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Abstract. The world’s population is ageing, and the number of younger peo-
ple available to care for the older population is decreasing. Digital technolo-
gies, particularly robotic technologies, are considered an important part of the 
solution to this looming problem. This chapter reviews some of the research 
over the last decade (2013 – 2023) on the development and evaluation of per-
sonal robots to assist older people living independently. The research is di-
vided into three areas: that on older people’s needs and desires in relation to 
personal robots and their attitudes towards robots; their reactions to personal 
robots after a brief experience with them; and the evaluation of older people’s 
longer-term use of personal robots. Strengths and weaknesses of the research 
are discussed, as well as areas of need for further research. 

Robotertechnologien zur Unterstützung älterer Menschen  
selbstständig zu leben 

Zusammenfassung. Die Weltbevölkerung altert und die Zahl der jüngeren 
Menschen, die für die Pflege der älteren Bevölkerung zur Verfügung stehen, 
nimmt ab. Digitale Technologien, insbesondere Robotertechnologien, gelten 
als wichtiger Teil der Lösung für dieses drohende Problem. Dieses Kapitel gibt 
einen Überblick über die Forschung der letzten zehn Jahre (2013 - 2023) zur 
Entwicklung und Bewertung von persönlichen Robotern, die ältere Menschen 
dabei unterstützen, ein unabhängiges Leben zu führen. Die Forschung ist in 
drei Bereiche unterteilt: die Bedürfnisse und Wünsche älterer Menschen in Be-
zug auf persönliche Roboter und ihre Einstellung zu Robotern; ihre Reaktionen 
auf persönliche Roboter nach kurzer Erfahrung mit ihnen; und die Bewertung 
der längerfristigen Nutzung persönlicher Roboter durch ältere Menschen. Stär-
ken und Schwächen der Forschung werden diskutiert, ebenso wie Bereiche, in 
denen weitere Forschung notwendig ist.  
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1 Introduction 

It is well known that the world’s population is ageing, particularly in the more devel-
oped countries. The United Nations estimates that in 2020, there were approximately 
727 million people aged 65 or over worldwide, approximately 9% of the population. 
65 years is a widely used, if rather arbitrary, indicator for the beginning of old age 
(see Section 2). By 2050, it is estimated there will be 1.5 billion older people, approx-
imately 16% of the population (United Nations 2022). This may not seem like a dra-
matic increase, but what needs to be considered is the Potential Support Ratio (PSR), 
also known as the Old Age Dependency Ratio (Skirbekk et al. 2022). This is the ratio 
of the number of people of working age (i.e. those who produce most of the wealth 
in a society and who are also available as carers for older people who need support) 
to the number of older people (Central Intelligence Agency 2021). Europe currently 
has a PSR of approximately four younger people to each older person, although many 
European countries have a PSR of less than three younger people to each older person. 
However, by 2050, most developed countries will have a PSR of only two young people 
to each older person, which will require dramatic changes in the way we care for our 
older population.  
Technology is often seen as a major part of the solution to this problem of how to 
support the older population (Schulz et al. 2015), with the concept of ambient (or 
active) assisted living (AAL) emerging as early as the 1970s (Monekosso, Florez-Re-
vuelta, and Remagnino 2015) to describe “the use of information and communication 
technologies in people’s daily living and working environment to enable them to stay 
active longer, remain socially connected, and live independently into old age” (Ambi-
ent Assisted Living Association n. d.). The term “ageing in place” also emerged in the 
1980s, particularly among researchers in North America, became widely used from in 
the 2000s onwards (Vasunilashorn et al. 2012). This captures an important point, as 
most older people wish to live independently in their own homes for as long as pos-
sible (Gonyea and Burnes 2013; Ilinca, Leichsenring, and Rodrigues 2015; Teti et al. 
2014) and this may in the near term be less expensive for society (Marek et al. 2012; 
A. Sixsmith and J. Sixsmith 2008) but as the number of people of working age shrinks 
in relation to the number of older people (i.e. the PSR goes down), the cost of human 
support to facilitate such ageing in place inevitably increases and this situation may 
no longer hold. Thus, technologies are seen as a cost-effective supplement or alter-
native to human support. The COVID-19 pandemic, with its worldwide lockdowns and 
social isolation, has seen a further increase in the relevance and motivation to under-
stand how technological support can be provided to older people and to find solutions 
to combat the societal challenge of supporting the aging population. 
One particular type of technology which has attracted considerable attention in this 
area is robotic technology. Numerous countries and governments have strongly pro-
moted research and development of robots to support older people. For example, in 
the European Union, the Horizon 2020 Robotics Roadmap has a Healthcare domain 
and an Assistive Robotics subdomain (European Commission 2023). The USA has also 
had a Robotics Roadmap, initiated in 2009 and updated a number of times since, 
most recently in 2020 (Christensen et al. 2021), which includes developing robotic 
technologies to support older people. Particularly important is research in Japan, with 
currently one of the world’s most serious ageing population problem, which has sup-
ported over two decades of intense research, both publicly and privately funded, on 
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robotics. By 2018 the Japanese government had invested over USD 300 million in 
robotics research and development (Wright 2023). China is another country with an 
acute ageing problem, due in part to greatly increased life expectancy and partly to 
the one-child policy implemented in the 1970s (Peng 2021). There is also growing 
interest in research into robotics for older people. However, evaluation of research 
from Japan suggests that providing robots to older people has not been as successful 
as anticipated in the 1980s. The area faces many challenges and needs careful and 
considered design and evaluation of potential products (Wright 2023).  
This chapter will review some recent research on the development of robots for older 
people, the strengths and weaknesses of the research and issues which still need to 
be addressed. However, first, we need to consider two fundamental questions: who 
are older people and what are robots? 

2 What is old age and what are robots? 

Researchers often take the age of 65 years, the traditional retirement age in many 
countries, as the beginning of old age. However, it is clear that there are many factors 
influencing the human ageing process and many cultural differences in the perception 
of ageing. Researchers also often acknowledge that this is a very arbitrary criterion. 
People in many societies are now healthier for longer in life, may work longer or have 
very active retirements. Researchers in medical gerontology and related fields often 
divide older people (considered a more respectful term in English than old people or 
elderly people) into a number of distinct sub-groups: the young old (typically people 
65 – 74 years), the old (75 to 84 years) and the oldest old (85 and over), although 
there is variation in the terms used and the ages associated with these labels (Kydd 
et al. 2020). These divisions are not arbitrary. Typically, people in the young-old group 
are able to live independently with little or no support and have reasonable health, 
although they may be noticing the effects of ageing; people in the old group may well 
experience health issues and need some support to live independently; and those in 
the oldest old group usually need considerable support to live independently and may 
far better in a more supported living environment. Such a nuanced approach to the 
definition of old age has not yet reached robotics research but would be good to 
consider as we move forward. 

In relation to the use of digital technologies such as robots, there are further consid-
erations about old age that need to be taken into account. For example, consider the 
fact that someone who is 65 in 2024 was born in 1960, turned 18 in 1978, and per-
haps will be just on the point of retirement. Whereas someone who is 85 in 2024 was 
born in 1940, turned 18 in 1958, and retired in 2005. The typical experience of digital 
technology of these two people is likely to be very different, although, of course, this 
also depends on their cultural and economic context. But thinking of people in a typ-
ically developed world context, the 65-year-old may well have had experience with 
personal computers for much of their working life, with the internet and web since 
their early 40s (given these technologies became widely used by about 2000) and 
mobile and smartphones since their mid-40s. So, they may well be quite familiar with 
new digital technologies, both their benefits and their challenges. Whereas the 85-
year-old would only have experienced these new technologies much later in their adult 
lives and were likely retired as the age of smartphones and apps was beginning (given 
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that the first iPhone was launched in 2007). So, they may be much less familiar and 
comfortable with the idea of personal digital technologies. These are generalisations, 
as older people who never had any experience with new technologies are often intro-
duced to them by their adult children, and the COVID-19 pandemic showed that when 
the use of technology becomes the only option for achieving a task, whether it is 
communicating with friends and relatives or ordering groceries or medicines, many 
more people, including older people, will adopt them (Haase et al. 2021; Sixsmith  
et al. 2022). However, it is important to consider the effects of the last 50 years of 
technological developments and people’s likely experience of them. Perhaps, when 
considering the development of technologies such as robots, we should consider the 
likely digital technology life experiences of older people in different age bands, rather 
than their likely health status, as used in medical gerontology. This argument is de-
veloped in more detail in Petrie (2023). 
Turning to the term robot, many people, particularly older people, may have an image 
of larger-than life and rather scary humanoid machine, a modern version (e.g. Figure 
1).  

