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includes providing therapeutic and social functions for the 
user. While they cannot provide all of the same help that a 
dedicated carer would be capable of, they have a range of 
advantages of their own. Notably, SARs are not constrained 
by the same factors as care workers, providing benefits such 
as the ability to be available 24/7.

Previous studies have shown the ability of pets to 
encourage healthy ageing. Therapy pets have been proven 
to reduce loneliness, increase socialisation and provide 
companionship to older adults [4, 5]. They have also been 
able to improve the symptoms of various psychological and 
mental health issues, such as depression [6]. Despite this, 
there are many challenges for elderly adults when it comes 
to pet ownership. Elderly people, particularly those living 
in assisted living facilities, can find it difficult to look after 
themselves, let alone another living being [7]. Robotic com-
panions do not have these downsides, and can be used by 
an elderly user without risk to themselves or anyone else. 
SARs can be used as an alternative to having a therapeutic 
animal companion or pet, especially in instances where the 
user may not be capable of providing care for a real animal 
[8, 9].

1  Introduction

As the number of elderly people in the world grows an urgent 
problem that needs to be solved is how to effectively care 
for these people with dignity. While dedicated care work-
ers can be an effective solution for providing care, they are 
in high demand and short supply. This problem is expected 
to grow exponentially, particularly in countries such as 
Japan where the number of elderly people is beginning to 
outpace the number of young people that could fill these 
carer roles [1]. An alternative solution to this problem is the 
use of socially assistive robots (SARs). SARs are robots 
specifically designed to provide support for their users [2, 
3]. This support can manifest in many forms but generally 
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Abstract
As the average age of developed countries continues to increase the methods used to care for these frail individuals needs 
to adapt to keep up with demand. Socially Assistive Robots (SAR) are a potential solution to this problem, however they 
have been held back by adoption issues for a number of reasons. One of the biggest barriers to adoption is the lack of 
acceptance by their intended users. Through this literature review we intend to explore the factors that influence SAR 
acceptance and the work that has been done into the implementation of a robot with “needy” characteristics. Research 
papers were gathered from some of the leading research databases for computer science that were published between 2004 
and 2022, as that was the initial launch of Paro, one of the first SARs to see widespread success. We conducted a search 
for papers on the topic of SAR acceptance for the elderly or otherwise vulnerable and found a total of 52 that matched 
our acceptance criteria. This review highlighted some of the ways that SARs can be adapted towards specific demograph-
ics in order to increase acceptance. We have also identified the current gap in the research for studies focused around the 
concept of a “needy” robot. While aspects of that kind of design have been viewed positively in several of the studies 
found here, we found none that focus on this concept as a primary research aim, indicating that there is value in further 
investigation of this type of SAR.
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Unlike smart home devices and other commercialised 
robots, emphasis is put on how physically and socially 
appealing SARs are, rather than focusing on functionality 
alone. SARs generally have anthropomorphic, or zoomor-
phic, features designed to appeal to their user as a compan-
ion, rather than a simple machine. Paro [10] one of the most 
popular type of SAR is designed to look like a baby seal. 
While other SARs have been designed to look more human-
oid such as Pepper [11], or more abstract and fit for a spe-
cific purpose like Astro [12].

General home assistants such as Amazon Alexa, Google 
Home and Apple HomePod have seen high rates of adoption 
by users, with over 38% of the UK and 35% of the USA pop-
ulation owning a smart speaker of some sort in 2021 [13, 14], 
this same adoption rate has not been seen by SARs. Attempts 
have been made to enter the SAR commercial market, such 
as in the case of Amazon Astro, a SAR designed to pair with 
existing smart home devices provided by Amazon [12], how-
ever, these products have remained in the early stages and as 
such have not resulted in significant market penetration.

While the type of functionality provided by SARs 
undoubtedly has an impact on their acceptance, this litera-
ture review aims to provide an overview of the other fac-
tors that contribute to this. We will look at existing studies 
that detail how readily accepted SARs are and the factors 
and traits that influence this acceptance. The primary goal 
of this article is to investigate the viability of implementing 
a “needy” socially assistive robot into the homes of vulner-
able people seeking to live independently.

1.1  Key Terms

1.1.1  Socially Assistive Robots (SARs)

SARs are a category of robot designed to provide aid 
through social interaction, rather than through direct physi-
cal aid [2]. Rather than focusing on assisting users physi-
cally, they are able to support the mental, emotional and 
cognitive well being of individuals by engaging them in 
dialogue, providing companionship and through encourag-
ing other activities. These robots are typically used to sup-
port vulnerable individuals, such as the elderly or otherwise 
frail [3]. Typically they aim to incorporate zoomorphic or 
human-like traits in order to encourage empathy and the fos-
tering of connections from users.

