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ABSTRACT

As the global aging trend intensifies, the health and well-being of older adults
have gradually become a critical area of concern. Robotic technology, an innovative
technological approach, exhibits significant potential for enhancing older adults’
quality of life. An analysis and synthesis of research on robotics technology for older
adults are essential to provide theoretical insights and practical guidance. In this study,
we conducted a bibliometric analysis of 968 papers on robotic technology for older
adults. Using VOSviewer and CiteSpace, we identified four clusters of the foundational
theoretical framework by establishing a reference co-citation network. Furthermore,
we developed a keywords co-occurrence clustering network, which elucidated the
three primary research directions in robot technology for older adults: socio-technical
robotics, social acceptance and human factors, and emotional companionship. In
conclusion, our findings suggest four key directions for future research in this field: 1)
Enhancing user experience and acceptance among older adults; 2) Leveraging robotic
technology to address older adults’ psychophysical health issues; 3) Examining the
ethical challenges of robotic technology faced by older adults; and 4) Conducting
longitudinal experiments in real-life living environments to evaluate intervention
effectiveness of robotics technology.
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INTRODUCTION

According to the World Population Prospects 2022, the global proportion
of individuals aged 65 years and older is projected to rise from 10%
in 2022 to 16% in 2050, with approximately two-thirds of the global
population aged 60 and above projected to reside in low- and middle-income
countries by 2050 (World Health Organization, 2024). Population aging
represents a significant global challenge, characterized by the gradual decline
in physical functions among older adults; the main problems they face include
physical and cognitive decline, health problems, and psychological issues
(Robinson et al., 2014). In the context of rapidly evolving ICT (Information
Communication and Technology), robotics technologies, such as social
robots, have emerged as a promising strategy to alleviate the pressures of
an ageing society (Pollack, 2019).
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Robotic technology has become increasingly significant in enhancing the
quality of life for older adults (Shishehgar et al., 2018). Robots designed for
older adults can be broadly categorized into two types: healthcare robots
that facilitate rehabilitation exercises and support daily activities (Fasola &
Mataric, 2013), and social robots that assist the older adults with daily
tasks and enhance daily life (Robinson et al., 2014). Social robots can be
further categorised into service robots and companion robots. According
to Broekens et al. (2009), companion robots, such as the Japanese seal-
shaped robot Paro (Wada et al., 2003) and the Huggable (Stiehl et al., 2006),
are designed to promote physical and mental well-being and foster positive
emotions connection among older adults.

Existing studies regarding robotic technology for older adults are primarily
confined to particular contexts or functional dimensions (Wada et al.,
2004) (Robinson et al., 2013), with limited systematic analysis of the
evolutionary path and research landscape. Therefore, this study aims to
apply bibliometric analysis, utilizing CiteSpace and VOSviewer visualization
tools to conduct multi-dimensional quantitative analysis. Through this
mixed-method approach, this study reveals the current status, theoretical
foundations and essential research directions, thereby providing insights and
implications for both theoretical and practical research on robotic technology
for older adults.

METHODS

Bibliometric analysis is a quantitative, systematic and transparent review
method that enhances the rigour and reliability of the review (Nicolaisen,
2009; Rey-Martí et al., 2016). This study utilizes two bibliometric
visualization programs, VOSviewer and CiteSpace, to analyze research
development trends and establish mapping relationships (Meng et al., 2020;
Donthu et al., 2021).

The primary ‘Older adult’ and ‘Robots’, along with their alternative
terms, are listed in Table 1. The following study was based on the Web of
Science core database. To ensure comprehensive coverage of interdisciplinary
literature, all citation indices in the Web of Science were included, and no time
restrictions were applied. A total of 968 valid documents were retrieved up
to May 2023. These documents were screened according to the following
criteria: 1) relevant to the research topic; 2) completeness of key metadata
(e.g., publication year, keywords, authorship); and 3) removal of duplicates.
Only peer-reviewed articles and reviews written in English were retained.
The final dataset was then exported for further analysis.

Table 1: Query keywords in the web of science.

