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Abstract

The world population is aging. At the same time, the ratio of working-age people to older adults
is becoming increasingly unfavorable, and shortages in the health and social care workforce
are already predicted. These trends call for new approaches to enhance the independence and
well-being of older adults. Socially assistive robot (SAR) technology may provide an effective
solution to the aging society problem. We present the results of a systematic literature review
to provide answers on the roles and research topics related to SARs for older adults.
Bibliometric and content analysis methods were used to analyze and synthesize qualitative data.
The research results advance the understanding of the potential benefits and challenges of
using SARs to enhance the independence of older adults living both at home and in long-term
care facilities. We aim this understanding to be particularly valuable to policymakers, the
leadership of health and social care institutions, non-government organizations
representatives, and other stakeholders involved in designing and producing technological
solutions for the aging population. Future research could be directed at examining country-
specific ethical, legal, and technical factors related to the potential use of SARs for older adults.
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Introduction

The aging population and the COVID-19 pandemic call for novel technological solutions to
enhance the independence and well-being of older adults. By 2050, the percentage of the
world’s population older than 65 is expected to rise from 9.3% in 2020 to 16.0% (United
Nations, 2020). At the same time, it is predicted that there will be a shortage of health and social
care workers worldwide (World Economic Forum, 2021). These trends will have a major
impact on elderly care in the European Union where the demographic old-age dependency ratio
is projected to increase from 34% in 2019 to 59% in 2070 (European Commission, 2020). In
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addition, the COVID-19 pandemic has shown that the well-being of older adults aging at home
could be significantly impaired due to loneliness and isolation (Getson & Nejat, 2021). Socially
assistive robot (SAR) technology could take on a special role in health and social care to meet
the increasing demand for caregivers and improve the independence of older adults living both
at home and in long-term care facilities.

Socially assistive robots can be defined as the intersection of assistive robotics and socially
interactive robotics, whose main task is to interact with human individuals while performing
assistive tasks (Feil-Seifer & Mataric, 2005; Vandemeulebroucke et al., 2021). Appropriate
use of SARs in elderly care can have positive effects at the individual, institutional, and societal
levels. In addition to improving the independence and well-being of older adults as end users,
the use of assistive technologies also provides benefits to those who take care of them, such as
family members, healthcare professionals, and the broader society (Khosravi & Ghapanchi,
2016). Furthermore, assistive robotics offers new opportunities for long-term care facilities in
terms of reducing the workload of caregivers and solutions to the nursing shortage (Bonaccorsi
et al., 2016; Tan et al., 2021). Socioeconomic benefits of the use of assistive technology are
realized by reducing direct health and welfare costs, enabling a more productive labor force,
and stimulating economic growth (World Health Organization, 2018, p. 3). Effective public
policies and programs will be required to use the potential of new technologies in elderly care.

In order to consider SARSs as an innovative solution to the care needs of the aging population,
it is important to identify and disseminate research-based information about this form of
technology (Papadopoulos et al., 2020). The perceived capabilities, usefulness, and potential
roles of SARs can increase positive attitudes and influence intentions to adopt this technology
in practice (Papadopoulos et al., 2018; Rantanen et al., 2018). Additionally, insights into the
research topics on SARs can reveal the challenges connected to the implementation of this type
of technology. Therefore, in our study, we attempt to answer two research questions, as follows.
What are the roles of SARs for older adults? What are the topics in research on SARs for older
adults? The main goal of this study is to advance policymakers’ and other stakeholders’
understanding of the potential benefits and challenges of using SAR technology to enhance the
independence of older adults. The topic of this study is increasingly important from the socio-
economic aspect. It gives guidelines to entrepreneurs in terms of designing and launching new
products and services, and it also contributes to raising awareness in society of the potential
positive effects of assistive technologies in addressing the challenges of the aging population.

Methods

A systematic literature review was chosen as the research approach for this study. Compared to
other methods of literature analysis, a systematic review is based on explicit criteria that ensure
the reliability, completeness, and quality of findings (Okoli, 2015; Satalkina & Steiner, 2020;
Tranfield et al., 2003). The study consisted of three steps: (1) definition of the systematic
literature review protocol; (2) qualitative analysis and synthesis of the selected review articles
using the content analysis method; and (3) bibliometric analysis using the keyword co-
occurrence network. Content analysis is used to interpret the meaning of the content of text data
(Hsieh & Shannon, 2005). Bibliometric analysis, on the other hand, allows researchers to gain
an overview, identify knowledge gaps, and derive ideas for future research (Donthu et al.,
2021). Therefore, the answers on the roles of SARs were based on the qualitative results of the
detailed content analysis, while the bibliometric analysis guided the answers on the topics in
research on SARs.

