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1. Introduction 
The need to support the older population is an ongoing challenge world-wide which has led to 

numerous scientific discoveries and breakthroughs. According to a recent report by the United 

Nations, the number of adults aged 65 or over is expected to increase from 771 million in 2022 

to 1.6 billion in 2050 (United Nations, 2022). At the same time, a declining birthrate is leading 

to reductions in the workforce available to provide care (Ince Yenilmez, 2015). The older 

population is commonly affected by specific neurocognitive conditions such as dementia, 

which is an umbrella term for a number of conditions leading to significant care needs due to 

cognitive decline. Specifically in the United Kingdom (UK), the number of adults living with 

dementia is currently estimated to be 982,000, while this number is projected to double to 1.4 

million in 2040 (Alzheimer’s Society, 2024). As stated earlier, within this context the need for 

innovations to support the older population is becoming even more crucial and necessary. 

 

There exists a number of devices for smart monitoring of the older population. Such devices 

include depth-vision cameras, wearable technologies, infrared sensors, Doppler radars, among 

others. Considering cameras, the potential advantages of these devices are mainly related to 

high-resolution outputs and relatively straightforward identification of humans. However, 

cameras can compromise privacy as these devices are expected to be installed in private areas 

such as bedrooms and bathrooms (Demiris et al., 2009). Therefore, this constraint could block 

the usage of cameras for monitoring the older population. Wearable sensors are an interesting 

and well-researched alternative to cameras, which have been deployed in many applications. 

However, similarly to cameras, they come with their own disadvantages. More specifically, the 

limited battery life of wearables can pose a significant issue especially if they have to be worn 

for long periods of time (Godfrey, 2017). In addition to this, older adults can feel uncomfortable 

wearing these devices, which represents another disadvantage. Therefore, this chapter will 

investigate the current applications of infrared sensors and Doppler radars, which are seen as 

non-intrusive, i.e., individuals cannot be identified from the recordings, and these devices do 

not directly interfere with humans.  

 

Infrared sensors and Doppler radars are an appealing solution for smart monitoring of the older 

population, which have seen numerous discoveries and applications. Both types of devices 

produce recordings, where individuals cannot be identified (Karayaneva et al., 2018; Li, Tan 

and Piechocki, 2018). This is a significant advantage compared to cameras, and as such, it 

easily allows these devices to be deployed in private areas. In comparison with wearable 

devices, infrared sensors and Doppler radars can also be easily installed on walls and ceilings 

without interference with the residents. Infrared sensors are capable of detecting temperature 
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and more specifically the human temperature, which is usually around 36° Celsius degrees. 

Figure 1 depicts a low-resolution infrared sensors installation for human activity monitoring.  

Moreover, infrared sensors are ideally very low-resolution devices, which significantly reduces 

the computational power. This advantage can also be viewed as a disadvantage because the low 

resolution can be a challenge for detecting humans. In addition to this, infrared sensors usually 

have a low distance coverage, which implies the need for more sensors to be deployed to cover 

a room. Radars, more specifically Doppler radars are another appealing solution for smart 

monitoring. Furthermore, these devices have deep penetration, stable performance, and high-

distance range.  

 

 
Figure 1. Low-resolution infrared sensors used for human activity recognition. 

 

Infrared sensors have been used for human activity recognition, including fall detection, to 

support the older generation. A number of studies have been undertaken to discover the optimal 

number of sensors, sensor position and layout (Karayaneva et al., 2023). In terms of methods 

for predicting human activities, both machine learning and deep learning techniques have been 

implemented and applied (Yin et al., 2021). In comparison, in terms of radars both machine 

learning and deep learning techniques have been investigated in the pursuit of the most accurate 

approach. Unlike infrared sensors, unsupervised human activity recognition using radars has 

been deployed in three studies with very interesting findings (Karayaneva et al., 2021; Li et al., 

2018; Li et al., 2017). 

 

Amidst the challenges of an ageing population, it has been estimated that development of 

appropriate robotic technologies that can be used in social care to provide physical, social, and 

cognitive support could save up to £6 billion in the UK (UK Parliament, 2018). In the context 

of a ‘push’ for technology implementation in this sector (Stavropoulos et al., 2020; Abdi et al., 

2018), relatively little attention has been paid up to now to which ‘pull’ factors will influence 

acceptance by older people, especially the frail super-aged populations living in care homes. 

Robots and sensors are already being introduced in such settings, but to date social robots like 

PARO have had limited success, at least partly due to the negative preconceptions of older 

people (Papadopoulos et al., 2020; Hung et al., 2019). Also, although in-home monitoring 

technology could increase safety, independence, quality-of-life and mental well-being of 

elderly people, the adoption rates of such advancements show that these are still undesired by 

the majority of the population (UK Parliament, 2018). These low adoption rates may be 

explained by the fact that previous research on technology applications for the elderly has been 

limited, without serving real user needs. 

