total, 68 women
and 10 men (aged 86.5 � 7.7 years) participated in the study.

Procedure

This study was registered at UMIN-CTR (UMIN000025673).
Ethics approval was granted by the Social Welfare Corporation
Tokyo Sacramental Ethics Committee (TS 2016-002). Participants
and their family members were approached by the researchers,
and the information about the project was provided. Consent was
sought from each participant and their family.

Intervention

The com-robot intervention was designed by the multidisciplinary
team, consisting of a consultant geriatrician, social care profes-
sionals, care managers and social scientists, and conducted for

8 weeks for the participants and those in the CG in the six facilities.
Two types of SARs were used for this study, and they share some
common features, such as cloud computing and a programmed
alert system. See Table 1 for the specification of the robots.

The robot names are Cota (Robot A, Figure S1; see Supporting
Information) and Palro (Robot B, Figure S2; see Supporting Infor-
mation). Robot A speaks and encourages people to do certain tasks.
It also monitors the person with a bedside infrared camera, which
sends alerts to caregivers as well as the central nursing station in
case of emergencies such as falls. Robot B communicates and inter-
acts with people more freely, with a greater degree of freedom and
vocabulary. We selected Robot A, as it had high-level communica-
tion capabilities (e.g. conversational scenarios can be rewritten and
upgraded) and it can be linked to a monitoring system. Robot B
was chosen for different functions. It performs music and can lead
physical exercises in addition to its conversational functions. We
did not compare the two robots (A and B) per se, as they have dif-
ferent functions and were used for different purposes for this study.
Robot A was used to remind residents of the scheduled activities,
while robot B was employed more as part of the activities.

At any one time, each participant was given only one robot
during the study. The robots were placed on their bedside table.
Robot A was programmed to start talking to participants at cer-
tain times (Figure S3; see Supporting Information). Robot B also
spoke and interacted with participants during recreation
(Figure S4; see Supporting Information). The conversations can
vary from greetings (e.g. “good morning,” “What’s your name?”)
to questions about hobbies or medications (e.g. “Have you taken
medications?”).

Assessment and evaluation

For all participants, including those in the CG, a nursing care pro-
gram was drawn up as usual. Alongside this process, five goals in
the areas of participation and activities were identified by a care
team using the World Health Organization’s (WHO) International
Classification of Functioning, Disability and Health (ICF) frame-
work.18 This process was carried out in consultation with each
participant. In Japan, the ICF is widely applied in the curriculum
of social care professionals.

Among the items listed in the ICF, there are seven major cate-
gories of “activities and participation.” These are: communication;
movement; self-care; domestic; interpersonal activities; performing
tasks in a major life area; and tasks in social and civic life. In each
of the seven categories, there are subsets of categories such as
“transferring oneself” and “hand and arm use.” Figure S5 (see
Supporting Information) shows a sample ICF evaluation sheet.

For this study, the five most important items from the activities
and participation category were selected for each participant, and

Table 1 Robot specifications

Robot A Robot B

Manufacturer Vstone Co. Ltd. Fuji Soft Co. Ltd.
Size (height, width, depth) 280 mm × 140 mm × 160 mm 40 mm × 180 mm × 178 mm
Weight 0.76 kg 1.8 kg
Conversation engine Embedded software on Linux Embedded software on Ubuntu
Degree of freedom A total of 8� of freedom (Body 1 axis,

Arm 2 axis ×2, Neck 3 axis)
Movable part 23 axis
(Head 2�, Arm 9�, Leg 12�)

CPU type Intel® Edison MX6 Quad ARM Cortex
Input/output device A camera/monaural microphone/speaker/LED.

WiFi available.
A camera/monaural microphone/speaker/LEDs.
WiFi and Bluetooth available.
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based on those five items, an observation sheet and a daily care
plan were devised. Performance and ability for the five items were
measured before commencement of the intervention. For the
com-robot intervention group (IG), robots were programmed to
reflect the participants’ goals. The nursing staff observed changes
in these items on a daily basis, and recorded any changes at the
end of the shift.