Related to “Older Adult” Related to “Social Robots”

“Older adult” OR “Older
people” OR “Elderly” OR
“Ageing” OR “Senior”

“Chat robot” OR “Social robots” OR “Robotic”
OR “Companion robot” OR “Assistive robot”
OR “Conversational robot” OR “Virtual robot”
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BIBLIOMETRIC RESULTS AND ANALYSIS

Reference Co-Citation

According to the statistical data, the 968 articles in the search scope cited
2876 authors and 22794 valid citations. The reference co-citation clustering
network was set to show the authors and publication time of the literature
with a minimum citation threshold of 17, that was selected empirically to
include core and highly cited references, while avoiding a co-citation network
that is either overly dense or too sparse. The numerous nodes finally formed
four clustering networks, as shown in Figure 1 (left), and the list of the five
most-cited papers from each cluster is available at Table 1 of supplementary
document.

Figure 1: Reference co-citation network (left) and keywords co-occurrence clustering
network (right), clearer version of the image is available at Figure 1.1 & Figure 1.2 of
supplementary document.

Cluster 1: The Adoption of Robotic Technology by Older Adults
The cluster comprises highly cited works on older adults’ adoption of robotic
technology. Fong et al. established the human-robot interaction principle and
evaluation methods, constructing the theoretical groundwork for socially
interacting robots (Fong et al., 2003). Building on these foundations, Feil-
Seifer and Matarić identified socially assistive robots, integrating social
interactions and assistive capabilities, and expanded the design space of robot
service (Feil-Seifer & Mataric, 2005).

With studies moving towards practical applications, the needs-matching
strategy proposed by Broadbent and Broekens’ effectiveness assessment,
jointly develops the theoretical guidance of healthcare robot design
(Broadbent et al., 2009; Broekens et al., 2009). Furthermore, Heerink (2010)
developed a robot acceptance evaluation framework specifically for older
adults, facilitating theory-to-practice translation.

Cluster 2: The Impacts of Robotic Technology on Psychophysical
Well-being and Social Engagement
This cluster examines the impact of social robots on older adults’ mental
health and social interactions. Bemelmans et al. (2012) systematically

https://docs.google.com/document/d/1dedhup2I3iL_IU9VwvMKki6Y6p_-zKKj/edit?usp\protect $\relax =$sharing&ouid~\protect $\relax =$~117748465463265288235&rtpof\protect $\relax =$true&sd\protect $\relax =$true
https://docs.google.com/document/d/1dedhup2I3iL_IU9VwvMKki6Y6p_-zKKj/edit?usp\protect $\relax =$sharing&ouid~\protect $\relax =$~117748465463265288235&rtpof\protect $\relax =$true&sd\protect $\relax =$true
https://docs.google.com/document/d/1dedhup2I3iL_IU9VwvMKki6Y6p_-zKKj/edit?usp\protect $\relax =$sharing&ouid~\protect $\relax =$~117748465463265288235&rtpof\protect $\relax =$true&sd\protect $\relax =$true
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reviewed the effects of companion-type robots on psychological and
physiological parameters. Kachouie et al. (2014) developed a multi-
level theoretical model for social assistive robots that provides clear
methodological guidance for following research and practices. Based on these
findings, Robinson et al. (2013) pioneered the use of randomized controlled
trial (RCT) to validate the effectiveness of Paro robot (an advanced interactive
robot developed by the intelligent systems research institute) intervention that
alleviates older adults’ loneliness. At the same time, Mordoch et al. (2013)
validated the substitute value of social robots in specific medical contexts
for dementia populations, demonstrating the breakthrough innovation of
robotic technology in conventional paradigms. Based on prior studies, Abdi
et al. (2018) summarized the functionalities of social robots and showcased
their potential intervention for older adults’ psychophysical well-being and
social engagement.

Cluster 3: The Application of Robotic Technology in Geriatric Supportive
Care
The research direction of highly cited literature in this cluster focused on the
application of robotic technology in care assistance for older adults.

Tamura et al. (2004) explored the effectiveness and usefulness of the
entertainment robot in the care of severe dementia. They concluded that the
entertainment robot could promote emotional expression and improve social
interaction and life satisfaction. Wada et al.’s study verified robot-assisted
activity in day care centers, finding that robot-assisted activities improve
older adults’ while reducing caregivers’ burden (Wada et al., 2004; Wada,
Shibata, Saito, & Tanie, 2003). Based on these findings, Wada and Shibata
conducted a longitudinal study of older adults living with seal robots -Paro,
examining the sociopsychological and physiological effects of seal robots -
Paro on older adults. Kidd et al. (2006) highlighted the practical application
of social robots as a technological tool to address social isolation in an ageing
society. These studies provided empirical evidence of social assistive robots
in elderly care, revealing potential value of intervention for older adults’ care
services.