 

As a result, there is a gap in the evidence on user acceptance by older people due to a research 

base consisting of single evaluations of a specific agent following an interaction with no 

comparators other than ‘usual care’ (Wu et al., 2014; Beuscher et al., 2017; Heerink et al. 2009). 
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Such an approach excludes any broader comparison of different types of robots (e.g., 

unobtrusive sensors versus physical robots). Furthermore, the most widely used model for 

exploring user-acceptance has been developed for other contexts and may not be suitable for 

this population. The Technology Acceptance Model (TAM) restricts acceptance to two 

dimensions - perceived usefulness and ease-of-use – while other dimensions may be important 

for older people (Davis, 1989). For example, for people living in a care home, additional factors 

such as perceived impact on physical health and mental well-being as well as cost, physical 

appearance and functionalities may be important requiring a more comprehensive model to 

account for observed low technology acceptance. By working with people living in a care home 

environment, the present study aimed to test the applicability of the TAM model, explore the 

factors that older people consider important, and produce a more comprehensive framework 

for assessing the acceptability of prototype sensors and physical robots. 

 

In this chapter we will describe an exploratory study targeted at older adults which focused on 

investigating the user acceptance of (1) non-intrusive sensors; and (2) robots with a physical 

presence. More specifically, 21 adults (3 male and 18 female) were selected and approached in 

their care home environment to gather data for this study. Residents had the opportunity to 

complete a questionnaire administered through interview aiming to explore their views and 

preferences for sensors and robots to be introduced in their care home. As a result, very 

interesting findings have been identified, including real-world preferences of older people for 

sensors over robots, as well as clear preferences for a robot’s physical appearance type, role, 

and activities. 

2. Related work  

2.1 User acceptance of sensors and robots in care homes 

A literature review of the acceptability of social robots by older adults including people with 

dementia or cognitive impairment identified a large number of enablers for successful 

introduction, including intention to use, ease of-use, usefulness, enjoyment, social presence, 

sociability, trust and adaptivity, and social influences and facilitating conditions (Whelan et al., 

2018). A subsequent scoping review of the benefits and barriers to using the zoomorphic seal-

like social robot PARO in care settings identified social stigma as a major barrier (Hung et al., 

2019). 

 

2.1.1 Technology Acceptance Model for user acceptance of sensors and robots 

With the advancement and development of new technologies, it has become crucial for end 

users to evaluate these technologies and ultimately show their overall tendency of acceptance. 

The Technology Acceptance Model (TAM) is an important framework for accepting 

technologies, which is restricted to two factors – perceived ease-of-use and perceived 

usefulness (Davis, 1989). The author of the study defined perceived ease-of-use as “the degree 

to which an individual believes that using a particular system would be free of physical and 

mental effort.” In terms of perceived usefulness, the definition given is “the degree to which 

an individual believes that using a particular system would enhance his or her job 

performance”. To date, the TAM framework is considered to be fundamental and crucial for 

the acceptance of any technology regardless of the end users. More specifically, the TAM 

framework has been researched for assessing the tendency of older adults to accept wearable 

technologies (Lin et al., 2016; Lazaro et al., 2020). Lin et al. (2016) proposed the use of TAM 

for evaluating the acceptance of a wearable vest among 50 older adults. Moreover, Lazaro et 

a., (2020) utilised the framework to evaluate the willingness of older adults to adopt 

smartwatches (n=76). In addition, the use of TAM for smartwatches acceptance was further 

used in a more recent study (n=30) (Chung et al., 2022). However, to the best of our knowledge, 
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the investigation of TAM in the domain of accepting ambient sensors by older adults has been 

largely ignored. 

 

Considering the use of robots, the TAM framework has found more interest compared to 

ambient sensors. Lee et al. (2020) evaluated the acceptance of older adults towards soft service 

robots using an extended TAM framework (n=79). In addition to the existing factors i.e., 

perceived ease-of-use and perceived usefulness, the authors also considered subjective norms, 

perceived anxiety, and perceived likability in their research. More specifically, the term 

“subjective norms” is described as the perception of individuals that others consider or think 

that they should use the technology. As a result, it was found that perceived ease of use, 

perceived usefulness and subjective norms affected the older adults’ acceptance of the soft 

service robot. Moreover, a humanoid robot named Kabochan was administered among 103 care 

home residents living with dementia (Ke et al., 2020). The study explored the change of user 

acceptance over time by considering the TAM framework. As a result, the study showed the 

perceived ease-of-use improved over time among the residents. Another study investigated the 

acceptance of 16 older adults toward a dancing partner robot. Similarly, the TAM framework 

guided the study, where the perceived ease-of-use also increased over time (Chen et al., 2017). 

 

2.1.2 Extended Technology Acceptance Model including cost, physical appearance and 

functionalities for user acceptance of sensors and robots 

While the TAM framework is prominent and has found applications in many technology 

acceptance studies, it is limited to two contributing factors only. As such, it is vital to consider 

additional factors as these might be highly determinant for the acceptance of new technologies. 

Therefore, the cost, physical appearance and functionalities will be considered in this section. 

