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Abstract
Background  Socially assistive robots introduced in nursing care settings have multidimensional psychological 
impacts on care recipients and caregivers. This study aims to explore the longitudinal changes induced by socially 
assistive robots, focusing on a chain of human behaviors.

Methods  In this qualitative study, nine participants from two nursing homes who had experience in manipulating 
socially assistive robots were interviewed in a semi-structured focus group using a topic guide to explore the changes 
in care recipients and caregivers. Following the framework analysis method, the transcripts were coded using the 
International Classification of Functioning, Disability, and Health (ICF). The identified codes were charted for each 
side—care recipients and caregivers sides— using a causal loop diagram, a tool used to visualize nonlinear dynamics 
in complex systems.

Results  Three and seven kinds of codes in the domains of “body functions” and “activities and participation”, 
respectively, were identified on the care recipients’ side; whereas on the caregivers’ side, one and five kinds of codes in 
the domains of “body functions” and “activities and participation”, respectively, were found. The codes obtained from 
the facility with longer experience were represented graphically as a reinforcing feedback loop, in which favorable 
changes were amplified in a chain of events. Robot use directly changed the mental functions of care recipients, 
and the caregivers’ perceptions of these positive changes led to their own emotional and behavioral changes, which 
would reduce the burden of care. Moreover, the findings suggest that sharing information regarding these changes 
and objectively recognizing the effectiveness of robots among staff members can be the key to continuous robot use 
in nursing care settings. Conversely, the figure obtained from the novice facility shows fragmented chain relationships 
of the codes, indicating that all the effects of robot use are recognizable and form a chain reaction after continuous 
robot use for more than several months.
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Background
Recent worldwide trends of declining birthrates and 
aging populations have resulted in a shortage of care-
givers in clinical scenes [1, 2]. Against this background, 
the implementation of assistive robots and devices in 
nursing care has been encouraged to maintain quality 
of care [3]. However, the widespread use of these tech-
nologies has not been fully realized; one reason is that it 
takes time to develop proficiency in using new technolo-
gies. A previous study has revealed that a clear progres-
sion is observed over time in the ability to engage with 
new technologies in nursing care settings [4], suggesting 
that the effectiveness could become apparent after con-
tinuous use of the devices. Conversely, in the early stages 
of the introduction of a new robotic device, drawbacks, 
such as difficulty or complexity of operation, may exceed 
the benefits of reducing the burden of caregiving. When 
the expected benefits are not achieved, the frequency of 
using the device decreases to the extent that its true value 
is not realized. To prevent these undesirable results, 
focusing on the positive aspects of the changes in the ear-
lier stages is considered important. This would encourage 
further robot use and promote a positive chain reaction 
for sustainably developing its effects. Among the vari-
ous types of assistive robots and devices, socially assis-
tive robots, which are designed to support the caregiving 
process through communication and social interaction 
with the user [5, 6], have a particularly varied psychologi-
cal impacts on the humans they interact with [7]. There-
fore, it is especially useful to organize various human 
reactions induced by socially assistive robots in a manner 
that highlights their effectiveness and encourages enough 
continuous use to obtain their true value. Nevertheless, 
to the best of our knowledge, no study has explored the 
longitudinal changes induced by socially assistive robots, 
focusing on the chain of human behavior.

The International Classification of Functioning, Disabil-
ity, and Health (ICF) [8], proposed by the World Health 
Organization (WHO), is not only well established in the 
field of health and welfare, but has also drawn attention 
from the field of engineering as a tool for capturing and 
describing the impact of welfare engineering on human 
life [9, 10]. The ICF describes human functioning as the 
interaction of body functions, activities, and participa-
tion and provides a taxonomy that includes components 

and second-order codes [11]. Previous qualitative studies 
on people with disabilities and those requiring care [12–
16] have found that the ICF framework can be success-
fully used to sufficiently address a subject’s expressions 
or daily life. Therefore, capturing the impact of socially 
assistive robots using the ICF, which provides a compre-
hensive and multidimensional representation of human 
life, is beneficial for accurately understanding chain reac-
tions or the complexity of introducing robotics in nursing 
care settings.

Therefore, this study aims to clarify the longitudinal 
changes initiated by introducing socially assistive robots 
in nursing care facilities by adapting the ICF framework 
for humans involved, that is, care recipients and caregiv-
ers. Furthermore, we aim to elucidate the continuity and 
causal relationships in multiple phenomena following the 
introduction of robots.

Methods
Design
This qualitative study used focus group interviews, a 
method that encourages several participants to talk and 
interact with each other, in addition to answering the 
facilitator’s questions individually [17]. Its application has 
grown across a wide range of disciplines including health 
research [18] and its methodology has been established 
[19]. This interview method promotes recall of relevant 
events inspired by the statements given by other partici-
pants, compared to individual interviews [20]. This style 
was adopted because it is suitable for clarifying these 
chains of events and their causal relationships, which is 
the purpose of this study. Furthermore, the method of 
semi-structured interview method, which uses open-
ended questions that define the area to be explored to 
encourage the interviewees’ own narrative [21], was 
adopted in asking questions to interviewees (see the topic 
guide below in “Data Collection”).