1.1.2  Neediness

The Britannica dictionary [15] defines neediness as “need-
ing a lot of attention, affection, or emotional support”. 
Needy traits in this context are behaviours and actions that 
encourage or require the interaction and support of a human 

user. This may come in the form of an SAR emulating a 
pet or small child which needs care, however, without the 
responsibility and need for the potentially vulnerable indi-
vidual to provide actual physical care to another individual. 
Pets acting in this capacity have already been shown to have 
a positive impact on the well-being of vulnerable individu-
als [4–6].

Animals typically display needy traits in the form of simple 
gestures, including nudging and vocalising to request attention 
when hungry, or otherwise needing care, creating a sense of 
emotional connection and social obligation. Digital devices, 
such as smartphones, display similar pseudo-needy traits by 
demanding attention through various notifications, warnings, 
and alerts. However, the frequency and insistent nature of these 
prompts can be negatively viewed as intrusive to the user.

For this paper, we define neediness as a robot that shows 
some form of dependence on the user in an endearing way, 
whether this is an entirely artificial requirement or not. This 
needs to be designed to be engaging rather than frustrat-
ing, thus encouraging users to build companionship with 
the SAR and making them want to interact, rather than 
feeling that they need to interact. Examples of behaviours 
that would be considered needy in the context of an SAR 
include:

	● Seeking assistance or reassurance
	● Expressing embarrassment or vulnerability
	● Spontaneous interactions
	● Displaying fatigue and similar characteristics

Several of these behaviours are already observed in existing 
studies [16–19], however they are not explicitly recognised 
as needy traits in those papers. Our definition of neediness is 
informed by work that sought to define needy SARs through 
the creation of a framework for future development [20].

1.1.3  Acceptance

In the context of SARs, acceptance refers to the users will-
ingness to engage with and use robots in their daily lives. 
Given the limited scope and duration of most studies, it is 
challenging to determine whether participants would con-
tinue to use SARs long-term in everyday life. Therefore, 
this review draws on a variety of methods used in the found 
studies to assess SAR acceptance, this will range from the 
results of questionnaires created using technology accep-
tance models, to observations, interviews and other novel 
methods of obtaining the perspective of participants. These 
varied methodologies provide a comprehensive view of 
many of the factors influencing SAR acceptance. Sec-
tion 5.1 discusses the various methods found as part of this 
review.
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2  Methods

2.1  Research Questions

This article aims to answer the question of whether a SAR 
with “needy” characteristics would be accepted into the 
home of people living independently. To achieve this we 
aim to examine three key research questions:

	● RQ1) Which SAR traits and behaviours are favoured or 
disliked by users?

	● RQ2) Do personal factors, particularly protected char-
acteristics, such as age, gender and culture, impact SAR 
acceptance?

	● RQ3) What existing research has been done into the cre-
ation of a “needy” SAR?

2.2  Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses

This study utilised the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA) [21] for 
identifying and reviewing papers in this study. PRISMA 
consists of a checklist and flowchart that provide several 
guidelines to ensure that a systematic review is conducted 
with relevant evidence of the steps taken at each stage.

The first stage of this process was performing a compre-
hensive search to identify all potentially relevant papers. 
This search was conducted in June 2022 on several of the 
most popular research databases for the field of Computer 
Science, namely: ACM Digital Library, Scopus, IEEE 
Xplore, Springer Link and DBLP. The following search 
terms were used: ((“Social” OR “Assistive” OR “Socially” 
OR “Companion” OR “Anthropomorphic”) AND (“Robot”) 
AND (“Acceptance” OR “Favorability”) AND (“Elderly” 
OR “Vulnerable”)). To cut down on unrelated papers, where 
possible search results were limited to the field of Computer 
Science or Human Computer Interaction.

The second step of the PRISMA process is to define the 
inclusion and exclusion criteria for papers. For this study 
the following inclusion and exclusion criteria were used.

2.2.1  Inclusion Criteria

	● Studies published between 2004 and 2022. 2004 was 
chosen as the starting date for study collection as this 
is when the first version of Paro [10], one of the first 
SARs to see widespread commercial use and success in 
care home settings [22], was released. This is also the 
year that the humanoid NAO [23] began development, 

another robot that would see widespread adoption and 
led to various innovations.

	● Studies should be on the acceptance and attitudes to-
wards SARs.