 

2.1.2.1 User acceptance of sensors and robots based on cost 

Cost is an important factor, which has the potential to influence the adoption of any new 

technology, especially if it is expected to be fully covered by the end users. A study concerned 

with the older users’ acceptance of wireless sensors networks for health assistance identified 

the cost to be crucially important (n=13) (Steele et al., 2009). More specifically, the participants 

indicated that if the system’s cost is not affordable, it might not be accepted despite its potential 

health benefits. In addition to this, the notion of cost was deemed important for the adoption of 

new technologies if these emerge as cost-saving in small study with 15 older adults (Mihailidis 

et al., 2010). Ultimately, the acceptance of home monitoring technology investigated in this 

study came with several conclusions regarding the cost and appearance of the system. More 

specifically, the ideal monitoring system should be low cost according to the participants. The 

importance of cost in addition to the widely known factor usefulness was briefly mentioned in 

a study involving only six older adults (Chung et al., 2016), which investigated the acceptance 

of home-based sensor system for monitoring. 

 

In terms of robots, the cost is similarly seen as equally important. A study investigating the 

acceptance of an assistive robot among 11 older adults found the cost to be one of the major 

themes raised by the participants (Wu et al., 2014). More specifically, the participants were 

especially concerns whether it would be more reasonable to rent such robots instead of buying 

them. The cost of robots, and PARO in particular, was seen as a barrier for the acceptance of 

such technology among 20 care staff workers (Moyle et al., 2016). Furthermore, the acceptance 

of robotic assistive devices has been further explored among 24 older adults (Shore, De Eyto 

and O’Sullivan, 2020). More specifically, the cost of such devices was emphasised, which 

generated some discussions among the participants. Some of them commented that a potential 

grant from the state could be particularly useful to cover the cost of the robot. The cost was 
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regarded as important in another study concerned with exoskeletons i.e., a subset of assistive 

robots (Shore et al., 2018). Considering the high significance of the cost, cost-effective, and 

low-cost robots have been proposed in an attempt to tackle this issue (Sefcik et al., 2018).  

 

2.1.2.2 User acceptance of sensors and robots based on physical appearance 

In terms of sensor-based systems’ physical appearance, one study indicated that the ideal 

system should be attractive, small, and discreet in terms of appearance (Mihailidis, 2010). In 

addition to this, a study involving 15 older adults indicated the importance of physical 

appearance of sensor-based technologies (Bian et al., 2021). More specifically, the participants 

confirmed they would be more likely to accept a new technology if it is aesthetically pleasing. 

However, most of the research regarding physical appearance of ambient sensor-based systems 

is limited, while more attention has been focused on wearable devices. This limitation is 

understandable as wearable technologies infer directly with the person, while ambient sensors 

often remain unnoticed by the end users. 

 

Physical appearance may be crucial for acceptance by an older person and, as such, this 

characteristic has been evaluated in a number of studies concerned with physical robots. A 

small study (n=11) investigating attitudes to a mechanical human-like robot (Kompai) 

following one-month of interaction reported mainly negative perceptions (Wu et al., 2014). 

While the majority of the participants (n=7) admired the humanoid appearance, they found no 

value in using an assistive robot due to a self-perception of their own independence. In terms 

of physical appearance, a similar study (n=19) reported a positive response (86%) to the 

humanoid robot NAO following a short interaction (Beuscher at al., 2017). Another study in 

France among older adults (n=25) found preferred appearances for socially assistive robots 

were mechanical human-like, followed by mechanical animal-like, and finally machine-like; 

android and human-like robots were ranked at the bottom of the scale (Pino et al., 2015). An 

earlier study (n=42) comparing a social robot resembling a cat and a screen monitor robot, 

found higher preferences for the animal-like robot (Heerink et al., 2009). It appears that android 

robots and human-like robots may "fall" in Mori’s “uncanny valley” (Mori, 1970), and 

therefore prove to be less desirable for vulnerable older people. The uncanny valley refers to 

the fact that realism in mechanical humanoid robots may lead users to experience unease and 

repulsion if robots become too realistic by possessing skin, hair, and nails.  

 

Generally, the literature appears to indicate a preference for humanoid and zoo-morphic robots, 

while mechanoid robots are less admired. However, this preference order was only fully 

explored in one study (n=25) based in France (Pino et al., 2015). In view of these findings, we 

included mechanical humanoid robots, mechanical zoomorphic robots, and mechanoid robots 

for evaluation in our study. 

 

2.1.2.3 User acceptance of sensors and robots based on functionalities 

2.1.2.3.1 User acceptance of sensors based on functionalities 

Qualitative research into user acceptance of sensor technologies by the older population was 

found to be relatively limited and mainly focused on results following interaction. A study of 

implementing monitoring technologies in care homes for people with dementia found that the 

main enabler identified by older people (n=9) was safety enhancement (Hall et al., 2017). Care 

home staff (n=24) were concerned about lack of knowledge on how to use the new technology 

and, although data gathered by sensors could also be used to analyse patterns for improved 

early diagnosis of illnesses, this was viewed as less useful, largely due to a lack of information 

about the likely benefits. A study exploring social acceptance by senior citizens and caregivers 
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of a fall detection system using range sensors in a nursing home reported highest acceptability 

for an interaction-free system compared to more intrusive systems designed for the same 

purpose (Iio et al., 2016). 