 
Figure 1 TOPIO By Humanrobo - Own work, CC BY-SA 3.0, https://commons.wikimedia.org/w/in-
dex.php?curid=18947366 

However, robots being researched and developed for older people now come in many 
shapes and sizes. Sometimes even voice-only systems such as Alexa from Amazon 
and Siri from Apple are considered robots (although out of scope for the present 
discussion). In addition to more friendly-looking humanoid (or vaguely humanoid) ro-
bots (e.g., Figure 2a), robots for personal use now are often in the form of a pet. For 
example, Aibo is a well-known robot that looks somewhat like a dog (Figure 2b); PARO 
looks very like a baby seal (Figure 2c); and MiRo is deliberately a small mammal, but 
not of a specific species (Figure 2d).  

https://commons.wikimedia.org/w/index.php?curid=18947366
https://commons.wikimedia.org/w/index.php?curid=18947366
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Figure 2 (a) Pepper, example of a humanoid robot; (b) Aibo, example of a pet dog robot; (c) PARO, 
the baby seal like robot; (d) MiRo, a non-specific animal robot; © Helen Petrie, except c: Ger-
aldshields11, CC BY-SA 4.0, via Wikimedia Commons 

In the research literature, the term robot is often used as an umbrella term with a 
description of the functionality preceding the basic word. Social robot, assistive robot, 
or socially assistive robot are commonly used terms. Petrie, Darzentas, and Carmien 
(2018) found that there were nearly 30 terms used in relation to robotic research for 
older people. While they suggest a classification of robots, both physical and virtual, 
we propose a more general term to refer to the technologies discussed in this chapter: 
personal robot. This term allows us to refer to all the different types of robots and 
robot-like devices now available, while not focusing particularly on their function or 
size. In addition, we feel this term provides a less stigmatizing term such as (socially) 
assistive robot. 
The research on personal robots for older people has investigated many functions 
that the robots may do for the users or assist with. These can be divided into three 
broad areas: task-oriented functions, performing, or helping to perform tasks; com-
panionship functions; and monitoring functions (Sharkey and Sharkey 2012). The 
task-oriented functions can be divided into two further areas, cognitive and physical 
tasks. Cognitive tasks include reminders, for example, for older people to take their 
medications, keep appointments and anything else important in their lives they need 
reminding about; providing information, from a weather report to reading a novel; 
physical tasks include fetching objects, cleaning, guiding exercise (this may also in-
volve a reminder task to do some exercise), even a partner to take a walk with (which 
may also be a companionship function, see Karunarathne et al. 2019). Companionship 
functions include providing entertainment, such as dancing with the older person, 
playing games with the older person, or indirectly supporting companionship, by us-
ing communication technologies to connect with family members and friends. Moni-
toring functioning includes monitoring the older person for falls, high blood pressure 
or other indicators of health problems (and this may include notification of carers or 
medical personnel) or monitoring the environment, for example checking whether the 
water taps and electrical appliances have been switched off, windows or doors shut 
or locked as appropriate. Of course, as has already been illustrated, some functions 
involve a mixture of task types, some personal robots provide a mixture of different 
functions, and some only provide a very specific sub-set of functions. 

https://creativecommons.org/licenses/by-sa/4.0/
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However, for older people to use any of these functions, the idea of a personal robot 
and the particular type of robot needs to be acceptable, useful and usable for them. 
In human-computer interaction, there is the adage that “useful and usable equals 
used” (Dix 2008). This adage is very appropriate in the development of technologies 
and personal robots for older people. There is much technical development of solu-
tions, but perhaps insufficient investigation of whether these solutions will be useful 
to older people, whether they will be usable and hence whether they will be used. 
Clearly, in the area of personal robots for older people, these three concepts pose 
many problems for research to be able to address effectively. Thus, the rest of this 
chapter will be divided into three sections, firstly looking at research which has inves-
tigated what older people actually need and desire from personal robots and their 
attitudes toward them; then, reviewing research which has studied older people’s in-
itial reactions to personal robots, after short-term experience with a personal robot; 
and finally, studies which have investigated longer term use of personal robots by 
older people, an area very difficult to study, but vitally important for understanding 
how personal robots will help older people in the future. 

3 Questionnaires used in research on robots for older people 

Before turning to the research, it is useful to consider the questionnaires that are 
commonly used in this area, as these feature frequently in the research literature. A 
number of questionnaires have been developed to assess people’s attitudes to robots. 
These are often used in research with older people, although they have not necessarily 
been validated with this age group or for the cultures in which they are being used. 

The most widely used set of questionnaires in the general field of human-robot inter-
action is the strangely named Godspeed questionnaires (Bartneck et al. 2009; Bartneck 
2023). Although they appear to be one questionnaire with a set of sub-scales, the 
parts were developed separately, so they can be used as stand-alone questionnaires 
if this is needed. The questionnaires are: Anthropomorphism, Animacy, Likeability, 
Perceived Intelligence, and Perceived Safety. These questionnaires drew on earlier in-
dividually validated questionnaires, but subsequently considerable work has been un-
dertaken to validate their use in robotics research. 

Two other widely used questionnaires were developed in Japan by Nomura and col-
leagues (Nomura et al. 2006a, 2006b), the Negative Attitudes Towards Robots Scale 
(NARS) and the Robot Anxiety Scale (RAS). These scales were initially validated by 
conducting an experiment with 38 Japanese university students in which they com-
pleted both scales before and after an interaction with a humanoid robot. It is not 
clear whether they have been validated with more diverse samples in other cultures, 
for example in Europe or North America. The NARS contains three sub-scales: Nega-
tive Attitudes toward Situations of Interaction with Robots, Negative Attitudes toward 
the Social Influence of Robots, and Negative Attitudes toward Emotions in Interaction 
with Robots. The RAS also contains three sub-scales: Anxiety toward Communication 
Capability of robots, Anxiety toward Behavioural Characteristics of Robots, and Anxi-
ety toward Discourse with Robots. 

The Robot Attitudes Scale (also abbreviated to RAS) was developed by Broadbent et 
al. (2010) which they have used in a number of studies about robots for older people. 
This scale consists of 12 semantic differential pairs, which participants rate on eight-
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point scales, with the attribute opposites as anchors, for example friendly (1) - un-
friendly (8). 

The most developed framework for understanding attitudes to robots by older people 
was developed by Heerink and colleagues (Heerink et al. 2008, 2009, 2010). Their 
Almere model was based on the Technology Acceptance Model (TAM) developed by 
Davis (Younghwa, Kozar, and Larsen 2003) and the extension of TAM, the Unified 
Theory of Acceptance and Use of Technology (UTUAT) model (Venkatesh, Morris, and 
Davis 2003). The Almere model questionnaire includes 41 items divided into 12 dif-
ferent constructs (see Table 1). Different parts of the model were validated in four 
experiments with older adults and different social robots. The authors argued that 
the final model showed predictive strength and solid constructs, being able to reliably 
predict the acceptance of assistive social robots. Many studies about robots for older 
people have used or adapted the Almere model, sometimes selecting only specific 
constructs that are of interest. 

Table 1 Almere model constructs (from Heerink et al. 2010) 

Construct Definition 
Anxiety 
ANX 

Evoking anxious or emotional reactions 
when using the system 

Attitude 
ATT 

Positive or negative feelings about the ap-
pliance of the technology 

Facilitating 
Conditions 
FC 

Objective factors in the environment that 
facilitate using the system 

Intention to 
Use ITU 

The outspoken intention to use the sys-
tem over a longer period of time 

Perceived 
Adaptability 
PAD 

The perceived ability of the system to be 
adaptive to the changing needs of the 
user 

Perceived En-
joyment 
PENJ 

Feelings of joy or pleasure associated by 
the user with the use of the system 

Perceived 
Ease of Use 
PEOU 

The degree to which the user believes that 
using the system would be free of effort 

Perceived So-
ciability PS 

The perceived ability of the system to per-
form sociable behaviour 

Perceived Use-
fulness PU 

The degree to which a person believes 
that using the system would enhance his 
or her daily activities 

Social Influ-
ence SI 

The user’s perception of how people who 
are important to him/her think about 
him/her using the system 

Social Pres-
ence SP 

The experience of sensing a social entity 
when interacting with the system 

Trust The belief that the system performs with 
personal integrity and reliability 
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4 Research on personal robots for older people living inde-
pendently 

There is a large body of research on the development and evaluation of robots for 
older people. There have already been numerous reviews of this research over the 
years, trying to encapsulate different aspects of the research (Abdi et al. 2018; Conti, 
Di Nuovo, and Di Nuovo 2021; Frennert and Östlund 2014; Guerra et al. 2022; Ka-
chouie et al. 2014; Pedersen, Reid, and Aspevig 2018; Petrie and Darzentas 2017; 
Robinson, MacDonald, and Broadbent 2014; Shishehgar, Kerr, and Blake 2018; 
Vandemeulebroucke, Dzi, and Gastmans 2021). We are in the process of undertaking 
our own up-to-date review of the research on robots to support older people living 
independently, so in the following sections, we present a reasonably representative 
sample of the research on personal robots for older people living independently. We 
have excluded research to support older people with dementia and other severe cog-
nitive and physical disabilities, as these important topics need separate consideration. 
We also restrict ourselves to reasonably recent research, conducted in the last decade 
(2013 – 2023). 

