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Abstract

Social robots are increasingly used in the care of older adults, including people living with dementia. An important prerequisite
for effective use is knowledge about which factors facilitate and hinder the acceptance of social robots. The aim of this review at
the intersection of health care research and human—robot interaction research is to understand factors facilitating and hindering
the acceptance of social robots for older adults and people living with dementia in nursing homes based on the Almere model
and to identify research gaps. We conducted a scoping review, systematically searching MEDLINE, PsycINFO, CINAHL
and Compendex. The Almere model of acceptance was used to guide the development and conduct of this review. We used
the principles of deductive content analysis, and we narratively present the review results. Twenty-six studies were included
in the review. We found facilitating and/or hindering factors for all constructs of the Almere model. Perceived usefulness,
perceived ease of use and perceived enjoyment were the most studied constructs, whereas trust and intention to use were
the least studied constructs. Across constructs, seeing robots positively impacting residents was one of the key facilitating
factors, and practical difficulties were a hindering factor. The Almere model provided useful insight into the acceptance of
social robots. Nevertheless, we found the concept of engagement, the nursing home context, the intervention characteristics
and the individual user groups important for the acceptance of social robots in nursing homes and therefore argue for future
research expanding on the model.

Keywords Social robots - Nursing homes - Dementia - Acceptance - Assistive technology

1 Introduction
B Simone Anna Felding

simone.felding @dzne.de The number of older adults over the age of 60 is increasing

Wei Qi Koh globally, and this trend is accelerating. In 2019, there were
wkohl @universityofgalway.ie 1 billion older adults, and according to the World Health
Sonja Teupen Organization (WHO), this number will rise to 1.4 billion by
sonja.teupen@dzne.de 2030 and 2.1 billion by 2050 [1]. Dementia is one of the
Kiibra Beliz Budak primary causes of disability and dependency among older
beliz.budak @dzne.de adults globally. Worldwide, approximately 50 million peo-
Franziska Laporte Uribe ple have dementia, and this number is estimated to rise to 80
franziska.laporte-Uribe @dzne.de million people in 2030 and 152 million in 2050 [2]. When

Martina Roes
martina.roes @dzne.de

Deutsches Zentrum fiir Neurodegenerative Erkrankungen
(DZNE) site Witten, Stockumer Straie 12, 58453 Witten, College of Nursing, Medicine and Health Sciences,
Germany University of Galway, H91 TK33 Galway, Ireland

Department of Nursing Science, Faculty of Health, University School of Health and Rehabilitation Sciences, The University
of Witten/Herdecke, Witten, Germany of Queensland, 4072 Brisbane, Australia

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s12369-023-01012-1&domain=pdf
http://orcid.org/0000-0002-0074-5841
http://orcid.org/0000-0001-8196-1628
http://orcid.org/0000-0003-3272-7426
http://orcid.org/0000-0002-6786-8678
http://orcid.org/0000-0002-5850-7782
http://orcid.org/0000-0003-4531-8584

1116

International Journal of Social Robotics (2023) 15:1115-1153

care needs increase and caring for people living with demen-
tia (PlwD) is no longer possible in their own homes, PlwD
often move to a nursing home. However, it is estimated that
the nursing home capacity is not rising in accordance with
the growth in the number of PlwD. It is therefore a challenge
to provide high-quality care in nursing homes [3]. One strat-
egy to improve the care of PlwD and older adults is the use
of social robots. Social robots are currently being developed,
tested and implemented in nursing homes to improve care
for older adults and PIwD in the future. Social robots are a
subtype of robots and robotic devices, as illustrated in Fig. 1;
for social robots, the primary focus is not on productivity or
efficiency, as is often the case with industrial robots, but on
social interactions and companionships [4].

In this review, we apply the following definition of social
robots from Naneva et al. “We define a social robot as a
physically embodied artificial agent (i.e., something that has
a physical structure that mimics the behaviour, appearance,
or movement of a living being—usually a human, but could
also be an animal or plant) that: (a) has features that enable
humans to perceive the agent as a social entity (e.g., eyes); (b)
is capable of interacting with humans via a social interface;
and (c) can communicate verbal and/or non-verbal informa-
tion to humans” [5]. Social robots come in many shapes and
sizes. They are typically either zoomorphic (i.e., pet robots
such as the robot seal Paro [7], the robot cat NeCoRo [8]
and the robot dog Sony Aibo [9] or humanoid, such as the
robots Mario [10-12], Silbot [13, 14], Telenoid [15, 16] and
Pepper [17, 18]. However, social robots can also be telepres-
ence robots, such as Giraff [19], that facilitate interactions
between a resident and his or her family members by facili-
tating video calls on a tablet attached to a mobile, remotely
controlled robot. Some social robots were designed specif-
ically for dementia care (e.g., Paro), while others, such as
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Fig. 1 Shows the categorization of robots [4, p. 13]
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Pepper and Telenoid, were designed with completely differ-
ent aims for marketing/entertainment or telecommunication
but were subsequently implemented in different care contexts
[7, 15, 20]. Frennert and Ostlund [21] divide social robots for
older adults into two research paradigms: The first paradigm
positions the human users as caretakers of robots. Here, we
find zoomorphic robots or robots looking like babies with the
goals of companionship and cuddling. The second paradigm
positions the robots as caretakers of the human users, a posi-
tion that requires that the robot is to some extent able to
understand the needs of a person and respond to them in
social interactions [21]. Here, we have humanoid robots such
as Pepper, which is able to recognize basic human emotions
and react to them [22].

Previous reviews of the use of social robots in care for
older adults have had a focus on mapping the use of social
robots as well as looking at effect and effectiveness. These
reviews concluded that there is emerging evidence that social
robots are useful for engaging people in interactions, that
they can have calming effects, that they can contribute to
a sense of companionship, motivation and enjoyment, and
that they have the potential to assist and enrich the work of
nurses in several settings [23-29]. Studies have also shown
that older adults are more likely to engage with a humanoid or
zoomorphic robot than with a screen [24]. Social robots are
already being used in nursing homes, and researchers expect
this use to increase; however, they also argue that there is a
long way to go before social robots can interact seamlessly
with humans and easily become part of social life [14, 21,
24]. Previous studies have shown that the use of social robots
can be demanding for staff, as robots do not independently
interact with older adults but rather need assistance, expla-
nations and prompting [14, 15, 30] and that the high cost and
lack of compelling arguments for the use of social robots
in health care hinder their deployment [31]. Furthermore,
there are many challenges related to using robots outside of
laboratories, such as oversensitive sensors and voice issues
(synthetic robot voices can be hard to hear for older adults),
which also demand that staff understand the related diffi-
culties and adapt the environment to the requirements of
the robot [14, 15]. Another important aspect pointed out by
HRI researchers is the security level of the social robots and
the risks of robots getting hacked [22, 31]. Therefore, even
though there is emerging evidence on the positive effects of
social robots, there are many challenges related to the use of
social robots outside of laboratories as well as the acceptance
of social robots in nursing homes.

Previous reviews on the acceptability and implementa-
tion of social robots among older adults have examined
social robots across different settings (e.g., laboratories,
private homes, nursing homes). Papadopoulos et al. found
that enjoyment, usability, personalization and familiarization
were enablers of the implementation of humanoid robots,
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whereas technical problems, limited capabilities and negative
preconceptions were barriers to implementation [30]. Koh
et al. found more barriers than facilitators [32]. Specifically,
on the topic of intervention characteristics, many barriers,
such as technical challenges and difficulties due to the com-
plexity of the robots, were reported, whereas Koh et al. found
mostly facilitators related to patients’ needs and resources,
such as robots providing companionship and emotional sup-
port [32]. Both Koh and Papadopoulos concluded that there
are gaps in the research on social robots related to organiza-
tions, the environment, the sociocultural milieu, policy and
legal frameworks [30, 32]. In their review, Whelan et al. found
that the acceptability of social robots is influenced by factors
on an individual user level, as well as by the robot itself, by
significant others and by social and environmental factors
[33]. With regard to research designs, the authors concluded
that most studies were of short duration, had small sample
sizes, and did not involve actual usage of the robots in real
world contexts [33]. Koh et al. further argued that the needs of
PIwD living in the community and those in care settings dif-
fered but that there is a lack of literature on how social robots
can be implemented in care organizations such as nursing
homes [32]. In this review, we have looked into what has
been published on the acceptance of social robots in nursing
homes, looking at the literature, which Whelan et al. call for,
when they address the need for more research on actual robot
use as well as larger sample sizes, together with Koh et al.’s
call for more research on the implementation of social robots
in care institutions. This review addresses a gap in the liter-
ature by focusing on the specific setting of nursing homes
as well as only including studies, where there were actual
robot interactions and therefore looking at acceptance and
not acceptability.

