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In recent years, robotic pets have been used by many
countries worldwide as a method for treating be-
havioral and psychological symptoms of dementia
(BPSD). The seal robot PARO was loaned intermit-
tently to a distributed layout elderly housing with ser-
vices over a seven-month period, during which it was
observed that three residents with cognitive dysfunc-
tions showed improvements in their BPSD and the
nursing care load of the staff was reduced during the
periods when PARO was present. The objective of this
study is to investigate, through a case study, the ef-
fects of intermittent interaction with PARO on those
with cognitive dysfunctions and the staff workers. The
short version of the Dementia Behavior Disturbance
Scale (DBD-13) was used as the medical outcome in-
dex, and the KJ method was used to analyze the qual-
itative data, such as staff reports and interviews. The
results show that the DBD-13 total scores reduced dur-
ing the periods when PAROQO was present and increased
during the periods when PARO was absent. The KJ
method yielded similar findings. The use of DBD-
13 and the KJ method complemented the results of
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each other and increased the persuasive power of the
findings. By using the KJ method, it was further de-
termined that the workload of the staff was reduced,
allowing them to recuperate, which reconfirmed the
value of PARO. Further case studies will be under-
taken in the future with the aim of constructing a
methodology for implementing case studies.
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1. Introduction

Therapeutic robots have been developed and used
for patients diagnosed with dementia in recent years in
Japan and elsewhere as a method for treating behavioral
and psychological symptoms of dementia (BPSD), such
as agitation, violent language, wandering around, delu-
sions, and sleep disorders, which are secondary symptoms
caused by the deterioration of the cognitive symptoms
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(memory impairment, comprehension, judgment) that ac-
company the decline in cognitive function [1,2]. Stud-
ies to qualitatively and quantitatively verify the effects of
robotic pets in improving BPSD have been conducted in
various countries. Nearly all of these studies employed a
robotic pet called PARO (PARO®)), which was developed
in Japan, with multiple studies reporting an improvement
in BPSD, such as reduced agitation and depression, or im-
proving social skills [3-7].

Abbott et al. [3] conducted a systematic review and
meta-analysis of 19 studies targeting care home resi-
dents. Seventeen of these studies employed PARO. Leng
et al. [5] conducted a similar analysis of six studies on
robotic pets, and all these studies employed PARO. Fur-
thermore, in June 2018, the National Institute for Health
and Care Excellence of the Department of Health in Eng-
land released its guidelines for dementia [a], in which the
newly added robotic pet therapy was assessed as display-
ing evidence of the highest quality. This assessment was
based on a randomized controlled trial (RCT) conducted
in the United States using PARO [4]. It is expected that
robotic pet therapy using PARO will be adopted exten-
sively worldwide in the future.

However, the use of PARO for dementia patients has
not been widely adopted in Japan. The Happy Net Asso-
ciation (HN) has conducted free workshops, experiential
forums, and free rental of PARO for the past four years to
advocate its use (refer to Appendix A). In the course of
these activities, many of the personnel involved and the
participants expressed an interest in the operational meth-
ods that are useful in actual practice or specific methods
of introducing PARO, in addition to specific phenomena
related to the changes that occurred among dementia pa-
tients or care-providing workers by the introduction of
PARO, and not just the results of the RCT. PARO and
other nursing care robots were nonexistent in nursing care
situations up to now; consequently, there have been no
opportunities to discuss their needs previously. Further-
more, there were no role models because of the lack of
accumulated expert experience or knowledge, which in-
creased the difficulty of employing such robots.

In evidence-based practice (EBP) [8], quality pa-
tient outcomes are considered to be achieved by clini-
cal decision-making processes based on the integration of
“research evidence and evidence-based theories,” “clin-
ical expertise and evidence from assessment of the pa-
tient’s history and conditions,” and “patient preference
and values.” Although there is considerable research ev-
idence, including RCTs, in the EBP using PARO [3-7],
there is a lack of clinical expertise and experience or
knowledge about patient preference and values, which in-
dicates a requirement to accumulate research in the future
through case studies.

In a PubMed search for case studies using robots to aid
dementia patients, we were able to identify studies using
Telenoid [9], robotic cat (Joy for All) [10, 11], humanoid
robot (Pepper) [12], robotic pet (AIBO) [13], and robotic
dinosaur (Pleo) [14]; however, only a single study (N = 1)
using PARO was identified, which was used to aid patients
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Fig. 1. PARO.

diagnosed with intellectual disability [15] rather than with
dementia. This study (N = 1), which is also called a
single-case design [16], is an experimental method for ex-
amining the causal relationship between independent and
dependent variables based on the data from a single in-
dividual, and does not present a method of onsite opera-
tion. Meanwhile, the proceedings of the 1st—11th Inter-
national Symposium on Robot Therapy with Seal Robot,
PARO [17] contained several reports of case studies ex-
amined in facilities for the elderly and hospitals; however,
these reports were not peer-reviewed or found in PubMed
or other search sites. Thus, there is a need to accumulate
case studies that examine the scientific validity of using
PARO, which will be useful for operating or introducing
PARO.

As part of the advocacy activities of HN, PARO was
leased intermittently over a seven-month period, free of
charge, to a home for the elderly with home-care services
(refer to Appendix B). During this period, three residents
with symptoms of cognitive dysfunction interacted with
PARO on an intermittent basis, and it was observed that
their BPSD symptoms improved and the nursing load of
the staff was reduced during those periods when PARO
was available.

The objective of this study is to clarify the effects of
the intermittent introduction of PARO on residents with
cognitive dysfunction and the staff at this home for the
elderly in the form of a case study. For the analysis, we
employed data consisting of the business report submitted
to HN, questionnaire responses based on recollection, and
interviews with staff personnel.

2. What is PARO?

PARO [18,19] is an animal-type robot that was devel-
oped at the National Institute of Advanced Industrial Sci-
ence and Technology by Dr. Takanori Shibata, who ob-
tained this idea from animal-assisted therapy. PARO is
modeled on a baby harp seal; the eighth generation of
PARO was announced in 2004, the ninth generation in
2013, and over 7000 units have been sold in over 30 coun-
tries, including Japan, the United States, and European
and Asian countries (Fig. 1).
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Fig. 2. Typical layout of a distributed service home for the
elderly.

In the United States, PARO was approved by the Food
and Drug Administration as a medical device in 2009.
Since 2018, it has been covered by Medicare, which is
a national health insurance program for those aged 65 and
over, as well as other private medical care insurance plans,
under which it can be prescribed to treat pain, depression,
anxiety, and agitation (problem behaviors), and for vari-
ous rehabilitation regimes, where the cost of its usage is
reimbursed.

3. Distributed Layout Elderly Housing with
Services

The elderly residences to which PARO was leased are
a part of a complex of distributed layout elderly hous-
ing with services operated by Community Net Inc. As
shown in Fig. 2, the rooms of the elderly residents are dis-
tributed within a collective housing complex such that the
residents can live in an environment integrated within the
community, where the next-door neighbors of an elderly
resident are often ordinary child-rearing households; this
type of housing arrangement is relatively uncommon in
Japan.

A management office with resident staff, which also
serves as a multipurpose room (hereafter referred to as
“front office™), is located on the first floor of the housing
complex, and the residents do not have to pass the front
desk when entering or exiting the building, as is common
in conventional homes; thus, this affords the residents a
sense of freedom. The home has five staff members, in-
cluding the director; it is supervised by two staff members
during the daytime, while a worker is always on standby
at night to provide over-the-phone consultations to resi-
dents, except in emergencies. The services provided by
the front office include monitoring of the safety of resi-
dents on a daily basis, providing consultation services to
the residents, and supporting social exchange with area
residents.

Other features include a cafe, hall, and base facility, in-
cluding a shop for the sale of goods on the first floor of the
building. The Ozone Housing Research Committee was
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established to undertake the “building of a community-
based care system that includes the surrounding area” and
is involved in activities related to community develop-
ment. HN, which leased PARO free of charge, is also a
member of the Ozone Housing Research Committee.

4. PARO Advocacy Activities

4.1. History of PARO and the Period and Method
of its Use

The decision by HN to lease PARO in June 2020 was
based on the comments of the director (“worker A”) of the
home, which were made in the context of the activities
of the Ozone Housing Research Committee regarding a
lowering of the cognitive functions of its residents and
the plan of HN to deliver a presentation on PARO as part
of a health workshop in July 2020. Before introducing
PARO, worker A attended a six-hour training session and
then explained the method of operating PARO to the other
staff workers. HN requested worker A to submit a report
on the advocacy activities and provided consultation and
answered questions regarding PARO whenever necessary.

Although it was initially planned to lease out PARO be-
tween June 15 and July 4, 2020, it was later decided to
lease it free of charge provided that it does not interfere
with the advocacy activities. This decision was taken af-
ter a discussion based on the information that the symp-
toms of cognitive dysfunction had become aggravated af-
ter PARO had been returned to HN. Consequently, PARO
was leased intermittently between June 15, 2020 and Jan-
uary 10, 2021, for a total of 141 days: June 15 to July 4
(20 days), July 16 to August 5 (21 days), August 18 to
September 1 (15 days), and October 18 to January 10
(85 days). The social interactions between residents and
PARO occurred between 9 a.m. and 6 p.m. every day in
the front office of the elderly residence. The front office
was also opened to community residents other than the oc-
cupants of the elderly residence, allowing them to experi-
ence PARO. The PARO models used were the 9th genera-
tion models, i.e., two pet robots and one therapeutic robot
(refer to Appendix C).