4.1 Older people’s needs and desires in relation to personal robots and 
attitudes towards them 

This section will consider research which has investigated older people’s needs and 
desires in relation to personal robots, and their attitudes to robot technology, in sit-
uations in which the participants do not actually have any experience with robots. 
They may have simply been asked their wishes or views, they may have been given a 
verbal description of a type of robot or shown photos or videos, but they did not 
experience interacting with a robot as part of the study. This is of course a typical 
first step in user- or human-centred design lifecycles (International Organization for 
Standardization 2019). In relation to the overall programme of research on robots for 
older people, it has both advantages and disadvantages. On the one hand it is im-
portant to understand what older people want robots to do for them, as developing 
such functionality should increase acceptability and use. On the other hand, due to 
the perhaps somewhat unrealistic portrayal of robots in the mass media, older people 
may have misconceptions about them until they are able to interact with them in-
depth. Thus, we are caught in something of a vicious circle, of potentially developing 
robot functionality, which is not desired by older people (as noted by Søraa et al. 
2023), which might lead to rejection of robots or failure to dispel misconceptions 
about robots which might also lead to rejection. 
Thirteen research studies on older people’s needs, desires and attitudes about per-
sonal robots are summarized in Table 2. One of the strengths of recent research in 
this area is that it is conducted in many parts of the world, thus reflecting the diversity 
of situations of older people in different cultures. These 13 studies were conducted 
in 10 different countries, and although there is some bias towards the English speak-
ing countries perhaps because we only reviewed papers published in English. How-
ever, there is representation from a range of European countries (Germany, Sweden, 
and Switzerland) and East Asian countries (China, Japan, and Korea). However, the 
weakness is there is such a variety of methods and topics of investigation, that it is 
very hard to make any direct comparisons between studies.
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Table 2 Research on older people’s needs and desires for personal robots and attitudes to robots (Participants is abbreviated to P for brevity) 

Authors 
Year 
Location 

Study design Measures taken Participants 
Number 
Age – range (mean) 
% female participants 
Other inclusion criteria 

Key Results 

Smarr et al. 2014 
USA 

Structured group inter-
views including 8 minute 
video of robot (PR2) per-
forming tasks and demon-
strating its capabilities  
 
Brainstorming on assis-
tance robots could provide 
in the home 

Assistance Preference 
Checklist (compared pref-
erences for a human or a 
robot doing 48 home-
based tasks) 
 
Developed 12 item Robot 
Opinion Questionnaire 
(based on TAM) to meas-
ure perceived usefulness, 
perceived ease of use (7-
point Likert items) 
 
Analysis of brainstorming 
of assistance (type of anal-
ysis not described) 
 

21  
63 – 95 (mean: 80.25) 
71.4 % F 
Living independently 

Ps positive about robots in 
general: medians of 5 or 6 
on ratings perceived use-
fulness and perceived ease 
of use.  
 
Ps generated 121 tasks 
they wanted a robot to 
perform, most common 
categories: Clean, Remind, 
Straighten/organise, bring, 
pick up, select/pick, con-
nect, make, play, walk. 
 
Robot vs Human prefer-
ences – preferred robot for 
a range of object manipu-
lation tasks, information 
management tasks and 
household chores; pre-
ferred human for more 
personal tasks (e.g. eating, 
brushing teeth), social 
tasks (being entertained, 
call family/friends), and 
health tasks (e.g. exercise, 
take medicine) 
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Authors 
Year 
Location 

Study design Measures taken Participants 
Number 
Age – range (mean) 
% female participants 
Other inclusion criteria 

Key Results 

Lazar et al. 2016 
USA 

Focus groups with initial 
drawing/description of 
ideal robotic pet 
 
Discussion of what Ps 
thought of the idea of hav-
ing a robotic pet, whether 
they would 
consider having one, 
whether they would want 
to interact 
with one, and how they 
would want to interact 
with it, any perceived con-
cerns such as privacy, 
maintenance, and pets re-
placing human 
contact 
 
Midway, handling of 6 ro-
botic pets, not designed 
specifically for older peo-
ple 
(the pets were handled, 
but there was no other in-
teraction with the pets) 

Thematic analysis of dis-
cussions 
 
No separate analysis of the 
drawings/descriptions of 
the ideal robotic pet  
 
 

41 
61 – 92 (mean: 77) 
83.4 % F 
Living independently, var-
ied income levels  

Themes which emerged:  
(1) deriving comfort and 
companionship from a ro-
botic 
pet requires giving into 
the fiction of it, which is a 
choice 
(2) rather than alleviating 
loneliness and 
social isolation, robotic 
pets may provide social 
entertainment and facili-
tate opportunities for so-
cial 
interaction  
(3) the functional support 
of robotic pets is 
appealing, but participants 
valued reciprocity inherent 
in caring for a pet and the 
relationship that it creates. 
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Authors 
Year 
Location 

Study design Measures taken Participants 
Number 
Age – range (mean) 
% female participants 
Other inclusion criteria 

Key Results 

Leong and Johnston 2016 
Australia 

Group 1: Interviews, fol-
lowed by 3 co-design work-
shops 
 
Group 2: two workshops 
presenting the outcome of 
Group 1 work 

Group 1: interviews and 1st 
workshop identified a ro-
bot dog as a possible fo-
cus; 2nd and 3rd workshops 
developed scenarios of use 
for the robot dog. 
 
Group 2: qualitative evalua-
tion of the scenarios 

Group 1: 8 
Group 2: 16 
 
Group 1: 65 – 75 
Group 2: 65 – 90 
 
Group 1: 50 % F, Group 2: 
no information given 
 
No further information 

87.5 % of Group 2 were 
positive about the robot 
dog, 25 % wanted one im-
mediately 
 
Many felt owning such a 
dog would give them admi-
ration from their peers and 
more importantly, their 
grandchildren 
 
Many of them could also 
imagine different ways in 
which a robot dog might be 
useful in their everyday 
lives, e.g. 
strengthen a sense of secu-
rity when they are home 
alone. 
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Authors 
Year 
Location 

Study design Measures taken Participants 
Number 
Age – range (mean) 
% female participants 
Other inclusion criteria 

Key Results 

Lehoux and Grimard 2018 
Canada 

Workshops with 3 minute 
video of 3 scenarios of an 
older person interacting 
with a robot  
 
Discussion of how robots 
could help older people 

Comments on video made 
immediately, group discus-
sion, comments made after 
workshop 

Total: 46 
18 – 29: 9 
30 – 39: 6 
40 – 49: 3 
50 – 59: 7 
60 – 69: 17 
70 +: 4 
 
No gender breakdown by 
age, but overall 72 % F 
Variety of educational lev-
els, incomes 

Wide range of tasks pro-
posed that a robot could 
help with: monitoring and 
safety, activities of daily 
living, social activities and 
emotional support.  
 
Did not want to anthropo-
morphize a non-sentient 
entity 

Backonja et al. 2018 
 
also discussed in: 
Hall et al. 2019 
 
USA 
 
 

Questionnaire distributed 
in public spaces and com-
munity centres for older 
people 
 
20 closed questions, 1 
open-ended question. Only 
a text explaining the term 
robot. 
 
 

Thematic analysis of open-
ended questions. 