 

Other studies mainly focused on community-dwelling participants. A pilot study in 2009 

investigated attitudes and preconceptions towards a wireless sensor network for older people 

(n=13) living in their own homes (Steele et al., 2009). The study involved people with no 

previous interactions with sensor systems, so views, attitudes and perceptions were not affected 

by prior experience. The research indicated that in a home-based setting, the main barrier raised 

by the participants was the cost of the system, and sensor systems that did not require any 

interaction were preferred. The majority of participants valued the sensor system most highly 

for emergency situations such as falls. Similar to these findings, ambient sensors installed in 

residents’ homes (n=8) were preferred if unobtrusive (Reeder et al., 2016). In the same year, 

another study of older people (n=11) regarding the use of sensor monitoring in their home 

reported that detecting falls and no requirement for interaction with the sensor system were 

regarded as important by participants (Pol et al, 2016). Both studies also found that sensors 

were viewed positively as a tool to enable people to stay in their own home for longer.  

 

In terms of wearable fall detection sensors, a small study (n=5) has reported an overall positive 

user acceptance of such technology but failed to provide a comparison between different 

systems (Wu and Munteanu, 2018). An earlier study of wearable and optical fall prediction and 

fall detection devices for home use found participants (n=22) to value equally fall prediction 

and fall prevention systems (Gövercin et al., 2010). A very early 2008 study found that lifestyle 

monitoring was the least preferred among older adults (n=15), with personal emergency 

response system and interactive video conferencing preferred (Mihailidis et al., 2008). In this 

same study, fall detection was similarly regarded as an important sensor system feature. A study 

(n=35) concerned with private residents identified higher preference for health-related 

activities compared to social activities (Gövercin et al., 2016). An earlier Swiss study (n=34) 

investigating users’ evaluation of a wireless sensor system reported low to moderate interest 

among the older adults (Cohen, Kamepel and Verloo, 2016). Cost was regarded as crucial for 

user acceptance based on a study (Puri et al., 2017) concerned with wrist-worn tracker, where 

the mean age of the participants (n=20) was 64 years. In addition, a more in-depth study 

(n=146) found that perceived usefulness, compatibility, facilitating conditions, and self-

reported health status were linked to older adults’ intentions to use new wearable technology 

(Li et al., 2019). 

 

Overall, the literature identified indicates that interaction-free sensor systems were preferred, 

with security regarded as more important than privacy. In view of these findings, ambient 

sensors were included in our study with the main benefit presented to participants being that of 

non-intrusively detecting falls. 

 

2.1.2.3.2 User acceptance of robots based on roles and functionalities 

The role of a robot can largely be described in terms of tasks and capabilities. Socially assistive 

robots are able to undertake tasks related to communication, entertainment or health-related 

tasks such as medicines reminders. On the other hand, physical robots are able to perform 

physical tasks such as cleaning, cooking, washing and environmental navigation, among 

others. Generally, the literature appears to indicate that older adults prefer robots that undertake 

everyday living physical tasks and non-intrusive monitoring activities, with a human making 

decisions for them (Smarr et al., 2012). Additionally, for elderly adults with cognitive 

impairments a large study (n=83) identified calling for help and moving obstacles as the highest 
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priority (Korchut et al., 2017). A Taiwanese study to identify features that enhance acceptance 

of robots, found that community-dwelling older adults (n=33) expressed a preference for more 

service-oriented robots rather than companion-oriented robots (Chu et al., 2019). The same 

study further reported household work as the most preferred robotic function. These findings 

echo the results of another study (n=21), where household duties were the most preferred 

robotic activities (Mitzner et al., 2011). Similarly, a study of retirement home residents (n=32) 

also found household duties as the most relevant task performed by a robot (Broadbent et al., 

2009). A small robot study (n=10) of the Care-O-bot which aids older adults to drink water 

discovered positive attitudes, despite limited capabilities and slow responses (Bedaf et al., 

2018). 

 

In addition, while it has been found that older people prefer activities that require little to no 

interaction (Goher, Mansouri and Fadlallah, 2017; Ezer, Fisk and Rogers, 2009), social robots 

still found approval among these populations. A large study (n=115) involved participants with 

mild to advanced dementia and their interactions with the mechanical humanoid robot Matilda 

(Khosla, Nguyen and Chu, 2017). In terms of the benefits of interacting with Matilda, 

participants valued enjoyment more highly (84%) than usefulness (60%). The majority (89%) 

enjoying the robot dancing, and 60% showed willingness to participate in a group activity with 

Matilda. Similar findings about sociability were reported in an earlier study (n=46) that 

employed the social robot Brian 2.1 (Louie, McColl and Nejat, 2014). The majority of the 

participants (70%) valued the companionship provided by this robot. An earlier study (n=42) 

which included comparison between a social robot and a less social robot based on 

communication and expressiveness, found stronger preference for the more social robot 

(Heerink et al., 2009).  

 

Communicative robots are preferred to non-communicative robots as reported in the findings 

from two focus groups (n1=28, n2=40) (Heerink et al., 2006). Further research by the same 

authors (n2=40) found that the social robot led to an increase in enjoyment, perceived 

sociability, and social presence (Heerink et al., 2010). A Japanese study of autonomous 

wheelchair robots to support elderly people (n=28) which considered two versions of the robot: 

1) social; and 2) less social, found participants valued the social robot more because it was able 

to respond to requests made by the older person (Shiomi et al., 2015).  