Ethical consideration
The study protocol conformed to the Declaration of Hel-
sinki and was approved by the ethics committee of the 
Kanagawa Institute of Industrial Science and Technology 
(approval date: February 7, 2022) and the ethics commit-
tee of the National Center for Geriatrics and Gerontol-
ogy (No. 22TB20). This study was conducted according 
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to the consolidated criteria for reporting qualitative 
research [22]. All the study participants provided written 
informed consent prior to participating in the study.

Study setting
Interviews were conducted at two nursing care facili-
ties in and around Tokyo, Japan, where PALRO (Fuji 
Soft Incorporated, Kanagawa, Japan), a socially assistive 
robot, had been implemented at the time of recruitment. 
PALRO is a humanoid-type robot that is small enough to 
be portable, 40 cm in height and 1.8 kg in weight, and it 
is capable of daily conversation through its voice recog-
nition function. It also provides songs, dances, exercises, 
and quizzes while moving its arms and legs using its 
actuators (Fig.  1). The two facilities interviewed (facili-
ties A and B) had been using PALRO routinely in clini-
cal settings. Specifically, facility A has deployed PALRO 
for approximately five years. It was used regularly dur-
ing group recreation activities, pre-mealtime exercises 
for swallowing function, and interacting with individual 
residents during their free time. Facility B had introduced 
PALRO around three months prior to the study inter-
view. After the staff had familiarized themselves with its 
operation in the staff room, it was deployed routinely for 
group recreation and occasionally for interacting with 
individual residents.

For the participants’ convenience and to prevent 
COVID-19 transmission, we conducted the interviews 
with these facilities via web conferences [23].

Participants
Participants were recruited from the staff of two nurs-
ing care facilities between February 2022 and April 2022. 
The inclusion criteria were as follows: (1) experience in 
manipulating PALRO and (2) a professional engaged in 
the field of nursing care and welfare, such as a nurse, a 
caregiver, or a care clerical worker. Eventually, the partic-
ipants were determined to reflect the occupational diver-
sity within the facility based on the concept of theoretical 
sampling [20]. Care recipients in the target facilities were 
not recruited in this study, given that they typically have 
cognitive decline and find it difficult to explain past 
events in sequence.

Data collection
Semi-structured interviews were conducted in which 
interviewers asked open-ended questions relevant to the 
research topic between March 2022 and February 2023 
(two days at facility A and one day at facility B). Two 
interviewers (EO, a rehabilitation physician with 12 years 
of work experience, and KS, a physical therapist with 16 
years of work experience) had no personal relationships 
with the interviewees. The topic guide was as follows: (1) 
What changes occurred in care recipients and caregivers 

when PALRO was first applied, and (2) How have the care 
recipients and caregivers reacted to the issues accompa-
nied by using PALRO for a long period? The guide was 
pretested and determined prior to the interview through 
discussions among the aforementioned interviewers (EO 
and KS) and a medical doctor (IK, with more than 30 
years of clinical experience) to detect changes over time. 
Additionally, after the participants responded to the topic 
question, the interviewers prompted them to refer to the 
subsequent changes following the event. The interviews 
were audio-recorded with the participants’ permission.

Analyses
All transcripts were anonymized and analyzed using 
framework analysis [24]. In framework analysis, a list of 
codes is determined in advance of the analysis and then 
applied to the transcripts, producing highly structured 
outputs of the summarized data [25, 26]. This method 
is considered suitable if the concept to be fitted exists in 
advance [12, 27]. According to the purpose of the pres-
ent study, the transcripts were coded using the concep-
tual framework provided by the ICF. The ICF categories 
are arranged in a stem-branch-leaf structure, that is every 
domain consists of chapters, which include several sec-
ond-level categories. An ICF code is a combination of a 
letter representing a domain (“b” for body functions and 
“d” for activities and participation) and numbers repre-
senting the chapter and second-level categories. As an 
example, the body functions domain includes Chap.  1: 
Mental Functions, Chap. 2: Sensory Functions and Pain, 
Chap. 3: Voice and Speech Functions, and more. The cat-
egories defined in Chap. 1 include “b110. consciousness 
functions,” “b114. orientation functions,” “b117. intellec-
tual functions,” “b134. sleep functions,” and so forth [11]. 
Regarding activities and participation, the WHO guide-
line states that it is difficult to make a uniform distinction 
between “activity” and “participation” because the same 
category can describe both the individual issue (actions 
performed by the individual) and social issue (involve-
ment in life and life situations) and that users should 
make their own judgment based on the purpose of use. 
Therefore, no clear judgment was made regarding the 
domains of activity and participation in this study, and 
a second level of explanation was used as the code to be 
assigned. For example, statements regarding the nursing 
home staff using the robot for residents’ care were coded 
as “d210. undertaking a single task” on the caregivers’ 
side, and statements regarding residents’ responses fol-
lowing the use of the robot were coded as correspond-
ing categories in the ICF on the care recipients’ side. First 
in the coding process, one author (EO) identified the 
semantic units of the sentences throughout the transcript 
and applied an ICF code to each unit by referring to the 
WHO definition [11]. Another author (KS) subsequently 
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Fig. 1  PALRO, a socially assistive robot. (a) The whole appearance of PALRO. (b) PALRO conversing with a nursing home resident
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confirmed the coded transcript and listed inconsistencies 
regarding the identification of the units and application 
of codes. Disagreement was discussed until a consen-
sus was reached, and the remaining uncertainties were 
resolved by discussing with the other researchers (DS, 
YN, YM). Subsequently, paragraphs with the ICF codes 
were extracted and substantial relationships between 
these codes were identified based on the context of the 
transcript. Finally, the ICF codes were charted on each 
of the care recipients’ and caregivers’ sides using a causal 
loop diagram, a qualitative tool used in systems think-
ing [28] to visualize nonlinear dynamics in complex sys-
tems that characterize health issues [29]. This method 
has been previously adopted to address problems and 
realities in healthcare [30–33]. A causal loop diagram 
was created for each facility to understand the phenom-
ena that occurred in each community and their causal 
relationships separately. MAXQDA Analytics Pro 22.2.0 
(Verbi Software, Germany) was used for coding and 
drawing the outline of the causal loop diagrams.