Defining the term nursing home internationally can be
challenging, as different countries have different systems and
structures of care and use different terms for similar forms of
long-term residential care. In this review, we have used San-
ford et al.’s internationally consensual definition of a nursing
home: “A nursing home is a facility with a domestic-styled
environment that provides 24-h functional support and care
for persons who require assistance with ADLs [activities of
daily living] and who often have complex health needs and
increased vulnerability (...) In general, most nursing homes
also provide some degree of support from health profession-
als” [34 p183-4].

1.1 Conceptual Model

Acceptance and acceptability are some of the most frequently
used terms and most frequently studied phenomena in regard
to social robots for older adults and PlwD [25, 32]. The terms
acceptance and acceptability are often used interchangeably
in the literature, but while acceptability is related to the

intention to use before actual use, acceptance refers to the
evaluation after the social robot has been used in practice
[35]. We have chosen to use the concept of acceptance, as
we want to understand how different actors evaluate a social
robot after they have interacted with it in the nursing home
setting.

There are multiple widely used technology acceptance
models in the literature. The technology acceptance model
(TAM) [36] was among the first such models; the assumption
behind the model is that perceived ease of use and perceived
usefulness influence attitudes towards use, which ultimately
influence use. Later versions of the model (TAM2, TAM3)
also consider perceived enjoyment and computer anxiety
as influencing factors [35-38]. Following these develop-
ments, the unified theory of acceptance and use of technology
(UTAUT) was introduced, which also includes performance,
effort expectancies, social influence and facilitating con-
ditions [38]. A later version (UTAUT2) added hedonic
motivation, price value and habit with a focus on consumer
behaviour [38, 39]. Other models include the Senior Technol-
ogy Acceptance Model (STAM) proposed by Chen and Chan,
which is based on the UTAUT and includes gerontechnology
self-efficacy, gerontechnology anxiety, perceived usefulness,
usage behaviour, perceived ease of use, attitude towards use
and facilitating conditions [40]. Khaksar et al. build a con-
ceptual model based on the theory of diffusion of innovation
(DIT) and the TAM, adding the concepts compatibility, tri-
alability, observability and work-related threats to the TAM
[41].

Social robots differ from other technologies, as they are
embodied social actors that socially interact with humans.
These general technology acceptance models do not capture
all the factors influencing the acceptance of social robots
[4]. Heerink et al. [42] instead introduced the Almere model
specifically for assessing the use of social robots for older
adults, and we have used this model to guide and structure
our scoping review while also including acceptance literature
in the review, which does notrely on the Almere model. In this
model, the authors added constructs! related to social inter-
action and older adults, specifically perceived sociability,
social presence, perceived adaptivity and trust, to the vari-
ables found in previous technology acceptance models. The
Almere model aims to understand both functional acceptance
(ease of use, usefulness) and social acceptance (acceptance of
the robot as a conversational/interaction partner). We chose
this model, as it has a specific focus on social robots and
includes a more comprehensive list of constructs than other
acceptance models.

1 We use the term construct for all the concepts in the Almere model, as
this is the term the authors use themselves. Others have used the terms
concepts or determinants, but we will use the terminology of Heerink
et al. in this review.
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The Almere model was developed in 2010, and other
acceptance models have been developed in the meantime.
Examples include UTAUT2, STAM, the conceptual model by
Khaksar et al., and the Persuasive Robots Acceptance Model
(PRAM), which was based on TAM [38-40]. The PRAM
includes perceived enjoyment from TAM3 and includes
reactance, beliefs, compliance and liking. This model is
specifically focused on robots that can support attitude and
behaviour change and therefore includes different measures
of social responses [38]. Another model is the robot accep-
tance model for care (RAM-care) that was developed by
Turja et al. in 2020, which builds on the Almere model. They
argue that the context of healthcare differs from other pro-
fessional contexts and therefore needs a specific acceptance
model, which includes instrumental, interpersonal and eth-
ical values. Turja et al. add two constructs, personal values
and perceived technology unemployment, and only use the
constructs of the Almere model that are direct determinants
of intention to use to prevent complexity in case their sam-
ple was too small for a generalized multivariate structural
equation model [43]. This expanded model encompasses
healthcare settings, which is directly relevant to the objec-
tive of this review. However, it omits several constructs from
the original Almere model.

For the purpose of this review, we decided that the Almere
model is the most comprehensive and useful acceptance
model. Moreover, the model has been developed and tested
specifically for older adults and social robots. Since the pur-
pose of our study was to identify the breadth of evidence,
the various constructs of the Almere model were chosen to
support the comprehensive exploration of relevant constructs
in this field.

In Table 1, we define the constructs of the Almere model,
including moderating factors, based on Heerink et al.’s defini-
tions. Moderating factors include age, gender, voluntariness
and computer experience, which can impact the acceptance
of social robots. They are not a part of the Almere model,
but as Heerink et al. described, adding moderating factors to
the model “(...) could complete our developed vision on the
acceptance of assistive social robots and screen agents” [42,
p364].

The aim of our scoping review is to provide a broad
overview of facilitating and hindering factors related to the
acceptance of social robots in nursing homes based on the
Almere model. Furthermore, we want to understand which
factors and aspects of acceptance have not been researched
and to map research gaps accordingly. To the best of our
knowledge, this review will be the first review to examine
the acceptance of social robots specifically in the context of
nursing homes. The results will guide future research at the
intersection of health care research and human—robot inter-
action research, specifically qualitative studies, aiming to

@ Springer

Table 1 Overview of constructs, adapted from Heerink et al. [42]

Perceived adaptivity The perceived ability of the robot to

adapt to the needs of the user

Anxiety Evoking anxious or emotional

reactions in regard to using the robot

Social presence The experience of sensing a social
entity when interacting with the

robot

Perceived sociability The perceived ability of the robot to

perform sociable behaviour

Attitude Positive or negative feelings about the

appliance of the robot

Perceived usefulness The degree to which one believes that

the robot would be assistive

Perceived ease of use The degree to which one believes that
using the robot would be free of

effort

Perceived enjoyment Feelings of joy/pleasure associated

with the use of the robot

Trust The belief that the robot performs with

personal integrity and reliability

Social influence The person’s perception that people
who are important to them think they

should or should not use the robot

Factors in the environment that
facilitate the use of the robot

Facilitating conditions

Moderating factors Personal characteristics such as age,
gender, voluntariness and computer
experience

The intention to use the robot over a
longer period in time

Intention to use

Use The actual use of the robot over a
longer period in time

understand how social robots are experienced by end users
and how they become embedded in nursing homes.

2 Methods and Analyses
2.1 Design

We chose the scoping method for this review because social
robots are a relatively new technology, and research in
this area at the intersection of health care research and
human-robot interaction research, although increasing, is
still limited. We aimed for a broad understanding of the
research on the topic, and our research question therefore
calls for a review that is open to different study designs.
The review is reported according to the Preferred Reporting
Items for Systematic Reviews and Meta-analyses extension
for Scoping Reviews PRISMA-SCR [44] and follows the five
stages identified by Arksey and O’Malley [45] as well as the
advancements of the methodology proposed by Levac et al.,
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Peters et al. and the JBI manual for evidence synthesis on
scoping reviews [46—48].

2.2 Review Protocol

A review protocol was drafted following the Preferred
Reporting Items for Systematic Reviews and Meta-analyses
Protocols (PRISMA-P) and was registered with the Open
Science Framework (https://osf.io/6zx{p).

2.3 Stage 1: Identifying the Research Question

Based on the Almere model of acceptance, which shows
which factors may influence the acceptance of social robots
in nursing homes, this scoping review sought to answer the
following question:

Which factors can facilitate and hinder the acceptance of
social robots in nursing homes?

2.4 Stage 2: Identifying Relevant Studies

We used the PCC framework, which stands for P = partic-
ipants, C = concept, and C = context, to identify relevant
studies [48].

2.4.1 Participants

We included studies with a study population of actors in
nursing homes and focused on three groups of participants:
nursing home residents over the age of 60 with and without
a dementia diagnosis; nursing home staff, including man-
agement; and family caregivers of nursing home residents.
The age limit corresponds with the definition of the UN
and WHO, who define older adults as people over the age
of 60 [1, 49]. Throughout this review article, we highlight
dementia. We have chosen to do this because dementia is
very prevalent in nursing homes, where more than 80% of
residents have dementia in most countries [34]. Symptoms
of dementia diseases include disorientation, memory loss,
and problems with practical activities, thinking and mood
[50] and have an impact on how residents are able to inter-
act with and evaluate a social robot. In research, there has
been a tendency to exclude people with dementia, partly due
to methodological and ethical challenges in including this
group of people in the nursing home, who cannot always
give informed consent [51, 52]. We therefore find it impor-
tant to highlight this group, which makes up the majority of
the residents in nursing homes. That being said, we also do
look at other health conditions such as hearing impairments
or problems with mobility in the results of this review, when
the articles reported these as relevant for acceptance.