801



A systematic literature review research protocol was established for the first step of this research
(Table 1). The search was conducted on December 24, 2021. The terms "social assistive robot"
and "older adults" included in the title, abstract, and/or keywords were searched. The initial
search resulted in 150 articles.

Table 1: Systematic literature review research protocol
Digital database Web of Science Core Collection.

Search strategy Searched terms "social assistive robot" and "older adults"
contained in title, abstract and/or keywords; publications
in the period 2012-2021.

Types of study All study types.

Inclusion criteria All research fields; journal articles, conference papers
(bibliometric analysis) and review articles only; English language only.
Inclusion criteria Review articles with full access.

(content analysis)

Data synthesis strategy Deductive coding approach, descriptive analysis, and
visual presentation.

Source: Authors’ work

The second and third research steps included the analysis of the articles. The bibliometric
analysis was performed for all the articles found, while the content analysis was based on the
review articles from the first research step. As a final result of the selection process, 32 articles
were selected for content analysis and 150 for bibliometric analysis. The content analysis was
performed using MS Excel, while the bibliometric analysis was performed using VOSviewer
1.6.13 software.

Results and discussion
Roles of socially assistive robots for older adults

In this section, the summarized results of the content analysis are presented related to the roles
of SARs for older adults. All 32 selected review articles are cited in this section. The content
analysis started with setting the codes based on the recent findings of Getson and Nejat (2021)
on the functions of SARs deployed during the COVID-19 pandemic with older adults. After
iterative reviews, refining codes, and grouping findings, three main roles of SARs for older
adults were identified: health monitoring; activity facilitation; and well-being enhancement.

Health monitoring. SARs are performing health monitoring roles by using telemonitoring,
personal emergency response systems, wandering management systems, as well as other
artificial intelligence solutions (Franke et al., 2021; Piau et al., 2014; Qiu et al., 2021). Health
monitoring functions are mainly related to detecting a fall (Martinez-Martin et al., 2020),
checking vital signs such as heart rate, heart rate variability, respiratory rate, respiratory and
heart rate waveforms (Getson & Nejat, 2021; Moyle et al., 2017; Papadopoulos et al., 2018),
and evaluating the sleep and daily physical exercise of older adults at their homes (Getson &
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Nejat, 2021; Martinez-Martin et al., 2020). Certain types of SARs can serve as an extension of
a care process when they are monitoring older adults and notifying health professionals,
external caregivers, or relatives in case of emergencies (Getson & Nejat, 2021; Martinez-Martin
et al., 2020; Vandemeulebroucke et al., 2018). During the COVID-19 pandemic, SARs also
have a role in protecting older adults’ health through implementing monitoring measures related
to their visitors, such as measuring temperature upon entering facilities, checking for masks,
and maintaining required physical distances (Getson & Nejat, 2021).

Activity facilitation. Tasks performed by SARs that are facilitating daily activities of older
adults can be divided into household tasks, personal care tasks, and information and
communication tasks. SARs are performing household tasks by autonomously navigating
around the older adults' homes, going anywhere they request, bringing a specific object, being
able to pick up objects from the ground and moving them to safe storage, checking the cooker
has been turned off or the lights have been turned on when walking at night (Getson & Nejat,
2021; Martinez-Martin et al., 2020; Vandemeulebroucke et al., 2018; Vandemeulebroucke et
al., 2021). In addition, they can also support older adults in cleaning (Franke et al., 2021;
Vandemeulebroucke et al., 2021) and shopping (Vandemeulebroucke et al., 2021). Personal
care tasks are mostly related to eating, bathing, dressing (Mois & Beer, 2020; Papadopoulos et
al., 2018; Vandemeulebroucke et al., 2021; Zafrani & Nimrod, 2019), helping an older adult
stand up from a sitting position (Papadopoulos et al., 2018), and providing indoor and outdoor
walking support (Mansouri et al., 2017; Vandemeulebroucke et al., 2021). With regard to
information and communication tasks, one of the most recognized roles of SARs is reminding
older adults of taking medications, appointments, upcoming events, or where certain objects
were placed (Gasteiger et al., 2021; Getson & Nejat, 2021; Ghafurian et al., 2021; Martinez-
Martin et al., 2020; Vandemeulebroucke et al., 2018). They can also provide information about
a healthy diet and weather forecast (Getson & Nejat, 2021; Ghafurian et al., 2021;
Vandemeulebroucke et al., 2021), and assist older adults in web browsing and making calls
(Vandemeulebroucke et al., 2021). Furthermore, SARs have a growing role in facilitating the
social interaction of older adults with others, including family members, other residents at long-
term care facilities, caregivers, or therapists (Abou Allaban et al., 2020; Campos Antunes et al.,
2019; Ghafurian et al., 2021; Mois & Beer, 2020; Mois & Fortuna, 2020). By enabling video
communication, telepresence robots are offering users an augmented communication channel
that can be used to provide social connectedness, care, and medical consultations (Gongora
Alonso et al., 2019; Hirt et al., 2021; Moyle et al., 2017; Qiu et al., 2021; Zafrani & Nimrod,
2019).