Once the intervention began, changes in the five major goals
were observed. The assessment of each activity, based on the
observations, was graded using a seven-point scale (0: total inde-
pendence; 1: limited autonomy [e.g. need of walking stick]; 2: par-
tial assistance needed [e.g. someone watching over]; 3: verbal
instruction needed; 4: partial/physical assistance; 5: total depen-
dence; 6: inability to perform the action).

The team recorded the daily performance for each activity and
participation numerically, and discussed the changes throughout
the study. We compared the baseline data with post-evaluation data,
and gave a rating of 1 for “improvement,” 0 for “no change” or −1
for “deterioration.” As physical condition changes daily among older
people, “improvement” and “deterioration” were recorded only
when the same trend was observed continually. Regarding small
changes in a very short period, we judged carefully while recording
such changes in the assessment in the form of special notes.

When the intervention period was over, ratings for the five
items were added up for each person. Comparing the data from
the pre- and post-intervention period, when the overall rating was
positive, 1 was recorded, and this meant “overall improvement;”
0 meant “no change,” while −1 signified “overall deterioration.”
For the com-robot intervention and CGs, the data were also com-
pared initially in terms of overall improvement, no change or over-
all deterioration, and then further analyses were carried out in
relation to the three components (age, sex and dementia stage)
across the two groups.

Statistical analyses

Statistical analyses were performed using R package.19 Cross-group
comparisons were made using Fisher’s exact test. For all statistical
analyses, P < 0.05 was regarded as statistically significant.

Results

Characteristics of participants: levels of care needed and
impact of dementia on daily living

The level of care needs for IG and CG was calculated, and there
was no significant difference. In the Japanese Long-term Insur-
ance scheme, the applicant receives a certification of need, which
is categorized into seven levels: support levels 1 and 2 (formal care
is not required, but some assistance with daily living activities is
needed) and Care Need Scales (CNS) 1–5 (person requires formal
care). The five scales show the degree of formal care needed, with
1 indicating the least severe and 5 the most severe.20 For this
study, the average scales for IG and CG were 3.4 and 3.8 respec-
tively. The sample is a good representation of care home residents
in Japan. In Tokyo the average CNS is somewhere between 3.5
and 4. This accounts for approximately 60% of older adults in
Japan.21 The robot’s remarkable effect was observed in subjects
with the most common care levels among participants.

While the Mini Mental State Examination (MMSE) is widely
used in Japan, in practice, the Degree of Daily Life Independence
Score for People with Dementia (DDLIS-PD) is much more prev-
alent.22 Seven scales are used for DDLIS-PD, and the assessment

criteria and examples of symptom and behavior are shown in
Table 2.

Participants’ characteristics (by levels of care need and stage of
dementia) in both IG and CG are summarized in Table 3.

Effects of communication-robot intervention

Targeted items in ICF classification used in this study are shown
in Table 4. Improvements were observed mainly in “a3

Table 2 Degree of Daily Life Independence Score for People
with Dementia (DDLIS-PD)22

Scale Assessment criteria Examples of symptom and
behavior

I Signs of mild form of
dementia, but ADL is
possible in their homes and
community.

II Many symptoms/behaviors or
difficulties in
communication that may
interfere with ADL,
independence can be
achieved with some
assistance.

a Above-mentioned symptoms/
behaviors observed outside
their homes.

Difficulties with navigating
in the street, daily
activities such as
shopping, office work,
financial management.

b Above-mentioned symptoms/
behaviors observed in their
homes.

Difficulties with
medication
management, answering
the phone, waiting alone
in the house.

III ADL is declining, and
occasional nursing care is
necessary. Symptoms,
behavior and difficulties are
seen in communication that
cause problems in daily life.

Difficulties with changing
clothes, eating, toileting,
mismanagement of fire,
sexual abnormality and
unusual behaviors (e.g.
putting things into the
mouth, pick up things
aimlessly, shouting)

a Above-mentioned symptoms/
behaviors observed
primarily during daytime.

b Above-mentioned symptoms/
behaviors observed
primarily during nighttime.

IV Constant care is needed.
Symptoms, behaviors and
difficulties in
communication often cause
problems for ADL.

Similar to III

M Almost impossible to
communicate when trying
to meet the needs of ADL.
Marked mental symptoms
and behavioral problems or
serious physical problems
are seen, and specialized
care is necessary.