 

Overall, the evidence indicates that older adults prefer interaction-free robots for monitoring 

and physical aid. When presented with social robots, participants value social interaction and 

communication with the robot. In general, usefulness, ease-of-use, trust, and control were also 

found to be crucial factors for acceptance by older people (Olde Keizer et al., 2019; Piasek and 

Wieczorowska-Tobis, 2018; Sääskilahti et al., 2012; Whelan et al., 2018; McGlynn et al., 

2014). Based on these findings, we not only included factors such as usefulness and ease-of-

use contained in the TAM model, but also added further elements such as functionalities, 

physical appearance, and cost. In addition, because questions of trust and control were 

identified as crucial in some articles, these were included as part of our evaluation. We included 

consideration of both social and physical activities. 

3. Materials and methods 

3.1 Observational period setting 

‘Living Labs’ are ethically driven, user-centred design environments. Residential homes based 

on these principles can provide unique test-beds with the potential for rapid innovation. By 

living in the care home, observing every-day life and contributing to daily activities, the lead 

author was able to better understand what types of robot (physical or sensors) might be helpful 



8 
 

and to work collaboratively with staff to identify residents’ preferences exploring aspects such 

as preferred appearance, acceptance of robot’s physical work or social role, and acceptance of 

different robot functions; all while reviewing the available research evidence. In preparation 

for the final stage research examining living lab residents’ perceptions of technology, an 

activity based on delivering an exercise routine performed by the humanoid robot NAO, 

coherent with the age of the participants, lasting 10 minutes was performed to groups of 

residents. A further activity involved a presentation about dementia and more specifically its 

prevention based on guidance provided by the National Health Service (NHS) and the UK 

Alzheimer’s Society. This was delivered in the communal area and coffee shop where residents 

gather for their morning tea and residents participating actively discussed different factors that 

are scientifically known to reduce the risk of developing dementia. As a result, residents were 

familiarized with lifestyle choices that could make a difference to their health and well-being. 

 

3.2 Living Lab Residents’ Perceptions of Technology 

A cross-section of residents was selected to evaluate their overall perceptions of 1) non-

intrusive sensors, and 2) robots with a physical presence, both seen from the perspective of 

health improvement. A survey questionnaire was designed to explore these factors, piloted 

before use, and refined following feedback. The questionnaire contained a mix of closed and 

open-ended questions, presenting practical examples with corresponding images in order to aid 

understanding. Further clarifications were provided for the questions if needed. The final part 

of the questionnaire included an open-ended question to identify any activities not included 

which older people might wish to be performed by a robot. The questionnaire explored two 

different types of technology: 1) non-intrusive sensing technology; and 2) robots with a 

physical presence.  

 

Prior to starting the survey, information was provided to familiarise participants with 

illustrative examples of the two types of technology: 1) ambient sensors which required no 

interaction e.g., a wall-mounted infrared sensor capable of detecting various movements such 

as falls, a major adverse event among older adults (Dionyssiotis, 2012). It was also explained 

that because infrared sensors capture extremely low-resolution temperature images, no one 

could not be identified, ensuring confidentiality); 2) for robots, a similar approach was adopted 

with examples given for different types of robots based on their physical appearance, role, and 

tasks. User acceptance of sensors and robots was evaluated from the perspective of health 

improvements for both. Regarding health, physical health and mental health were studied as 

two distinct benefits offered by the two types of technology. 

 

The survey was undertaken during the period of September 2019 - October 2019. All the 

participants were approached in their own bedrooms or communal living areas of the care 

home. The survey was administered in the form of a one-to-one interview, where the older adult 

had the opportunity to ask questions for clarification purposes. This form of survey 

administration allowed the inclusion of participants who may have various impairments. The 

participants could answer questions either in writing, or verbally with their answers entered by 

the interviewer. Each interview lasted approximately 1 hour. 

 

3.3 Setting 

The research was undertaken in the new, state-of-the-art 84-bed residential care home owned 

by WCS Care in Kenilworth, England. Residents live in family groups of 6-8 people, each with 

their own bedroom and a common kitchen, dining area and entertainment space. In addition, 

there are communal areas such as a café, shop, cinema and gardens. As well as providing a 
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living lab environment, dissemination of innovation and technology transfer was provided 

through an embedded innovation hub and national visitor programme (Szczepura et al., 2018). 

Innovations introduced into the organization included acoustic monitoring (NHS England 

Transformation Directorate, 2020) circadian lighting (Baandrup and Jennum, 2021), and 

person-centred software (Taylor et al., 2023). Thus, in WCS the Living Lab approach supported 

the management and development of existing facilities and helped to create a blueprint for 

future innovations. 

 

3.4 User sample 

The final number of residents who took part in the study was 21 (18 female and 3 male). The 

demographics are presented in Table I. The gender breakdown reflects the fact that residents in 

UK care homes are mostly women (McCann, Donnelly and O’Reilly, 2012). All male residents 

in the care home were approached, but the remaining male residents had chronic conditions 

which prevented them from participating. 