4.2. Effect of Coronavirus Disease 2019 on the
Interactions with PARO

HN requested worker A to observe the following coro-
navirus disease 2019 (COVID-19) control measures. The
residents were required to wear masks when interacting
with PARO and alcohol disinfection was required prior
to the interaction. PARO was disinfected daily with a
medical disinfectant sheet, a Clinell Universal wipe, for
2 minutes [20]. In addition, an exclusive PARO cleaner
was provided for regular cleaning. Worker A was trained
on disinfecting and cleaning PARO during the above-
mentioned training session (Fig. 3). Furthermore, a video
footage of cleaning and maintenance was uploaded to the
HN website and made accessible to the trainees.

Journal of Robotics and Mechatronics Vol.33 No.4, 2021



Fig. 3. Practice session on how to clean and take care of PARO.

Table 1. Study period and presence and absence of PARO.

Period Date No. of days PARO present? PARO type
Before -June 14 - No
introduction
Period | June 15-July 4 20 Yes Pet
Period Il July 5-15 1 No
Period Il July 16-August 5 21 Yes Pet
Period IV August 6-17 12 No
Period V August 18-September 1 15 Yes Therapeutic
Period VI September 2-October 17 46 No
Period VII October 18-January 10 85 Yes Pet

Pet robot: Behaves in a manner that can be interpreted as expressing joy, anger, sad-
ness, and happiness when interacting with people. Displays a daily rhythm of morning,
day, and night, and is programmed to sleep at night.

Therapeutic robot: Behaves in a manner that can be interpreted as expressing feelings,
with the exception of anger. Displays a tolerant character. There is no sleep period as
it serves therapeutic purposes.

Worker A was also provided instructions on how to
interact with PARO during the training session (Ap-
pendix D), where she was told to explain that “This is a
baby seal robot named PARO” when handing PARO to an
elderly resident; moreover, she was particularly instructed
to refrain from correcting an elderly person when he or
she denied that it was a robot.

4.3. Study Period

To determine the changes in the subjects depending on
the presence or absence of PARO, the study period was di-
vided into eight periods, including the introductory period
and those in which PARO was absent (Table 1).

4.4. Study Targets
4.4.1. Overview of Elderly Residents

Of the 70 units available, 63 units were occupied in
June 2020, consisting of 50 single occupants (14 men,
36 women) and 13 married couples, i.e., a total of 76 res-
idents. The average age was 79.8, and approximately
30 residents were care-need certified individuals, includ-
ing those “requiring assistance” (designated category of
support needs). Although many of the residents had been
self-reliant and energetic when they moved to the elderly
residence, an increasing number exhibited a gradual de-
cline in strength and reduction in their range of activi-
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ties with aging. In addition, owing to the constraints im-
posed by the spread of the COVID-19 infection that began
in April 2020, several elderly residents started exhibiting
symptoms of advanced impairment in cognitive functions,
mental problems such as depression, or social withdrawal
due to frailty syndrome, in addition to a decline in physi-
cal strength.

4.4.2. Selection of the Targets of the Case Study

Initially, worker A distributed leaflets to all residents
pertaining to interactions with PARO. In addition, she di-
rectly conversed with residents who would benefit from
interactions with PARO, such as single residents who tend
to become isolated; in certain cases, she also visited resi-
dential units to show and invite the residents to interactive
sessions with PARO. Ten residents (including a married
couple) visited the front office on their own on the first
day of the interaction with PARO (Table 2). Of these,
three residents (Nos.5, 7, and 8) who continued an active
interaction with PARO over a long period were selected
as the targets in this case study. All three exhibited cog-
nitive dysfunction: No.5 had memory impairment, No.7
displayed a wandering behavior and apathy, and No.8 ex-
hibited symptoms that centered on delusions of theft. It
should be noted that No.7 was placed in a group home at
the end of September, which was during period VI (PARO
was absent), owing to the deterioration in the BPSD; con-
sequently, his analysis was performed up to period VI.

4.5. Method of Investigation

The investigation involved analyses of the ques-
tionnaire results, the responses of the interview with
worker A, and her report.

4.5.1. Questionnaire Survey

To assess the changes in the behavioral disorders of tar-
get subjects due to the use of PARO, we used a question-
naire based on the short version of the Dementia Behavior
Disturbance Scale (DBD-13) [21], which was developed
as an index with a high sensitivity to the provided care.
This scale is a short version of the 28-item DBD and has
been reported to be reliable and valid. We employed this
scale because it is not legally required to record the symp-
toms or behavioral disorders related to dementia at elderly
residences with supportive services, and also because it
allows care workers with a low level of medical knowl-
edge to document and observe the changing levels in the
behavioral disorders in a systematic manner using a single
index.

Worker A filled the questionnaire between December
2020 and January 2021, covering the period from before
the introduction of PARO up to period VII based on her
recollections. She was asked to allot a single day to re-
spond to questions covering a single period, instead of
answering the items for the entire study period in a sin-
gle sitting. This was done to prevent the answers for a
given period from being affected by the corresponding
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Table 2. Study targets and targets of case study.

No. Sex Age bracket Mental and physical condition "Requires Living Continuation status
nursing" arrangement
category
1 Female 70s Depression Self-reliant Living alone Refused
2 Female 80s No problem in particular Requires Living with As involved as the wife of
assistance spouse No. 71
(level 1)
3 Female 80s Dementia Requires Living with Continued
nursing care spouse
(level 2)
4 Female 80s No problem in particular Self-reliant Living alone One day only
5* Female 80s Alzheimer dementia (mild) Requires Living alone Continued
nursing care
(level 1)
6 Female 70s No problem in particular Requires Living alone Twice
assistance
(level 1)
7* Male 70s Alzheimer dementia (moderate) Requires Living with Continued
nursing care spouse
(level 4)
8* Female 80s Dementia with Lewy Bodies Requires Living with Continued
nursing care spouse
(level 1)
Female 70s No problem in particular Self-reliant Living alone One day only
10 Female 70s No problem in particular Requires Living alone Several days
assistance
(level 1)

*: Target of case study.

ones of a previous period. Note that the responses are
those based on the consultations of worker A with the sub-
ject or spouse of a subject during regular business hours
and her observations during this time; moreover, it should
be noted that the responses do not include the conditions
of the subjects when they were back at home.

4.5.2. Report

Worker A was asked to write, in free writing, a report
on the conditions of the three subjects and the changes
and other aspects that were noted during each period, re-
gardless of the presence or absence of PARO.

4.5.3. Interview with Worker A

We interviewed worker A on January 10, 2021 in a
room in the front office of the elderly residence follow-
ing the checklist given below. To maintain objectivity,
the interview was conducted by a researcher who had
no previous involvement with the activities at the elderly
residence; moreover, the interview was conducted over
a 60-minute period. The interviewer maintained written
notes on the responses provided by worker A with her ap-
proval.

[Interview checklist]
1. Regarding the case subject

(O Determine further details of the report.

(@ Were there any occurrences of episodes that were
not covered by the report?

2. Regarding the residents of the elderly residence

(O How did the interaction with PARO change among
the six residents listed in Table 2 who were not
selected as subjects?
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(@ Were there any participant other than those listed
in Table 2 who had interactions with PARO?

(® Other items.
3. Staff reactions and how they changed

(O Did worker A experience any change?
(@ Were there any changes among the other workers?

4.6. Methods of Analysis

4.6.1. Short Version of the Dementia Behavior
Disturbance Scale (DBD-13)

The results of DBD-13 were used to observe the tem-
poral change of the scores from before the introduction
of PARO to period VII and the changes in the raw scores
of individual questions and their appearance rates. The
respondent answered each question by assigning a score
of 0 (never), 1 (rarely), 2 (sometimes), 3 (frequently), or
4 (all the time); then, the total score was calculated [19].
The maximum score was 52. It can be noted that a higher
DBD-13 score indicates that various problem behaviors
occurred with a higher frequency, and vice versa. A zero
score indicates that there were no behavioral disorders.

The appearance rates of the raw scores of the questions
were obtained by first determining the respective appear-
ance rates of scores 0, 1, 2, 3, and 4, after that, 2 to 4
answers were calculated as the appearance rate of “> 2:
sometimes or more.” The latter procedure allowed obser-
vation of the changes taking place among the following
three categories of behavioral disorders: no behavioral
disorder, almost no behavioral disorder, and a condition in
which behavioral disorder was observed fairly commonly.

4.6.2. Report and Interview

The report and interview results were analyzed us-
ing association charts and the KJ method. Related dia-
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grams are used in the nursing field to assess the phys-
ical and psychological conditions and social integration
of a client [22]. This was used to assess the status of
the subjects before the introduction of PARO. The KIJ
method was developed by the cultural anthropologist Jiro
Kawakita in the 1960s to organize data consisting of ob-
servational records measured during field explorations in
a manner in which the “data can speak for themselves.”
It is used in various fields, including psychology, nursing,
and English language education, as a method to qualita-
tively analyze data.

The association charts were produced by writing down
pieces of information about the dementia symptoms of
subjects and the effects of such symptoms on the lives of
the subjects and their surroundings on separate paper slips
(post-it notes, hereafter referred to as cards). To exam-
ine the reason for the occurrence of dementia symptoms,
pathophysiological or psychological information that can
be considered as the cause was written down on the cards.
The cards were then pasted on a large sheet of paper, and
the dementia symptoms and their possible causes were
connected with arrow (—) symbols.