Results
Nine participants from two nursing homes were inter-
viewed. Details of the participants are listed in Table  1. 
The focus group interviews lasted 90  min at facility A 
(60  min on day 1 and 30  min on day 2) and 45  min at 
facility B.

In total, 76 ICF codes, 7 chapters, and 12 categories 
were derived from the interviews. The data obtained 
from facility A included 57 codes, 7 chapters, and 10 cat-
egories, while the data from facility B included 19 codes, 
5 chapters, and 8 categories. Three and seven kinds of 
codes regarding the domains of “body functions” and 
“activities and participation,” respectively, were identified 
on the care recipients’ side. On the caregivers’ side, only 
one kind of code regarding the domains of “body func-
tions” and five regarding “activities and participation” 
were identified. The ICF framework domains, chapters, 
and codes identified in this study are summarized in 
Table 2.

The causal relationships of the codes clarified in the 
data from facility A mainly demonstrated a large rein-
forcing feedback loop in which favorable changes were 
amplified in a chain of events (Fig. 2). Three main loops 
had some common parts that included a small loop 
describing the reinforcing relationship between the care-
givers’ “d720. complex interpersonal interactions” (com-
municating among staff) and “d210. undertaking a single 
task” (using PALRO for care recipients). For example, the 
participants mentioned the relationship between robot 
use and staff communication as follows: “All of the nurs-
ing staff frequently told us [the managers] about the good 
things they had experienced [by using the robot] with 
a twinkle in their eyes. They told us many good things, 
such as detailed changes in the care recipients and their 
reactions; so, I feel that the distance between us was 
greatly shortened by the introduction of the robot.” (Par-
ticipant No. 5, Facility A).

“I would give them [other staff] advice like, ‘you could 
use PALRO at these points, and then you can make time, 
so you might as well do this in the meantime.’ In this way, 
the number [of staff members who could make good use 
of PALRO] gradually increased.” (Participant No. 1, Facil-
ity A).

Importantly, all arrows from the care recipients’ side 
toward the caregivers’ side originated from the codes of 
mental functions in the body functions domain (“b140. 
attention functions” (focusing on PALRO), “b147. psy-
chomotor functions” (staying calm), and “b152. emo-
tional functions” (being happy and engaged)). Above all, 
“b147. psychomotor functions” (staying calm) of the care 
recipients were observed to induce emotional changes 
in the caregivers, as one participant described that staff 
members feel happy and lucky that the robot works when 
they see the residents who normally cannot sit for 5 min 
calmly sitting for 10  min (Participant No. 1, Facility A). 
Additionally, “b140. attention functions” in care recipi-
ents was connected to the caregivers’ “d220. undertak-
ing multiple tasks” (dealing with multiple residents). One 
participant said, “When a person with dementia is doing 
something, the staff’s hands are occupied with that. With 
this PALRO, the other residents can concentrate on 
PALRO, and we can take care of another person [with 
dementia] without worry.” (Participant No. 4, Facility A).

Further, the only small balancing feedback loop, which 
tends to suppress changes in a chain of events, was found 
between “d210. undertaking a single task” (using PALRO 
for care recipients) of the caregivers and “d330. Speaking” 
(refusing PALRO) from the following phrase: “some of 
the people to whom we wanted to try to use it [the robot] 
by putting it on the table individually expressed their 
intention properly that they did not like it, so for those 
people, we basically do not use it anymore.” (Participant 
No. 2, Facility A).

