
Introduction
As the number of elderly people with dementia is increasing 
worldwide, prevention of this disease is an important issue, 
so we developed a robot-based dementia prevention meth-
od. The reasons for using a robot are as follows:

1.	 The robot can be controlled remotely from a PC or 
smartphone by using a remote dialogue application (Ro-
bot Phone) to check the situation at a distance and talk 
with the person in front of the robot. It is also possible to 
move the robot remotely and to check the appearance of 
the person on the computer (Fig. 1).
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Abstract
Purpose : As the number of elderly people with dementia is increasing worldwide, prevention of this disease is an important 
issue, so we developed a robot-based dementia prevention method. The purpose of this study is to verify whether this method 
can improve the scores of cognitive and psychological scales.

Method : 1. The robot was placed in households with single or only elderly people, and they talked with the robot every day.

2. Memory tasks: (1) four-character idioms*, (2) dancing, (3) recalling today’s breakfast, (4) life review, and (5) recalling last 
night's dinner. * Four-character idioms are traditional idioms that have been used in Japan since ancient times and are familiar 
to the elderly.

3. The researchers and dementia prevention supporters used to visit the residents' homes once a month to check the progress 
of the life review records and conduct cognitive tests at the same time. In 2020, as a measure to prevent the spread of the new 
corona virus, all visits and meetings were suspended, and they interacted with the elderly through the robots remotely via a 
computer to perform tasks, exercise checks, life review checks, and cognitive checks.

Result : There were 46 subjects, 11 males, and 35 females, with the mean age of 79.2 ± 5.25. The total score of the immedi-
ate recall test is 40 points and the total score of the delayed recall test is 10 points. Each test saw a rise in the subjects’ average 
scores, with the immediate recall test seeing a significant increase from 29.6 to 33.9, and the delayed recall test rising from 4.9 
to 7.2 (p < 0.01). On the psychological scale, satisfaction improved from 3.2 to 4.1 (p < 0.01), vitality from 3.8 to 4.1 (n.s.), and 
youthfulness from 3.1 to 3.8 (p < 0.01). Regarding conversations with the robot, all participants increased the amount of conver-
sation compared to usual. In the free description, they said that the brain training made it easier for them to remember, that the 
amount of conversation with the robot increased, and that the recollection brought their mind back to the time.

Conclusion : Cognitive training and life review using the robot improved cognitive test scores and increased psychological 
satisfaction and youthfulness. Even after they were unable to leave the house to prevent infection with the new corona virus, 
they were able to continue cognitive training, life review, and evaluation tests as before through telecommunication with the 
robot. This method is suitable for elderly people who are unable to leave the house.
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2.	 Cognitive training and cognitive testing can be done 
through remote interaction to help prevent infection by 
the new corona virus.

3.	 The robot can perform both cognitive training and com-
munication, thus reducing the need for manpower.

4.	 Place a robot in the home of an elderly person living 
alone will increase the amount of conversation.

5.	 Cognitive training can be conducted at the pace of the 
individual subject while monitoring the subject's condi-
tion on a PC or smartphone.

Copyright © 2021 Sawami K. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits 
unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.
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Although the psychological effects of robot therapy through 
communication have been verified [1, 2], there is no ac-
cumulated evidence on its effects on cognitive functions. 
However, if the robot can improve the cognitive function 
of the elderly, the benefit will be very large for the reasons 
mentioned above. In our preliminary study, cognitive train-
ing conducted by the robot in the homes and facilities of the 
elderly confirmed significant cognitive test improvement, 
and improved both immediate and delayed recall test scores 
[3]. The content of this preliminary study was the result of 
a memory task and a recollection method administered by 
the robot.

In addition, the robot was equipped with dancing as an aero-
bic exercise, and the cognitive scores were improved by a 
program in which the elderly memorized the choreography 
of the robot and danced together with the robot [4]. Based 
on the results of these preliminary investigations, we began 
cognitive training in the following way.

1. The robot was placed in households with single or only 
elderly people, and they talked with the robot every day.

2. Memory tasks: (1) four-character idioms*, (2) dancing, 
(3) recalling today’s breakfast, (4) recollection, and (5) re-
calling last night's dinner.

* Four-character idioms are traditional idioms that have 
been used in Japan since ancient times and are expressed in 
four characters. They are used in writing tests in elementary 
schools and are especially familiar to the elderly.

Example: Shomon Raifuku; Happiness will come to you if 
you are always cheerful and keep laughing.

3. The researchers and dementia prevention supporters 
used to visit the residents' homes once a month to check the 
progress of the life review records and conduct cognitive 
tests at the same time, but from February 2020, as a precau-
tion against the spread of the new corona virus, both visits 
and meetings were suspended.