Total: 499 
Young: 322; Middle-aged: 
50; 
Older: 102 
 
Young: 18 - 44;  
Middle-aged: 45 - 64; 
Older: 65 – 98 
 
Older: 69.6 % F 

Older participants are 
most comfortable with 
these roles for a robot: 
Acting as companionship, 
for example, telling sto-
ries,  
Acting as social compan-
ions, for example, a ro-
botic pet dog or cat, 
Providing medical advice, 
Escorting you around a 
town or city, for example 
to stores 
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Authors 
Year 
Location 

Study design Measures taken Participants 
Number 
Age – range (mean) 
% female participants 
Other inclusion criteria 

Key Results 

Lugrin, Rosenthal-von der 
Pütten, and Hahn 2019 
Germany 

Individual interviews with 
8 videos showing different 
interaction contexts (e.g. a 
birthday party, two friends 
playing a card game, two 
friends chatting 
about the good old times) 

For each context, analysed 
whether Ps thought a ro-
bot should deliver a re-
minder (4 different kinds 
of reminder: message deli-
cate/non-delicate, appoint-
ment urgent/non-urgent), 
and if so how should the 
reminder be delivered 

8 
No range (mean: 75) 
62. 5% F 
Supported living home 

The different contexts and 
message types both had 
effects on the answers, as 
well as other contextual 
factors such as level of 
background noise, ability 
to concentrate in a particu-
lar context and relation-
ship to other people in the 
situation. 
 
Difficult to generate gen-
eral principles from this 
set of contexts/messages. 

Park et al. 2019 
Korea 

Survey: 8 items (scored 0 – 
10) about acceptance and 
need for robot technology 
in areas such as: early de-
tection 
of emergency situations 
and reacting to emergency 
situations in time, locating 
objects, assisting with mo-
bility, recording and re-
calling memories. 
 

Quantitative analysis of 
survey data. 
 
Thematic analysis of focus 
group discussions. 
 

Survey: 234 
Focus groups: 23 (sampled 
from the survey respond-
ents) 

Survey: 65 – 96 (mean: 
75.7) 

Focus groups: 66 – 85 
(mean: 75.5) 
Survey: 70.9 % F 
Focus groups:  
Community-dwelling 

Need for and acceptance 
of robots to assist in daily 
living were high (scores of 
7.2 and 7.9).  
Also important: timely re-
action to emergency 
situations, early detection 
of emergency situations, 
help to locate objects, as-
sistance with mobility, as-
sistance in 
memory recall. 
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Authors 
Year 
Location 

Study design Measures taken Participants 
Number 
Age – range (mean) 
% female participants 
Other inclusion criteria 

Key Results 

No mention of explanation 
of robots, photos or vid-
eos. 
 
Focus groups: included 3 
video clips - Pepper, Paro 
and exoskeleton robots.  
 
Discussion topics included 
aspects of daily life most 
requiring another person’s 
assistance, if a robot were 
capable of assisting daily 
life, what aspect would Ps 
prioritize, how could a ro-
bot can help in regard 
to most pressing needs. 

Analysis of focus group 
discussion found a ‘mis-
match between desires 
and functional capacity’ 
was the core characteristic 
of living as an older per-
son and ‘being a friend 
and helper’ was the most 
desired trait of a robot ser-
vice. 

Biswas et al. 2020 
UK 

Survey with 6 videos of an 
actor interacting with a ro-
bot (Metralabs SCITOS G5), 
some successful interac-
tions, some not; interac-
tion with robot was 
through voice or a tablet 
computer. 
 

12 item questionnaire (7 
open questions, 5 closed) 
asking about their choice 
for a multimodal interface 
in these situations. 
 
General questions e.g. 
possible uses for robots in 
the home 
 

Total: 114 
 
21 and under: 24; 22 – 
64:72; 65 and over: 18 
 
No means 
No gender information 
 
Older Ps were living in 
sheltered housing 
 

Older Ps preferred voice 
interaction to tablet (72.2 
%) and were more likely to 
want a robot for their 
household compared to 
younger participants (83.3 
% vs 55.2 %). 
 
The most popular use of a 
robot was for household 
tasks 
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Authors 
Year 
Location 

Study design Measures taken Participants 
Number 
Age – range (mean) 
% female participants 
Other inclusion criteria 

Key Results 

General questions e.g. 
possible uses for robots in 
the home 

e.g. vacuum cleaning the 
floor, and personal 
tasks, e.g. reminding Ps to 
take their medicine. 
 
Some (mostly younger) 
people suggested robots 
could help 
communicate with other 
people, organize email etc.  

Frennert and Östlund 2020 
Sweden 

Focus groups including 
video of a robot  

Thematic type analysis of 
discussion, questionnaire 
about perceptions of the 
robot 

31 
70 – 85 (mean: 76.8) 
55 % F 
 
 

4 themes emerged from 
discussions:  
(1) potential of using ro-
bots in health and elderly 
care  
(2) concerns about using 
robots in health and el-
derly care 
(3) pre-conditions for us-
ing a robot 
4) barriers to using a robot 
 
 

Lehmann, Ruf, and Misoch 
2020 
Switzerland 

Presentations of vignettes 
with pictures of 4 robots 
(human-like, machine-like, 
mechanical-human-like, 
android) and video of 2 

Questionnaire to measure 
emotions and attitudes 

142 
58 – 87 (mean: 73.2) 
54.2 % F 

In a service situation (e.g. 
receiving a drink from a 
robot), more positive emo-
tions but in a care situa-
tion (being washed by a 
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Authors 
Year 
Location 

Study design Measures taken Participants 
Number 
Age – range (mean) 
% female participants 
Other inclusion criteria 

Key Results 

different robot interaction 
types (service, care) 

robot) more negative emo-
tions were reported.  
The android robot did not 
evoke more negative emo-
tions 
than the machine-like, the 
mechanical-human-like, or 
the human-like robot 

Noguchi, Kamide, and 
Tanaka 2020 
Japan 

Session in a lab. Ps 
watched 4 videos of a ro-
bot (small, cartoon/hu-
man-like) showing differ-
ent personalities (high/low 
extroversion, high/low 
neuroticism) 

Japanese Ten-Item Person-
ality Inventory (Oshio, Abe, 
and Cutrone 2012), ap-
plied to the robot, person-
ality of participants meas-
ured.  
Level of self-disclosure to 
the robot measured by a 
rating of how much partici-
pants wanted to talk to the 
robot. 

589 
Over 60 (mean: 69.8) 
50 % F 
Living independently alone 
or with spouse only 

Participants self-disclosed 
more to the low neuroti-
cism robot than the high 
neuroticism robot. 
 
Participant personality and 
gender also had effects on 
self-disclosure levels. 
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Authors 
Year 
Location 

Study design Measures taken Participants 
Number 
Age – range (mean) 
% female participants 
Other inclusion criteria 

Key Results 

Samaddar and Petrie 2020 
UK 

Semi-structured interviews 
in a HomeLab about what 
participants want from a 
robot, then photos of 5 
types of robot and related 
technology (robots: hu-
manoid, pet, tabletop; plus 
virtual assistants and vir-
tual agents), reactions and 
preferences 

Thematic analysis of an-
swers 

24 
66 – 82 (no mean) 
50 % F 

Ps want help with: remind-
ers, with tasks dexterity 
and mobility (e.g. getting 
out of bed), cooking, 
home security, finding and 
fetching objects, games 
and exercise. 
 
Preferences: 32 % no pref-
erence; 27 % - pet robot; 
41 % did not want a hu-
manoid robot. 

Liu, Shen, and Hancock 
2021 
China 

Survey with photos of 18 
robots 

Likert scales to measure 
warmth and competence 
of each robot 
12 Likert items about con-
cerns about robots derived 
from previous research 

730 
Over 60 (mean: 72.36) 
42.9 % F 
Living independently or in 
nursing homes in rural 
area 
 

Ps perceived small, animal 
shaped robots as having 
high warmth, they per-
ceived android and steel-
made machine-like robots 
had high competence. 
 
Ps had three main areas of 
concern about robots: 
technical and financial 
concerns, privacy con-
cerns, and psychological 
concerns. 
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Six of the studies conducted large scale surveys with substantial numbers of respond-
ents (from 102 to 730 respondents, an average of over 300 respondents). Four stud-
ies conducted focus groups, again with substantial numbers of participants for this 
method (from 23 to 46, average 35 participants). Three studies conducted individual 
or group interviews with reasonable number of participants (8 to 24, average 17 par-
ticipants). Finally, one study involved co-design workshops with 8 participants. The 
age ranges of the studies are also good, with some participants in their 90s. There is 
often a gender bias toward women participants (46 % of studies have more than 60 % 
women), which is understandable given that life expectancy is somewhat longer for 
women, and this effect becomes stronger in older cohorts of people. In addition, 
women are often more likely to volunteer to help in research than men (Rosnow and 
Rosenthal 2021). Six of the studies showed participants videos of personal robots, 
four showed a range of photos of robots, one study gave a text description, and one 
gave participants a range of pet robots to handle, but not interact with. Thus, partic-
ipants were given a wide range of initial information about what personal robots might 
do for them, which might also counteract any initial conceptions they had. 
Across all these studies, one can conclude that older people in a range of countries, 
given a range of information, in a range of research contexts, were largely positive 
about the idea of personal robots to support them in daily life. This ranged from 21 
participants in the USA (Smarr et al. 2014) who gave high rating of usefulness and 
ease of use to the PR2 robot, having watched a video of it, to 730 participants in China 
(Liu, Shen, and Hancock 2021) who perceived small pet robots as very warm, and 
android and machine-like robots as highly competent, on the basis of photos of a 
range of robots. However, only five of the studies investigated what older people want 
robots to support them with, although the other studies investigated a range of other 
interesting and important topics, such as how older people want to interact with a 
robot (e.g., Biswas et al. 2020) and in what contexts they want a robot to intervene 
(Lugrin, Rosenthal-von der Pütten, and Hahn 2019). A wide range of types of support 
did emerge, with many practical activities of daily living, particularly reminder func-
tions, as well as entertainment and companionship.  
However, as noted above, these results are based on older people having potentially 
little knowledge of the current capabilities of robots and possible misconceptions. 
Thus, we will now compare this body of research with research in which participants 
have at least a brief experience of interacting with a personal robot. 