Table 1  Participants’ demographic characteristics
Facility Participant 

number
Gender Years on 

the job
Occupation

A 1 M 18 Chief Caregiver
2 F 14 Caregiver 

Leader
3 F 11 Caregiver
4 M 11 Manager
5 F 23 Chairman

B 1 F 8 Nurse
2 F 14 Care Manager
3 M 10 Caregiver
4 M 17 Chairman
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(a) body functions domain
Chapter
-subcategory

ICF Code General Description by WHO Specific theme in this 
study

Examples quotations

Mental functions
-specific mental 
functions

b140 attention 
functions

Specific mental functions of focusing 
on an external stimulus or internal 
experience for the required period 
of time

< care recipients’ side>
Focusing on PALRO

The residents who I thought would 
not be able to concentrate actually 
[concentrated and] chatted for much 
longer when talked to [PALRO]. (P4, A)

b147 psycho-
motor 
functions

Specific mental functions of control 
over both motor and psychological 
events at the body level

< care recipients’ side>
Staying calm

The residents who tend to be restless 
and stand up often are somewhat 
calmer when PALRO is around. (P5, A)

b152 Emotional 
functions

Specific mental functions related to 
the feeling and affective components 
of the processes of the mind

< care recipients’ side>
Being happy and 
engaged
< caregivers’ side>
Feeling happy and lucky

Everyone is delighted when they see 
[PALRO] dance and sing. (P2, B)
It [PALRO] remembers your birthday 
and look for you in the morning. It 
makes me a bit kind of happy, or 
familiar. (P3, B)

(b) Activities and participation domain
Chapter
-subcategory

ICF Code General Description by WHO Specific theme in this 
study

Examples quotations

Learning and ap-
plying knowledge
-basic learning

d155 Acquiring 
skills

Developing basic and complex com-
petencies in integrated sets of actions 
or tasks so as to initiate and follow 
through with the acquisition of a skill, 
such as manipulating tools or toys or 
playing games

< care recipients’ side>
< caregivers’ side>
Learning the exercises

When we do this [have PALRO do 
exercises for better swallowing before 
lunchtime], amazingly the residents 
become so habituated to it that they 
generally remember it and do it with-
out looking [at the robot]. (P5, A)

General tasks and 
demands

d210 Undertaking 
a single task

Carrying out simple or complex and 
coordinated actions related to the 
mental and physical components of 
a single task, such as initiating a task, 
organizing time, space and materials 
for a task, pacing task performance, 
and carrying out, completing, and 
sustaining a task

< care recipients’ side>
Doing the exercises

Everyone does the exercise following 
PALRO. (P4, A)

d220 Undertaking 
multiple 
tasks

Carrying out simple or complex and 
coordinated actions as components 
of multiple, integrated and complex 
tasks in sequence or simultaneously

< caregivers’ side>
Dealing with multiple 
residents

While PALRO was talking to that per-
son, for example, I would watch over 
or direct another person to the toilet, 
and so on. (P1, A)

Communication
-communicating-
producing

d330 Speaking Producing words, phrases and longer 
passages in spoken messages with 
literal and implied meaning, such as 
expressing a fact or telling a story in 
oral language

< care recipients’ side>
Talking to PALRO

I saw them trying to tell PALRO their 
names properly and talking to PALRO 
like, ‘How are you?” (P1, A)

Communication
-conversation and 
use of commu-
nication devices 
and techniques

d350 Conversation Starting, sustaining and ending an 
interchange of thoughts and ideas, 
carried out by means of spoken, 
written, signed or other forms of lan-
guage, with one or more people one 
knows or who are strangers, in formal 
or casual settings

< care recipients’ side>
< caregivers’ side>
Talking about PALRO with 
others

We can talk about PALRO as a 
conversation, we can do it with the 
residents, we can do it between staff, 
and I think that is the biggest thing. 
(P4, B)

Mobility
-changing and 
maintaining body 
position

d410 Changing 
basic body 
position

Getting into and out of a body posi-
tion and moving from one location 
to another, such as getting up out of 
a chair to lie down on a bed, and get-
ting into and out of positions of sit-
ting, standing, kneeling or squatting

< care recipients’ side>
Raising the hips from a 
seated position

It’s not such dangerous, but it still 
makes [the resident] stand up a bit. 
(P2, B)

Mobility
-walking and 
moving

d460 Moving 
around in 
different 
locations

Walking and moving around in 
various places and situations, such as 
walking between rooms in a house, 
within a building, or down the street 
of a town

< caregivers’ side>
Coming up around 
PALRO

It’s like when one person does it 
[talk to PALRO], they all come up [to 
PALRO] in a wow. (P4, A)

Table 2  ICF codes and example quotations
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Conversely, the data obtained from facility B showed a 
small loop related to conversation and fragmented chain 
relationships starting from “d210. undertaking a single 
task” (using PALRO to the care recipients) on the care-
givers’ side; however, no reinforcing feedback loops com-
prising three or more codes were found. The ICF codes 
included in the fragmented chain in facility B were partly 
mutual with the codes derived from facility A (“b140. 
attention functions” (focusing on PALRO), “b147. psy-
chomotor functions” (staying calm), “b152. emotional 
functions” (being happy and engaged) in body functions 
domain, and an arrow from “d330. Speaking” (talking to 
PALRO) to code b152). A simple reinforcing feedback 
loop regarding “d350. conversation” (talking with resi-
dents/caregivers about PALRO) did not show the rela-
tionship with “d210. undertaking a single task” (using 
PALRO for care recipients), or other codes (Fig. 3).