In the KJ method, words were extracted from the re-
port and interview records based on the question of “what
occurred to the subject or staff worker by introducing
PARO?” The cards were divided into those connected to
periods in which PARO was present and those in which
PARO was absent. For the first stage, similar cards were
placed in groups, each of which was assigned a one-line
label and ranked as a subcategory. In the second stage, the
subcategory labels were once again divided into groups,
each of which was assigned a label and ranked as a cate-
gory. In the third stage, the cards with category and sub-
category labels were again regrouped, with each group as-
signed a label and ranked as a major category. Finally, the
subcategories, categories, and major categories were con-
nected by the following two types of arrows: — indicat-
ing a causal relationship or sequence, and < indicating a
mutual relationship or mutual reinforcement.

The preliminary results were presented to worker A, the
study team, and the Ozone Housing Research Committee
to check their reliability and validity, based on which ad-
ditions and corrections were subsequently made if neces-

sary.

4.7. Ethical Considerations

To produce the case studies, worker A orally explained
the objectives to the subjects and their families and, after
gaining their oral agreement, answered the questionnaire
to the extent of her understanding gained within her ca-
pacity of carrying out her duties. Furthermore, the intro-
duction of PARO and implementation of the case study
were undertaken only after they had been approved by the
headquarters of the elderly residence. As the report was
assigned as a business report in the context of the advo-
cacy activities of HN, we obtained an approval from the
HN board of trustees to conduct the case study analysis.
Finally, the manuscript was submitted to worker A and the
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Ozone Housing Research Committee to verify its validity
and obtain approval for its publication.

5. Results

5.1. Dementia Symptoms Before the Introduction of
PARO

All three subjects displayed disorders that generally ac-
company the decline of cognitive functions (Table 2). The
elderly residence primarily provides monitoring and life-
support services to the elderly who either do not require
or require relatively minimal nursing care.

Thus, worker A was unable to obtain detailed clinical
information of the subjects, such as the results of cogni-
tive function tests such as the Mini-Mental State Exami-
nation or their prescribed medications. Figs. 4-6 show the
cognitive dysfunction symptoms of the three subjects and
their living conditions before the introduction of PARO.
Subject No.5 (Fig. 4) is a woman in her eighties. She
lives alone and, although she was diagnosed by the physi-
cian as having a mild case of Alzheimer dementia, was
not prescribed an antidementia drug. She exhibited mem-
ory impairment, such as repeatedly asking the same ques-
tions, and displayed anxiety-like symptoms of BPSD, in-
cluding being irritable and bothered by minor things, as
she increasingly experienced problems or failures in daily
life; consequently, she had started to increasingly visit the
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front office for consultation.

Subject No.7 (Fig. 5) is a man in his seventies, who
lived with his wife and had been diagnosed by a physi-
cian as having moderate Alzheimer dementia and was pre-
scribed a psychoactive drug. He would leave his home
every time he had a quarrel with his wife and would be
unable to return because of orientation disturbance; con-
sequently, the police had been called in several times to
search for him. He often refused the day service; more-
over, on the rare occasions when he visited, he would re-
turn home after a short period as he was unable to bear
being there. Because of this behavioral pattern, his wife
had no respite. He also exhibited nighttime wandering
and delirium; consequently, his wife experienced consid-
erable accumulated fatigue.

Subject No.8 (Fig. 6) is a woman in her eighties who
lived alone. Based on her delusions, she was suspected
of having dementia with Lewy bodies, but her physician
had decided not to subject her to an examination and had
prescribed no drugs. She experienced persecutory delu-
sions and delusions of theft; consequently, she was con-
vinced that a man would enter her home to steal or hide
things. She directed her delusion-based anger on staff
workers, verbally attacked them, or complained about her
unpleasant feelings based on her delusions to them for
long hours, which placed an increased psychological and
physical burden on the staff.

5.2. Questionnaire Survey
5.2.1. Change in DBD-13 Total Scores

The trends in the DBD-13 total scores of the subjects
are listed in Table 3. The DBD-13 total scores of all
three subjects reduced by approximately 30% in period I,
which was the period immediately after the introduction
of PARO. For Nos.5 and 8, the scores reduced during pe-
riods with PARO and increased in periods without PARO.
The scores of No.7 were not as clear as those of Nos.5 and
8, i.e., they displayed a reducing tendency when PARO
was present.

The representative values and dispersions of the
DBD-13 total scores with and without PARO are listed in
Table 4. The medians for the periods with PARO ranged
between 11.0 and 16.0, while those for periods without
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Table 3. Transition of short version of the Dementia Behav-
ior Disturbance Scale (DBD-13) scores.

(Score)
No5 No7 No8
Up to June 14 Before Without
introduction PARO 10 23 2
June 15-July 4 Period | With PARO
7 16 14
July 5-15 Period Il Without
PARO 1 19 17
July 16-August 5 Period Il With PARO
9 19 14
August 6-17 Period IV Without
PARO 16 18 21
August 18-September 1 | Period V With PARO
uou P ! ! 13 11 16
September 2- October Period VI Without
17 PARO 14 19 19
October 18-January 10 | Period VII With PARO 13 14

Note: No.7: Moved to another facility for period VII.

Table 4. Representative values and dispersions of DBD-13
total scores with and without PARO.

With PARO Without PARO*
No5 No7 No8 No5 No7 No8
Average 10.8 16.3 14.5 13.3 19.0 19.0
Median 11.0 16.0 14.0 13.0 19.0 19.0
Minimum 7.0 11.0 14.0 1.0 17.0 17.0
Maximum 14.0 19.0 16.0 16.0 21.0 21.0
Dispersion 7.0 8.0 2.0 5.0 4.0 4.0

*: Does not include scores before the introduction of PARO.

PARO ranged between 14.0 and 19.0; all three subjects
displayed a higher median when PARO was absent. The
minima ranged from 7.0 to 14.0 with PARO, and from
11.0 to 18.0 without PARO; again, all three subjects dis-
played higher minima without PARO. The maxima also
showed a similar pattern.

5.2.2. Trend of Raw Scores for Individual DBD-13
Items and Their Appearance Rates

Tables 5-7 list the transitions of the raw scores for in-
dividual DBD-13 items (hereafter referred to as “DBD-13
raw scores”) for subject Nos.5, 7, and 8, respectively.
Figs. 7-9 show the corresponding trends of the appear-
ance rates of the DBD-13 raw scores.

In the case of No.5 (Table 5 and Fig. 7), the appearance
rate of “> 2: sometimes or more” reduces when PARO is
present and increases when PARO is absent. In particular,
the appearance rate was 0% during periods 11, V, and VII,
when PARO was present, indicating that the presence of
PARO improved behavioral disorders that occurred fre-
quently (on a daily basis). Meanwhile, the score of “0:
never” was 46.2% of the DBD-13 scale before the in-
troduction of PARO, and quickly increased to 61.5% in
period I (with PARO), although it subsequently reduced
regardless of the presence or absence of PARO, falling to
0% from period IV onward, thereby indicating that the oc-
currence of behavior disorders increased with the passing
of time. The score “1: rarely” was 30.8% before the in-
troduction of PARO, which then reduced to 23.1% during
period I (with PARO), retained a constant level during pe-
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Table 5. Transition of raw scores of individual DBD-13 questions: Subject No.5.