4.2 Research on older people’s reactions to personal robots after brief 
experience 

Eleven research studies on older people’s reactions to personal robots after brief ex-
periences with them are summarized in Table 3. As with the previous set of studies, 
these are conducted in a wide range of countries, showing the cultural diversity of the 
findings. These studies are often done in a laboratory setting, which is understanda-
ble, given the technical infrastructure required to deploy a robot. But does mean they 
may lack ecological validity, as these would not be the settings in which these robots 
would be used. A striking example is the study by Chen et al. (2017) investigating the 
use of a robot for partner dancing. This is a fascinating study, but the laboratory is 
far from the natural setting for this activity, although clearly, it is quite appropriate to 
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conduct a first evaluation in that setting. At the other end of the spectrum is the study by Karunarathne et al. (2019) investigating the 
use of a robot as an outdoor walking companion to encourage older people to take gentle exercise. This study was largely conducted 
in an outdoor location on a university campus which would be the kind of setting for the real use of this robot. The functionality being 
assessed in these studies is often quite specific, which is understandable, as they usually require the deployment of a fully functioning 
robotic system, although a Wizard of Oz simulation of the functionality could sometimes be used (e.g. Thunberg, Arnelid, and Ziemke 
2022). 

Table 3 Research on older people’s reactions to personal robots after brief experience 

Authors 
Year 
Location 

Robot 
Study design  

Measures taken Participants 
Number 
Age – range (mean) 
% female participants 

Key results 

Körtner et al. 2014 
 
also discussed in: 
Fischinger et al. 2016 
 
Austria 
Greece  
Sweden 

HOBBIT Robot  
 
Took place in a lab set up 
as a living room. Ps under-
took 5 tasks with the ro-
bot.  
 

NASA TLX (Hart and 
Staveland 1988) 
SUS (Brooke 1996) 
Debriefing questionnaire 
with rating items and 
open-ended questions 

49 
70 – 88 (no mean) 
71.4 % F 
Living independently, 
alone 
 

Usability was satisfactory 
Task speed was consid-
ered to be rather slow, but 
tasks were considered 
easy to undertake. 

Ps preferred voice input to 
gesture or touchscreen. 

Picking up objects consid-
ered the most important 
task. Help in standing up 
and walking also useful. 

Ps were sceptical of buying 
a robot, but would be will-
ing to rent one.  

57.2 % of Ps could imagine 
having the robot at home 
for a longer period of 
time. 65.3 % could imagine 
the robot taking care of 
them.  
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Authors 
Year 
Location 

Robot 
Study design  

Measures taken Participants 
Number 
Age – range (mean) 
% female participants 

Key results 

 
49 % of the Ps considered 
the robot as rather or very 
helpful at home, but 44.9 
% were sceptical about its 
helpfulness. 

Louie, McColl, and Nejat 
2014 
Canada 

Took place in a lab. 
Ps watched live interaction 
between robot and re-
searcher using two differ-
ent scenarios. 

Robot Acceptance Ques-
tionnaire (based on Almere 
model) 

46 
62 – 91 (mean: 76) 
80.4 % F 

Attitude (ATT) – positive, 
Anxiety (ANX) – low, per-
ceived ease of use (PEOU) 
– neutral (perhaps because 
Ps did not interact with the 
robot personally) 
70 % liked the idea of the 
companionship the robot 
could provide; 65 % like 
the expressions of emo-
tion (tone of voice, facial 
expression), but only 35 % 
liked its life-like appear-
ance. Authors note that 
“human-like communica-
tion is preferred over hu-
man-like appearance”. 
Tasks desired: Reminders, 
play games, tell stories, 
guide exercise. 
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Authors 
Year 
Location 

Robot 
Study design  

Measures taken Participants 
Number 
Age – range (mean) 
% female participants 

Key results 

McGlynn et al. 2014, 2017 
USA 

PARO seal robot. 

Took place in a lab. PARO 
was introduced to Ps in 
one of three scenarios 
(pet, robot, toy). After pre-
senting PARO but before 
turning it on, initial reac-
tions were sought. It was 
turned on and again reac-
tions were sought. Re-
searcher demonstrated 
possible interactions with 
PARO. 

Perceived Ease of Use, Per-
ceived Usefulness (from 
TAM/Almere model).  
Pet experience question-
naire. 
 
PANAS Positive Affect Neg-
ative Affect Schedule (Wat-
son, Clark, and Tellegen 
1988). 
 
Interview about PARO. 

30 
67 – 80 (mean: 72.17) 
50 % F 

Interviews showed that Ps 
had positive attitudes to-
wards PARO, thought it 
would be easy to use, and 
perceived potential uses 
for both themselves and 
others.  
 
Ps varied in their fre-
quency of active engage-
ment with PARO. Engage-
ment frequency uniquely 
predicted post-interaction 
positive affect. 

Stafford et al. 2014b 
New Zealand 

Study conducted in an of-
fice at the university. 
Ps conversed for 5 minutes 
each with 6 animated ro-
bot faces with appropriate 
speech (3 M, 3 F; 2 ma-
chine-like, 2 human-like, 2 
just voice). Input was via 
keyboard, robot spoke 
with synthetic speech. 

Robot Attitudes Scale (RAS) 
  
Rating of whether they 
would use the robot  

20  
65 – 93 (mean: 80.25) 
65 % F 
Living independently 
 

No differences between 
the different robot ver-
sions, ratings of all were 
low. 
 
Men rated all robots more 
positively than women. 
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Authors 
Year 
Location 

Robot 
Study design  

Measures taken Participants 
Number 
Age – range (mean) 
% female participants 

Key results 

Shen and Wu 2016 
Singapore 

No information about loca-
tion for study. 
NAO robot performed two 
tasks with Ps: exercise 
guidance and information 
about healthy living.  
 
Plus human control condi-
tion. 

Effectiveness of exercise 
performance by video 
analysis.  
Effectiveness of infor-
mation by quiz taken by 
participants. 
 
Subjective evaluation on 
10 semantic differential 
items (e.g. dangerous-
safe) (appears to be RAS 
from Broadbent et al, 
2010, but not acknowl-
edged) 

41 
67 – 86 (mean: 73) 
61 % F 
Living independently 

Robot was more effective 
and better preferred by Ps 
over human instructor on 
instructing physical exer-
cise; similar levels of effec-
tiveness and acceptance 
on information task.  
Perception 
of robot improved after 
the robot session. 

Boumans et al. 2018, 2020 
Netherlands 

Took place in an interview 
room. Pepper robot col-
lected information about 
health outcomes from Ps 
using voice interaction and 
screen presentation of op-
tions. Collected infor-
mation from a range of 
standard patient outcome 
measures. 

Duration compared to hu-
man interview. Effective-
ness of obtaining infor-
mation. 
 
Questionnaire (short form 
of Almere model) 

31 
Over 70 (mean: 76.2) 
45 % F 
Community-dwelling 

Robot was as effective, as 
efficient as a human, and 
scored highly on Almere 
ratings from participants. 

Chen et al. 2017 
USA 

Took place in a lab. 
Ps led a human-scale 
wheeled robot with arms in 
a simple dance.  