Discussion
This study explored the changes that have occurred with 
the introduction of socially assistive robots in nursing 
care facilities through qualitative analysis using the ICF 
framework for care recipients and caregivers. In sum-
mary, using socially assistive robots induced various 
reactions at each level of the ICF domain (body func-
tions, activities, and participation) on both the care 
recipients’ and caregivers’ sides. Compared to the nov-
ice facility, the notable characteristic of the facility with 
longer experience was that the changes in care recipients’ 
mental functions (coded in the body functions domain) 
led to changes in caregivers’ activities and participation, 

resulting in the formation of feedback causal loops that 
encouraged robot use.

This study is the first to visualize a series of changes 
induced by robots in a realistic manner, that is, with 
multidimensionality and complexity. In particular, the 
use of the ICF in diagramming was effective in detect-
ing causal relationships among human reactions induced 
by the introduction of robots. Regarding assistive robots 
and the ICF, several studies have previously adopted 
the ICF to characterize the physical or cognitive condi-
tions or personal requirements of robot users [9, 10, 34]. 
However, this study is characteristic in that the ICF was 
adopted to describe the impact on robot users, whereas 
most previous studies adopted the ICF in the process 
of developing robot functions. Notably, the categories 
of ICF codes detected in this study ranged from mental 
function to multiple aspects of activities and participa-
tion, such as communication, mobility, learning, and 
interaction. These findings suggest that interactions with 
socially assistive robots affect diverse aspects of daily 
life. Obayashi et al. [35] described the effects of robots 
on older persons using the ICF; however, the codes used 
were the pre-selected part of the activities domain, and 
some of the codes did not detect actual changes. In this 
regard, this study applied ICF codes corresponding to the 
identified data and identified codes that reliably reflected 
actual changes. Moreover, this study successfully eluci-
dates the continuity and relationships among multiple 
ICF codes by clarifying the temporal sequence of events 
and not merely examining the presence or absence of 
change.

(b) Activities and participation domain
Chapter
-subcategory

ICF Code General Description by WHO Specific theme in this 
study

Examples quotations

Interpersonal 
interactions and 
relationships
–general interper-
sonal interactions

d720 Complex in-
terpersonal 
interactions

Maintaining and managing 
interactions with other people, in 
a contextually and socially appropri-
ate manner, such as by regulating 
emotions and impulses, controlling 
verbal and physical aggression, acting 
independently in social interactions, 
and acting in accordance with social 
rules and conventions, when for 
example playing, studying or working 
with others

< caregivers’ side>
Communicating among 
staff

I think it is a change for the staff 
where we, the management, can 
always communicate with the staff 
who uses it [PALRO] more frequently. 
(P1, A)

Community, so-
cial and civic life

d920 Recreation 
and leisure

Engaging in any form of play, rec-
reational or leisure pursuit, such as 
informal or organized play and sports, 
programmes of physical fitness, relax-
ation, amusement or diversion, going 
to art galleries, museums, cinemas 
or theatres; engaging in crafts or 
hobbies, reading or singing for enjoy-
ment, playing musical instruments; 
sightseeing, tourism and travelling for 
pleasure

< care recipients’ side>
Applauding performance 
in a recreation time

At the recreation time, [PALRO’s] arms 
and legs move a lot, so [the residents] 
clap and cheer saying it’s amazing or 
applaud the movements. (P3, B)

Table 2  (continued) 
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Another strength of this study is that it revealed the 
psychological and behavioral changes in caregivers fol-
lowing the introduction of socially assistive robots. While 
socially assistive robots are known to have relatively posi-
tive emotional effects on older people [36, 37] and people 
with dementia [38, 39], their effects on caregivers had 

not previously been fully investigated. This study reveals 
that the changes in care recipients’ mental function led to 
a chain of behavioral changes in caregivers in the nurs-
ing home with long experience using socially assistive 
robots. This suggests that caregivers’ perceptions of posi-
tive changes in the mental aspects of care recipients may 

Fig. 2  Causal loop diagram depicted from the interview transcript of facility A (the facility with longer experience)
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have brought about positive responses in the caregivers 
themselves in terms of care performance or their own 
emotions. More interestingly, the caregivers’ perception 
of increased attention toward robots in care recipients 
was shown to allow them to perform multiple caregiving 
tasks. As these changes in caregivers potentially reduce 
the burden of caregiving work, the findings are consid-
ered part of the effectiveness of socially assistive robots. 
These sequential changes should be broadly acknowl-
edged and implemented to reduce the care burden. 

Furthermore, a reinforcing feedback loop regarding robot 
use and communication among the nursing care staff was 
found. This can be interpreted as sharing information 
regarding robot use and the induced changes resulted in 
staff members objectively recognizing the effectiveness of 
the robot, contributing to its further use across the work-
place. This interpersonal interaction among nursing care 
staff is considered the key to highlighting the effective-
ness of socially assistive robots and encouraging continu-
ous robot use in nursing care settings.