Before

ey Period | Period Il Period IIl Period IV Period V Period VI Period VII
tem No. ltem j{fn'e"1 4 dunisdul4 Juls15 Jul 16-Aug 5 Aug 6-17 ’1\“9 18-Sep  gen2.0ct17  Oct 18-Jan 10
Winout wihparo  'Bihout i paro  'WMOUt  with PARO  Without PARO  With PARO
No1  Asks the same question repeatedly. 2 2 2 1 2 1 1 1
No2 Loses, misplaces, or hides things. 2 2 2 1 2 1 1 1
No3  Shows lack of interest in daily activities. 1 1 2 1 1 1 2 1
No4 Wakes up at night for no obvious reason. 1 1 1 1 1 1 1 1
No5  Makes unwarranted accusations. 1 0 0 1 1 1 1 1
No6  Sleeps excessively during the day. 0 0 2 1 1 1 1 1
No7  Paces up and down. 0 0 0 0 1 1 1 1
No8 Repeats the same action repeatedly. 0 0 0 0 1 1 1 1
No9 Is verbally abusive, curses. 0 0 0 1 1 1 1 1
No10 Dresses inappropriately. 0 0 0 1 1 1 1 1
e K 1 « 2 1 1 1
No12 Hoards things for no obvious reason. 1 0 1 0 1 1 1 1
No13 Empties drawers or closets. 0 0 0 0 1 1 1 1
Total score 10 7 " 9 16 13 14 13
Score for "Never: 0" 6 8 6 4 0 0 0 0
% 46.2% 61.5% 46.2% 30.8% 0.0% 0.0% 0.0% 0.0%
Score for "Rarely: 1" 3 9 0 13 12 13
% 30.8% 23.1% 23.1% 69.2% 76.9% 100.0% 92.3% 100.0%
Score for "Sometimes: 2" 3 2 4 0 &l 0 1 0
% 23.1% 15.4% 30.8% 0.0% 23.1% 0.0% 7.7% 0.0%
Score for "Frequently: 3" 0 0 0 0 0 0 0
% 0% 0% 0% 0% 0% 0% 0% 0%
Score for "All the time: 4" 0 0 0 0 0 0 0 0
% 0% 0% 0% 0% 0% 0% 0% 0%
Table 6. Transition of raw scores of individual DBD-13 questions: Subject No.7.
E:ﬁ{:’;e Period |  PeriodIl ~ Periodlll  Period IV PeriodV ~ PeriodVI  Period VI
ltem No. e 8&?14 iun 15-Jul Jul 5-15 gul 16-Aug Aug 6-17 g;g 18— 1S;ep 2- Oct %:t 18-Jan
Without With Without With Without With Without With PARO
PARO PARO PARO PARO PARO PARO PARO
No1 Ask§ the same question over and over 1 1 1 1 1 1 1 _
again.
No2 Loses, misplaces, or hides things. 1 1 1 1 0 0 -
No3 Shows lack of interest in daily activities. 4 2 4 3 1 2 -
Wakes up at night for no obvious
No4 asosdPaing 3 2 3 1 2 1 1 .
No5 Makes unwarranted accusations. 2 1 1 1 1 1 3 -
No6 Sleeps excessively during the day. 1 1 1 2 1 2 1 -
No7 Paces up and down. 3 2 3 3 2 1 2 -
No8 Repeats the same action over and over 1 1 1 1 1 1 1 _
again.
No9 Is verbally abusive, curses. 2 1 1 0 2 1 S -
No10 Dresses inappropriately. 1 1 1 0 0 0 0 -
Refuses to be helped with personal care
No11 tasks, such as bathing, dressing, 2 1 3 S 2 2 3 -
brushing teeth.
No12 Hoards things for no obvious reason. 1 1 1 1 1 0 1 -
No13 Empties drawers or closets. 1 1 1 1 1 0 1 -
Total score 23 16 19 19 18 1 19 -
Score for "Never: 0" 0 0 0 2 1 4 2 -
% 0.0% 0.0% 0.0% 15.4% 77% 30.8% 15.4% -
Score for "Rarely: 1" 7 10 10 7 7 7 6 =
% 53.8% 76.9% 76.9% 53.8% 53.8% 53.8% 46.2% -
Score for "Sometimes: 2" 3 3 0 1 4 2 2 -
% 23.1% 23.1% 0.0% 7.7% 30.8% 15.4% 15.4% -
Score for "Frequently: 3" 2 0 3 2 1 0 3 -
% 15.4% 0.0% 23.1% 15.4% 7.7% 0.0% 23.1% -
Score for "All the time: 4" 1 0 0 1 0 0 0 -
% 1.7% 0.0% 0.0% 7.7% 0.0% 0.0% 0.0% -

Note: Data for period VII are not available as the subject moved to a group home.

riod II (without PARO), drastically rose to 69.2% during
period III (with PARO), and subsequently gradually in-
creased to a range of 92.3%—-100% during periods V, VI,
and VII. The trends in the appearance rates of scores 0
and 1 indicate that, although the behavioral disorders in-
creased with the passage of time, the appearance rate was
low, and the disorders were mild.

In the case of No.7 (Table 6 and Fig. 8), the appear-
ance rate of “> 2: sometimes or more”’ was 46.2% before
the introduction of PARO, reduced drastically to 23.1%
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during period I (with PARO), then maintained its level
for a short period, after which it increased gently, reach-
ing 38.5% during period IV (without PARO), and reduced
to 15.4% during period V (with PARO). However, it in-
creased again to 38.5% in period VI (without PARO). Al-
though this appearance rate was lower than the 46.2% be-
fore the introduction of PARO, the subject was moved to
a group home in the latter half of period VI. Although it
is not very clear, the trend of the > 2 score indicates that
items showing high occurrence of behavioral disorder in-
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Table 7. Transition of raw scores of individual DBD-13 questions: Subject No.8.

Before

Period |
Intro.
Item No. Item Jptodune 5 15.4ui 4
VoAt with PARO
No1  Asks the same question over and over again. 2 2
No2 Loses, misplaces, or hides things. 2 1
No3  Shows lack of interest in daily activities. 2 1
No4 Wakes up at night for no obvious reason. 2 1
No5  Makes unwarranted accusations. 2 1
No6  Sleeps excessively during the day. 1 1
No7  Paces up and down. 1 1
No8  Repeats the same action over and over again. 1 1
No9 s verbally abusive, curses. 2 1
No10 Dresses inappropriately. 1 1
Not1 Refuses to be helped with personal care tasks, 2 1
such as bathing, dressing, brushing teeth.
No12 Hoards things for no obvious reason. 2 1
No13  Empties drawers or closets. 1 1
Total score 21 14
Score for "Never: 0" 0 0
% 0.0% 0.0%
Score for "Rarely: 1" 3 12
% 38.5% 92.3%
Score for "Sometimes: 2" 8 1
% 61.5% 77%
Score for "Frequently: 3" 0 0
% 0.0% 0.0%
Score for "All the time: 4" 0 0
% 0.0% 0.0%

= == Sometimes or more : z2

120.0%

100.0%

80.0%

60.0%

40.0%

20.0%

%
Without PARO  With PARO  Without PARO  With PARO  Without PARO _ With PARO _ Without PARO _ With PARO
Before Intro Period | Period Il Period il Period IV Period V Period VI Period Vil

Fig. 7. Transition of frequencies of short version of the
Dementia Behavior Disturbance Scale (DBD-13) item raw
scores: Subject No.5.

—m—Rarely : 1 = -A= Sometimes or more : z2

With PARO

®' Without PARD | With PARD | Without PARO
o Period VIl

Before Intro Period | Period II Period Ill

Fig. 8. Transition of frequencies of DBD-13 item raw
scores: Subject No.7.

With PARO | Without PARO
eriod

With PARO | Without PARO
v Period V Period VI

—e—Never 1 0 —a—Rarely : 1 = =& = Sometimes ormore : z2

100.0%
90.0%
80.0%
70.0%
60.0%
50.0%
40.0%
30.0%
20.0%

10.0%

0.0%
Without PARO | With PARO | Without PARO | With PARO | Without PARO | With PARO | Without PARO  With PARO
Before Intro Period | Period Il Period IIl eriod IV Period V Period VI Period VIl

Fig. 9. Transition of frequencies of DBD-13 item raw
scores: Subject No.8.

792

Period Il Period Il Period IV Period V Period VI Period VII
Jul 5-15 Jul 16-Aug 5  Aug 6-17 Aug 18-Sep 1 Sep2-Oct17  Oct 18-Jan 10
Without " Without " " o
RO With PARO PARO With PARO Without PARO With PARO
1 1 1 1 2 1
1 1 2 2 1 2
1 1 2 1 1 1
1 1 2 1 3 1
2 2 3 2 2 2
1 1 1 1 1 1
1 1 1 1 1 1
1 1 1 1 2 1
2 1 2 1 1 1
1 1 1 1 1 0
2 1 2 1 1 1
2 1 2 2 2 1
1 1 1 1 1 1
17 14 21 16 19 14
0 0 0 0 0 1
0.0% 0.0% 0.0% 0.0% 0.0% 7.7%
9 12 6 10 8 10
69.2% 92.3% 46.2% 76.9% 61.5% 76.9%
4 1 6 3 4 2
30.8% 7.7% 46.2% 23.1% 30.8% 15.4%
0 0 1 0 1 0
0.0% 0.0% 7.7% 0.0% 7.7% 0.0%
0 0 0 0 0 0
0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

creased when PARO was absent, and improvements were
observed when PARO was present.

Meanwhile, items scoring “0: never” were nonexis-
tent before the introduction of PARO; however, in pe-
riod III and thereafter, the value increased when PARO
was present (15.4%-30.8%) and reduced when PARO was
absent (7.7%—-15.4%), indicating that certain signs of be-
havioral disorders disappeared when PARO was present,
but reappeared when PARO was absent. Items scoring
“I: rarely” was 53.8% before introduction of PARO; how-
ever, the value rose to 76.9% and was maintained at this
value in periods I (with PARO) and II (without PARO).
The appearance rate decreased to 53.8% during period III
(with PARO), and subsequently remained at the same
level (46.2%—-53.8%) regardless of whether PARO was
present or absent.