Mental symptoms such as
delirium, delusions,
excitement, self-harm,
etc. Continued
problematic behaviors
caused by mental
symptoms.

Translated by the authors. ADL, activities of daily living.
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communication,” “a5 self-care” and “a9 social and civic life,” as
we had reported.23

Of 325 target items in the com-robot IG, deteriorations were
observed for 31 items, and no change was recorded for 173 items.
In contrast, there were improvements in 121 items (Table 5). On

the other hand, for the CG, deterioration was noted for nine
items, no change for 50, and improvements for six items.

Fisher’s exact test showed that the difference between the two
groups was significant (P < 0.001). Table 5 indicates a statistically
significant improvement for the com-robot IG.

Effects of commmunication-robot intervention: within-
group comparison

Women versus men
Within the com-robot IG, the effects on men and women were
compared within the com-robot IG (Table 6). Although the num-
ber of men in the group was very small, the ratio of improved
items for men and women were almost the same. Therefore, there
was no gender difference.

Table 3 Characteristic of participants, CNS and DDLIS-PD

IG (n = 65) CG (n = 13)

Care need (CNS) 1 1 0
2 9 2
3 20 2
4 30 6
5 5 3

Dementia (DDLIS-PD) No symptom 1 0
I 2 0
IIa 17 0
IIb 25 4
IIIa 14 6
IIIb 4 2
IV 2 1

CG, control group; CNS, Care Need Scales; DDLIS-PD, Degree of
Daily Life Independence Score for People with Dementia; IG, inter-
vention group.

Table 4 Targeted items in ICF classification (com-robot intervention group)

Deterioration No change Improvement Total

a3 Communication
activities

a310 Activities of understanding spoken messages 0 1 0 1
a315 Activities of understanding non-verbal messages 0 2 3 5
a330 Activities of producing spoken messages (speaking) 0 5 3 8
a335 Activities of producing of non-verbal messages 0 2 2 4
a345 Activities of producing written messages(e.g. writing a

letter)
0 5 2 7

a350 Conversation activities 6 34 15 55
a4 Movement activities a415 Activities of maintaining a body position 2 10 2 14

a420 Activities of transferring oneself 2 9 4 15
a445 Activities of hand and arm use 0 7 1 8
a450 Walking activities 5 13 8 26

a5 Self-care activities a510 Activities of washing and drying oneself 0 16 10 26
a520 Activities of caring for body parts (i.e. more than washing

and drying oneself)
2 10 14 26

a530 Activities related to toileting (including expressing and
transferring oneself to toilet)

0 6 3 9

a540 Dressing activities 1 8 10 19
a550 Activities of eating (including eating together) 0 2 1 3
a560 Activities of drinking (e.g. drinking from tap, opening

bottles and cans)
1 0 0 1

a6 Domestic activities a640 Housework activities except for preparation of meals 0 1 0 1
a650 Activities of caring for possessions (including

maintenance and restoration)
0 0 4 4

a7 Interpersonal
activities

a740 Activities of initiating and maintaining interaction in
public life (e.g. with professionals, care service
providers)

0 1 1 2

a750 Activities of initiating and maintaining interaction in
private life (e.g. with colleagues and friends)

5 30 13 48

a8 Performing tasks
(major life area)

a855 Activities of performing in non-remunerative work (e.g.
volunteering)

0 0 1 1

a9 Performing tasks
(social and civic life)

a920 Activities for performance in recreation and leisure 7 11 24 42

Table 5 Cross-group comparison: com-robot intervention
group vs. control group

Deterioration,
n (%)

No change,
n (%)

Improvement,
n (%)

Robot group
(n = 65)

31 (9.5) 173 (53.2) 121 (37.2)

Control group
(n = 13)

9 (13.8) 50 (77) 6 (9.2)

K Obayashi et al.
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Age
The spread of age in IG ranged from 67 to 103. When IG was
divided into three groups (i.e. those aged <80, those in their 80s
and those ≥90 years), the improvement ratio by the robot inter-
vention was higher in those aged ≥80 than in the younger
cohort (P < 0.05).

Stage of dementia (Degree of Daily Life Independence Score for
People with Dementia)
We analyzed the degree of autonomy of older PwD, which was
used as an important practical indicator in the nursing care insur-
ance qualification examination criteria in Japan. When comparing
the mild (IIa or less), moderate (IIb) and severe group (IIIa or
more), as shown in Table 6, a great improvement was seen in the
severe dementia group (P < 0.05).