Fig. 3  Causal loop diagram depicted from the interview transcript of facility B (the novice facility)
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A comparison of the results from the novice facil-
ity with those from the facility with longer experience 
revealed that some of the codes and their relationships 
on the care recipients’ side were common, although they 
did not form a loop. Specifically, whereas the changes of 
mental functions on the care recipients’ side emerged in 
both facilities, the relationship between these changes 
and caregivers’ behavioral changes was not identified in 
the novice facility. These differences may be attributed to 
the duration of robot use. That is, some of the changes in 
care recipients could become evident in the first several 
months. In contrast, transition of the impact from care 
recipients toward caregivers may take time to be devel-
oped. More continuous use, perhaps on a yearly basis, 
might be necessary before a chain reaction is formed and 
all the effects of robot use are recognizable. Given these 
findings, supportive interventions, such as providing 
opportunities for nursing care staff to discuss the changes 
in care recipients observed in relation to robot use and 
making them aware of its effectiveness, may be useful in 
promoting the continuous use of robots.

This study has several limitations. First, it included 
nursing homes that successfully and continuously 
used robots. There may be different (possibly negative) 
changes or linkages in facilities with different experi-
ences, such as the abandonment of robot use. Second, as 
the interviews encouraged participants to recount events 
on a yearly basis, recall bias could have influenced the 
lack of information on certain (possibly negative) events. 
Third, this study examined two different facilities; how-
ever, the development of the effects over time should 
be strictly assessed within the same facility over differ-
ent time points. To overcome these issues, further stud-
ies that prospectively examine robot introduction and 
sequential changes over time across multiple facilities 
are necessary. Next, this study investigated facility-wide 
changes as a whole; therefore, the characteristics of care 
recipients were not considered in the interviews or analy-
sis. However, when focusing on individual experiences of 
robot use, the reactions elicited in the care recipients can 
vary depending on their physical conditions or cognitive 
functions. Future studies with a design that includes care 
recipients’ information are needed to specifically deter-
mine what kind of direct reactions occur for each care 
recipient. Furthermore, the relatively small sample size 
may somewhat limit the generalizability of these results. 
Finally, the study data were collected only from caregivers 
and not from care recipients in this study, as mentioned 
in the section on participant selection. A different study 
design, other than interviews, would possibly allow the 
integration of the data obtained from the care recipients 
themselves reflecting the longitudinal changes. Despite 
the above limitations, we believe that this study reveals 
important aspects regarding the longitudinal effects of 

socially assistive robots in nursing care settings to help 
continuous robot use and improve care recipients’ daily 
lives.

Conclusions
In conclusion, this study qualitatively elucidated the 
longitudinal changes caused by socially assistive robots 
in both care recipients and caregivers through the ICF 
framework and causal loop diagram, helping to under-
stand the complexity of introducing robotics in nursing 
care settings. Robot use was revealed to cause changes in 
mental functions in care recipients, and caregivers’ per-
ceptions of these positive changes were found to bring 
about their own emotional and behavioral changes. 
Moreover, the findings suggest that sharing information 
regarding these changes and objectively recognizing the 
effectiveness of robots among staff members can serve as 
the key to continuous robot use in nursing care settings. 
These implications should be broadly implemented for 
effective robot use and to reduce the burden of care in 
nursing care settings.

Abbreviations
ICF	� The International Classification of Functioning, Disability, and Health
WHO	� The World Health Organization

Acknowledgements
We sincerely thank the staff of Kanjinkai Medical Corporation and Hiratsuka 
Asahikai Renge-no-Sato (nursing homes for older people) for their 
cooperation in this study. We also thank Ayumi Ogura and Yoshimi Kamiya for 
their technical support.

Author contributions
EO, YN, and YM conceptualized and designed the study. TY participated 
in determining the study design and methodology. EO and KS collected 
and analyzed data. TN and NS participated in participant recruitment and 
data collection. EO drafted the manuscript. KS, DS, and TY interpreted the 
data and edited the manuscript. TN, NS, YN, YM, and IK participated in data 
interpretation and critical revision of the manuscript. All authors have read 
and approved the final manuscript.

Funding
This study was supported by (1) the Platform Project for Development, 
Verification, and Promotion of Nursing Care Robots, etc., for Improving 
Productivity in Nursing Care Settings by the Japanese Ministry of Health, 
Labour and Welfare and (2) Important Projects in the Sagami Robotics Industry 
Special Zone, Kanagawa Prefecture (Project Category: Communication Robot 
System for the Elderly).

Data availability
The datasets generated and/or analyzed during the current study are not 
publicly available due to privacy and ethical restrictions but are available from 
the corresponding author upon reasonable request.

Declarations

Ethics approval and consent to participate
The study protocol was approved by the Ethics Committees of the Kanagawa 
Prefectural Institute of Industrial Science and Technology and the Ethics 
Committee of the National Center for Geriatrics and Gerontology (approval 
number 22TB20). All participants provided written informed consent before 
participation.