In the case of No.§ (Table 7 and Fig. 9), the ap-
pearance rate of items that scored “> 2: sometimes or
more” was 61.5% before the introduction of PARO; how-
ever, it drastically reduced to 7.7% during period I. Sub-
sequently, their appearance rate rose when PARO was
absent (30.8%-53.8%) and reduced when PARO was
present (7.7%-23.1%). As in the cases of Nos.5 and 7,
items indicate behavioral disorders increased when PARO
was absent but decreased when PARO was present. Mean-
while, the rate of items scoring “1: rarely” was 38.5% be-
fore the introduction of PARO, but it drastically increased
to 92.3% during period 1. Subsequently, their appearance
rate reduced when PARO was absent (46.2%—69.2%) and
increased when PARO was present (76.9%—-92.3%). The
change in appearance rate of items scoring “l: rarely”
relative to the presence or absence of PARO was oppo-
site to that of items scoring “> 2: sometimes or more”
as an improvement in an item that had scored 2 or more
would result in a score of 1 (Table 7). Items that scored
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Sent back
home from
day service
(because of
wandering):
No.7

When presented with Expression softens as More cheerful Becomes Verbally attacks
PARO , subject stated so0n as he sees PARO, when compared to agitated at staff on rare
that he wanted PARO. even when he was in a ohon PARG 18 times: No. 7 occasions: No. 8
(appearance of disturbed state baent-No. 5
motivation): No. 7 — Eecomes delusional W
Less frequency in the [ Duration when subject is peaceful increased owing | | (_#hen athome: No.8 | { service: No. 7
delusional stories of a to contact with PARO: No. 8
person appearing: No. 8 ( Dementia remaining ’7
Does not smile at wife, but Humming: Appears to be having
will smile at PARO: No. 7 No.8 a good time: No. §

Demenﬂa
Facal exprassion acam | ntracing i pescell N° 7.No.8 Itis a wonder that
Seems happy: No. 5 [ ‘much richer: No. 5 J[ manner: No. 7, No. Sub}ccl is ame to live
Days when subject feels
unwell increased: No. 5

Improvement in BPSD J

Progression of dementia

(PARO) is alive, is he not: No. 5, No. 7 (PARO switched off) He is stil He (PARO) remembers me.: No. 5
asleep. He must be sleepy.: No. 5
(Staft switches PARO on) Oh, he woke up. | (as someone tries to touch PARO when it s switched off) He's
wonder if he knows (I am here).: No. 5 asleep now, do not wake him up.: N
4[ Cognitive dysfunction

:] : Data :] * Subcategory label

Fig. 10. Changes in dementia symptoms of the three sub-
jects (PARO present).

Speaks to PARO: Strokes PARO:
A [ rokes B ] Hugs PARO: No. 5 { As he moves about a lot, it would be J { P:;S :s"““"g";a;g }

awful if he fell off the table: No. 8 colder: Nos
Rubs his cheeks Caresses 2
[ on PARO: No. 7 } [Tnesmleed PARO: No. 7] [PARO No‘7]

As itis New Year, | will put my Puts a red and green
T " ;i | — g muffler because it is
Parenting behavior 1 favorite scarf on you: No. 8 Christmas.- No. 8
Could you place a cushion
Content o just watch Looks forward to Relationship umer{‘er Zs B Will you place a
the face of PARO: No. 5 seeing PARQ deepens with cushion for her as the
everyday: No. 5, No. 8 | |_each day: No. 5 get hurt as the table is table is cold: No. 8
hard: No. 8
You are different from the
You have big eyes.: No. 7 [ previous one, but cute.: No.7 ] You must take a
nap if you are
Expressions of affection tired.: No. 5

I want to let PARO get some sun
(places PARO on the walker and
goes for a walk).; No. 8

It would be too much trouble to take care (of PARO) at home, | Parenting behavior2 |
s0itis best to be friends here; No. 5, No. [ S — - J[ ]
ome back again : No.

Be well: No. 8
1 will not be able to spend long = Back
hours at the front office if PARO is Makes several visits a 1 wish you could stay l:(;‘:y’zrge";'f“ -

not here; No. 5 day.: No. 7, No. 8 forever.: No. 5 No.5

- 5 _Sorrow of parting
4i Frequent interactions '7

D . Data C]: Subcategory label

Fig. 11. Formation of attachment with PARO among the
three subjects (PARO present).

“0: never” did not appear during most of the observation
period, except for period VII, when the appearance rate
was 7.7%.

5.3. Analysis of Report and Interview Results
5.3.1. Periods When PARO Was Present

For the first stage of the KJ method, we extracted ex-
pressions from the perspective of “changes that occurred
in the subjects when PARO was present” and wrote them
down on individual cards. Similar cards were placed in
groups, which were assigned subcategory labels. These
labels were again divided into groups, which were as-
signed labels. Thus, nine subcategories were extracted,
which were divided into two groups. These groups were
labeled “changes in dementia symptoms of the three sub-
jects” (Fig. 10) and “formation of attachment with PARO
among the three subjects” (Fig. 11). The former group
consisted of four subcategories: “improvement in BPSD,”
“dementia remaining,” “progression of dementia,” and
“cognitive dysfunction.” The latter consisted of five sub-
categories: “‘parenting behavior 1,” “parenting behav-
ior 2,” “expressions of affection,” “sorrow of parting,” and
“frequent interactions.”

For the second stage, the extracted subcategory la-
bels were again grouped into categories from the per-
spective of “events that occurred in periods when PARO
was present,” which were assigned labels. Then, the
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I. Mutual interaction with PARO

I1l. Dementia symptoms that
saw improvements

—— | 3. Improvement of BPSD

Improvement of BPSD

IV. Dementia symptoms that became }7
worse or continued
4. Worsening or continuation of
dementia s ymptoms |~
A n;
ging Progresslon of Cognitive
dementla dysfunction

1. Interaction with PARO 1. Interaction with PARO

Frequent interactions

—{ II. Formation of it with PARO

2 Formation of attachment

Parenting behavior 1

Parenting behavior 2

Expresslons of affection
Dementla remalnlng

Sorrow of pamng

: Major category

D Data ‘
——  label
I:l. Other : Category label [:] Subcategory label

Fig. 12. Events that occurred during periods when PARO
was present.

cards with subcategory and category labels were grouped
again to form major categories, which were labeled. This
resulted (Fig. 12) in four major categories: “I. Mu-
tual interaction with PARO,” “II. Formation of attach-
ment with PARO,” “III. Dementia symptoms that saw im-
provements,” and “IV. Dementia symptoms that became
worse or continued.” “I. Mutual interaction with PARO”
consisted of the category “l. Interaction with PARO,”
with one subcategory. “II. Formation of attachment with
PARO” consisted of the category “2. Formation of attach-
ment,” with four subcategories. “III. Dementia symptoms
that saw improvements” consisted of the category “3. Im-
provement in BPSD,” with a single subcategory. “IV. De-
mentia symptoms that became worse or continued” con-
sisted only of the category “4. Worsening or continuation
of dementia symptoms,” which consisted of three subcat-
egories. The relationships between the subcategories, cat-
egories, and major categories were indicated by arrows,
as shown in Fig. 12.

Thus, “I. Mutual interaction with PARO” resulted in
“II. Formation of attachment with PARO,” which then
led to “III. Dementia symptoms that saw improvements.”
Meanwhile, “IV. Dementia symptoms that became worse
or continued” were most likely the effects of aging, unaf-
fected by the presence of PARO.

5.3.2. Periods When PARO Was Absent

Then, we extracted expressions from the perspective of
“changes that occurred among the subjects when PARO
was absent.” From this procedure in the first stage, six
subcategories were extracted, which were then divided
into two groups: ‘“changes among the three subjects due
to the loss of PARO” (Fig. 13) and “deterioration in de-
mentia symptoms in the three subjects” (Fig. 14). The
former group consisted of four subcategories: “loneliness
due to absence of PARO,” “changes in the frequency of
visitation to front office,” “reminiscences of PARO,” and
“changes in the work duties of the staff.” The latter con-
sisted of two subcategories: “appearance of BPSD” and
“progression of cognitive symptoms.”

For the second stage, the categories and subcategories
were grouped again from the perspective of “changes that
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smiles when seeing the
photo.; No. 5, No. 7, No. 8

“When will PARO be
back’: No. 8

Visits the front office PARO is here, as he
every day to talk can keep me
about PARO.: No. 5 company.: No. 5

Talks to photo of PARO, “Is PARO not coming
{“n feels lonely.” NO,S} { Low--spirited: No. 5 } back’: No. 5

Seems lonely: No. 5, Spends time gazing blankly at
No.7,No. 8 the flower garden.: No. 5
Loneliness due to
_absence of PARO
No longer visits the
visiting for recreational front office:. No. 7
purposes:. No. 5, No. 7
Goes home shortly after visiting the front
office.: No. 8

Changes in frequency of
visitation to front

“Can we not purchase it
atalow price”: No. 5

I feel engaged when

Unable to fill the time when

f i cesof |

[ PARO J

Staff serves as
f‘fﬂaw"ék":fd s conversational
ereased.: No. companion.: No. 8

Changes in work duties
of the staff

Fig. 13. Changes among the three subjects due to the loss
of PARO (PARO absent).

Often has a grim expression:
No. 8

Restless: No. 8

“Has come to forget events that occurred
the previous day": No.

Switches to delusional mode [

and gets angry: No. 8
Dementia gradually progressing: No. 7

[ Progression of cognitive
L symptoms

“Head feels murky”: No. 5

|

Number of days the disturbing
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increased: No. 7, No. 8

Verbal attack to the staff:
o.

Sent back home by day
service (because of
No.7

Refusal of day service: No. 7

Violence against wife: No. 7

il
|

Attempts to leave house: No. 7

Appearance of BPSD

Fig. 14. Deterioration of dementia symptoms of the three
subjects (PARO absent).

‘ Absence of PARO H No mutual interaction with PARO
1 |
—[ 1. Changes due to the loss of PARO

____1.Senseofloss II. Worsening of dementia symptoms

‘ Loneliness due to the ‘
absence of PARO

5. Worsening of dementia
symptoms

Appearance of BPSD

2. Behavioral changes n =
Progression of cognitive
symptoms

Changes in frequency of
visitation to front office

3. Dealing with a sense of loss
Reminiscences of PARO

[ 4. Staff load
Changes in the work duties of
L thestaff

Fig. 15. Changes that occurred owing to the absence of PARO.

occurred due to the absence of PARO” (Fig. 15), which
produced two major categories: “I. Changes due to loss
of PARO” and “II. Worsening of dementia symptoms.”
The former consisted of four categories: “l1. Sense of
loss,” “2. Behavioral changes,” “3. Dealing with a sense
of loss,” and “4. Staff load,” each of which consisted of
a single subcategory. The latter consisted of the category
“S. Worsening of dementia symptoms,” and two subcate-
gories. Finally, the relationships among the subcategories,
categories, and major categories were connected by ar-
rows, which can be observed in Fig. 15.