2.4.2 Concept

In this review, we examined assistive social robots that com-
municate and/or interact socially with their users. Some of
these are purely companion robots, while others are also
able to carry out service tasks. We chose to use the search
term social robot—along with a range of other terms used to
describe social robots—as other types of robots were out-
side the scope of this review. In the review, we included
humanoid, zoomorphic or telepresence robots and excluded
virtual agents, which is in line with the robot definitions of
Naneva et al. and Duffy [5, 6].

The constructs found in the Almere model defined our
search strategy and search string and guided our data extrac-
tion and synthesis of the results, but we also included studies
that did not use the Almere model of acceptance but reported
on acceptance or some of the constructs of the model. The
constructs are defined in Table 1.

2.4.3 Context

We focused specifically on nursing homes, as there are large
differences between social robots used in laboratory or con-
trolled settings in comparison to actual use in nursing homes.
In the lab, contextual factors are controlled, but in a nursing
home, unexpected events may occur, and external influences
such as background noise and background light cannot be
controlled. Furthermore, nursing homes differ from private
homes and other care settings, as nursing homes are simulta-
neously a workplace, a home and an institution with specific
rules, regulations and workflows. Other care settings, such as
hospital or day care, are not considered homes but are rather
workplaces, whereas for home care, the setting of the care
is primarily a home and not a workplace. However, nursing
homes are equally homes and workplaces, resulting in dif-
ferent needs and regulations when implementing technology.
They are also marked by three different categories of persons:
Residents, staff and family, with very different affiliations
with the nursing homes as well as very different needs.

As described by Sanford et al., nursing homes are defined
by residents who need assistance with activities of daily liv-
ing, are often vulnerable, often have complex health needs,
and a majority of the residents have dementia [34]. This sets
nursing home residents apart from the older adults using
social robots in other settings and makes them a specific type
of users of social robots. We have used the definition from
Sanford et al. to screen the studies, and when we were unsure,
we have looked into country-specific terms and definitions to
evaluate if the care setting fell under our definition of nursing
home.

@ Springer
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2.4.4 Search

Following the PRESS 2015 guideline [53], we developed
a search string for searching electronic databases that was
tested, discussed and adapted continuously before finalizing
the search string. The final search string for MEDLINE (via
PubMed) can be found in Online Resource 1. The search
strategy was based on the terms social robot and nursing
home and the acceptance terms from the Almere model. We
chose to use the acceptance terms from the Almere model, as
the model provides a comprehensive set of acceptance terms
of relevance to the use of social robots with older adults. By
using the Boolean operator OR between ‘acceptance’ and
the constructs of the model, this allowed us to perform a
broad search of the studies on acceptance beyond simply
searching for the word acceptance and its synonyms. We
included literature on acceptance, regardless of their affili-
ation with the model. We adapted the search string to the
specific demands of the individual databases and searched
the titles, abstracts and keywords. We used different MeSH
terms or subject headings depending on the database.

We searched MEDLINE via PubMed and PsycINFO via
OVID and CINAHL via EBSCO. We filtered the results
as follows: language: English; time: 2005-2020; type of
source: journal article. We chose the 2005-2020 time inter-
val because the reported research on social robots in nursing
homes before 2005 is very limited. We performed the search
in August 2020 and later performed an update searching of
articles from 2020 until July 2022. In the search update, we
additionally searched Compendex via Engineering Village.
Both the original search and the search update were supple-
mented by hand searching and snow balling to search for
additional articles.

2.5 Stage 3: Study Selection

The results from the database were imported to EndNote
X9 reference management software, where duplicates were
removed [54]. Thereafter, the results were imported into the
review management software Covidence [55]. The screen-
ing process was a two-step process with title and abstract
screening, followed by full-text screening. Both screenings
were carried out independently by two reviewers (WK and
SF) who both screened all papers according to the inclusion
and exclusion criteria using Covidence. To increase consis-
tency between reviewers, WK and SF discussed and tested
the inclusion and exclusion criteria at the beginning of the
screening process. We performed a pilot test on five papers to
ensure a consistent use of the criteria before continuing with
the rest of the papers. The pilot test showed that some minor
adjustments and clarifications were needed, which were done
before screening the remaining papers.

@ Springer

After the independent screening, conflicts between the
two reviewers were resolved in a review meeting. When a
consensus could not be reached, the other coauthors (MR,
ST, BB, FL) were involved. We used this procedure for
both the title abstract screening and the full text screening.
The inclusion and exclusion criteria were based on the PCC
framework described above, and they can be found in Online
Resource 2. We included peer-reviewed published articles,
specifically reviews and empirical studies. We chose not to
include grey literature, as searching this literature can be a
time-consuming and inefficient task leading to few results.

2.6 Stage 4: Charting the Data

Stages 4 and 5 were performed using the principles of deduc-
tive content analysis and were thus divided into three main
phases: preparation, organizing and reporting [56]. In the
preparation phase, we defined the search strategy and inclu-
sion/exclusion criteria as described above and performed the
search. In the organizing phase, SF, WK, ST and MR devel-
oped a structured analysis matrix based on the Almere model
of acceptance and its constructs and additional categories of
study characteristics, and WK and SF coded the data accord-
ingly. Additionally, an “other themes” category was added
to allow for new codes. Finally, in the reporting phase, we
collated, summarized and reported the results as described
in stage 5 [56].

The included articles were imported to MAXQDA 2022
[57], where metadata such as author, year and title were auto-
matically coded. In MAXQDA, we also created a code tree
with two branches (the different codes and their definitions
can also be found in our codebook in Online Resource 5):

e Study characteristics, with the subcodes: aim of study,
study design, methods, study location (setting and coun-
try), participants, type of robot, duration of robot interac-
tion, robot facilitation and outcome and instruments.

e Acceptance

e Acceptance (results), with the subcodes perceived adap-
tivity, anxiety, social presence, perceived sociability,
attitude, perceived usefulness, perceived ease of use,
perceived enjoyment, trust, intention to use, social influ-
ence, facilitating conditions, use, moderating factors

e Acceptance (discussion), with the subcodes perceived
adaptivity, anxiety, social presence, perceived sociabil-
ity, attitude, perceived usefulness, perceived ease of use,
perceived enjoyment, trust, intention to use, social influ-
ence, facilitating conditions, use, moderating factors

e Other themes, which were used for interesting findings
and themes of relevance to acceptance that did not fit
into the other codes.
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The qualitative data charting was performed indepen-
dently by the two reviewers (WK and SF), who both
used MAXQDA to manually code all included articles. In
MAXQDA, we included definitions of the acceptance con-
structs from Heerink et al.’s 2010 paper [42], as well as from
the UTAUT [58] (which lay the grounds for parts the model)
attached as memos, so that the reviewers had the codes avail-
able during coding (see Online Resource 5 for codebook).
We based the coding on the results sections of the papers to
ensure that these findings on acceptance came from the arti-
cle we included. To avoid losing other important insights on
acceptance, we also had a set of the same acceptance codes
for the discussion parts of the paper, which we have used to
contextualize or discuss, when relevant. The coding was not
directly related to the aims and outcome measures of the indi-
vidual article; rather, we went through the results, and when
we found results of relevance to a construct, for example, on
ease of use, we coded that part of the text as ease of use.

We performed a pilot test to refine the data charting form
and ensure that we agreed on how to use it: WK and SF dis-
cussed the definitions, individually coded three articles and
then had another discussion on the codes, solving disagree-
ments in cooperation with the other coauthors. There were
some differences in the coding of the acceptance constructs,
so after the pilot test, we went through all the constructs of
the Almere model again to ensure that we applied them in
the same way. Throughout the data charting process, conflicts
were resolved between the two reviewers through discussion,
and the other coauthors (MR, ST, BB, FL) were involved
when a consensus between the reviewers could not be reached
or we had doubts about the decision.

It was not always clear how to code the data, and
differences between, e.g., social presence and perceived
sociability, could sometimes be subtle—here we have drawn
on the group of co-authors and repeatedly discussed to ensure
appropriate coding. When writing the article, we have also
sometimes returned to the coding in MAXQDA in cases
where we doubted if the coding was suitable. Here, all co-
authors have discussed whether changes should be made, and
in a few cases, we have reassigned the codes when there was
consensus on this. When needed, we contacted the authors
of the articles or consulted other articles on the same study
for missing information. To enhance the transparency of our
coding, we have provided an example of how we coded a
section of text in Online Resources 6.