Page 11 of 12Otaka et al. BMC Geriatrics         (2024) 24:1026 

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1Laboratory of Practical Technology in Community, Assistive Robot 
Center, National Center for Geriatrics and Gerontology Research Institute, 
Obu, Aichi, Japan
2Department of Rehabilitation Medicine, National Center for Geriatrics 
and Gerontology, Obu, Aichi, Japan
3Product Business Division, Fuji Soft Incorporated, Yokohama, Kanagawa, 
Japan
4Industrial CPS Research Center, National Institute of Advanced Industrial 
Science and Technology, Tsukuba, Ibaraki, Japan
5Department of Medical and Robotic Engineering Design, Faculty of 
Advanced Engineering, Tokyo University of Science, Katsushika, Tokyo, 
Japan
6Faculty of Rehabilitation, Fujita Health University School of Health 
Sciences, Toyoake, Aichi, Japan
7Assistive Robot Center, National Center for Geriatrics and Gerontology 
Research Institute, Obu, Aichi, Japan

Received: 29 June 2024 / Accepted: 12 December 2024

References
1.	 World Health Organization. Progress report on the United Nations decade of 

healthy ageing, 2021–2023. Geneva: World Health Organization; 2023.
2.	 Tessier L, De Wulf N, Momose Y. Long-term care in the context of population 

ageing: a rights-based approach to universal coverage, ILO Working Paper 82. 
Geneva: International Labour Organization; 2022.

3.	 Ide H, Kodate N, Suwa S, Tsujimura M, Shimamura A, Ishimaru M, Yu W. The 
ageing ‘care crisis’ in Japan: is there a role for robotics-based solutions? Int J 
Care Caring. 2021;5(1):165–71.

4.	 Upton D, Upton P, Jones T, Jutlla K, Brooker D. Evaluation of the Impact of 
Touch Screen Technology on People with Dementia and their Carers Within 
Care Home Settings. In: Project Report, Department of Health West Midlands: 
2011; University of Worcester; 2011.

5.	 Matarić MJ. Socially assistive robotics: human augmentation versus automa-
tion. Sci Robot 2017, 2(4).

6.	 Kachouie R, Sedighadeli S, Khosla R, Chu M-T. Socially Assistive Robots in 
Elderly Care: a mixed-method systematic literature review. Int J Human–Com-
puter Interact. 2014;30(5):369–93.

7.	 Vagnetti R, Camp N, Story M, Ait-Belaid K, Mitra S, Zecca M, Di Nuovo A, 
Magistro D. Instruments for Measuring Psychological dimensions in Human-
Robot Interaction: systematic review of Psychometric Properties. J Med 
Internet Res. 2024;26:e55597.

8.	 World Health Organisation. International classification of functioning, dis-
ability, and health: ICF. Geneva: World Health Organisation; 2001.

9.	 García-Betances RI, Cabrera-Umpiérrez MF, Ottaviano M, Pastorino M, 
Arredondo MT. Parametric Cognitive Modeling of Information and Computer 
Technology Usage by people with aging- and disability-derived functional 
impairments. Sensors. 2016;16(2):266.

10.	 Kostavelis I, Vasileiadis M, Skartados E, Kargakos A, Giakoumis D, Bouganis C-S, 
Tzovaras D. Understanding of human behavior with a robotic Agent through 
Daily Activity Analysis. Int J Social Robot. 2019;11(3):437–62.

11.	 ICF checklist. [https:/​/icd.wh​o.int/d​ev11​/l-icf/en]
12.	 Trippolini MA, Young AE, Pransky G, Elbers NA, Lockwood K, Cameron 

ID. Beyond symptom resolution: insurance case manager’s perspec-
tive on predicting recovery after motor vehicle crash. Disabil Rehabil. 
2021;43(4):498–506.

13.	 Sundar V, Daumen ME, Conley DJ, Stone JH. The use of ICF codes for informa-
tion retrieval in rehabilitation research: an empirical study. Disabil Rehabil. 
2008;30(12–13):955–62.

14.	 Wade DT, Halligan PW. The biopsychosocial model of illness: a model whose 
time has come. Clin Rehabil. 2017;31(8):995–1004.

15.	 Leonardi M, Lee H, Kostanjsek N, Fornari A, Raggi A, Martinuzzi A, Yáñez M, 
Almborg AH, Fresk M, Besstrashnova Y, et al. 20 years of ICF-International clas-
sification of Functioning, disability and health: uses and applications around 
the World. Int J Environ Res Public Health. 2022;19(18):11321.

16.	 Zybarth D, Brandt M, Mundlos C, Inhestern L. Impact of the COVID-19 
pandemic on health care and daily life of patients with rare diseases from the 
perspective of patient organizations - a qualitative interview study. Orphanet 
J Rare Dis. 2023;18(1):154.

17.	 Sofaer S. Qualitative research methods. Int J Qual Health Care. 
2002;14(4):329–36.

18.	 Wilkinson S. Focus group methodology: a review. Int J Soc Res Methodol. 
1998;1(3):181–203.

19.	 Parker A, Tritter J. Focus group method and methodology: current practice 
and recent debate. Int J Res Method Educ. 2006;29(1):23–37.

20.	 Kitzinger J. Focus Groups. In: Qualitative Research in Health Care, 3rd ed. edn. 
Edited by Pope C, Mays N. Williston, VT, US: BMJ Books; 2006: 21–31.

21.	 Britten N, Jones R, Murphy E, Stacy R. Qualitative research methods in general 
practice and primary care. Fam Pract. 1995;12(1):104–14.