 

Table I. Participants’ demographic details. 
GENDER NUMBER AGE±SD AGE RANGE 

Female 18 90±4.65 81-99 
Male 3 93±1.41 91-94 

 

3.5 User acceptance of sensors 

When considering non-intrusive ambient sensors, participants were asked whether the 

technology could improve 1) their physical well-being; and 2) their mental well-being. With 

regard to physical well-being, the example given was the rapid detection of a fall by a sensor 

or sensor array. An example of improved mental well-being was a resident feeling more secure 

and stable with this sensing technology in place. A breakdown of responses is shown in Figure 

2. 

 

(a) Physical well-being (b) Mental well-being 

Figure 2. Well-being improvement based on sensing technology. 

 

3.6 Factors affecting the user acceptance of robots 

The two characteristics in the classical TAM framework (perceived ease-of-use and usefulness) 

were extended in the survey questionnaire to include three additional characteristics - 

functionalities, physical appearance, and cost - with respondents having the opportunity to 

select more than one characteristic. A comparison of the relative importance of these five robot 

characteristics is shown in Figure 3. Perceived usefulness was considered as the most important 

robotic feature, with ease-of-use slightly ahead of the other three. 
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Figure 3. Relative importance of five robot characteristics. 

In order to evaluate the willingness of residents to have a robot in their current home (i.e., LTC 

facility), respondents were asked how far they agreed with the statement “I am likely to use 

robots in my home”. Responses were mixed as shown in Figure 4a: 6 disagreed and 3 strongly 

disagreed; while only 5 demonstrated strong acceptance and 1 was uncertain (neither agreed 

nor disagreed). This is perhaps because only a few residents had any previous experience 

(solely interacting with Amazon Alexa). 

To explore the question of whether residents would trust a robot to make decisions for them, 

the examples given were those which related directly to a resident’s health. The results are 

shown in Figure 4b. 

 

(a) User acceptance of a robot at home (b) Trusting the robot for making decisions  

Figure 4: User acceptance of a robot at home and trusting the robot for making decisions. 

3.7 User acceptance of robots based on appearance  

Three main types of robots were presented in the questionnaire: mechanical humanoid, 

zoomorphic (animal-like), and machine-like. For mechanical humanoid robots, only examples 

made of steel and plastic were presented. Robots with skin, hair, nails, etc. were excluded since 

these might “fall” into Mori’s “uncanny valley” (Mori, 1970). The three humanoid robot 

examples presented were the Softbank Robotics – NAO (SoftBank Robotics, 2020), Pepper 

(SoftBank Robotics, 2020), and Romeo (Guizzo, 2010). The three zoomorphic robot examples 

presented were AIBO (dog-like), MiRo (donkey-like), and PARO (seal-like). For the machine-

like robots, although these are widely used in manufacturing, they can also be applied in elderly 

care homes. The examples given were Baxter and OSARO which can be used for work such 

as serving meals, or for human navigation through environments. None of the illustrated robots 

were familiar to the care home residents.  
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The residents’ responses demonstrated that they had a significant preference for humanoid 

robots (13) over zoomorphic ones (4), as seen in Figure 5. In addition, zoomorphic robots had 

a small advantage over machine-like robots (2). The latter did not find sympathy with many 

respondents; one female resident commented on the industrial robot Baxter. “It is awful! It 

looks like a spider”. Two residents (a male and a female) stated that they had no strong interest 

in a robot’s appearance. 

 

Figure 5. User acceptance of robots based on physical appearance. 

3.8 User acceptance of robots based on role and functions of robot 

Activities which might be performed by a robot were differentiated for physical robots and 

socially-assisting robots. For physical robots, activities such as cooking (A1), cleaning (A2), 

and environmental navigation (A4) were presented. For socially-assisting robots, the activities 

were medicines reminders (A3), entertainment such as singing and dancing (A5), 

communication with the robot (A6), and enabling communication with relatives (A7). The 

respondents had the opportunity to select more than one answer. The results shown in Figure 6 

indicate that the activity most strongly preferred was cleaning (A2), with over half of the 

residents identifying this as important. The social activity of communication with the robot 

(A6) was ranked second, followed by activities such as cooking (A1), medicines reminders 

(A3), and environmental navigation (A4), where the last two were also strongly linked to a 

resident’s health and well-being. The least preferred activities were the provision of 

entertainment (A5) and communication with relatives (A7). In terms of entertainment, residents 

felt that a robot could not entertain them, and would instead prefer old-fashioned activities from 

their youth such as knitting and crafting. A robot’s role in communicating with relatives also 

did not seem important, perhaps due to the fact that most of the residents had their own mobile 

phone, desktop computer or laptop. 
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Figure 6. User acceptance of robots based on functions. 

Linked to the previous question, residents were asked whether they considered performance of 

these activities would improve their physical or mental well-being. The results were mixed as 

seen in Figure 7, with approximately half the residents agreeing to a differing extent, while the 

remaining disagreed.  

 

(a) Physical well-being (b) Mental well-being 

Figure 7. Well-being improvement based on robot’s activities. 

3.9 User acceptance of robots based on cost of the robot  

Cost was clearly regarded as less important than usefulness, as shown in Figure 3. Some 

residents commented that, as long as they did not pay for it, they did not consider price 

important. However, cost was considered to be as important as physical appearance and 

functionalities. 