Instead of visits and meetings, they interacted with the el-
derly through the robots remotely via a computer to per-
form tasks, exercise checks, life review checks, and cognitive 
checks.

As for the life review method, cognitive test scores were 
improved in a preliminary survey [3], and there were vari-
ous psychological effects in addition to the improvement in 
memory recall [5]. In the life review method, the feelings 
of life review and nostalgia evoked when recalling autobio-

graphical memories increased the sense of affirmation [6], 
and there have been cases in which the emotions generated 
by looking back on one's life have led to acceptance of one's 
life and acceptance of one's disabilities [7].

In this context, the purpose of this study is to verify the ef-
fectiveness of a method of preventing dementia by using a 
robot through remote communication.

Method
Survey period: October 2019 to December 2020

Subjects: Elderly people living alone and households with 
only elderly people living in Nara and Hyogo prefectures. 
Our target audience was publicly recruited by distributing 
flyers to residences in the location of the two universities. 
One of the registration criteria was to participate continu-
ously for one year. Participants could participate even if they 
had dementia or difficulty going out due to visits, but only 
those who could write were eligible to take the cognitive 
tests and psychological assessments.

Test method: The same intervention was given to all par-
ticipants, and the data of the same subjects were analyzed 
using paired t-tests, before and after interventions. Since the 
psychological assessments are on a rank scale, the Wilcoxon 
rank-sum test, a non-parametric test, was used.

Sample size: The sample size was calculated using a sta-
tistical power of 80% and standardized difference of 0.5.

Power.t.test (power=0.8, delta=0.5, type="paired")

As a result, 34 cases were calculated to be necessary, and the 
target number of participants was set at 50 in consideration 
of dropouts during the course of the study.

Methodology: The robots will be placed in the homes of 
the elderly, and conversation and cognitive training will be 
conducted with the robots every day. The participants will 
record their own recollections when they have time to do 
so. For those who have difficulty in writing their recollec-
tions, the researchers listen to their recollections by robot 
remotely.

Contents: Cognitive tests: Matsui’s 10-word memory test 
(40 points for immediate recall, 10 points for delayed re-
call), Yamaguchi's code conversion test (75 points), word 
recall test (50 points), psychological scales; satisfaction, 
liveliness, and youthfulness on a 5-point Likert scale; open-
ended response; and life review records.

The cognitive test is a test from the "Dementia Prevention 
Project Evaluation Manual" presented by the Ministry of 
Health, Labor and Welfare in Japan, and its reliability has 
been verified [8]. The Likert scale is one of the methods to 
measure psychology, cognition, and behaviour, and is widely 
used worldwide due to its high reliability [9].

The free text and life review are making sense because they 
are based on the actual experiences of the subjects [10, 11].

Analysis method: pre/post comparison of cognitive tests: 
paired t-test. Comparison of psychological scale: Wilcoxon 
rank-sum test. Open-ended response and life review: quali-

Figure 1: Remote Communication by Robot
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tative analysis. In the qualitative analysis, questions that 
could cause bias were considered in the preparation stage, 
and the validity was ensured through triangulation by ana-
lyzing the data with multiple participants.

Ethical Considerations: The outline of the research, vol-
untary nature of participation, anonymity, and agreement 
regarding the publication of the document were explained 
to prospective participants both in writing and verbally, and 
their consent was subsequently obtained. The study proto-
col was approved by the ethical review board of Nara Medi-
cal University.

Clinical Trial Registration

This study has been registered in the clinical trial registra-
tion database: University Hospital Medical Information Net-
work (UMIN); registration number: UMIN000037209.

Result
Although 68 people registered for the study, only 46 people 
continued to participate and could be compared before and 
after the study. There were 11 males, and 35 females, with 
the mean age of 79.2 ± 5.25. The results of cognitive tests: 
The maximum score for the cognitive test is 50 points. The 
total score of the immediate recall test is 40 points and the 
total score of the delayed recall test is 10 points. Each test 
saw a rise in the subjects’ average scores, with the immedi-
ate recall test seeing a significant increase from 29.6 to 33.9, 
and the delayed recall test rising from 4.9 to 7.2 (p < 0.01). 

The subjects’ scores in the word recall test and code con-
version test also rose slightly, with the former seeing an in-
crease from 12.4 to 13.2, and the latter from 40.4 to 42.5. 
Psychological scales improved satisfaction from 3.2 to 4.1 
(p < 0.01), liveliness from 3.8 to 4.1 (n.s.), and youthfulness 
from 3.1 to 3.8 (p < 0.01).