22.	 Tong A, Sainsbury P, Craig J. Consolidated criteria for reporting qualitative 
research (COREQ): a 32-item checklist for interviews and focus groups. Int J 
Qual Health Care. 2007;19(6):349–57.

23.	 Tuttas CA. Lessons learned using web conference technology for online 
focus group interviews. Qual Health Res. 2015;25(1):122–33.

24.	 Ritchie J, Spencer L. The Qualitative Researcher’s Companion. In. Edited by 
Huberman M, Miles MB. Thousand Oaks, California: SAGE Publications, Inc.; 
2002.

25.	 Gale NK, Heath G, Cameron E, Rashid S, Redwood S. Using the framework 
method for the analysis of qualitative data in multi-disciplinary health 
research. BMC Med Res Methodol. 2013;13:117.

26.	 Goldsmith LJ. Using Framework Analysis in Applied qualitative research. 
Qualitative Rep. 2021;26(6):2061–76.

27.	 Dibley L, Khoshaba B, Artom M, Van Loo V, Sweeney L, Syred J, Windgassen 
S, Moffatt G, Norton C. Patient strategies for managing the vicious cycle of 
fatigue, Pain and Urgency in Inflammatory Bowel Disease: Impact, Planning 
and Support. Dig Dis Sci. 2021;66(10):3330–42.

28.	 Sterman J. Business Dynamics, System Thinking and Modeling for a 
Complex World. http://lst-iiepiiep-unescoorg/cgi-bin/wwwi32exe/
[in=epidoc1in]/?t2000=013598/(100) 2000, 19.

29.	 Homer JB, Hirsch GB. System dynamics modeling for public health: back-
ground and opportunities. Am J Public Health. 2006;96(3):452–8.

30.	 Kojima T, Kinoshita N, Kitamura H, Tanaka K, Tokunaga A, Nakagawa S, Abe T, 
Nakajima K. Effect of improvement measures in reducing interruptions in a 
Japanese hospital pharmacy using a synthetic approach based on resilience 
engineering and systems thinking. BMC Health Serv Res. 2023;23(1):331.

31.	 Seifert I, Wiegelmann H, Lenart-Bugla M, Łuc M, Pawłowski M, Rouwette E, 
Rymaszewska J, Szcześniak D, Vernooij-Dassen M, Perry M, et al. Mapping the 
complexity of dementia: factors influencing cognitive function at the onset 
of dementia. BMC Geriatr. 2022;22(1):507.

32.	 Leerapan B, Teekasap P, Urwannachotima N, Jaichuen W, Chiangchaisakulthai 
K, Udomaksorn K, Meeyai A, Noree T, Sawaengdee K. System dynamics mod-
elling of health workforce planning to address future challenges of Thailand’s 
Universal Health Coverage. Hum Resour Health. 2021;19(1):31.

33.	 Kenzie ES, Parks EL, Bigler ED, Wright DW, Lim MM, Chesnutt JC, Hawryluk 
GWJ, Gordon W, Wakeland W. The dynamics of Concussion: Mapping Patho-
physiology, persistence, and Recovery with Causal-Loop Diagramming. Front 
Neurol. 2018;9:203.

34.	 Benedictis R, Umbrico A, Fracasso F, Cortellessa G, Orlandini A, Cesta A. A 
dichotomic approach to adaptive interaction for socially assistive robots. User 
Model User-adapt Interact. 2023;33(2):293–331.

35.	 Obayashi K, Kodate N, Masuyama S. Measuring the impact of age, gender 
and dementia on communication-robot interventions in residential care 
homes. Geriatr Gerontol Int. 2020;20(4):373–8.

36.	 Khosla R, Nguyen K, Chu M-T. Human Robot Engagement and Acceptability 
in residential aged care. Int J Human–Computer Interact. 2017;33(6):510–22.

37.	 Khosravi P, Ghapanchi AH. Investigating the effectiveness of technolo-
gies applied to assist seniors: a systematic literature review. Int J Med Inf. 
2016;85(1):17–26.

38.	 Yu C, Sommerlad A, Sakure L, Livingston G. Socially assistive robots for people 
with dementia: systematic review and meta-analysis of feasibility, accept-
ability and the effect on cognition, neuropsychiatric symptoms and quality of 
life. Ageing Res Rev. 2022;78:101633.

https://icd.who.int/dev11/l-icf/en


Page 12 of 12Otaka et al. BMC Geriatrics         (2024) 24:1026 

39.	 Otaka E, Osawa A, Kato K, Obayashi Y, Uehara S, Kamiya M, Mizuno K, Hashide 
S, Kondo I. Positive emotional responses to socially assistive Robots in people 
with dementia: pilot study. JMIR Aging. 2024;7:e52443.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.


	﻿Longitudinal changes following the introduction of socially assistive robots in nursing homes: a qualitative study with ICF framework and causal loop diagramming
	﻿Abstract
	﻿Background
	﻿Methods
	﻿Design
	﻿Ethical consideration
	﻿Study setting
	﻿Participants
	﻿Data collection
	﻿Analyses

	﻿Results
	﻿Discussion
	﻿Conclusions
	﻿References