Owing to the absence of PARO, the subjects were no
longer able to mutually interact with PARO, which re-
sulted in “II. Worsening of dementia symptoms.” This,
in turn, led to an increase in “4. Staff load.” Meanwhile,
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PARO trainer cerlificate was obtained
through Ozone Housing Research
Comittee. | was surprised that she would say
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Fig. 16. Staff perceptions and their changes.

When the door was left open, residents
from the neighborhood who were taking
awalk saw PARO and came into the
office.

PARO was able (o bring out
motherly feelings from a subject
whom | had thought was
incapable of such feelings.
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Fig. 17. Staff assessment of PARO.

the absence of PARO resulted in “I. Changes due to loss
of PARO.” In particular, the category “1. Sense of loss”
manifested in “Changes in frequency of visits to the front
office,” that is, there was a reduction in the number of vis-
its. While considering the category “3. Dealing with their
sense of loss,” the subjects reminisced about PARO; how-
ever, this did not resolve their “1. Sense of loss,” and along
with aging, led to “II. Worsening of dementia symptoms.”

5.4. Analysis of Staff Perception

Expressions were extracted from the perspective of
“staff perceptions and their changes” and were written
on individual cards. The first-stage process resulted in
13 subcategories, which were divided into three groups:
“staff perceptions and their changes” (Fig. 16), “staff as-
sessment of PARO” (Fig. 17), and “factors of success and
obstacles to the introduction of PARO” (Fig. 18). “Staff
perceptions and their changes” (Fig. 16) consisted of six
subcategories: “recognition of the value of PARO train-
ing,” “anxiety about introducing PARO,” “discovery of
a new aspect of the subject,” “staff healing,” “changes
in the staff,” and “reduced staff load.” The category
“staff assessment of PARO” (Fig. 17) consisted of four
subcategories: ‘recognition of value of artificial intelli-
gence functions,” “significance of mutual interaction with
PARO,” “reduced burden on family,” and “connections
with local residents.” “Factors of success and obstacles
to the introduction of PARO” (Fig. 18) consisted of three
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Fig. 19. Effects that the introduction of PARO had on staff.

subcategories: “negative aspects of PARO,” “limitations
of the introduction at the elderly residence,” and “factors
of success.”

For the second stage, the extracted subcategories were
divided into groups from the perspective of “effects ex-
perienced by the staff after the introduction of PARO”
(Fig. 19), which produced five major categories: “I. Per-
ception before the introduction of PARO,” “II. Lessons
culled from the three cases,” “III. Confirmation of the
value of PARO,” “IV. Success of the introduction of
PARO,” and “V. Lessons obtained from the occupants of
other residences.” “I. Perception before the introduction
of PARO” consisted of a single subcategory: “anxiety
about introducing PARO.” “II. Lessons culled from the
three cases” consisted of two categories: “l. Recogni-
tion of the effects of PARO” and “2. Joy experienced in
the caregiving occupation,” which consisted of five and
one subcategories, respectively. “IIl. Confirmation of the
value of PARO” consisted of two categories: “3. Signif-
icance of PARO training” and “4. Changes in staff per-
ception,” each of which consisted of a single subcategory.
“I'V. Success of the introduction of PARO” consisted of
one category “S. Factors of success in the introduction
of PARO” and a single subcategory. “V. Lessons ob-
tained from the occupants of other residences” consisted
of two categories: “6. Factors obstructing the introduc-
tion of PARO” and “7. Use in community development,”
which consisted of two and one subcategories, respec-
tively. The relationships among the major categories, cat-
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egories, and subcategories are shown by arrows, as illus-
trated in Fig. 19.

Thus, “1. Recognition of the effects of PARO” and
“2. Joy experienced in the caregiving occupation,” which
were a part of the major category “II. Lessons culled
from the three cases,” resulted in eliminating the “anx-
iety about introducing PARO,” which was a category
under “I. Perception before the introduction of PARO.”
Moreover, it also resulted in “III. Confirmation of the
value of PARO.” Experiences pertaining to the categories
“II. Lessons culled from the three cases” and “III. Con-
firmation of the value of PARO” led the staff to possess a
sense of fellowship toward PARO that “PARO and I work
together” (Fig. 18), which resulted in “IV. Success of the
introduction of PARO.” In “V. Lessons obtained from the
occupants of other residences,” we identified the category
“6. Factors obstructing the introduction of PARO” to con-
tain the “negative aspects of PARO,” expressed by state-
ments such as “those without dementia reacted negatively,
saying that they are not at that stage yet” (Fig. 18), and
“limitations of the introduction at the elderly residence,”
such as “because the number of residents of the elderly
residence who can be considered as targets for the use of
PARO is low, the residence management will not purchase
it” (Fig. 18). In addition, as PARO was initiated as part
of a community development effort, we identified that the
activities involving PARO extended to area residents and
were not limited to merely residents of the elderly resi-
dence (Fig. 17).

6. Discussion

The objective of this case study was to identify the
effects of the intermittent introduction of PARO over a
period of approximately seven months at an elderly res-
idence on elderly residents with cognitive dysfunctions
and the care-providing personnel. By analyzing the data
consisting of the staff report, DBD-13 questionnaire re-
sponse, and results of an interview with the staff worker,
we were able to identify the behavioral changes of the
subjects of the case study and the changing perceptions of
staff personnel regarding PARO.

6.1. Case Study Subjects

Of the 76 residents of the elderly residence, 9 partic-
ipated on the first day when PARO was introduced (Ta-
ble 2), of which 3, who exhibited cognitive dysfunctions,
stayed on to engage in long-term interactions with PARO.
These subjects constituted 3.95% of the total residents.
This low figure is related to the fact that the majority of
residents of the elderly residence with services were self-
reliant. Conversely, approximately 30 residents were cer-
tified as requiring long-term care, of which the subjects
constituted 10%, which could be said to be relatively high
among the certified residents. As the number of residents
who were certified as requiring care is likely to increase
as the resident population ages, we can expect that the po-
tential demand for PARO will grow in the future.
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We identified that the DBD-13 total scores (Table 3)
and the appearance rate of “> 2: sometimes or more”
(Figs. 7-9) reduced during the periods when PARO was
present and increased when PARO was absent. Further-
more, the averages, medians, maxima, and minima of the
DBD-13 total scores of the three subjects were all higher
during periods when PARO was absent when compared to
periods when PARO was present (Table 4). This suggests
that interactions with PARO improved dementia-related
behavioral disorders, while the absence of PARO caused
them to deteriorate. Qualitative analyses also indicated
similar results regarding BPSD (Figs. 10, 12, 14, and 15).
These results are similar to those of previous studies based
on RCTs with PARO [3-7], which reported improvement
in BPSD. Note that the intervention was repeated four
times in the present study to compare periods with and
without PARO. As there are no previous studies on PARO
based on alternating periods with and without the utiliza-
tion of PARO, we believe that the present study presents
valuable data, although the evidence level is low [8] (Ap-
pendix E).

The appearance rate of “l: rarely” remained high in
subject Nos.5 (Fig. 7 and Table 5) and 7 (Fig. 8 and Ta-
ble 6) throughout the study period regardless of the pres-
ence or absence of PARO, which suggests that dementia
symptoms either remained or worsened even when PARO
was present. This finding is similar to that of our previous
study on in-home care [23]. Qualitative analysis (Figs. 10
and 12) also indicated that dementia symptoms deterio-
rated with time. However, as indicated by the statement of
worker A that “even if dementia is progressing, the sub-
ject can spend a peaceful time when she is with PARO
(we need more times like these)” (Fig. 17), although the
progress of dementia cannot be stopped, we believe that
the value of using PARO lies in creating an environment
in which people can live peacefully, which can contribute
to improving the quality-of-life of the dementia patient.

Sharkey et al. [24] applied the capability approach
(CA) as a framework for evaluating the effects of an el-
dercare robot on the human dignity of elderly people. The
CA consists of 10 capabilities: 1. life, 2. bodily health,
3. bodily integrity, 4. senses, imagination, and thought,
5. emotions, 6. practical reason, 7. affiliation (A) (B),
8. other species, 9. play, i.e., being able to laugh and play,
and 10. control over the environment (A) (B). Of these
10 capabilities, the mutual interactions between PARO
and the subjects that result in increased opportunities to
form attachments, engage in a dialog, laugh, play, and
partake in recreational activities with PARO (Figs. 10-12)
can be considered to expand the capabilities of the follow-
ing: 7. affiliation (A), 5. emotions, and 9. play (Fig. 20).
Affiliation (A) implies “being able to live with and for
others, to recognize and show concern for other humans,
to engage in various forms of social interaction.”