Discussion

The overall impact of the 8-week com-robot intervention in geriat-
ric care facilities was positive. The results showed much improve-
ment in residents’ quality of life, evaluated by the change of
“performance” in five priority care goals, which were selected from
the ICF category of “Activities and Participation.” The improve-
ment rate was significantly higher among the IG than in the CG.12

We did not compare the two robots (A and B) per se, as they have
different functions and were used for different purposes for this
study. Robot A was used to remind residents of the scheduled
activities, while robot B was employed more as part of activities.

In this study, the team’s aim was to examine whether any dif-
ferences in essential factors such as sex, age and stage of dementia
would have an impact on the results.

Although previous studies reported the effect of perceived gen-
der differences in robots on user responses,24 few studies have
actually investigated whether sex could affect engagement and
interaction with SARs. The results from this study showed no dif-
ference in this improvement. The female–male ratio is 80:20
among residents in special nursing homes for older people in
Tokyo.25 Therefore, the ratio of 85:15 in this study is slightly
higher than the average. Considering the small sample size, one
needs to be cautious to draw definite conclusions from these data
regarding gender differences.

In terms of age, the study found that the older cohorts
benefited more from the com-robot intervention. A previous
study23 showed that even a centenarian engaged and interacted
with com-robots, and this study’s findings proved the point that
strong curiosity among older people could result in greater levels
of activities and responses, irrespective of age. As all of the partici-
pants in this trial are older people living in care facilities, the next

stage would be to test in a home and community environment,
particularly among those living at home.

When comparing the results from people at different stages of
dementia, the study found that people with moderate/severe
dementia showed greater improvement than those with mild
dementia. This finding is in line with other studies.2 There is
scope for further research in exploring and understanding differ-
ences in ICT exposure history among people with various levels of
dementia, and the degree to which it could enhance their capabil-
ity of social participation.

Our results show that there may be a new and potentially bet-
ter way of delivering dementia care, and under the right condi-
tions, the use of com-robots would be able to ease the strain on
users, including those with dementia, family carers and care pro-
fessionals. What is more, com-robots could act as enablers for
older PwD if they were able to prevent further progression of
dementia by encouraging them to be more active and sociable.

As with all intervention studies involving older people, ethical
considerations were of paramount importance. Therefore, consid-
erable care was taken in designing and carrying out this study.
The research team was conscious of any bias that could interfere
with the study, and made every effort to eliminate the scope for
bias as much as possible. The aim of using an ICF framework and
other practical measurements was to facilitate standardization of
the assessment to ensure the rigor of the study. There were some
limitations to this study, including the small sample size, the
unbalanced control size and the disproportionate number of
female participants. These weaknesses are associated with the
challenging environment in care homes.

The introduction of SARs to older people’s care, in both the
facilities and the home environment, can have a positive impact,
irrespective of differences between women and men. They can
also facilitate older people’s social activities irrespective of stage of
dementia and age. They worked effectively, particularly for those
with moderate dementia. As the number of PwD is expected to
rise rather rapidly in Japan, com-robots in the field of nursing care
represent part of policy solutions.
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Table 6 Within-group comparison: effects of com-robot intervention group

Deterioration, n (%) No change, n (%) Improvement, n (%)

Sex Male (n = 10) 6 (12.0) 26 (52.0) 18 (36.0)
Female (n = 55) 25 (9.1) 147(53.4) 103 (37.5)

Age, years >90 (n = 23) 9 (7.8) 55 (47.8) 51 (44.3)
<90 (n = 30) 18 (12.0) 75 (50.0) 57 (38.0)
<80 (n = 12) 4 (6.7) 43 (71.6) 13 (21.7)

DDLIS-PD IIa or lower (n = 20) 9 (90) 65 (65.0) 26 (26.0)
IIb (n = 25) 13 (10.4) 73 (58.4) 39 (31.2)
IIIa or over (n = 20) 9 (9.0) 35 (35.0) 56 (56.0)

DDLIS-PD, Degree of Daily Life Independence Score for People with Dementia.
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