3.10 Open-text comments 

Most participants (14) chose to leave the final open-ended question blank. The seven responses 

mostly focused on comments about cleaning activities, including a smart vacuum cleaner. 

Other residents commented on a desire for a robot to act as a personal secretary or to possess 

the ability to wash an individual. Although the environmental navigation activity was included 

in the questionnaire, one resident left the comment "Help me walk". 

3.11 Comparison between user acceptance of sensors and robots 

Figure 2a shows that older respondents exhibited a strong user acceptance of sensors for 

physical health improvement. At the same time, these residents had some reservations in the 

area of mental health, as seen in Figure 2b.  
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In terms of user acceptance of robots, the results for both physical health and mental health 

were very mixed, as shown in Figure 7a and Figure 7b respectively. 

4. Discussion 
In addition to the general challenges of an ageing population, the current chapter highlights 

those associated with a super-ageing group of increasingly frail older people aged 85+ years. 

The UK currently has the fastest growing population world-wide in this population group, with 

a predicted doubling in size of those aged 85+ years by 2041 and trebling by 2066 (Office for 

National Statistics, 2021). The present study provides much needed research evidence on how 

older people aged 81-99 years living in a long-term residential care facility, or care home, value 

robots, including those with a physical presence as well as non-intrusive sensing technology. 

Although sensor systems for human monitoring and recognition have been widely researched 

for healthcare purposes (Karayaneva et al., 2018; Mashiyama, Hong and Ohtsuki, 2015; 

Karayaneva et al., 2023), research in care homes is limited. On the other hand, robots with a 

physical presence with diverse capabilities have been tested in care homes (Robinson, 

McDonald and Broadbent, 2014), but long-term usage is still to be successfully introduced. 

Although the current study sample was relatively small, the size is similar to that reported in 

other studies identified in the literature review. However, the study is unique in that it was 

carried out in a living lab environment, following an observational period during which the 

lead author was embedded living full-time in this care home. Evidence from the literature 

review was combined with first-hand experience to produce the questionnaire administered by 

interview. Residents contributed their views to produce the final framework for exploring user-

acceptance co-designed with residents. The concept of 24-7 living labs is now being introduced 

in Japan, the country with the most rapidly ageing society in the world. In 2020, the Japanese 

Government’s Ministry of Health, Labour and Welfare announced a strategy to develop ‘care 

science’, following this by needs matched support for development, demonstration, and 

dissemination of nursing care robots as living labs (or open labs). The aim is to address key 

issues (needs) faced by care sites across the country with products and technologies held by 

development companies (Science Council of Japan, 2020). Eight organizations including 

universities, government’s research labs, R&D divisions of care companies, and a local 

authority have been funded as living labs. These include Care Tech Zenkoukai Lab (R&D 

division of a network of state-owned care homes) (Zenkoukai, 2024), and Future Care Lab in 

Japan (R&D division of a network of private care homes owned by insurance company, Sompo) 

(Future Care Lab in Japan, 2024). 

4.1 User acceptance of non-intrusive sensing technology 

Older people participating in our study consistently showed a very strong preference for non-

intrusive sensor technology that could improve their physical health and well-being, with some 

commenting that as long as the technology was helping them, they were supportive. This 

echoes the findings of one of the few published studies on the acceptability of assistive 

technology which found that older people valued ‘felt need’ and ‘product quality’ when 

presented with a new technology (McCreadie and Tinker, 2005). However, residents in the 

present study provided a mixed response when asked to consider any potential benefits in terms 

of their mental health and well-being (rather than physical health). A recent scoping review 

reported that older people’s desire to portray themselves as independent and self-reliant will 

impact upon their adoption patterns for assistive technology (Astell, McGrath and Dove, 2020). 

Hence, responses in the present study may be indicative of residents’ desire to consider that 
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they are fully in control of their own moods and mental health. Alternatively, considering the 

age of the residents, it may be that mental health was a ‘taboo’ topic surrounded by stigma 

(Rössler, 2016). 

4.2 Older people’s acceptance of robots 

Our research identified that application of the TAM model confirmed that both perceived ease-

of-use and usefulness are considered important characteristics in a robot. For older residents, 

however, additional characteristics such as physical appearance, roles and functions, and cost 

also play an important role. Although our study identified humanoid physical appearances as 

the most popular, examples presented which resembled a human were chosen so as not to “fall” 

into the “uncanny valley”, thus ensuring the robot would engender feelings of sympathy and 

familiarity among the residents (Mori, 1970). Zoomorphic robots were the next preferred 

appearance above machine-like robots, a finding in line with previous research in a similar size 

sample (n=25) which identified the same preference order (Pino et al., 2015).  

In terms of the preferred role for social robots, our finding among both age groups of residents 

of a preference for cleaning is novel and has not been reported elsewhere. Many older people 

who move into long-term residential care will have physical problems affecting their ability to 

perform basic domestic tasks such as cleaning and cooking (Seidel et al., 2010; Ma et al., 2011). 

Thus, it is not surprising that the residents identified cleaning as important. Interestingly, 

cooking and communication with the robot were the second most preferred activities. Although 

loneliness among older adults living on their own is recognised to be a major issue, it might be 

expected that this would not be the case for communal living (Brownie and Horstmanshof, 

2011). However, the observational period identified that residents spent a large amount of time 

alone in their own rooms, as has been reported in other household studies (Peak et al., 2019). 