	● Studies must be in English, or have an English transla-
tion available.

2.2.2  Exclusion Criteria

	● Studies on robots that would not be classified as a 
SAR, such as general home smart devices or wearable 
technology.

	● Studies on robot functionality without considering the 
impact this has had on robot acceptance.

	● Studies on telepresence rather than autonomous SARs.

3  Search Outcomes

In this section, we will outline how the papers were nar-
rowed down to the few that we chose to use for this review. 
The exact reasoning behind these papers being excluded can 
be seen in the PRISMA Statement flowchart Fig. 1.

During the initial search, 694 papers were discovered. Of 
these papers, 21 were removed as duplicates leaving 673. 
The titles and abstracts of these papers were retrieved and 
examined to decide which were relevant to this study. After 
this initial screening process, 577 papers were excluded, 
leaving 95 studies. Using the search tool available in End-
Note PDF copies of these studies were retrieved. All papers 
at this stage of the report were able to be retrieved, mean-
ing that no papers had to be excluded to due an inability to 
retrieve their document.

The final step of the screening process was to read the 
remaining 95 papers and compare their contents with the 
inclusion and exclusion criteria detailed above. At this stage, 
43 papers were identified as matching the exclusion criteria 
or failing to match the inclusion criteria. Post-screening, 52 
studies remained to answer the research questions posed in 
this article [16–19, 24–71].

4  Results

4.1  RQ1) Which SAR Traits and Behaviours are 
Favoured or Disliked by Users?

This section explores user preferences for traits and behav-
iours in current SARs. This will include research into func-
tionality, as well as other features and factors that influence 
acceptance rates.
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Short term trials in Austria involved a small humanoid 
SAR interacting with elderly people [65]. They found that 
participants didn’t feel anxious, and even felt high levels of 
trust towards it due to the shape and size of the robot. When 
users feel less anxious towards a SAR they find them easier 
to use [51].

While the key functionality of the robot is important for 
initial adoption, other factors such as ease of use, compan-
ionship and novelty all play an important role in the overall 
enjoyment of the robot [63]. Human-like characteristics are 
particularly popular with elderly users, particularly social 
features such as facial features and variance in tone of voice 
[51]. Hedonic factors such as enjoyment and playfulness, 
while not necessarily important for accepting a SAR, can 
be helpful for establishing a relationship between the user 
and a SAR. Perceived enjoyment also has an effect on the 
intention to use a robot [45]. For elderly users specifically, 
intention to use accurately predicts actual usage [45]. Social 
factors, while less crucial for forming a relationship, play an 
important role in acceptance, as more socially communica-
tive robots increase user comfort and likelihood of accep-
tance as communicative partners [46, 50].

Emotional experiences with robots can be as important 
as robot task performance in terms of user acceptance and 
assessment of effectiveness, as was found in a study that 
provided a service robot to assist nurses in routine patient 
services [71]. Patients were handed “medicine” by a service 
robot in a simulated patient environment, with the intention 
of testing three robot features, facial configuration, voice 
messaging and interactivity. All three of these features 
were deemed important as the approval of robots with any 
of these features was significantly higher than of the robot 
with none of them [71]. While useful interactions, such as 
medication reminders, are generally seen as positive, activi-
ties that replace what would be human interaction, such as 
playing mahjong, are viewed negatively [48]. Instead, SARs 
can be used to enhance group activities, such as in the case 
of “Nadine”, a humanoid SAR that was used to assist with 
bingo games in a care home [53]. They found that when 
Nadine was present, residents appeared to be happier and 
calmer, and that care workers did not need to intervene with 
support as often. These changes were present immediately 
and did not improve or degrade over time, indicating that 
the amount of time required for users to adapt to the robot in 
this context was low.

Robots acting in a playful manner and appearing with 
zoomorphic features can help to facilitate their introduction, 
as it is non-threatening and easy to make sense of for users, 
even in instances where they suffer from dementia [52]. 
In a study by Marchett et al. [52], residents were initially 
distressed when introduced to a Roomba, as they found 
it hard to make sense of, but were either amused with the 

Multiple studies have examined how the personality traits 
of SARs impact user acceptance. In a comparison study by 
Bartl et al. [26], researchers assessed user responses to two 
distinct personas: a “companion” and an “assistant”. The 
key difference between the two SAR personas was the use 
of informal, filler language and friendly gestures in the com-
panion robot, while the assistant type was more direct and 
used formal language. Despite offering identical functional-
ity, a clear preference was shown by the elderly participants 
for the companion SAR, with the majority of participants 
rating it as both more likeable and intelligent. This sug-
gests that the presence of a relatable persona can signifi-
cantly influence user perception, even if the robot’s tasks 
remain the same. Further research supports the importance 
of robots having a distinct personality. Bevilacqua et al. [27] 
found that even childlike or negative robots were rated more 
positively than those with a neutral attitude. Indicating that 
more socially communicative robots result in users feeling 
more comfortable and expressive when interacting with 
them, despite not having a drastic effect on overall accep-
tance [43, 44].