2.7 Stage 5: Collating, Summarizing and Reporting
the Results

The data charted in MAXQDA are presented in tabular
form and narratively summarized. The data on study char-
acteristics are presented in tabular form and narratively
summarized. The data on acceptance have been summarized

narratively for each of the acceptance constructs. We also
visualized these results in a table. Finally, we discuss the
results.

3 Results

In the results section, we present the review results, begin-
ning with our search results. We continue by presenting the
extracted data on study characteristics and on each of the
constructs from the Almere model of acceptance.

3.1 Search Results

The initial database search performed in August 2020 yielded
244 results. Moreover, 35 additional records were identified
by mining the references of 10 reviews found in the initial
search [23, 29, 30, 59—-65]. The 1st search update (June 2021)
yielded 85 results. Additionally, 27 additional records were
identified by mining the references of five reviews found in
the search update [66—70]. The 2nd search update (July 2022)
yielded 202 results; in addition to updating the previous
searches, we included an additional database (Compendex)
in this search. Moreover, 5 additional records were identi-
fied by mining the references of two reviews [71, 72]. After
the removal of duplicates, there were a total of 388 articles
for title/abstract screening, which led to the inclusion of 81
articles for full text screening. We included 26 articles in the
review (Fig. 2).

3.2 Study Characteristics

The study characteristics—as well as which of the accep-
tance constructs from the Almere model the included studies
provided results on—are summarized in Table 2. In 3.3. we
go through these acceptance constructs one by one. Together
they provide an overview of which papers provided results
on (a) which acceptance constructs and (b) how much the
different constructs were studied both from the point of view
of each study and from each construct.

The 26 included articles were published between 2013
and 2022 in 20 different journals. The social robots studied
were either humanoid (13 articles on eight different robots),
zoomorphic (11 articles on 10 different robots) or telepres-
ence robots (three articles on three different robots). The
articles studied 21 different social robots, with the most dis-
cussed robot being Paro (n = 8), followed by Matilda (n
= 4), Mario (n = 2), Pepper (n = 2), LiveNature (n = 2)
and Guide, JustoCat, Kabochan, Tangy, HIRO, TIAGo, Miro,
Pleo rb, Joy for All dog, Joy for All cat, Furby, Perfect Pet-
zzz dog, GIRAFF, Double and a telepresence robot (each n
= 1). Robot interaction was facilitated by staff in six studies,
facilitated by researchers in five studies, unfacilitated in six

@ Springer
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J

Fig.2 PRISMA Flow Chart

Records identified through
database searching
(n=531)

Additional records identified

through other sources
(n=67)

Identification

[

J

Records after duplicates removed
(n=388)

Eligibility Screening

Included

studies, mixed in two studies and unclear in seven studies.
The duration of robot interaction varied greatly between a
single interaction and 5 years of use.

The robots were primarily tested in Europe (n = 12) and
Australia (n = 9), followed by New Zealand, Canada, Hong
Kong, Japan and Taiwan (each n = 1). The majority of stud-
ies (n = 16) focused on residents living with dementia. The
remaining ten studies did not focus on residents living with
dementia but looked at residents and carers in nursing homes
and thus generally also included a large proportion of PIwD.
Twenty-two of the included studies involved residents as
research participants, 15 involved staff (including managers)
and six involved relatives.

Regarding the study design and methods, eight of the stud-
ies applied quantitative methods, eight applied qualitative
methods, and ten applied mixed methods. Sixteen studies
used observations as a method, making this the most fre-
quently used method in studies included in this review. The
sample sizes differed greatly and ranged between 3 and 415
participants. Twelve of the studies took place in only one
nursing home.

The aims and outcome measures of the included arti-
cles were highly diverse. In more general terms, the aims
focused on investigating the experiences of carers, residents

@ Springer

A

Records excluded
(n=307)

Records screened
(n=388)

A 4

A 4

Full-text articles assessed
for eligibility
(n=81)

Full-text articles excluded,
with reasons
(n=55)

Not nursing home (n=35)

Not acceptance (n=5)

No actual robot use (n=>5)

Not journal paper (n=4)

Not social robot (n=3)

Not acceptance of

staff/residents (n=1)

e Not including 60+
population (n=1)

e Not published (n=1)

A

Studies included in
qualitative synthesis
(n=26)

and sometimes relatives as well as evaluating the accep-
tance, acceptability and usability of the robots as well as
engagement and interaction with the robot. The outcome
measures also focused on the experiences of staff and some-
times relatives and observations of the behavioural reactions
of residents to the robots. Acceptance and acceptability were
often used as outcome measures.

3.3 Acceptance

To understand the relevance of each construct of the Almere
model for the research field, we mapped out how many
articles reported results on each construct, colour coded
the constructs according to four categories and mapped the
colour coding onto the model. Red means a construct was
rarely studied (2-3 articles reported on it), yellow means a
construct was occasionally studied (7-10 articles reported on
it), orange means a construct was frequently studied (11-15
articles reported on it) and green means a construct was
very frequently studied (17-18 articles reported on it) in the
included articles (Fig. 3).

All the green constructs are direct determinants of inten-
tion to use and are simultaneously affected by other con-
structs of the Almere model; attitude stands out here, as it
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Fig.3 The Almere model - —

. Social Facilitating
coloured to reflect the review Infl Conditi
(adapted from Heerink et al. [42]) ntiuence onditions

Attitude
Perceived
Adaptivity
Perceived
A Usefulness Intention to
t Use
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- Ease of Use
Social
Presence T
T Perceived
i Moderating
Perceived EIOVIENt S
Sociability
Trust
is less studied than the other constructs in this row of the  3.3.2 Anxiety

model. The remaining constructs are either yellow, orange
or red. Here, the red constructs trust and intention to use
stand out as areas that have rarely been studied.

To summarize the data on acceptance, we present the
results from our deductive content analysis on each of the
constructs of the Almere model in the following. In regards
to acceptance in general, eight studies reported an overall
good acceptance of the robots [10, 19, 73, 76, 83, 85, 93,
94].

3.3.1 Perceived Adaptivity

Seven of the included articles provided results on adaptivity.
The articles discussed adaptivity as a facilitating factor, as
personalization of the activities offered by the robot as well
as the ability to adapt to the various needs, abilities, sensory
impairments and medical conditions of the residents were
presented as factors that were important and useful and that
increased the positive engagement of residents [75, 76, 83,
84, 86, 91, 94]. In one study, staff worried whether robots
would be cost effective if they were personalized but found
individual covers that were also washable a good way of
personalizing the robots [76]. The articles here show how
different kinds of adaptivity are important and related to other
constructs: the ability of the robot to adapt technically to the
abilities and impairments of the residents as well as the ability
of the robot to adapt to what residents like, which influences
both perceived usefulness and perceived enjoyment of the
robot.

Eleven of the included articles had results on anxiety [19, 41,
74,75, 81-84, 89, 90, 92]. Some reported anxiety as a hin-
dering factor, feeling intimidated by the robot as members
of staff worried about being surveyed by the robot [41, 74],
were scared of the abilities of the robot and staff becoming
overdependent on the robot [41] or not being in control of
the robot and therefore unable to ensure the privacy of the
resident [89], found the robot frightening [90] or felt insecu-
rity and fear about making mistakes when handling the robot
[75]. Some staff members also worried if residents would be
afraid of the robot [19, 90].

Hindering factors for residents were the noise of Paro,
which could be distressing for PIwD as well as staff [92],
anxiety related to not understanding questions posed by the
robot Matilda [84] and the risk that some PlwD could come
to care too much about JustoCat, leading to worries [81]. Ke
et al. found no change in technology anxiety after residents
with dementia used a humanoid robot [82], whereas others
found that most anxiety was related to the first meeting or
even before meeting with the social robot and that most PIwD
were not worried about the presence of the robot [19, 83, 84].

The results on anxiety show that there is a large difference
in the anxieties of the staff and the anxieties of the residents.
Staff worried about the robot taking over and not being in
control as well as making mistakes or worried about the res-
idents’ reactions to the robot. However, the anxiety of the
residents was more related to not understanding the robot or
caring too much about the robot. There is something para-
doxical in this, as it seems that too much acceptance of the

@ Springer
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robot as a social actor can lead to anxiety and worries if the
residents become too fond of the robotic pets.