So, a robot could help by providing companionship. 

4.3 Acceptance and trust of robot in own home 

Studies have discovered that trust is an important factor for user acceptance of robots (Stuck 

and Rogers, 2018) and of home monitoring systems (Lie, Lindsay and Brittain, 2016). 

Residents in our study were largely cautious in their responses to the questions of trusting and 

accepting a robot in the care home where they were living, with the most common response 

being to not accept a robot in this setting and probably not trust it to make decisions. This 

contrasts with previous research with 21 older adults (Age=80.25±7.19) who were identified 

as generally willing to accept a robot at home (Smarr et al., 2012). However, it is worth noting 

that our participants were a decade older (Age=90.42±4.46), which might potentially affect 

their acceptance and trust of robots. Also, views were elicited in structured interviews by a 

researcher who had been living alongside them. The complexity of understanding the 

acceptance of robots has been considered by other researchers, with findings identifying the 

fact that the word "robot" can engender feelings of unease and fear (Johansson-Pajala and 

Gustafsson, 2022). 

4.4 Comparison between acceptance of sensors and robots 

This study discovered stronger preferences for sensor-based monitoring systems compared to 

robots with a physical presence. Acceptance of interaction-free sensors is in line with previous 

research, where a similar preference has been reported (Steele et al., 2009). While robots with 

a physical presence can potentially allow person-technology interaction, this form of 

relationship was found to have less support among residents in the present study. The fact that 
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cleaning, identified as the most valued activity, requires no participation by the resident, would 

appear to substantiate this. However, the concept of "weak" or "vulnerable" robots needs to be 

considered as part of any person-technology interaction for both social and physical duties 

(Laitinen, Niemelä and Pirhonen, 2019; Traeger et al., 2020; Parvainen and Pirhonen, 2017). It 

appears that this is strongly correlated with older adults’ dignity and self-esteem. Dignity is a 

fundamental human right, which could be considered under threat in long-term care settings in 

regard to robotic care (Laitinen, Niemelä and Pirhonen, 2019). A vulnerable robot serves as a 

tool for retaining a reasonable level of independence and dignity, whilst providing necessary 

social or physical robotic care. Thus, robotic cleaners can elicit an older person’s interest and 

engagement by requiring them to help, such as by moving items (Smarr et al., 2014). As such, 

an individual may feel they have a more meaningful role in the activity, which is reported as 

beneficial for their self-esteem (Laitinen and Pirhonen, 2019). In addition, physical robots can 

offer an opportunity for staff, reducing the manual work of human carers and allowing them to 

focus on the emotional and social aspects of their duties (Parviainen and Pirhonen, 2017). 

However, other physical tasks undertaken by robots, such as lifting and moving people, could 

reduce human contact, another important human right (Nwosu et al., 2019). 

4.5 Limitations and strengths of study 

Certain limitations should be borne in mind when considering these research findings. First, 

the participants may not be representative of the wider population nationally because they were 

recruited from a single care home. Also, although great care was taken to recruit a wide age 

range (81-99 years), there were fewer male residents. This generally reflects the UK care home 

population (McCann, Donnelly and O’Reilly, 2012), but the sample size meant that gender 

differences could not be explored. Finally, the fact that individuals living with dementia were 

not recruited to contribute to this study means the preferences of these individuals could not be 

explored. The robot examples presented in the questionnaire were also necessarily ones which 

are commercially available with set physical appearances, roles, and functions, so not allowing 

for future novel designs and functions. Finally, although the greatest care was taken in the 

questionnaire design, as with all surveys that record individuals’ views, the validity and 

reliability of the data could not be tested independently. 

5. Conclusions 
Although it is assumed that unobtrusive sensors and physical robots will eventually address the 

challenge of providing care for a super-ageing society with a declining birthrate, research into 

factors influencing older users’ acceptance of such technologies has received far less attention 

to date than robot development. This is partly due to challenges in accessing these populations 

in a cost-effective and reliable manner. The present study has successfully explored older 

people’s preferences through in-depth research undertaken in a UK care home ‘living lab’ 

environment with a researcher first living alongside residents in order to better understand their 

lived experience. The findings demonstrates that a range of factors, beyond the two dimensions 

generally accepted (usefulness and ease-of-use) affect technology acceptance by older adults 

aged 81-99 years. Elements such as appearance, role, and functions; impact on physical health 

and mental well-being; and trust towards the robot have been identified, and compared between 

acceptance of sensors and physical robots, forming the foundation for a more comprehensive, 

tailored framework for assessing the acceptability of prototype sensors and physical robots. To 

our knowledge, such an analysis has not been undertaken in previous studies with this 

population. 
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By extending the research to older adults in other living lab environments in the UK to newly 

created living labs in Japan, it should be possible to discover the degree to which culture 

influences response patterns, and also what impact demographic factors such as education, 

level of disability, and psychological profile have on acceptance patterns. The use of co-design 

approaches in controlled environments such as living labs will be necessary if technology 

development is to successfully meet world-wide market needs through the design of future 

generations of social care robots.  
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