Cluster 4: The Ethical and Privacy Issues Related to Robotic Technology
The highly cited literature in this cluster focuses on the ethical issues faced

by using social assistive robots in senior care. Cluster 4 is represented by the
article in Minds and Machine, which critically reflected on replacing human
care with robots, highlighting the irreplaceable role of human relationships
in elderly care (Sparrow & Sparrow, 2006). This critique established a
theoretical framework for subsequent ethical research. In this context, six
key ethical concerns in robotic healthcare for older adults were identified,
developing ethical principles for robotic healthcare (Sharkey & Sharkey,
2012). In addition, Vandemeulebroucke et al. investigated older adults’
perspectives on social assistive robots, focusing on inadequate humanized
care, privacy protection and autonomy considerations (Vandemeulebroucke
et al., 2017). From a technical design perspective, Feil-Seifer and Mataric
examined ethical considerations, highlighting the integration of privacy
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protection and decision-making authority in robot design (Feil-Seifer &
Mataric, 2005). With the development of nursing robot technology,
Sorell and Draper developed an ethical framework centered on autonomy,
exploring the robot’s presence in nursing care while emphasizing the necessity
of prioritizing older adults’ needs and privacy protection (Sorell & Draper,
2014). The ethical principle needs continuous examination as changing
cultural backgrounds and usage contexts. These studies provide essential
theoretical guidance for the practical application of robotic technology.

KEYWORDS ANALYSIS

The keywords extracted from the literature provide an overview of research
themes, and the keywords co-occurrence network shows the research hotspot
in robotic technology for older adults. The analysis identified 204 keyword
nodes and 4243 links, forming three distinct clusters. The results are
presented in Figure 1 (right) and Table 2.

Table 2: Cluster keywords.

Cluster Cluster Label No. of Keywords Keywords

1 Socio-
Technical
Robotics

72 Social robots, human-robot
interaction, social assistive robot,
ethics, health-care robots, cognition,
emotions, robot therapy

2 Social
Acceptance
and Human
Factors

63 Acceptability, assistive technology,
attitudes, stereotype, trust,
perceptions, behaviour, autonomy

3 Emotional
Companionship

67 Older adults, dementia, companion,
loneliness, robotic pet, depression,
quality-of-life, nursing home,
intervention

Cluster #1 (Red): Socio-Technical Robotics

The study of dynamic interaction between humans and social robots is
defined as human-robot interaction (Feil-Seifer & Matarić, 2011). A robot
becomes “social” when equipped with specific communication capabilities
designed for social interaction (Hegel et al., 2009). Compared with robots,
social robots integrate social features as core functionalities alongside
technical capabilities. Hegal et al. (2009) conceptualized social robots
through a framework combining robots with “social interface”- features
enabling social interaction. However, Vincent et al. (2015) argued that
effective social interactions require robots to adhere to cultural norms and
social values. Although robotics technology has demonstrated potential for
improving older adults’ quality of life, interaction challenges remain between
humans and robots (Olaronke et al., 2017).
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Cluster #2 (Green): Social Acceptance and Human Factors

Understanding users’ psychological demands and acceptance is crucial
in developing social robots as an innovative human-robot interaction
technology. Based on the Technology Acceptance Model (TAM) (Davis,
1989), de Graaf & Allouch examined key variables affecting social robot
acceptance, identifying core influential factors, including utilitarian and
hedonic factors. These factors directly or indirectly influence users’ attitudes
and behavioural intentions, providing a theoretical framework for analyzing
user acceptance behaviour (de Graaf & Ben Allouch, 2013). Broadbent
et al. (2009) investigated social robot acceptance from a characteristic-based
perspective, revealing that robot characteristics and user needs are important
factors.