3.3.3 Social Presence

Fourteen of the included articles had results on social pres-
ence. Residents interacting with social robots personified the
robot to different degrees, with some residents thinking that
the robots were real animals or that the robot was felt as a
companion with a soul or as being able to see into the resi-
dent’s soul. Six articles reported this as a facilitating factor
that could improve engagement and reduce loneliness and
social isolation among residents [74, 75, 77, 81, 87, 91].
One article reported that staff personified the robot without
evaluating it as facilitating or hindering [11], and one article
reported how some staff saw the robot as cold and imper-
sonal [90]. Five articles specifically mentioned the looks of
the robots as important: Residents appreciated the colour,
size and eyes of Mario [10, 11], the face and size of Matilda
[84], found the eyes and faces of robots most important when
comparing different types of robots [76] and felt encour-
aged to interact with Paro because of its appearance [91].
Here, the appearance of the robots was important for the
robots to be seen as social actors—especially in regard to the
face, including the eyes. In one study comparing zoomor-
phic robots, residents, staff and family members preferred
robots designed as familiar, domestic animals, with soft furry
covers and appealing face and eyes, size and weight; other
robots were seen as toy-like and infantilizing [76]. Interactiv-
ity, sounds and movements were also important for the social
presence of the robots, which could be facilitating [76, 93]
or a hindering factor if residents wanted the robot to be able
to do more, such as walking or chatting [77]. Telepresence
robots were reported to increase the sense of the family being
present, increasing connection and reducing social isolation
[19, 89].

3.3.4 Perceived Sociability

Thirteen of the included articles had results on perceived
sociability. Three articles discussed the social engagement
between residents and robots [10, 78, 84]. However, whereas
two reported that robots increased the social engagement of
residents by making people smile, laugh, talk and interact
with the robots [78, 84], the other reported that the resi-
dents did not usually verbally interact with the robot Mario
and some had difficulties communicating with it [10]. Two
articles reported that the robot worked as an opening to com-
munication, which was described as an advantage facilitating
its use [81, 90], whereas another article reported differen-
tial results, as residents interacted and communicated with
Paro more than with Guide [92]. Three articles reported
positively on using the robots for group activities helping

@ Springer

to reduce boredom and making residents view the robots
more positively [77, 84, 94]. Five articles reported that resi-
dents developed emotional bonds and companionship with
robots or wanted robots to be their friends, which facili-
tated interactions with robots and could help residents cope
with loneliness or isolation [74, 77, 83, 90, 91]. Two arti-
cles reported how residents engaged with robots as biological
beings by cuddling, kissing, petting, squeezing and singing
to the robots [76, 93]. Different behaviours were reported
as important for improving sociability, such as pet robots
having command responses (e.g., giving a paw) and demon-
strating a happy mood [76], movements and sounds of Paro
[77] and Matilda mixing gestures, expressions, talking, dance
and music [84].

3.3.5 Attitude

Fifteen of the included articles had results on this construct.
The articles reported a range of attitudes from both staff and
residents, and attitude was both a facilitating and a hinder-
ing factor. Two articles found a wide range of reactions in
residents from dismissal to excitement [74, 75], and one
of them found that those with reactions in between could
be convinced of interacting with the robots with encourage-
ment [74]. In regard to attitude as a hindering factor, some
residents were negative towards and rejected Paro [73], a
minority were cautious or indifferent towards Mario, some
PIwD because they felt that they would not be able to use
the robot [11] and some residents were critical towards using
Pepper wondering why the robots were needed and resources
were spent on it [75]. Some staff were negative towards the
robot, as they questioned if it was compatible with dignified
care and nursing homes [75, 90], saw it as infantilizing to
residents, thought it was a waste of money [74] or were neg-
ative towards robots in general, as they feared that the robot
would monitor them or replace them [41, 90]. These find-
ings show how attitude can be influenced by the construct of
anxiety, as a fear of the robot can lead to a negative attitude
towards robots, and how social influence affects attitude, as
the people who were apprehensive towards using the robots
could change their mind if encouraged by others.

Regarding attitude as a facilitating factor, six articles
reported that the majority of residents were positive about
the social robot and its activities [11, 78, 83, 86, 91, 93], and
two reported how attitude significantly improved when they
used an interactive system design with more sensory modal-
ities [79, 80]. In the case of staff, four articles reported that
staff were overall positive or even proud to be involved in the
use of social robots [11, 78, 86, 92], and one reported that
staff had a positive attitude due to the robots’ positive influ-
ence on residents [74], showing a link between perceived
usefulness and attitude.
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In terms of the relation between attitude and other factors,
one article reported that attitudes towards technology could
be improved through direct experiences with robots, linking
attitude and use, but they found no significant evidence for
changes in attitude [82]. Another article reported comments
describing a generational difference where older generations
may be less likely to accept robots [90], linking attitude to the
moderating factor age. Birks et al. reported that the positive
attitude of therapists delivering the robot intervention helped
them embrace the possibilities of the robot and try to change
the attitude of other staff [74].

3.3.6 Perceived Usefulness

This concept was discussed in 18 of the included articles.
Perceived usefulness was mostly discussed as a facilitating
factor, with a few exceptions. In five articles, social robots
were seen as useful for reducing loneliness by increasing
social connectedness, as residents had more frequent inter-
actions with other residents, care staff and family members
[10, 85]; by giving residents someone to touch and love; by
providing comfort and security [81]; by providing friendships
[91]; and by interacting with residents like an animal without
trying to escape [92]. Communication was a topic closely
related to the topic of alleviating loneliness and promot-
ing social connectedness discussed by seven articles. Social
robots were reported to lead to increased communication
with family members, staff and other residents by providing
something to talk about, prompting conversation and eliciting
memories to talk about [10, 81, 83, 85, 89, 91, 92]. Social
robots also stimulated residents to participate in activities
and increased their activity level, which was discussed by
five articles: the social robots entertained residents, acted as
tools to facilitate activities, provided distractions from bore-
dom and could make the participants more aware and awake
[75, 81, 86, 90, 92]. Other usefulness for the residents lies in
an increased wellbeing and a positive impact for both peo-
ple with and without dementia [11, 74, 83]; emotional and
therapeutic effects such as comfort, mood improvement and
distraction from pain [74, 91, 92]; and the ability to calm
and relax residents who were upset, anxious or loud, even
complementing/replacing sedatives [74, 81, 92].

Social robots were also reported by nine articles to be use-
ful by providing added value for staff, with staff seeing the
robots as applicable in practice and as a tool they could use to
better interact with and monitor residents, as well as enabling
family members to participate better with value beyond the
trial period. In Louie and Nejat’s article, staff found the robots
overall useful and had a positive experience overall, linking
usefulness and attitude, and Birks et al. reported how thera-
pists working with the robot wanted to show its usefulness
to their colleagues [19, 41, 73-75, 78, 86, 89, 92]. This is
consistent with the findings that the level of engagement

impacted perceived usefulness and that the perceived ben-
efits and functionality increased intention to use [41, 82, 94].
This again is in line with the Almere model, which shows
that perceived usefulness and perceived ease of use impact
intention to use. Three articles linked robot functionalities
directly to perceived usefulness—interestingly, Koceski and
Koceska found that different applications were found useful
by the caregivers (vital signs measurement and reminders)
than by residents, who appreciated video conferencing the
most [11, 85, 86]. This finding shows that the acceptance of
social robots in nursing homes is complicated as different
groups of actors—here residents and staff, but in other cases
also family members—have different perceptions of what is
useful and important and are all important for the acceptance
of the robot. Similarly, Robinson et al. reported that family
members and staff saw potential in Guide but found that it
needed further development and was unsuitable for PIwD at
its current stage [92], and Blindheim et al. found that staff
found the purpose of the robot unclear, which was a hindering
factor resulting in expectations that were not met [75].

3.3.7 Perceived Ease of Use

Seventeen of the included articles reported on perceived ease
of use: In terms of facilitating factors, three articles reported
that the majority of the residents found the social robot easy
to use [10, 85, 89], one found significant improvements in
perceived ease of use for the residents who had used the social
robot Kabochan [82], and three articles discovered that the
staff reported that the robots were easy to use [19, 81, 85,
86]. Mannion et al. described the importance of the design
of Mario, including both its appearance and that it is clear
to users what the robot is capable of for the ease of use.
Chu et al. showed that engagement with the robot Matilda
was improved when the robot was made easier to use, e.g.,
through improving the quality of the voice of the robot, the
speed of the robot’s speech and the visibility on the screen
of the robot [11, 78].