Gross et al. [40] introduced specialist SARs to individu-
als with mild cognitive impairments who live alone. This 
SAR was designed to navigate around the property and keep 
its users engaged with basic cognitive training and writing 
applications similar to the type of activities that participants 
are usually requested to do as part of their care. While both 
of these functions were appreciated by users, they liked 
when the robot would navigate towards them and talk, par-
ticularly when the robot took initiative or was providing 
reminders. Many participants ended up treating the robot 
more like a pet or a person, rather than a simple machine, 
identifying and then insisting that it had certain personality 
traits and characteristics that were not originally intended 
by the researchers. Initially, participants were cautious or 
even afraid of the robot, with some only participating to 
support their partner. By the end of the trial, all participants 
had developed positive attitudes towards the SAR. While 
the study did not explicitly identify the reason for their ini-
tial apprehension, other research by Ng et al. [54] indicates 
individuals can be heavily influenced by popular culture, 
such as films and books.

In a paper by Gross et al. [19], independent elderly indi-
viduals were provided with a SAR that would live at home 
with them for a week, without supervision present. As with 
their other study [40], the majority of participants felt that 
they had developed a personal relationship with the robot by 
the end of the trial. One of the unique aspects of the work was 
that when the robot got stuck it would call for help. Rather 
than seeing this as a frustrating quirk of the robot, this was 
viewed positively by most participants as they found it an 
endearing trait that contributed to their attachment.
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Younger users, as well as those that are suffering from sad-
ness or loneliness, have been shown to be more influenced 
by the opinions of others [28]. One way to de-stigmatize 
SARs is to focus on implementing designs that are univer-
sally popular with as large of a demographic as possible.

Technology understanding is important for SAR accep-
tance. Users need sufficient training with technology in 
order to achieve long-lasting use and successful use of 
SARs [27]. This is particularly important for elderly users 
who are typically not engaged with and may be uneasy of 
modern technology [69].

SARs need to adapt not only to the environment, but 
also to the specific social situation of each interaction [57]. 
Adaptive behaviours make interactions more intuitive, 
which increases the ease of use and overall acceptance [25]. 
Regular and consistent communication can result in social 
ties forming between SARs and users, further enhancing 
acceptance likelihood [59]. The ability to convey emotion 
and affection meaningfully to users is another important fac-
tor [61]. To be effective, the SAR must communicate affec-
tion in a way that feels genuine and with varied expressions, 
as simply showing affection is not always enough to elicit a 
reciprocal response [35].

Overall while many of those questioned were initially 
reluctant to interact with an SAR, by the end of their respec-
tive studies these opinions usually changed. Thus indicating 
that better understanding of SARs, and the benefits that they 
provide, will result in greater adoption.

People primarily like SARs with “sociable personali-
ties” over those that communicate through a less person-
able, more straightforward way. They also appreciate SARs 
that have been designed to look friendly with zoomorphic 
features.

Caregivers are at risk of being forgotten about when it 
comes to SAR design. It’s important that they are catered for 
to ensure adoption, particularly in care home environments. 
We found that their needs differ from independent users that 
are intending to use the SAR, as they evaluate factors such 
as trust and technical understanding more importantly.

4.2  RQ2) Do Personal Factors, Such as Age, Gender 
and Culture, Impact SAR Acceptance?

To ensure that a wide range of vulnerable individuals are 
supported, aspects of SAR design need to cater to different 
demographics and backgrounds. As part of this review we 
chose to investigate whether factors such as age, gender and 
culture have an impact on overall acceptance, as well as the 
difference in preference for features and behaviours within 
these groups. One of the factors that had the largest impact 
on the acceptance of SARs is the age of the user. Overall cur-
rent research indicates older people are significantly more 

zoomorphic robot cat and happy to interact with it, or at the 
very least tolerated it. While they were happy to interact 
with the robot, they were acutely aware of the fact that it was 
a machine and not an animal, as the participants objected to 
the researchers treating the robot as a living being, such as 
by introducing it as a real cat.