Well-being enhancement. SARs can have a role in providing assistance, therapy, and
companionship aimed at improving older adults’ physical, mental, and emotional well-being.
With regard to promoting physical exercise, SARs can apply techniques based on the learning
by imitation approach, evaluating the older adults’ movements, recommending workouts, and
providing them with feedback to improve their performance (Getson & Nejat, 2021; Martinez-
Martin et al., 2020; Vandemeulebroucke et al., 2018). They are also used as an innovative tool
for supporting physical rehabilitation and therapy, thereby helping to address care gaps due to
increased patient survival after certain diseases (Abdi et al., 2018; Gerling et al., 2016; Langer
et al., 2019). Additionally, SARs have a role in improving the mental health of older adults,
especially those with dementia (Lu et al., 2021; Pu et al., 2019). They are used for cognitive
assessments based on tests of work memory, arithmetic skills, reasoning, recall, and awareness
(Mancioppi et al., 2019), as well as for cognitive stimulation through quizzes and specific
music-based cognitive games (Gongora Alonso et al., 2019; Mancioppi et al., 2019; Martinez-
Martin et al., 2020; Moyle et al., 2017). To improve aspects of cognition and mitigate cognitive
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deficits, SARs can provide support in cognitive training and rehabilitation (Abdi et al., 2018;
Getson & Nejat, 2021; Papadopoulos et al., 2020; Yuan et al., 2021). Such assistance
approaches can improve individual social communication skills, which may include joint
attention skills, imitation skills, and turn-taking skills (Yuan et al., 2021). Furthermore, SARs
can enhance the emotional well-being of older adults by mediating patient-therapist relations
and supporting therapy sessions, as well as by providing therapy more directly, such as pet and
music therapy (Ghafurian et al., 2021). They can be used as an affective therapy tool aimed at
improving the general mood of older adults, or their ability to overcome episodes of mood
disturbance, such as anxiety and agitation (Abdi et al., 2018; Getson & Nejat, 2021;
Papadopoulos et al., 2018; Papadopoulos et al., 2020). Pet robot interventions based on animal-
assisted therapy are increasingly applied to reduce depression and loneliness levels (Budak et
al., 2021; Hirt et al., 2021; Koh et al., 2021; Lu et al., 2021). Companion robots are designed to
perform interactions with older adults in multiple forms, including visual, verbal, and emotive
expressions (Abou Allaban et al., 2020). SARs with these functions are providing
companionship to alleviate the loneliness or isolation of older adults through different forms of
entertainment, such as telling stories, presenting the news, playing the radio or music on-
demand, dancing, and singing (Gasteiger et al., 2021; Ienca et al., 2018; Kang et al., 2020;
Kruse et al., 2020; Vandemeulebroucke et al., 2021).