Questionnaire based on Al-
mere Model 

16 
65 – 79 (mean: 71.5) 
 56.25 % F 
Able to walk without an as-
sistive device 

Ps generally accepted the 
robot as dance partner for 
exercise, perceived it as 
useful (PU), easy to use 
(PU), and enjoyable (PENJ).  
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Authors 
Year 
Location 

Robot 
Study design  

Measures taken Participants 
Number 
Age – range (mean) 
% female participants 

Key results 

Ps perceived the robot as 
easier to use after dancing 
with it 

Di Nuovo et al. 2018 
Italy 

Took place in a lab.  
Study 1: Ps undertook sev-
eral tasks in one of 6 sce-
narios: shopping, commu-
nication, laundry, remind-
ing, garbage, food delivery. 

Questionnaire to measure 
attitudes toward the robot 
(based on Almere model)  
SUS (12) 
ad hoc questionnaire 

72 
63 – 97 (mean: 77.6) 
70.8 % F 
Living independently 

Robot seen as useful, did 
not make Ps anxious (ANX), 
they showed moderate to 
high intention to use (ITU) 
in the future. 
SUS had median scores of 
85 or above for the differ-
ent scenarios. 

Karunarathne et al. 2019 
Japan 

Conducted outdoors when 
possible at university cam-
pus (when raining or snow-
ing conducted indoors).  
Robovie-R3 robot walked 
side-by-side with Ps for 
80m (60m when indoors). 
Control condition of walk-
ing alone. 
Interview. 

Objective measurement of 
walking side-by-side. 
Three measures from Al-
mere Model: Perceived En-
joyment (PENJ), Perceived 
ease of walking (PEOU), in-
tention to walk (ITU) 

Total: 20 
Outdoors: 7 
Indoors: 13 
 
60 – 73 (mean: 67.50) 
50 % F 

90 % of Ps sustained a side-
by-side formation. 35 % ini-
tially walked side-by-side, 
but eventually led the robot 
slightly. 
No difference in enjoyment 
(PENJ) between robot and 
walking alone, however, 
ease of walking with robot 
(PEOU) was significantly 
lower than walking alone.  
However, intention to walk 
with robot (ITU), particu-
larly outside was high. 
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Authors 
Year 
Location 

Robot 
Study design  

Measures taken Participants 
Number 
Age – range (mean) 
% female participants 

Key results 

Olde Keizer et al. 2019 
Netherlands 

NAO robot questioned Ps 
about their frailty status 
and guide them through 4 
physical exercises. Control 
condition of a tablet com-
puter. 

Performance on the exer-
cises. 
 
SUS, perceived usability (3 
5-point Likert items), 2 
user experience measures 
(Enjoyment – 4 Likert 
items, Control – 3 Likert 
items).  
 
Which version did Ps pre-
fer and why. 

20 
Over 70 (mean: 78.5) 
40 % F 
No physical impairments, 
but need to be frail or pre-
frail 

Both robot and tablet re-
ceived average usability 
scores.  
Perceived usefulness and 
enjoyment were rated as 
very positive for both; con-
trol was scored positively.  
Main usability issues for 
NAO were related to 
speech interaction (e.g., 
NAO’s limited speech li-
brary, NAO’s difficulty to 
cope with Dutch dialect), 
Ps’ difficulties with taking 
their proper role in hu-
man-robot interaction, and 
a lack of affordances of 
NAO.  
35% Ps preferred NAO: it 
was easier to use and 
more personal. 

Avioz-Sarig et al. 2021 
Israel 

Study took place in lab. 
2 robots (Nao, Poppy) 
acted as exercise coaches 
for strength exercises. 
One session with each 
coach.  

Comfort (heart rate 
change) Understanding (re-
action time) Engagement 
(eye contact with robot) 
Whether Ps continued ex-
ercise after robot stopped) 
Adherence (success rate). 
 

32 
70 – 88 (mean: 77.4) 
56.25 % F  
healthy 

Most Ps rated the robots 
as very useful, easy to use, 
had a positive attitude to-
wards the overall system 
and noted their intention 
to use it.  
Most Ps preferred the 
more mechanical looking 
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Authors 
Year 
Location 

Robot 
Study design  

Measures taken Participants 
Number 
Age – range (mean) 
% female participants 

Key results 

Questionnaires: Negative 
Attitudes toward Robots 
Scale (NARS) 
Technology Adoption Pro-
pensity (TAP) (Ratchford 
and Barnhart 2012) 

robot (Poppy) to the toy-
like robot (Nao). 

Thunberg, Arnelid, and 
Ziemke 2022 
Sweden 

Took place in a quiet room 
in a community centre. 
Furhat robot (robot head-
only with realistic ani-
mated male face) had a 10 
minute conversation with P 
(created by Wizard of Oz)  

NARS and Godspeed ques-
tionnaires 

19 
Over 65 (No mean) 
Living independently 

Ps have a negative attitude 
towards 
robots after interacting 
with the Furhat robot, 
especially towards robot 
emotions. 
  
Ps did not perceive the ro-
bots as alive 
or human-like but they are 
to be safe to be around.  

The number of participants involved in these studies is also impressive, given the complexity of the research. The number ranged from 
16 to 72, with an average number of 34. As with the previous set of studies, there tended to be a gender bias towards women 
participants, although not quite as strong as in the previous set (37 % of studies have more than 60 % women), perhaps because in 
these kinds of studies researchers have some more control in participant recruitment and can attempt to balance their samples. The 
design of the studies is also somewhat more homogeneous than the previous set, typically with participants having some kind of 
experience with the robot and then measures, both objective and subjective, of their reactions to the experience and the robot. Some 
studies measure reactions to the robot both before and after the experience and some studies have one or more control conditions to 
compare the experience with the robot to other appropriate situations. 
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For example, Karunarathne et al. (2019) compared walking with the robot to walking 
alone, Olde Keizer et al. (2019) compared an interview with a robot to completing the 
same questions on a tablet computer. 
There was also an interesting range of objective measures appropriate to the situa-
tion. For example, a number of the studies investigated the use of a robot to guide 
exercise (Avioz-Sarig et al. 2021; Olde Keizer et al. 2019; Shen and Wu 2016) or other 
physical activities (dancing – Shen and Wu 2016; walking – Karunarathne et al. 2019) 
and took objective measures of the performance of these activities with the robot, 
and sometimes in comparison with a control condition. For example, Shen and Wu 
(2016) compared exercising with a NAO robot with exercising with a human coach 
(and found the exercises were more effectively followed with the robot). Studies also 
used an interesting range of subjective measures to assess reaction to the robot ex-
perience. Over half the studies (55 %) used versions of the Almere model question-
naire, two studies used the NARS, and one used the Godspeed questionnaires. Other 
studies used mainstream human-computer interaction measures, the NASA TLX and 
the System Usability Scale (SUS), self-developed questions and open-ended interviews. 
The overall impression one gains from this set of studies is that older people are a 
little more cautious about personal robots than one might expect from the first set of 
studies. For example, the studies with the Hobbit robot (Fischinger et al. 2016; Kört-
ner et al. 2014; Pripfl et al. 2016) found that participants were equally split between 
thinking the robot would be helpful or not. Louie, McColl, and Nejat (2014) found that 
although participants had a positive attitude and were not anxious about the robot, 
they were neutral about its ease of use and only 35 % liked its life-like appearance. In 
some cases in which there was a control condition, there were no differences between 
the robot and the control condition. For example, Karunarathne et al. (2019) found 
no difference in enjoyment between walking with the robot and walking alone (an 
interesting and more appropriate control condition might be walking with a friend). 
Olde Keizer et al. (2019) found no differences between answering questions with a 
robot or a tablet computer, although both were considered useful, usable and enjoy-
able. Only one study reported quite negative reactions to the robot, that by Thunberg, 
Arnelid, and Ziemke (2022) in which participants interacted with a robot head with a 
realistic animated face. This is quite an unusual configuration for a personal robot, 
very different from those used in other research, so one should be very cautious about 
generalising from this study. It would be very helpful to investigate further why the 
participants were so negative about this robot form. Other studies showed far more 
positive reactions to the robot. Avioz-Sarig et al. (2021) compared two robots (NAO 
and Poppy) as exercise coaches and found that participants rated both as useful, easy 
to use and intended to use them in future, although most participants preferred the 
mechanical-looking robot (Poppy) to NAO. Di Nuovo et al. (2018), which was one of 
the studies which was able to demonstrate a wide range of functionality with the ro-
bot, found very positive reactions from participants. 
One of the limitations of this kind of research is that participants only have a short 
experience with a robot, and as noted, often in an artificial setting in the researchers’ 
location rather than their own home. This may create novelty effects and social desir-
ability effects (as the participants want to please the researchers). The experience 
does not necessarily give participants much understanding of what it would be like to 
use a robot long term, usually in their homes, which is the ultimate goal of all this
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programme of research. Therefore, the final set of studies to be reviewed are those which have undertaken longer term studies of the 
use of personal robots by older people. 