We note that BPSD of subject No.7 worsened dur-
ing period VI (when PARO was absent), which placed a
greater burden on his wife; consequently, he was moved to
a group home. Subject No.7 had refused day service even
before PARO was introduced, which prevented his wife
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from gaining any respite (Fig. 5); consequently, she had
been feeling considerably exhausted. However, she was
able to go home and rest when No.7 interacted with PARO
during periods when PARO was available (Fig. 17); there-
fore, the time that No.7 spent interacting with PARO
helped her recuperate and was therefore preferred over
the day service. Although No.7 was placed in a group
home during period VI, when PARO was absent, we be-
lieve that the intermittent use of PARO reduced the physi-
cal and psychological burden of his wife and extended the
period of in-home care. The fact that No.7 was moved to
a group home during the period when PARO was absent
lends support to this possibility. Further, in the case of
No.8, the comment of the care worker that “it is a won-
der that subject is able to live here” (Fig. 10) suggests that
the use of PARO may have served to extend her period of
in-home care as well.

A further note regarding No.7 is that, during period VI
when he was moved to a group home, his DBD-13 total
scores and appearance rate appear to be unsupported by
the information presented by qualitative analysis. Accord-
ing to the interview with worker A, the situation surround-
ing his move to the group home was such that “routine
failures based on memory impairment increased, which
led to quarrels with his wife whenever she pointed them
out or reprimanded him, and he would often rush out of
the house to avoid his wife. On these occasions, his wife
would try to stop him as he would invariably get lost if
he left the house, which led to more quarrels and occa-
sional violence against his wife. Because her fatigue in-
creased to an unbearable level, she decided to place No.7
in a group home.”

However, the DBD-13 total scores and appearance rate
of No.7, although higher than the previous period (V),
are not so high as to suggest placing him in a group
home. Although the DBD-13 score (Table 3) increased
by 8 points from period V to 19 points, it was measured to
be 19 points in periods II and III as well, and still below
the value of 23 points as measured before the introduc-
tion of PARO. Meanwhile, the appearance rates (Fig. 8
and Table 6) show that although “0: never” decreased
from 30.8% during period V to 15.4% during period VI,
it was higher than that in periods I, II, and III, where
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it was 0%, suggesting that the behavioral disorders saw
some improvement. The scores of “1: rarely” also de-
creased by just 7.6% points during period VI from pe-
riod V, staying at approximately the same level; however,
it was lower than the 76.9% of period I, thereby indicat-
ing an improvement. Meanwhile, although the appear-
ance rate of the scores of “> 2: sometimes or more” in-
creased from 15.4% in period V to 38.5%, it was the same
as that in period IV, and lower than the 46.2% measured
before the introduction of PARO.

It is more likely that this disparity between the DBD-13
total scores and qualitative analysis occurred because
DBD-13 included no items pertaining to violence and
worker A filled the DBD-13 questionnaire based on in-
formation gained during her work duties. The elderly
residence in which PARO was introduced provides mon-
itoring and life-support services as stipulated in the Law
Concerning Stable Housing for the Elderly. However, it
did not provide direct support services because any el-
derly residence is classified as a private residential home
if it provides either meals, nursing care, household work,
or health monitoring, and comes under the jurisdiction of
the Act on Social Welfare for the Elderly (Appendix B).
Therefore, it was possible to comprehend the conditions
of the subjects only based on the assessments conducted
during their visit to the front office or during consulta-
tions. Worker A states that “it was only possible to know
the situation at home from what his wife told us” (which
was not included as data), suggesting the limitations of
such an undertaking in elderly residences. While the
questionnaire survey only yielded findings related to the
question items, we feel that we were able to assess the
situation by combining it with the report and interview
results.

While the qualitative analysis suggested that dementia
symptoms worsened during periods when PARO was ab-
sent as it was no longer possible to interact with PARO,
we suspect that the sense of loss of PARO also contributed
to deterioration in the dementia symptoms (Fig. 15). Pet
loss is a type of object loss, and it has been indicated that
closeness [25] and attachment [26] to the pet are predic-
tive factors of the sadness that follows loss. Because all
three subjects had formed close relationships with PARO,
they experienced grief over the loss of PARO, which we
believe had an effect on their dementia symptoms. As
pet loss is generally devalued in comparison to human
death [27], the grief of the owner is often not understood,
and this perceptional difference with others can yield a
sense of isolation [28].

However, these three subjects experienced an environ-
ment where they could visit the front office to talk to staff
personnel about their sadness or loneliness concerning the
absence of PARO, and we feel that this was useful for al-
leviating the grief accompanying the loss of PARO and
led to dissolving their sense of isolation.

6.2. Staff Personnel

The staff workers were surprised and pleased by the un-
expected reduction in BPSD owing to PARO (Figs. 10 and
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12) and how it had drawn out the human qualities that the
subjects inherently possessed (Figs. 16, 17, and 19). Fur-
thermore, not only did the improvement of BPSD reduce
their burden, but they themselves felt that they had been
healed by observing the interactions between PARO and
the subjects (Fig. 16). They felt that the introduction of
PARO was successful, even though only three cases were
involved (Fig. 18). We feel that the factor of success lay
in the natural setting in which PARO was employed as a
part of daily life, for both the subjects and staff personnel,
as suggested when worker A said that “I was able to ob-
serve the interactions between residents and PARO within
my work duties,” “this trial would not have lasted if I had
to set aside a time and place specifically for interactions
with PARO,” or “the residents were able to freely interact
on their own will.”

However, even though the staff had experienced the ef-
fects and had started to feel that “PARO is a part of the
staff,” the facility management decided not to purchase
it. The reasons were economic, i.e., the high price of
400,000 yen per unit of PARO, and the fact that the ben-
eficial effects had been demonstrated with only 3 of the
76 residents of the elderly residence (Fig. 18). As men-
tioned earlier, the majority of the residents at the elderly
residence consisted of self-reliant healthy people, and the
potential users of PARO were limited. Consequently, it
is probably necessary to consider economic benefits such
as reduced labor costs by lessening the burden on staff
spending time caring for residents with BPSD.

6.3. Toward the Construction of Evaluation
Criteria of Case Studies

In case studies in nursing, the indices of medical out-
comes and qualitative outcomes are used to evaluate nurs-
ing practices. The former consists of medical diagnosis
and clinical examination data used to assess the patho-
logical conditions of patients, and the latter consists of
qualitative data used to assess the psychological or social
aspects or living conditions. In this study, we employed
DBD-13 results as the medical outcomes and the analy-
sis results based on the KJ method were the qualitative
outcomes.

6.3.1. Selection of Medical Outcome Index

As this study focused on the introduction of PARO in an
elderly residence that offers services rather than a hospital
or nursing home, we had no access to medical diagnoses
or clinical examination data. This is because the elderly
residence is a facility that provides monitoring and life-
support services (Appendix B) to residents and does not
maintain the information supplied by the attending physi-
cian of the residents or the services covered by the long-
term care insurance system. Furthermore, it was challeng-
ing to continually observe the dementia-related behavioral
disorders in a systematic manner and document them in
the form of a written report or interview as worker A, who
was not medically qualified, was responsible for observ-
ing the subjects. Thus, we felt that it was necessary to
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employ, as the medical outcome, an existing scale using
which a person with no medical expertise would be able
to record dementia-related behavioral disorders in a sys-
tematic manner.

While selecting the scale, we decided to employ a
single scale to minimize the physical and psychological
burdens on worker A. This was because we speculated
that it is likely that a survey that entailed a large burden
would create negative feelings regarding the introduction
of PARO and result in a refusal, based on earlier experi-
ences with HN activities. While seeking a scale whose
reliability and validity have been verified, and which has
relatively fewer question items and is used widely as a
scale of dementia-related behavioral disorders, we se-
lected DBD-13.

While we plan to conduct further case studies in the
future using PARO for in-home care as well as for vari-
ous facilities and in hospitals, the medical outcome index
will have to be varied according to the field of survey.
For instance, the ratio of mild to moderate dementia cases
will be high in the cases of in-home care and elderly resi-
dences with services, in which case the questions included
in DBD-13 will suffice; conversely, in facilities such as
nursing homes, the number of severe dementia cases will
be high, in which case the original (complete) version of
DBD with 28 items will be more appropriate. In such
cases, the additional use of medical data stored by a facil-
ity would be useful.

6.3.2. Significance and Validity of the Usage of
DBD-13

Although the qualitative data yielded evidence of the
improvement (Figs. 10 and 12) or deterioration (Figs. 14
and 15) in BPSD linked to the presence or absence of
PARO, no information was gained about the degree of
such changes and the corresponding periods. However,
we were able to objectively assess these changes, iden-
tified through qualitative analysis, in numerical terms by
using DBD-13, and visualize them by presenting them us-
ing graphs, which we feel increased its persuasive power.
For example, we were able to numerically present the de-
crease and increase in the appearance rate of “> 2: some-
times or more” when PARO was present and absent, re-
spectively (Figs. 7-9 and Tables 5-7).

Moreover, the qualitative data yielded the finding of
“dementia gradually progressing” among the subjects
with the passing of time (Figs. 10, 12, 14, 15), but not
the manner in which this occurred. Although we asked
for specific changes during the interview, we were only
able to obtain the vague answer “somehow.” However, we
feel that, by employing DBD-13, we were able to numeri-
cally show the deterioration of dementia, which had been
observed qualitatively, from the aspect of behavioral dis-
orders, and objectively capture the conditions of the sub-
jects. For instance, in the case of No.5, the appearance
rate of “0: never” reduced while that of “1: rarely” in-
creased with the passing of time regardless of the presence
or absence of PARO (Fig. 7 and Table 5). This indicates
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an increase in the number of items representing behavioral
disorders as well as the items that occurred infrequently
while measuring on a daily basis, which can effectively
capture the manner in which the behavioral disorders de-
teriorated over time.