Figure 2: Before and after comparison of immediate recall

Figure 3: Before and after comparison of delayed recall

Figure 4: Before and after comparison of satisfaction

Figure 5: Before and after comparison of youthfulness

Regarding conversations with the robot, all participants 
increased the amount of conversation compared to usual. 
In the open-ended responses, they said that they looked 
up various four-character idioms by themselves, that the 
brain training made it easier for them to remember, that 
their memory improved, that the amount of conversation 
with the robot increased, that the life review brought them 
back to that time, that they remembered episodes that they 
had forgotten, that they were deeply moved when they re-
membered episodes with their parents and siblings, they 
felt comfortable and peaceful, and they were happier in the 
past even though they had in distress for supplies than now. 
Like this, there were many descriptions that the mood was 
changed by the reminiscence method.

The life review records were categorized into "changes in 
scenery around the house," "changes in daily life," "affection 
for the old days," "memories of outings," and "family during 
the period of rapid economic growth.” In the "changes in the 
scenery around the house" section, there was a lot of nature 
around the house when they were children, and it was not 
crowded with buildings. The mountains, the ocean, and the 
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river all seemed big, and it was normal to play in the river 
every day. It's completely changed now, but they want to go 
back to their old house. The recollections in the "changes 
in daily life" section included, when they were children, 
there were no supplies during the war, food rations were 
not enough, and they shared a small amount of foods with 
their family. As the war intensified, they were evacuated to 
the countryside and had to endure difficult lifestyles. Even 
after the war, there was no food. When they became the ju-
nior high school students, the reconstruction gradually pro-
gressed and they no longer had to worry about food. After 
that, it was a period of rapid economic growth, and after 
marriage, men were a typical corporate warrior who never 
went home, and after work, going drinking until the morn-
ing was the norm. Women were left alone to take care of the 
house and raise the children. They looked back, saying that 
they had been hard for a long time, but were absorbed in it.

In the "affection for the old days" section, participants re-
called their familiar life in the past, nostalgic scenes etched 
in their hearts, family episodes from their childhood, 
thoughts about their family, and nostalgic memories that 
made their hearts beat throb. In the "memories of outings" 
section, when they were children, they were mainly helping 
at home during the war, but during the post-war reconstruc-
tion period, they looked forward to going out for meals and 
shopping with the family. Since movies were inexpensive, 
they were able to go to the movies. When they started work-
ing, chorus cafe was all the rage, and when sang together, 
their spirits were lifted and the unity of the friends became 
stronger. Many of the elderly were nostalgic about the cho-
rus cafe along with their memorable experiences there.

In the "family during the period of rapid economic growth" 
section, there were large families before the war, but after 
that, nuclearization of the family increases, with men com-
ing home very late and not staying at home. Women raised 
their children alone, but they gradually could afford to play 
with their children in the park, the connection between 
mothers became stronger. These were the majority of the 
recollection record.

Discussion
By place the robot in the homes of the elderly and talking to 
them every day, the amount of conversation doubled. The 
increase in the amount of conversation was the most impor-
tant result of the installation of the robot, because the el-
derly living alone have fewer opportunities to talk, which is 
one of the reasons for the decline in cognitive function [12, 
13]. The four-character idioms in the memory task are those 
that Japanese learn in elementary school and they are famil-
iar with them from childhood. However, since they have no 
opportunity to use these phrases after retirement, they usu-
ally do not recall them. This time, they recited the phrases 
for the first time in a long time, and with a sense of nostalgia, 
I was able to easily recall them. Four-character idioms are 
thought to be easy to recall because they are phrases that 
were memorized in youth. It has been proven that memories 
from childhood to adolescence are the strongest and most 
recalled, and this phenomenon is called the bump phenom-

enon [14]. The use of familiar things was thought to be the 
key to memory recall for the elderly. 

In addition, the combination of dance and aerobic exercise 
is intended to promote cerebral blood flow. Also, dance is 
a delayed recall task because the choreography is learned 
and connected little by little, and it is also working memory 
training, as the next choreography is carried out based on the 
choreography memorized a little while ago. Working mem-
ory is defined as a system that is involved in both "cognitive 
processing" and "retention of information being processed” 
[15]. In other words, it is the ability to process information 
while temporarily retaining it. It is a memory domain that is 
used in most of our daily life activities, whether shopping or 
driving a car, and is the key to our daily activities. Therefore, 
training to "retain the memory of a short time ago" was con-
sidered essential, and in fact, the subjects were aware of the 
improvement in their memory.