4.3 Evaluation of longer-term use of personal robots by older people 

Eight research studies on the longer-term use of personal robots by older people are summarised in Table 4. There does seem to be a 
smaller number of studies of this nature, which is not surprising, given the complexity and cost of organizing this type of research. As 
with the previous set of studies, these are conducted in a wide range of countries, although as of yet, we have found no longer-term 
studies in East Asia. We may not have found relevant studies yet, and there has definitely been work in Japan, although not in the time 
period of this review (e.g. (Sabelli, Kanda, and Hagita 2011; Shibata, Kawaguchi, and Wada 2012; Wada et al. 2002, 2003) and often 
that work has concentrated on older people with dementia and other cognitive issues (as do a number of longer-term studies in Europe 
and North America, e.g. Chang, Ŝabanović, and Huber 2014; Hebesberger et al. 2016; Schroeter et al. 2013). 

Table 4 Studies of older people’s longer term experience with personal robots 

Authors 
Date 
Location 

Study design Measures Participants (Ps) 
Number 
Ages 
Gender 
Other criteria 

Key Results 

Stafford et al. 2014a 
New Zealand 

HealthBots Robot could 
perform a number of 
tasks: 
Take vital signs 
(e.g. blood pressure) 
Give reminders about med-
ication,  
Make telephone 
calls,  
Play songs 
Play memory games 
 
Ps were invited to use the 
robot as much as they 

RAS (Broadbent et al. 
2010) 
 
11 items from the 18 item 
Dimensions of Mind Per-
ception Scale (H. M. Gray, 
K. Gray, and Wegner 2007) 
 
Self-developed question-
naire about how much the 
robot had been used, qual-
ity of overall experience 
with the robot, how much 

23 
78 – 95 (mean: 86.12) 
72 % F 
Living in a retirement vil-
lage, be taking medication 
daily 

Ps who held significantly 
more positive attitudes to-
wards robots, and per-
ceived robot minds to have 
less agency (ability 
to do things) were more 
likely to use the robot.  
 
Attitudes towards robots 
improved over time 
for Ps using the robot. 
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Authors 
Date 
Location 

Study design Measures Participants (Ps) 
Number 
Ages 
Gender 
Other criteria 

Key Results 

wished for a 2 week pe-
riod, either in their own 
apartment (for up to 30 
minutes a day) or in the 
public area of their build-
ing 

Ps would like to use the ro-
bot again.  

Graaf, Allouch, and Klamer 
2015 
UK 

Nabaztag (later know as 
Karotz) small rabbit-like 
robot was installed in Ps 
home for 30 days.  
Robot asked P: 
(1) if they were 
adhering to their activity 
plan 
(2) to reflect on their feel-
ings after a day that had 
involved some activity,  
(3) to 
weigh themselves to keep 
track of their own weight 
as an indication 
of their long-term health 
and fitness.  
 
It also provided weather 
reports and recommenda-
tions for local events. 

Interviews every 10 days (3 
per P in total) 
 
Content analysis of the in-
terview material 

6  
50 – 76 (no mean) 
66.7 % F 
Healthy, not known condi-
tions which placed re-
strictions on exercise 

Themes which emerged 
from the analysis included: 
(1) utilitarian factors – use-
fulness, ease of use, 
adaptability and intelli-
gence. 
Only on the third interview 
did Ps find the robot was 
useful. 
Adaptability was consid-
ered important. 
By the third interview Ps 
thought that robot had 
some form of intelligence. 
(2) Hedonic factors – en-
joyment, attractiveness, 
anthropomorphism, socia-
bility, and companionship. 
Some Ps enjoyed having 
the robot, some did not.  
Some Ps thought the robot 
looked attractive, some 
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Authors 
Date 
Location 

Study design Measures Participants (Ps) 
Number 
Ages 
Gender 
Other criteria 

Key Results 

were unconcerned about 
appearance. 
Some participants began 
to think of the robot as a 
person, others thought of 
it as a real rabbit. 
Sociability – Ps thought the 
robot would behave more 
realistically and be more 
social. All participants 
spoke to the robot and 
talked to it more as the 
study progressed 
Companionship – most Ps 
saw the robot as a com-
panion, or its potential for 
companionship. 
(3) Usage context – social 
influence, privacy, trust, 
control. 
Social influence – most Ps 
mentioned other people’s 
opinions of the robot. 
Privacy and trust – Ps were 
concerned about the pri-
vacy and trust involved in 
the interactions with the 
robot. 
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Authors 
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Location 

Study design Measures Participants (Ps) 
Number 
Ages 
Gender 
Other criteria 

Key Results 

(4) Continued use. Only 2 
Ps could imagine having 
the robot in the future.  

Gross et al. 2015 
Germany 

SCITOS G3 robot was de-
ployed in Ps apartments 
for up to three days. Ps 
were instructed to freely 
use the robot as they 
wished, while sticking to 
their usual routines.  
The robot provided cogni-
tive support – reminders, 
calendar management, 
communication support – 
making video calls, exer-
cise support, health sup-
port – vital signs monitor-
ing, fall detection. 

Log data of use. 
 
Ps were asked to complete 
a short questionnaire after 
the first use of each func-
tion. 
 
Interview at the end of the 
study. 
 

9 
68 – 92 (mean: 80.9) 
66.7 % F 
 
 

Positive ratings of usability 
and enjoyment, but limited 
usefulness due to the re-
stricted functionality. 
8 of the 9 Ps reported 
strong intentions to use a 
health robot in the future.  
Ps felt safe, but kept an 
eye on the robot to pre-
vent it from undertaking 
unwanted activities, and 
were hesitant to leave it 
alone in their apartment. 
All but one P treated the 
robot as a social being, 
when interacting with it or 
talking about it, although 
they were well aware it was 
not alive. All but one P 
named the robot. They felt 
it helped with feelings of 
loneliness and boredom. 
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Authors 
Date 
Location 

Study design Measures Participants (Ps) 
Number 
Ages 
Gender 
Other criteria 

Key Results 

Zsiga et al. 2018 
Hungary 

Study took place in Ps 
homes (without any modi-
fication) for approximately 
three months (average 
94.9 day). Kompaï human-
oid robot with voice and 
touchscreen interface pro-
vided a range of services: 
cognitive and memory as-
sistance (such as agenda, 
medication reminder, and 
shopping 
list management), safety- 
and health-related func-
tions 
(emergency signal, health 
check report, blood pres-
sure, and 
body weight measure-
ment), information inquiry 
services 
(weather forecast, time, 
date), communication ser-
vices (Skype, email), 
speech recognition and 
synthesis, entertainment 

Log files of use of robot. 8 
70 – 83 (mean: 77.125) 
75 % F 
Living alone, able to move 
indoors without assis-
tance, able to communi-
cate with the robot by 
voice and touch 

The most useful and the 
least reliable robot func-
tions according to the us-
ers were the navigation 
and the 
verbal communication. En-
tertainment, locomotion, 
and weather forecast were 
the most frequently used 
functions, while the shop-
ping list was the least pop-
ular.  
 
The companion robot used 
in the test was accepted 
enthusiastically by the sen-
ior subjects.  
 
Specific robot functions 
(mainly navigation in the 
apartment and the speech 
recognition) require im-
provement to better ac-
commodate real circum-
stances. 
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Study design Measures Participants (Ps) 
Number 
Ages 
Gender 
Other criteria 

Key Results 

opportunities (web-
browser, games), and 
some 
essential robotic functions 
(navigation in the apart-
ment 
including obstacle detec-
tion and avoidance, auto-
matic docking to the 
charger, carrying small ob-
jects on a tray). 

Portugal et al. 2019 
Netherlands 

Bespoke robot (So-
cialRobot, nearly human 
height, animated head, no 
arms, touchscreen and 
voice interface) was de-
ployed in the public areas 
of a care centre for older 
people for one week. Ap-
proached people, initiated 
interaction, offered a small 
range of services (e.g. tak-
ing a photo, making a 
Skype call, showing per-
son’s appointments). Peo-
ple who interacted with 
the robot were given a 
questionnaire to complete. 

Short questionnaire cover-
ing usability, appearance 
and satisfaction with the 
robot. Likert items with 
ratings from 1 to 10. Plus 
3 open-ended questions. 

Approximately 100 people 
interacted with the robot, 
30 completed a question-
naire.  
 
No demographic data were 
collected, not all Ps were 
older people. 
 

Ps found the robot useful, 
friendly, safe, fun and non-
invasive and believe that 
the robot could help them 
to become more active  
thus becoming more socia-
ble.  
 