Factors hindering ease of use included communication
issues, with speech patterns, speech-to-text and touchscreens
sometimes being challenging for PIwD, especially people
with severe dementia [10, 11] and residents having trou-
ble understanding the accent of the robot Matilda [84]. In
addition, the age of residents impacted how easy it was for
residents to use the robot Mario [11], linking ease of use to the
moderating factor age. A challenge for PIwD was that they
did not remember using Mario before, but some did improve
their ability to interact with Mario over time [11]. Other chal-
lenges hindering the ease of use for residents were the size,
weight and voice of the robots, Paro’s programming and need
to be charged on a regular basis [73, 76, 91, 92], the diffi-
culty of keeping Paro clean [92], the position of the touch
screens and the quality of the images on the touch screen
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on humanoid and telepresence robots [10, 19, 92], and the
level of complication of Guide and the large amount of time
it took to demonstrate its functions [92]. Additionally, one
study mentioned that residents did not find the robot TIAGo
very easy to use for older adults, as they are neither good at
handling it nor prepared to interact with the robot [94]. Some
staff reported that the robots were not easy to use, as staff had
to be present, which was difficult to fit with their schedule,
the engineers were not always available to assist, the sound
volume was too low or staff did not understand robot func-
tionalities, and they underscored the need for staff training
and information [11, 75, 90]. Koceski and Koceska found no
differences between residents and staff regarding ease of use
but found that some functionalities were easier to use than
others; telepresence robot navigation was the most difficult
functionality, whereas video conference applications were
the easiest to use [85], although another article on telepres-
ence robots reported that a resident found it difficult to use
the video call function compared to a telephone call [89].

3.3.8 Perceived Enjoyment

Seventeen of the included articles discussed the enjoyment of
participants, and they all reported that the participants (both
staff and residents) enjoyed using the robots, which was a
facilitating factor for the use of the robots [10, 11, 19, 74-78,
81, 83,84,86-89,91, 93]. Several articles reported that PIwD
liked the appearance of the robots, that PlwD enjoyed spend-
ing time with them and enjoyed the functionalities of the
robots (e.g., music, games), that the robots gave them joy,
happiness and a sense of well-being and that the robots could
improve the pleasure of PlwD [10, 11, 19, 75, 81, 83, 87, 88,
91, 93]. Staff were also reported to enjoy the use of social
robots [19, 75, 81, 86], as well as residents without dementia
who were reported to have improved moods, brightening up
and dancing spontaneously [74, 76,77, 84, 86, 89]. One paper
described the embodiment of Pepper affording different uses
of humour and how the robot was a source of laughter for
residents and staff [75].

However, there were also some negative reactions to the
robots. Three articles reported that a minority of residents
did not enjoy engaging with the robots [10, 83, 87]; e.g.,
using Mario to look at old photographs led to negative emo-
tions amongst two PIwD when seeing pictures of deceased
family members [10], and two residents with dementia at
times became agitated or verbally aggressive when intro-
duced to Paro [87]. Three articles reported on a link between
robot functionality and the enjoyment of using the robot.
Two stated that for PlwD, the pleasure of being with the
robot Matilda increased over time due to improvements of
the robot’s voice and face recognition and response speed [78,
83]. Louie and Nejat observed one staff member becoming
frustrated with the robot, wishing for it to move faster [86],
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suggesting that improving the functionalities of the robot
could facilitate perceived enjoyment.

3.3.9 Trust

Three of the included articles reported briefly on matters of
trust. Two articles reported trust as facilitating acceptance;
one reported that the robot JustoCat provided its users with
feelings of safety and security and reported that the reliabil-
ity of the social robot both in terms of its technical functions
and its presence by the resident’s side was a facilitating factor
[81], whereas another reported that privacy was not a concern
for the participants using a telepresence robot [89]. One arti-
cle reported on (lack of) trust as a hindering factor as a staff
member felt uncomfortable working with Pepper due to its
lack of nonverbal communication in comparison to human
colleagues [90].

3.3.10 Social Influence

Eight of the included articles reported results on social influ-
ence. In this review, we coded all findings related to family
members as social influence, as they are not the primary users
of the robot in the nursing home and were not the focus of this
review. Therefore, some of the findings here are also of rele-
vance to other categories, such as attitude, but since it relates
to family members, we have coded it in this group. Two arti-
cles described how the acceptance of both relatives and staff
was crucial for the use of robots in nursing homes [11, 82].
This could be both a facilitating and a hindering factor. Six
articles reported that family members were mostly positive
about social robots, viewing them as improving quality of life
in residents and enabling better communication between rel-
atives and residents and seeing the added value of social robot
use and in the case of telepresence robots creating a feeling
of presence, reassurance and enjoyment for the family [11,
19, 74, 81, 89, 92]; in particular, younger family members
interacting with the robot increased the engagement of resi-
dents [11]. Mannion et al. further noted that staff and family
introducing robots was an advantage [11].

However, some negative reactions were also observed:
some family members made derogatory comments about
the staff members’ use of Paro [74]; some family mem-
bers stopped the use of Paro when they observed discomfort
in their family member [73]; some family members were
concerned about the privacy of the resident when using the
telepresence robot Double [89] and relatives thought Guide
could use further development, that robots needed to add
something extra and that the interactions with Paro were not
something for everyone [92]. In line with this, Bemelmans
et al. reported that Paro was least successful in supporting
family visits compared to other interventions with Paro that
did not involve family, mainly due to discomforts reported
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by the relatives, but they also found that the initial scepticism
often turned into enthusiasm during the course of the project
[73].

In the context of nursing homes, acceptance is compli-
cated, as it depends on residents, staff and family members.
The findings here show that the acceptance of family mem-
bers is important for the acceptance of robots and is influ-
enced by many different things, such as the attitude or trust
of family members.

3.3.11 Facilitating Conditions

Ten of the included articles discussed facilitating conditions.
Six articles argued that the training of staff was a crucial
facilitating condition for the successful use of social robots
in nursing homes. They argued that the intended effects of
robot use need to be clear and that staff need to have a foun-
dational understanding of how the robots work, when and
for which residents to use them, and how to maintain the
robots, including hygiene procedures [19, 73, 74, 79, 86, 87]
in one of them, staff were also interested in assistance from
volunteers [19]. Gustafsson et al. argued that the ability of
JustoCat to fulfil hygiene requirements was a facilitating con-
dition for the staff [81]; here, it is related to the features of
the robot, but it is a facilitating condition as the robot fits into
the specific hygiene demands in the nursing home environ-
ment. Furthermore, two articles emphasized the importance
of a quiet environment to use the robot Mario without distrac-
tions such as noise, other residents or other activities. This
was difficult in a nursing home environment, and they argued
that technological advancements are required that enable
social robots to communicate and perform speech recogni-
tion in noisy environments [10, 11]. Similarly, one article
found that a telepresence robot was reliant on a good internet
connection but that privacy and security concerns hindered
wireless internet access, leaving them reliable on an external
modem, which caused connectivity issues [19]. Bemelmans
et al. discussed practicalities such as the scheduling of Paro
interactions with the other activities of staff, which created
difficulties in using Paro [73]. Feng et al. experimented with
an interactive system design with more sensory modalities in
the nursing home environment and found that an augmented
reality display using sounds, touch and visuals on a screen
was facilitating conditions that helped capture and maintain
the engagement of PIwD [79, 80], something that could also
improve the attitude of the residents towards the social robot.

3.3.12 Moderating Factors

Nine of the included articles discussed moderating factors.
Health issues were mentioned as both facilitating and hin-
dering social robot use. Birks et al. described how residents
with dementia, including those with advanced dementia,

responded better to Paro than residents without dementia.
This was also the case for residents with depression, disabili-
ties or palliative care needs [74]. Ke et al. found no significant
relation between technology acceptance and depression or
cognitive function, whereas Mannion et al. reported that peo-
ple with more severe dementia experienced more difficulties
interacting with Mario, and Chen et al. found that physical
constraints could hinder the use of Paro [11, 77, 82]. These
differences may be related to the types of robots, where a
pet robot such as Paro might be easier for people with late-
stage dementia to interact with than a humanoid robot such
as Mario, which speaks and affords a different kind of inter-
action.

Three articles reported a lack of technology experience as
a hindering factor, but Louie et al. reported that some of the
staff thought that their lack of technology experience was a
challenge, which the staff themselves expected to improve
in the future [11, 82, 86]. In terms of gender, Chu et al.
reported that female residents with dementia had more pos-
itive engagements with Matilda than male residents, Chen
et al. reported that interacting with Paro may go against ideas
of masculinity and therefore affect the willingness of men to
use it, whereas Ke et al. and Khosla et al. reported that the
gender of residents with dementia did not make a significant
difference in interactions with Kabochan and Matilda and
Tobis et al. only found gender relevant for whether residents
found it acceptable that the robot has information about the
user, where men were more sceptical towards this after inter-
acting with TIAGo [77, 78, 82, 83, 94]. Two articles mention
age as a moderating factor, where older age could be a barrier
to interactions with the robots Paro and TIAGo, as residents
did not find it suitable for older persons [77, 94].