6.3.3. Qualitative Outcome Index: KJ Method

In this study, we were able to sort out a vast amount
of data without being buried and identify the effects and
causal relationships by extracting expressions from docu-
mented records of the perceptions of the staff worker from
the perspective of “what happened to the subjects and staff
workers by introducing PARO?” and exploring the data
using the KJ method (Figs. 10-20). The KJ method is
a method of organizing a chaotic body of assorted data
to assess the current status and seek solutions to the pre-
sented problem, by allowing the “data to speak for them-
selves” [29,30]. Consequently, we felt that a qualitative
analysis based on the KJ method would be an effective
way to examine the case study in terms of exploring solu-
tions to issues at the site by the use of PARO.

7. Limitations

In the present study, PARO was loaned free of charge
by HN as part of its community development efforts, dur-
ing the periods when it was available for the advocacy
activities of HN, and the use of PARO was not based
on an independent study design. Consequently, the pe-
riods were not of the same length. Moreover, the data
are based on the recollections of worker A, consisting of
information obtained during the course of her work du-
ties; however, no information was collected from the sub-
jects or their family members for the specific purpose of
this study. Consequently, the study may have aspects that
lack objectivity or reliability. There have been criticisms
of case studies [31] indicating that, even when individual
experiences are expressed as objective facts, it is difficult
to identify the process of verifying those facts; moreover,
it was indicated that the observed data are not necessarily
objective or that the obtained results are difficult to recre-
ate. Fineout-Overholt et al. [8] also assigned a low rank-
ing for evidence obtained from a single descriptive study,
such as a case study, i.e., a ranking at the sixth level in a
seven-tiered hierarchy was assigned when questioning the
effectiveness of interventions. However, they assigned a
relatively high ranking, i.e., the second level of a seven-
tiered hierarchy, when assessing evidence to answer clin-
ical questions regarding the meaning. Thus, we plan to
accumulate further case studies in the future and explore
ways to construct a methodology of intervention based on
PARO.

8. Future Issues

The results of the present study suggest that the effects
of PARO on patients with dementia can be assessed using
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DBD-13. Therefore, it is necessary to accumulate further
cases in the future and evaluate the effects of the use of
PARO on behavioral disorders based on DBD-13 and ver-
ify whether behavioral disorders have improved. Further,
as it was shown in a previous study that DBD-13 is use-
ful for assessing the nursing burden [21], we must verify
whether an improvement in behavioral disorders due to
the usage of PARO does indeed result in a reduction in
the nursing load.

While the present study focused on three subjects with
dementia, observations of the six residents (of the ten
listed in Table 2) who had short-term interactions were
also recorded in the interview and reported. These sub-
jects expressed the sentiment that the interaction with
PARO violated human dignity, which can be noted by
their statements such as they were “not at that stage yet”
or “it is unnecessary for me” (Fig. 18), when they wit-
nessed the interactions between subjects with dementia
and PARO, which can be interpreted as inhibiting the ca-
pability of ““7. affiliation (B)” as presented in the report by
Sharkey et al. [26] (Fig. 20). This indicates the necessity
of investigating ethical issues such as the dignity of el-
derly people associated with the use of robotic pets such
as PARO.

9. Conclusions

This paper presented the results of a questionnaire sur-
vey based on DBD-13, and the report and interview re-
sults presented by worker A, which were based on her rec-
ollections on the intermittent use of PARO over a seven-
month period in a distributed elderly residence with ser-
vices, where the collected data were organized using as-
sociation charts, which are often used in the field of nurs-
ing, and the KJ method. It was determined that three
subjects with cognitive dysfunctions formed attachments
with PARO, their BPSD varied based on the periods when
PARO was present or absent, their residence period may
have been extended by the introduction of PARO, the
load on staff workers was reduced, the experience had
a healing effect on the workers, and they experienced a
renewed recognition of the value of PARO. Furthermore,
the results suggested that the interaction with PARO ex-
tended the capabilities of “affiliation (A),” “emotions,”
and “play” in the CA scheme proposed by Sharkey et al.
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Appendix A. Happy Net Association

The HN, founded in May 2015, has a membership of
approximately 120 people, consisting of specialists such
as care workers, certified social workers, nurses, and com-
mon citizens. In collaboration with the Intelligent Sys-
tem Co., Ltd., advocacy activities have been conducted,
as shown in Fig. 21, including the hosting of experiential
workshops in which participants can interact with PARO.
To advocate implies to plead or argue in favor of some-
thing; however, in marketing terminology, it refers to a
sense of strong loyalty to a particular brand or product.
Thus, Philip Kotler defines an advocate as someone who
recommends his favorite brand to others without being
asked. This concept, which is proposed in his book Mar-
keting 4.0, presents the ultimate goal as bringing the cus-
tomer from the state of awareness to recommendation.

Appendix B. Elderly Residences with
Supportive Services

This category was established when the Law Concern-
ing Stable Housing for the Elderly, which is under the ju-
risdiction of the Ministries of Land and of Health, Labour
and Welfare, was amended in 2011, and registration be-

800

gan in October 2011. It was established to promote hous-
ing in which the elderly can securely live. By implement-
ing the physical requirements, such as room areas, facili-
ties, and barrier-free requirements, as well as monitoring
and life-support services by care-providing professionals,
they provide an environment in which the elderly are able
to lead a secure life. To obtain registration, certain phys-
ical requirements (size, facilities) suitable for the elderly
and monitoring services must be provided, and contrac-
tual standards must be satisfied.

To provide monitoring services, a care-providing pro-
fessional must always be present in the building, at least
during the daytime hours, to provide monitoring and life-
consultation services. The introduction of PARO to el-
derly residences, which provided the field of this study,
was undertaken in the context of monitoring services. The
care-providing professional must be one of the following:
1) employee of a social welfare service corporation, med-
ical corporation, or organizer of designated in-home ser-
vice providers, 2) physician, 3) nurse, 4) care worker, 5)
certified social worker, 6) long-term care manager, or 7) a
person who has undertaken the initial training seminar as
a long-term care worker.

If, in addition to the mandatory monitoring services,
the elderly residences with supportive services provides
1) meals, 2) nursing care, 3) household work, or 4) health-
monitoring facilities, it is classified as a private residential
home and is subject to oversight under the Act on Social
Welfare for the Elderly (https://www.kaigokensaku.mhlw.
go.jp/publish_sumai/).

Appendix C. Types of PARO

1. Pet type

With emphasis placed on its capability to behave like a
living animal, the internal state varies according to var-
ious stimuli from the environment, including the user,
and it behaves such that the interacting person feels as
if it has emotions. In addition, it exhibits a circadian
rhythm (not throughout the 24 h, but for periods of ap-
proximately 20 min), where it simulates sleepiness by
presenting slower reactions, and momentarily falls asleep
when the stimulus is weak during the night hours.

2. Therapeutic type

This version was produced based on the feedback from
a user conference in Denmark. The main objectives are
to enliven or reassure the people who interact with PARO
and for therapeutic usages to provide robot therapy when-
ever necessary. To this end, it was modified such that it
does not display any angry reactions against an excited
person; therefore, it displays a tolerant nature such as sub-
mitting to being hit. Furthermore, it does not follow a
circadian rhythm; therefore, it can be used whenever the
therapist wishes to use it to reassure a patient. This change
was incorporated based on requests from therapists that it
is preferable if PARO does not fall asleep because the in-
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teracting person feels less stimulus when PARO is asleep.

Although the therapeutic model has been advocated for
use with dementia patients as their reactions to the thera-
peutic effects, such as reduction of BPSD, are more read-
ily observable, it can be used extensively by those with
non-dementia symptoms as well.

Appendix D. Training for PARO

Training on the use of PARO was provided by
the “PARO trainer training course (intermediate level)”
hosted by the HN. It is a 6 h training divided into lec-
tures and practical sessions.

[Lecture content]

I. Background material on the use of PARO

1. Relation between the HN and PARO
2. Why robots?
3. Review of overseas and domestic cases of the us-
age of PARO
II. Robotic functions and therapeutic effects of PARO

1. PARO as a fusion of art and technology

2. Research literature on PARO

III. Roles of a PARO trainer
[Practical training]

1. Experiencing the sensor functions of PARO

(® Moving PARO
(@ Playing with PARO

(® Practice in robot-assisted activities using PARO

2. Maintenance of PARO and methods of infection con-
trol

Appendix E. Evidence Level

Overholt classified evidence into those pertaining to
the effectiveness of specific treatments or interventions
(Fig. 22) and those pertaining to the meaning in clinical
practice (Fig. 23). In the former category, case studies
fall under the sixth level in the seven-tiered hierarchy, in-
dicating a low evidence level. In the latter, they fall under
the second level in the seven-tiered hierarchy, indicating a
high evidence level.
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Fig. 22. Levels of evidence for answering clinical ques-
tions about the effectiveness of interventions. Quoted and
partially modified from “Health Care from the Inside Out:
Advancing Evidence-Based Practice in the 21st Century.”
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Fig. 23. Levels of evidence for answering clinical questions
about meaning quoted and partially modified from “Health
Care from the Inside Out: Advancing Evidence-Based Prac-
tice in the 21st Century.”
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