In terms of evaluation tools, Krägeloh et al. (2019) conducted a systematic
review of measurement and determined that, although there is a growing
variety of measurement tools, further research is needed to improve
their reliability and efficiency. Nomura et al. (2006) focused on negative
attitudes towards robots, they developed and validated a negative attitude
scale comprising three dimensions: negative attitude towards situations of
interaction with robots, negative attitude towards the social influence, and
negative attitude towards emotions in interaction with robots, providing
reliable tool for assessing human negative attitudes towards communication
robots.

Although current research has established systematic frameworks for
evaluating social robotic technology, with the breakthroughs of large
language models and artificial intelligence, social robots will transform
from basic interactive tools to multi-agent systems with advanced cognitive
and decision-making capabilities. Future research should concentrate on
integrating the trust dynamics and psychological adaptation mechanisms in
human-robot collaboration into evaluation frameworks.

Cluster #3 (Blue): Emotional Companionship

With the development of human-robot interaction, pet-robot intervention
(PRI) has been gradually applied as a psychological intervention. There are
emotional benefits to interacting with pets or animals, and the literature
suggests that animal assisted therapy (AAT) is effective in reducing the
behavioural and psychological symptoms of dementia (BPSD) (Hu et al.,
2018). Based on the AAT theoretical framework, pet robot intervention
(PRI) presents an alternative. The companion robots, such as the seal
robot -Paro, provide users with pet-like companionship (Wada & Shibata,
2007). These robots enhance the physical and mental health of older
adults and facilitate social interaction. Some studies have confirmed their
clinical effectiveness: In a pilot randomized trial, Liang et al. (2017)
found that Paro robots are effective in improving emotional problems and
social interaction among dementia patients in community settings, assisting
caregivers in enhancing quality of care and increase older adults’ quality
of life (Bemelmans et al., 2015). Moyle et al.’s (2013) research further
demonstrated that Paro robots, as therapeutic companions, can enhance
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older adults’ participation in activities, which is an effective treatment
strategy for dementia patients. Furthermore, these companion robots utilize
integrated sensors and software systems to monitor and analyze users’ vital
signs during interactions (Valentí Soler et al., 2015).

However, some scholars are sceptical about pet companion robots. Weber
argues that pet robots might lead to impoverished lives of older adults and
result in stereotyped social behaviours (Weber, 2005). In contrast to real
animals and pets, pet companion robots as substitutes may cause older adults
to feel cheated and affect their self-esteem (Sharkey, 2014).

Although significant progress has been made in research on pet companion
robots for patients with dementia, further in-depth studies are still needed in
areas such as usage patterns analysis and long-term effectiveness evaluation
to optimize human-robot interaction outcomes and enhance therapeutic
benefits for older adults.

CITESPACE ANALYSIS AND TIME ZONE VIEW

The time zone view and keywords burst term are temporal analytical tools
for analyzing keywords evolution. Cross-referencing these methods enhances
the reliability and precision of temporal analysis (Kleinberg, 2002). Figure 2
(left) illustrates the statistical analysis of keyword temporal distribution,
generating a time zone view that visualizes the thematic evolution of research
on older adults and social robots across period.

Based on the integrated analysis of keywords time zone view and burst
term in Figure 2, our findings suggest that future work should focus on
1) Enhancing user experience and robotic technology acceptance among
older adults; 2) Leveraging robotic technology to address older adults’
psychophysical health issues; 3) Examining the ethical challenges of robotic
technology faced by older adults; 4) Conducting longitudinal experiments in
real-life living environments to evaluate intervention effectiveness of robotics
technology.

Figure 2: Keywords time zone view (left) & keywords burst term (right); clearer version
of the image is available at Figure 2.1& Figure 2.2 of supplementary document.

https://docs.google.com/document/d/1dedhup2I3iL_IU9VwvMKki6Y6p_-zKKj/edit?usp\protect $\relax =$sharing&ouid~\protect $\relax =$~117748465463265288235&rtpof\protect $\relax =$true&sd\protect $\relax =$true
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CONCLUSION

In this study, we conducted a bibliometric analysis towards robotics
technology for older adults, identifying four theoretical framework clusters
through reference co-citation. Furthermore, we developed a keywords co-
occurrence network that elucidates three research hotspots in this field:
socio-technical robotics, social acceptance, human factors and emotional
companionship. Lastly, we proposed four research directions to guide future
research on robotics technology for older adults and contribute to enhancing
their quality of life.
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