In addition to these moderating factors, two articles also
mentioned the importance of what Birks et al. called normal
individual differences and what Moyle et al. 2019 referred
to as a person’s biography, such as whether or not a resident
liked animals and would therefore show interest in a zoomor-
phic robot or even the mood of an individual at the certain
day and time of the robot interaction. For the latter, Moyle
et al. recommended undertaking a brief assessment of the
individual resident before using the robot [74, 87].

3.3.13 Intention to Use and Use

We have reported on the actual use of the robots in Table
2 and in the study characteristics. In addition to these find-
ings on how much the robots were used, the papers did not
provide results on use as a separate topic. Only two articles
reported specifically on intention to use, finding that staff
members’ perceptions of the functionality and benefits of
Matilda increased their intention to use [41] and that inten-
tion to use was scored higher by residents after using the
robot TIAGo [94].
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3.3.14 Other Themes

As presented in the methods, we also coded using a cate-
gory called ‘other themes’, to keep an open mind for themes,
which were not mentioned in the Almere Model but were of
relevance to acceptance. One recurring theme here was how
interactions with the social robot(s) encouraged social inter-
actions amongst residents, between residents and staff and
between residents and family members. We found results on
this in nine papers [10, 11, 74-79, 81]. These findings are also
closely related to social engagement and are of relevance to
the use of technologies and activities in nursing homes, as
these are often carried out in group settings in the nursing
home [95, 96].

Another theme of relevance to acceptance, that we could
not link with the constructs of the Almere model, relates
to the design and functionalities of the robots. Sometimes
findings on functionalities link with the construct perceived
ease of use, perceived usefulness or perceived enjoyment
as they related to these categories—in those cases, we have
reported the results in those sections of the results. How-
ever, some findings on design and functionalities were not
linked to the constructs. Four papers reported on this. Khosla
et al. described how a combined use of gestures, dance and
music improved the acceptance of Matilda [83]. Pu et al.
described how the interactive behaviours of Paro made res-
idents engage more positively with the robot [91]. Khaksar
et al. described how the newest generation of social robots
are able to diagnose, assist and provide company [41], and
Barret et al. argued that future robots need to be able to detect
emotions and act on them in case PIwD have a negative reac-
tion to interacting with the robot [10].

4 Discussion

In this scoping review, we identified 26 primary articles on
the acceptance of social robots in nursing homes. The studies
used a wide range of different robots, which provided us with
an interesting basis for the review, as these findings apply to
a heterogeneous range of social robots in nursing homes.
Previous reviews have found that the included studies had
very short robot interactions or none at all and have called
for more longitudinal studies of social robots in social and
health care as well as larger samples [30, 33]. The study
length in the included studies varied widely from a single
interaction to 5 years. Furthermore, the sample sizes also
varied greatly from 3 to 415 research participants, and we
observed a growing number of studies with larger samples.
Interestingly, more than half of the included articles were
published after 2019, showing that this is a growing field of
research.
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In our review, the included studies were conducted in
Europe, Australia, New Zealand, Canada, Japan, Taiwan
and Hong Kong. There appears to be a gap in the literature
regarding the acceptance of robots in low- or middle-income
countries. This may be due to many reasons, such as the costs
of social robots, different care systems (e.g., care mainly in
the family) and cultural factors (e.g., robot affinity within
a society). The WHO estimates that the predicted rise in
older adults and PlwD globally will mainly occur in low-
and middle-income countries [1, 2], meaning that low- and
middle-income countries will have an increased need for new
ways of caring for older adults and PIwD. As robots for this
group are becoming cheaper with, e.g., low-cost robotic pets
showing promising results [97], research on social robots
in low- and middle-income countries is a relevant field for
future research. Another area for further research is linked
to cultural differences and how they impact the acceptance
of social robots. Previous studies have found cultural dif-
ferences in regard to, e.g., attitude toward social robots and
argue that these may be grounded in differences in belief sys-
tems, but may also be related to how much people have been
exposed to robots through media or through interactions with
robots. Besides, different perceptions of aging and good care
may influence how people perceive social robots for older
adults [98, 99]. The articles included in this review did not
involve cross-cultural comparisons. This may have impacted
our findings on acceptance. Further research on the impact
of cultural differences on the acceptance of social robots is
needed to understand this phenomenon better.

We will discuss our findings based on the constructs of
the Almere model but also address aspects that go beyond
the Almere model and contribute to a better understanding
of what might be needed to further develop the Almere model
of acceptance when studying the acceptance of social robots
in a nursing home context. Here, we found that the concept
engagement is of interest. Additionally, we identified factors
that are relevant for the implementation of social robots in
nursing homes, specifically the nursing home context, inter-
vention characteristics and individual users.

4.1 Intention to Use and Trust

We found a large amount of variance in how much the dif-
ferent constructs of the Almere model were discussed in the
included articles. Two constructs were rarely studied: inten-
tion to use and trust. The few results on intention to use may
be related to the fact that the studies addressed the actual use
of robots. Trust was originally hypothesized by Heerink et al.
to be a direct determinant of intention to use but was the only
construct that could not be proven in Heerink et al.’s tests
[42]. In this sense, the limited number of results on trust is
coherent with the findings from Heerink et al., but it is simul-
taneously remarkable that trust is so rarely discussed in the
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literature. In the RAM-care acceptance model, which is based
on the Almere Model, Turja et al. found that social influence,
attitude, perceived usefulness and perceived enjoyment pre-
dicted intention to use, whereas they did not find that trust
and ease of use predicted intention to use. Turja et al. nev-
ertheless decided to keep these constructs in the model, as
they believed they would become more important as robots
become more complex and capable in the future [43]. Work-
ing in a nursing home with a vulnerable group of people,
many of whom have dementia, dignified and person-centred
care are central to interventions in a nursing home [100, 101],
and trust from both staff, relatives and residents that the social
robots can work ethically with this vulnerable group of peo-
ple is central. It would therefore be interesting to see more
research on trust in social robots used in nursing homes in
the future.

4.2 Perceived Usefulness, Perceived Ease of Use
and Perceived Enjoyment

In our review, perceived usefulness, perceived ease of use
and perceived enjoyment were all studied very frequently
and reported findings on both hindering and facilitating fac-
tors. Across these three constructs, seeing how robots work
well with residents was a facilitating factor for staff, whether
the robot improved communication, decreased loneliness,
brought joy to residents, calmed agitated residents or gener-
ally increased their wellbeing. This is an interesting finding
in the context of nursing homes, as the need for the accep-
tance of the robot from staff, residents and relatives is a factor
specific to this context. Furthermore, it shows how the accep-
tance of one group influences the acceptance of other groups.
In the Almere model, this is related to the construct of social
influence, where staff and family can affect the acceptance
of the older adult, but in our findings, we see that this works
interchangeably and that the acceptance of residents can also
influence the acceptance of staff and family.

4.3 Engagement

Seeing how robots work well with residents is closely related
to engagement, which is not a part of the Almere model of
acceptance, but which five of the included papers have used
as an outcome measure [79, 82—84, 88] and which five papers
have included in their study aim [11, 19, 79, 80, 83]. Perugia
et al. discuss the importance of engagement when studying
people with dementia [95, 96], which is reflected by the fact
that all but one of the papers studying engagement focused
on PlwD. In our review, we focused on acceptance, but as
Perugia et al. pointed out, engaging people with dementia in
meaningful activities is important for their well-being on a
wide range of parameters. In our results section, we reported
how different constructs of the Almere model could improve

positive engagement (adaptivity, social presence, perceived
sociability, perceived ease of use, social influence and mod-
erating factors) as well as how the level of engagement has an
impact on the perceived usefulness. Engagement is therefore
also an important measurement in regard to the acceptance
of social robots—especially for PIwD.

4.4 Influencing Factor: Intervention Characteristics

In our initial data extraction, some findings of relevance
to acceptance were difficult to link with the constructs of
the Almere model. Especially findings on the design and
functions of the robot, staff training and how social robots
encouraged social interactions. It was not immediately clear
from the model how to categorize these findings, since design
and functions and staff training could also be relevant cate-
gories in and of themselves. Koh et al. used the CFIR to
understand the implementation of social robots across set-
tings. In their review, most of the identified barriers were
related to the domain of “intervention characteristics” [32].
This is interesting, as the design and functions of the robot,
which we found challenging to link with the constructs of the
Almere model, would fit into this CFIR domain and would be
key to understanding barriers to implementation. Papadopou-
los et al. did not use an acceptance model in their review on
the implementation of humanoid social robots, but interest-
ingly, their findings aligned quite closely with the constructs
of the Almere model. When comparing their review find-
ings with the Almere model, the categories familiarization,
technical problems and limited capabilities of robots were
difficult to match to the Almere model. From the perspective
of the CFIR, however, these categories can also be linked to
the domain of intervention characteristics. While interven-
tion characteristics are central in both of these reviews and
the included papers reported on it, they do not play a clear
role in the Almere model. This shows that the current version
of the Almere model is not exhaustive and could benefit from
an update. Simultaneously, there are relevant elements of the
Almere model that Papadopoulos et al. did not describe, such
as facilitating conditions, trust, perceived usefulness, anxi-
ety and sociability. They criticized the technology acceptance
model for focusing on individual factors only, and since many
of their included studies used this model, they reported a lack
of evidence on formal and informal carers and factors related
to the environment, society, policy and organization [30].