Mapping of topics in research on socially assistive robots for older adults

In this section, the results of the bibliometric analysis are presented related to the topics in
research on SARs for older adults. To facilitate the mapping of research topics, an analysis of
the term co-occurrence network was performed based on the abstracts and titles of the articles.
First, research terms were extracted from the articles. Initially, the software identified 55 terms
as relevant for analysis. Nevertheless, some of the terms had to be excluded manually. These
were, for example, general terms such as "total", "number", or "year", and methodology-related
terms, such as "review", or "pubmed", and others. After removing the irrelevant terms, 34 terms
remained for analysis. Based on these terms, a term co-occurrence network was created. Three
clusters of terms were identified, shown in grayscale in Figure 1.
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The first cluster is placed in the center of the map and is marked light grey. "Acceptability";
"attitude"; "community"; "data"; "patient"; "perception”, and; "resident" are seven terms
included in this cluster. The issues raised in this cluster relate to Social awareness and
perception of older adults as relevant and (equally) important parts of the community.
Although older adults are becoming a larger percentage of the population in many regions of
the world due to demographic trends, the attitudes toward this population are not evolving
proportionately. Moreover, they often carry negative connotations. Older adults are perceived
as a cost and a burden to the community and the care system. Accordingly, they tend to be
viewed as patients rather than residents. The social inclusion of older adults in the future may
depend on the extent to which SAR technology is accepted in this population, which is the
focus of interest in the other two clusters.

The second cluster is marked in black and placed on the left side of the picture. It includes
fourteen terms. They are, respectively, "assistance"; "challenge"; "function"; "future"; "human
robot interaction"; "implementation"; "robotic"; "safety"; "sar"; "stakeholder"; "task";
"usability"; "usefulness", and; "work". The future position of older adults in their communities
and society depends on their prolonged optimal functioning. This functioning of older adults
is concerning several important operability features: (i) assistance; (ii) safety, and; (iii)
usability. The quality of human-robot interaction is key to the acceptance of SARs by a larger
number of seniors. Accordingly, there are implementation challenges both in designing the
SAR technology, as well as in improving the perceived usefulness of this technology by older
adults. Therefore, the collaborative research efforts in this cluster can be characterized as
Technological and other implementation aspects as capabilities for SAR adoption and
economic value. The research also highlights the important role that other stakeholders play in

facilitating the adoption process, such as caregivers and clinicians.

The third cluster is highlighted in dark grey and placed on the right side of the picture. It
contains thirteen terms. The terms in this cluster include the following: "activity"; "assistive
technology"; "daily living"; "dementia"; "effectiveness"; "engagement"; "independence";
"intervention"; "loneliness"; "paro"; "quality"; "social interaction", and; "social robots". Thus,
the leitmotif of this cluster can be described as Overcoming social and psychological barriers
in aging through technology. The daily living of older people can be challenging. They often
suffer from dementia, which significantly limits their independence. Research has shown that
independence can be regained to some degree when older adults use assistive technology. The
SAR which is most frequently mentioned in the research is the PARO Therapeutic Robot.
SARs also encourage activity and engagement among their users. This social interaction, in
turn, reduces the risk of progression of various diseases such as dementia, as the elderly are
particularly affected by loneliness. Apart from loneliness, older people may also live alone or
find themselves alone in various situations. When help is needed in such a situation, their lives
may depend on quick intervention. Assistive technologies play an important role in ensuring
that help arrives in a timely manner. Therefore, the quality of daily life of elderly people can

be greatly improved with the help of socially assistive robots.

Conclusion

In summary, this study provides an overview of the roles and research topics related to SARs
for older adults. The identified main roles of SARs for older adults are: health monitoring;
activity facilitation; and well-being enhancement. Research topics mapped into clusters are
associated with: social awareness and perception of older adults; technological and other
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implementation aspects as capabilities for SAR adoption and economic value; and overcoming
social and psychological barriers in aging through technology. The findings on the roles of
SARs and the research topics on SARs for older adults can be considered complementary.
While the identified main roles offer insights into the potential benefits, the research topics
indicate the potential challenges of the SAR technology implementation. These research results
offer practical implications for policymakers, the leadership of health and social care
institutions, non-government organizations representatives, and other stakeholders involved in
the design and production of technological solutions for the aging population. Improved
understanding of the roles and research topics related to SARs would allow various
stakeholders to have more informed discussions about the potential benefits and challenges of
using SARs in enhancing the independence of older adults living both at home and in long-
term care facilities. Regarding the limitations of this study, since only review articles were
included in the content analysis, we recognize that the inclusion of original research studies
could result in the identification of additional specific roles of SARs. To further inform
policymakers and other stakeholders at the local and state levels, we recommend that future
research focus on examining country-specific ethical, legal, and technical factors related to the
potential use of SARs in elderly care. Exploring the attitudes and real needs of older adults is
essential to ensure that their well-being is prioritized when implementing SAR technology.
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