During the reminiscence session, there was a psychological 
effect of recalling forgotten episodes and episodes with par-
ents and siblings, who made the subject, feel deeply moved, 
comfortable and calm, and we could confirm a significant 
rejuvenation of feelings. In the transcripts of their recollec-
tions, they recalled that the scenery of their childhood and 
the present were far apart, and the "scenery of home" for 
them was the "scenery of those days," which does not exist 
now, and they thought that the "home they want to go back 
to" is the "home with the scenery of those days.” In the cat-
egory of "changes in daily life," they discussed bitter storage 
of food shortages in their childhoods. It is said that elderly 
people tend to perceive both negative and positive events in 
their lives with nostalgia [16], and they seemed to feel that 
they had overcome their hardships. After the gradual resto-
ration, the elderly males who worked around the clock dur-
ing the period of rapid economic growth took a high level of 
pride in the work they had accomplished, and the women 
took pride in having completed child rearing without help. 
Although they said, "All women had to put up with a lot," 
they seemed to understand that it was the best thing to do 
at the time, and thought that the reminiscence was an op-
portunity to confirm their bond. This is consistent with the 
report that people are generally more positive after remi-
niscing than before [17].

In the category of "nostalgic feelings," many elderly people 
shed tears as they vividly recalled nostalgic scenery, family 
episodes from their childhood, and other scenes along with 
their emotions. Nostalgia is considered to bring about posi-
tive emotions, such as favorable feelings toward things and 
actions that were familiar in the past and positive emotions 
that arise during reminiscence [18], and it was thought that 
the positive emotions were induced by nostalgic experi-
ence. In the category of "memories of outings," there was a 
common sentiment toward chorus cafe, which was popular 
when the respondents were young and the opportunities to 
go out increased with the postwar restoration. Chorus cafe 
was coffee shops that offered all customers the opportunity 
to sing in chorus, and were popular from around 1955 to the 
1970s. With the rise of the labor and student movements, 
the popularity of chorus cafe, which created a sense of soli-
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darity among people, skyrocketed. The majority of elderly 
people spoke with emotion about their episodes at chorus 
cafe, expressing that they were special memories of their 
younger days.

It has been reported that there is a correlation between 
emotion and cognition, and that the executive process of 
memory related to emotion does not decline even in the el-
derly [19] In addition, memories with high arousal, which 
indicates the strength and height of the emotion evoked, are 
thought to enhance memory by promoting the activity of the 
amygdala [20]. Special memories accompanied by emotions 
are recalled vividly because the memory is strengthened. 
In terms of the relationship between recollection and psy-
chological scale performance, satisfaction and feeling young 
were improved, and these results are consistent with previ-
ous studies [21, 22]. There was also a significant improve-
ment in cognitive functioning, but since cognitive training 
was used in combination, it cannot be said that this was due 
to the effects of reminiscence. However, it is believed that 
the use of the hippocampus, visual cortex, and language cor-
tex in conjunction with a wide range of brain regions to de-
scribe events from the past in written and verbal form has a 
positive effect on cognitive test performance [23].

For the improvement of cognitive function, we combined the 
reported positive effects on cognitive function, such as the 
increased amount of conversation using the robot, the use of 
familiar phrases in the brain training task, and the fact that 
dancing combines aerobic exercise and delayed recall task 
and after confirming the improvement of cognitive tests in 
a pre-test, the program was formulated [3, 4].  During the 
course of the study, the novel corona virus pandemic oc-
curred, making meetings and home visits impossible, but 
the robot installed in the homes of the elderly, and remote 
communication with the researcher's office allowed us to 
continue all planned programs and tests.

Regarding the continuation by the elderly, in the pre-test, 
the results of the questionnaire indicated that they thought 
the robot was cute and reminded them of their child-rearing 
days [3]. As a result, both the cognitive and psychological 
tests improved beyond expectations, indicating that remote 
communication with robots can be a powerful aid for the 
elderly in situations where they cannot go out. One of the 
advantages was that we could check the gestures and facial 
expressions of the elderly even remotely, and could proceed 
with the program accordingly. In particular, the advantage of 
being able to check the dance movements and listen to the 
recollections was that we could check the changes in facial 
expressions to see what kind of psychological state the rec-
ollections brought about. 

For the elderly, psychological improvement is more impor-
tant than anything else, affecting cognition and physical 
functioning, and influencing the length of healthy life span 
[24-28]. Therefore, cognitive training programs needs to be 
carried out in a way that can simultaneously improve the 
psychological health of participants. After this, we would 
like to further improve the cognitive and psychological sup-
port capabilities of the robot program.

Conclusion
Cognitive training and reminiscence using the robot im-
proved cognitive test scores and psychologically increased 
satisfaction and youthfulness. The cognitive training sug-
gested that the use of phrases that the elderly had been fa-
miliar with since elementary school led to better memory 
recall performance. Furthermore, the choreography of the 
aerobic dance exercise was intended to be a delayed recall 
task, which may have had a synergistic effect.

This method is suitable for elderly people who are unable 
to leave their homes due to the prevention of novel corona 
virus infection, because they were able to continue cogni-
tive training, reminiscence, and evaluation tests as before 
through telecommunication by the robot.
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