Ps assigned an average 
score of 8.07 
to the performance of the 
robot during the demo and 
found the robot easy and 
simple to use, and it made 
them feel happier and less 
concerned. 
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Key Results 

They found the robot intel-
ligent as well as respectful 
of their wishes. Ps felt that 
the robot was more ma-
chine-like than human-like, 
however this did not affect 
the likeability of the robot. 
The animacy of the robot 
was rated low, 
 means that Ps did not 
consider the robot particu-
larly lively, finding it some-
what stagnant. 

Pripfl et al. 2016 
 
also discussed in: 
Bajones et al. 2019 
 
Austria 
Greece  
Sweden 
 

Study took place in Ps own 
home for approximately 
21 days. 
Hobbit robot could per-
form a number of tasks: 
Help support  
Safety check  
Pick up/bring objects 
Reminders 
Exercises 
 
Two modes of using the 
robot were studied: device-
like (first 11 days of study) 
and companion (second 10 

Questionnaires:  
Falls efficacy scale (Yardley 
et al. 2005) 
Self-efficacy scale 
(Schwarzer and Jerusalem 
1995) 
NARS 
Self-developed items on 
emotional attachment and 
perceived reciprocity 
Interviews on Day 11, at 
end of study and one week 
post study. 
Log of use of the robot. 

16 
(Austria: 7; Greece: 4; Swe-
den: 7). 
75 – 89 (mean: 79.75) 
87.5 % F 
Living alone in own home 
Possibly receiving home 
care 
Possible impairments but 
sufficient mental capacity 
to understand the project 

All Ps interacted with Hob-
bit daily, rated 
most functions as well 
working, and reported that 
they believe that Hobbit 
will be part of future el-
derly 
care.  
 
Hobbit’s adaptive behav-
iour approach towards Ps 
increasingly eased the in-
teraction between the us-
ers and the robot. 
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Key Results 

day) – participants were 
not informed of the 
change. 
 

Ruf, Lehmann, and Misoch 
2020 
Switzerland 

Study took place in Ps own 
homes, after a briefing 
and training session at the 
study centre.  
NAO robot presented 6 ex-
ercises, taking 36 minutes 
to complete. Control con-
ditions were a booklet or a 
video presentation of the 
exercises. Ps were asked 
to complete the exercises 
3 times during a one-week 
period in each condition. 

Questionnaire covering:  
Regularity of exercise dur-
ing the study 
Difficulties with the sys-
tem. 
Fun 
Motivation 
Operation 
Own experience 
Recommendations 
 
Interviews at the end of 
the study. 

7 
67 – 84 (mean: 74) 
28.6 % F 
No physical or cognitive 
restrictions 
 
 

Ps enjoyed the robot, but 
some technical difficulties 
such as slowness, commu-
nication, face recognition, 
stability, and acoustic 
problems occurred.  
 
Ps experienced the robot 
as motivating, but they ex-
pected habituation effects. 
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Tkatch et al. 2021 
USA 

Ps received robotic pet of 
their choice (cat or dog), 
only instructions to treat it 
like a pet. 
Follow up with voice re-
minders twice a week for 
first month to interact with 
the robot. Questionnaires 
when receiving the robot, 
one month and two months 
after receiving the robot.  

10-item version UCLA 
Loneliness Scale (Russell 
1996) 
12 item Quality of Life 
questionnaire  
Brief Resilience Scale (BRS) 
(Smith et al. 2008) 
Meaning and Purpose Scale 
Age 18 (Hedberg, Gus-
tafson, and Brulin 2010) 
Life Orientation Test-Re-
vised (LOT-R) (Herzberg, 
Glaesmer, and Hoyer 
2006). 

125 
65 – over 85 (no mean) 
56.8 % 
 F 
Screened as being lonely, 
not currently owning a live 
pet 
 

At the end of the study, Ps 
loneliness had decreased, 
while mental wellbeing, re-
silience, and purpose in life 
improved.  
 
Frequent interactions with 
the pets were associated 
with greater improvement 
in mental well-being and 
optimism. 

Seven of these studies deployed the robots in the homes of the older people, one (Stafford et al. 2014a) deployed the robot in the 
older participants’ apartment for 30 minutes a day if they wished, and participants could also use the robot in the public foyer of their 
apartment building during a three-hour period each day. The final study (Portugal et al. 2019) was rather different in that it deployed 
a robot in the public spaces of a care centre for older people which many people visit during the day. In this very interesting study, the 
robot moved around and looked for people to interact with (not all of whom would have been older people, but many would have been). 
The researchers estimated that the robot interacted with approximately 100 people over a five-day period. Wherever possible, the 
researchers gave people a questionnaire to complete after such an interaction and 30 were returned. As with the other sets of studies, 
there was a good range of ages of older people (19 being a slight exception, with rather young participants from 50 to 76 years) and 
a bias towards women participants (on average 67% women participants). For the studies in older people’s homes, the robots were 
deployed for between 3 days and 3 months, an average of just over one month (33 days). In four of the studies, the robot stayed with 
the participant continuously for at least three weeks (Bajones et al. 2019; Graaf, Allouch, and Klamer 2015; Pripfl et al. 2016; Tkatch 
et al. 2021; Zsiga et al. 2018), giving the older people a very in-depth experience of having a personal robot in their home.  
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In general, the results from these longer-term studies were very positive, with partic-
ipants finding the robots easy to use and having positive attitudes towards them. 
Interestingly, two studies (Bajones et al. 2019; Pripfl et al. 2016; Stafford et al. 2014a) 
found that the more/longer participants interacting with the robot, the more positive 
they became, a very encouraging sign. Only one study (Graaf, Allouch, and Klamer 
2015) had quite negative results, with the small number of participants rather split in 
their attitude to the Nabaztag robot. At the end of the study, only two of the six 
participants could imagine using the robot in the future. 

5 Conclusions 

This chapter has reviewed some of the research on personal robots for older people. 
There is now an impressive body of research on this topic, in many cultural contexts, 
using a range of methodologies and theoretical approaches. The sample sizes in stud-
ies are often impressive, although often with a bias towards women participants 
(which does reflect the demographic makeup of the age group). There have been crit-
icisms in the past that research in this area has been methodologically weak and that 
the views of older people are not taken into account (Frennert and Östlund 2014). The 
impression gained from reviewing the past decade of research is that both these crit-
icisms are less valid now. Many of the studies reviewed employed appropriate meth-
odologies and researchers are listening to participants and noting their views. 
The review highlights a number of weaknesses which need to be considered in future 
research. There have been surprisingly few studies which have investigated what older 
people actually want from robots in terms of support. Too often, researchers appear 
to have an idea which they then present to older people for evaluation. This type of 
study may be open to socially desirable responses, as older people do not wish to 
offend keen young researchers who have come up with an idea for a robot. There are 
methods for avoiding this problem, for example by the evaluation being conducted 
by a different team to the development and explaining that to participants. There may 
be problems with asking older people about what they want from technologies of 
which they have no experience. Nonetheless, it is important that more studies explore 
actual needs and wishes of older people in a wide range of cultural contexts. Re-
searchers could use low fidelity prototypes of ideas for robots to explore possible 
functions and aspects of the robot form and interaction style with older people. This 
type of study is uncommon in robotics research. 
Another weakness highlighted by this review is perhaps inevitable. Some studies have 
taken a holistic approach, investigating reactions to a complete robot, which may 
provide a specific service or a range of services. Other studies have investigated very 
particular aspects of how a robot should look or how it should interact with an older 
person. Both types of studies are valid and necessary, but many more studies of both 
kinds are needed. This is a perennial problem in research on human-technology in-
teraction, there are many aspects to be investigated – a holistic approach is appropri-
ate, but it can be difficult to identify the sources of problems in a complex system, so 
studies of individual aspects are also needed, but there are very many of them. 
There is also only a small body of research on the long-term use of robots by older 
people in their homes. This is not surprising, as deploying reliable working robots 
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with sufficient functionality in private homes is very time-consuming and costly re-
search. The studies which have been conducted, particularly those of the Hobbit robot 
(Frennert and Östlund 2014; Pripfl et al. 2016) and the Kompaï robot (Zsiga et al. 
2018) are substantial in what they have achieved. There are many studies which stop 
at the point of measuring intention to use a robot and do not investigate the relation-
ship between intention to use and actual use. We definitely need a body of studies 
exploring actual use. Hopefully, further studies about actual long-term use are in the 
pipeline. Overall, a growing and important body of research knowledge is developing 
about how we can best support coming generations of older people with personal 
robots in ways that they find useful and usable and therefore they will use them hap-
pily. 
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