4.5 Influencing Factor: Nursing Home Context

This relates back to our findings from the nursing home
context, where we found a need to study the acceptance of
residents, staff and family as well as the importance of the
organizational context. These factors are partly addressed in
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the constructs of facilitating conditions and moderating fac-
tors in the Almere model, but we argue that they need to
be more central when understanding acceptance in nursing
homes. In our review, we chose to focus on the acceptance
of staff and residents but also found that the acceptance of
family members is important and that different constructs
influence this acceptance as well. In the review, we discuss
this as social influence, but looking at, e.g., the attitudes,
anxieties, trust, and perceived usefulness of family members
is also relevant in itself, specifically in the nursing home
context. Furthermore, we found that there were sometimes
differences in the needs and priorities of residents and staff,
for example, in terms of anxiety and usefulness—something
that is important to take into account when designing and
implementing social robots for a nursing home population.
In line with our review findings, Whelan et al. found that
the different user groups are important in the nursing home,
and that their opinions may differ. It might be of interest to
conduct research into whether acceptance models look the
same for staff, residents and family or if different constructs
are relevant for the different actors in the nursing home.

We also found that robots need to be compatible with dig-
nified care and that staff training is of importance—which
can be a problem as nursing homes are characterized by a
high workload for the staff, and as shown in the beginning,
this will only increase as there will be more older adults in
need of care and not enough staff to care for them. Another
aspect of importance in nursing homes is the practicalities of
everyday life in an institutional home. Many of the hinder-
ing factors found across the Almere constructs are centred on
practical everyday issues such as storage, internet connection
and hygiene. These findings show the importance of adapt-
ing the intervention with social robots to the organizational
context of the nursing home.

4.6 Influencing Factor: The Individual

Residents of nursing homes are a diverse user group with dif-
ferent health problems, disabilities and cognitive levels; as
these factors continue to change for individual residents and
as nursing homes have relatively high resident turnover, adap-
tivity is a highly relevant topic. Papadopoulos et al. described
robots’ lack of adaptability as a central barrier to implemen-
tation and reported personalization of a robot as one of the
primary enablers of implementation [30], which relates back
to our findings on the importance of the design and the func-
tions of social robots. Similarly, Whelan et al. argued that
robots used in residential care have to adapt to the needs of
arange of users with different needs as well as cognitive and
physical limitations to ensure the perceived ease of use [33].
Here our findings differed slightly, as we found links between
the perceived adaptivity, perceived enjoyment and perceived
usefulness, but not the perceived ease of use.
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It is also important to keep in mind the potential vulner-
ability of this group and some of the ethical risks when
introducing social robots to people with dementia. Satra
discussed the ethics of using social robots for people with
dementia using the concept of the Turing test to discuss the
different degrees to which people interacting with the robots
believe that they are real or alive. Setra argues that we have to
be careful, as the social robots may deceive PIwD into believ-
ing that Paro for example, is a real animal or even if they do
not believe it to be real they may still subconsciously react
to it as if it was real—what he calls passing the subconscious
Turing test [102]. On the other hand, Koh et al. found that the
realisticness of the robots and the residents perceiving them
as animals and building emotional connections with them,
was experienced as positive by care professionals [103]. Our
results on anxiety show that there is a risk that PIwD can end
up caring too much for the robots, which can lead to anxiety
and worries about the robot. Paradoxically, it seems that too
much acceptance of the pet robot as a social being and a com-
panion can here be negative for the PlwD. This is important
to think of when looking at social presence and sociability
when designing and implementing for this specific group.

4.7 Recommendations for Further Research

Based on our review findings, we recommend further
research into three areas of acceptance of social robots. First
of all, we recommend that the Almere model of acceptance
is expanded deepening our knowledge on the intervention
characteristics; the different user groups of residents, staff
and relatives; the nursing home context; and the concept of
engagement—aspects, which were important for the accep-
tance of social robots in the included papers. Second of all,
we recommend studies that compare findings on acceptance
across cultures, to gain more knowledge on how cultural
factors impact the acceptance of social robots. Thirdly, we
recommend research to look not only at high income coun-
tries, but also low- and middle income countries. Something
which may be more feasible, now that some robots (such as
low cost robotic pets) are becoming cheaper and more avail-
able.

5 Strengths and Limitations

We chose the scoping review methodology because the use of
social robots in nursing homes is a fairly new and expanding
research field, and we wanted to capture all the relevant liter-
ature across different research designs. We have followed the
scoping review methodology guidelines outlined by Arksey
and O’Malley, Levac et al. and the JBI manual for evidence
synthesis on scoping reviews [46—48]. To our knowledge, this
was the first review with a systematic approach focusing on
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the acceptance of social robots based on the Almere model in
the context of nursing homes and looking into factors facili-
tating and hindering acceptance. To do so, a scoping review
is deemed highly appropriate.

A formal assessment of study quality was not required
based on the applied scoping review methodology and was
not conducted. Nevertheless, an assessment of study qual-
ity could have strengthened the findings and helped interpret
them based on the quality of the studies. Quantitative assess-
ment of the coding process was not performed due to the
iterative coding process, where we had several rounds dis-
cussing the coding with the co-authors, which lead to codes
being reassigned to ensure a reliable coding. Furthermore, as
conference proceedings were excluded in this review due to
resource constraints and our inclusion criteria, some studies
may have been omitted from this review.

The Almere model of acceptance proved useful in under-
standing the phenomenon of acceptance of social robots
in nursing homes. It enabled us to capture many different
aspects of acceptance in the included papers. There are also
limits to using this model for our review however and the
model may have limited our findings, as other terms of rele-
vance to acceptance were identified but were not part of our
search string.

6 Conclusion

The aim of this scoping review was to provide a picture of
factors facilitating and hindering the acceptance of social
robots based on the Almere model in nursing homes identi-
fied in the literature, to identify which factors and aspects of
acceptance have not been researched and to consequentially
identify research gaps. We found results on all constructs of
the Almere model of acceptance as well as hindering and/or
facilitating factors for each construct. Perceived usefulness,
perceived ease of use and perceived enjoyment were the most
studied constructs. Across several constructs, seeing robots
positively impacting residents was one of the key facilitat-
ing factors, and practical difficulties were usually a hindering
factor. Both crosscutting themes are related to the complex-
ity of the nursing home context, where staff, residents and
relatives are important actors and where practicalities are
important in busy everyday institutional life. It is important
for HRI research and implementation research to understand
these different organizational aspects as well as the speci-
ficities and diversities of user groups when social robots are
being designed for as well as used and implemented in nurs-
ing homes. We found that trust was amongst the least studied
constructs but believe this to be of great importance in the
context of nursing homes and dementia and call for more
studies on this in the future.

Although the Almere model proved useful for our review,
we have raised some critiques of the model. There is a need to
look at different user groups in the context of nursing homes
and maybe even have specific acceptance models for each
user group. Some Almere model constructs had findings on
both facilitating and hindering factors, while others only had
findings that were either facilitating or hindering. We argue
that this is partly related to the framing of the constructs in the
Almere model and their inherent valuations. It is not surpris-
ing that anxiety had findings on hindering factors, as anxiety
is inherently a negative construct. Trust, on the other hand, as
a positive concept, mainly provides facilitating factors. The
constructs are not on the same level and are not all framed as
neutral constructs but rather already have an inherent eval-
uation in them, which can lead to a bias in the findings and
is something we found challenging when working with the
Almere model for our review.

We have furthermore discussed other concepts and fac-
tors of relevance to the acceptance of social robots in nursing
homes, such as engagement, the nursing home context, the
design and functionalities of the robot and the individual
users. For future research, it would be relevant to look into
defining a new acceptance model for social robots that takes
these findings into account. More studies are needed to fill the
gaps identified in the literature and to expand our understand-
ing of the acceptance of social robots in nursing homes and
ensure high-quality evidence to support social robot inter-
ventions in nursing homes.
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