A 3-month trial was conducted focused on the impact 
that having a humanoid SAR, Pepper, had on the workers 
within a care home [33]. Workers were happy to use the 
robot regularly, with most choosing to use it for at least an 
hour each day, despite the lack of obligation to do so. This 
usage was primarily setting up activities and games that 
involved residents interacting with the robot. Initially, the 
robot was used with no set pattern, however as time went on 
it was integrated into the regular schedule of activities at the 
care home. It had a positive effect on the workers’ mood as 
it provided extra ways to interact with residents, but its abil-
ity to reduce workload was limited, despite early expecta-
tions that residents would be able to participate in activities 
with the SAR without much supervision. Many of the care 
workers were skeptical at the beginning of the study but 
came around after interacting with the robot. At times using 
the robot resulted in a stressful experience, particularly in 
instances where there were technical issues that could not 
be easily fixed. It’s important that they are provided with 
the skills and knowledge that will allow them to fix these 
problems, or even to prevent them before can occur.

Trust between the caregiver and SAR is an important fac-
tor to consider when installing a SAR in a care home. While 
the anthropomorphism of the SAR is useful for increasing 
acceptance by people being cared for [52], it’s demonstra-
tively less important for caregivers, as Erebak and Turgut 
[38] found that anthropomorphism had little impact on the 
level of trust from caregivers. Instead, the most important 
factor was how much the caregiver intended to use the SAR 
and how happy they were with using it to automate tasks.

A robot was installed at a facility for elderly people with 
two different care programs, exercise with cognitive tasks 
and brain training with arithmetic operations [64]. The care 
programs were effective in their use cases, but not particu-
larly efficient. One of the main findings was that the effec-
tiveness of the interaction was heavily dependent on the 
user’s own abilities, which was a problem as the facility had 
users with a large range of skill levels. A suggestion made 
was to allow caregivers to customise the robot to ensure the 
robot was made usable for different skill levels.

Because of the importance of social influence, social 
stigma can be one of the biggest factors blocking the accep-
tance of SARs [69]. This can extend to general negative 
word of mouth, which can also lead to innovation rejection 
[30]. Rejection was prevalent even when the negative word 
of mouth was separate from the specific robot being trialled. 
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common in elderly users, particularly in a care home set-
ting, such as distant speech, multiple speakers or dysarthric 
speech. The presence of visualised feedback for speech can 
also increase the robot’s readability [55].

The main area in which people from different genera-
tions differ is in their concerns over robot usage. Most users 
were accepting of the robot, and all ages agreed that they 
expected the service robots to be able to help with house-
hold chores while achieving a good level of reliability and 
efficiency, but almost all users expressed concerns about 
the robots as well [70]. Generally younger users were con-
cerned about privacy and cost, working adults were more 
sceptical of robot reliability, while older people were more 
positive and forgiving of flaws, but concerned about the 
difficulty of learning new technology and the potential that 
they may lose some independence as the SAR would take 
on a caregiver role.

Elderly users also worry about potential safety issues 
with having an autonomous robot in the house. One con-
cern that arose was that robots may be let loose and drive 
towards people [18]. When passing over items, such as cof-
fee, the participants requested that the robot instead place 
the cup on a table, rather than trying to hand it over directly. 
In general, users wanted the robot to stay at least one arm’s 
length away from them, and for it to only move at a human 
walking speed [54].

Very little research is available on SAR acceptance from 
children. One study found that the perception of children 
between 6 and 13 of robots is generally positive and curious, 
with many supporting the idea of their own grandparents 
owning such a robot [61].

Researchers have looked into the impact of external 
factors such as social influence, hedonistic factors, per-
formance expectancy, perceived usefulness and perceived 
ease of use [34, 39]. Each of these factors appeared to have 
a high impact on the user’s motivation to utilise a SAR, 
although gender differences had a large impact on which of 
these factors were preferred. Women were generally more 
motivated by social expectations and entertainment, while 
men were more motivated by perceived usefulness and ease 
of use [39]. In terms of overall acceptance, elderly women 
were more accepting of robots and were more likely to think 
their lives would be improved by a SAR when compared to 
a similarly aged man [34]. Although male users appear to 
have more experience with computers and as such are more 
likely to perceive a robot as easier to use [42].

Subtle gender cues lead to people believing that robots 
are gendered, resulting in them applying social expecta-
tions to these robots [56]. This can have both a positive and 
negative effect in robot perception. Participants were likely 
to perceive robots with the opposite gender cues as more 

likely to want a robot in the house over younger people, 
as they are more likely to perceive greater benefits through 
their usage [24, 29, 49, 54, 70]. However attitudes differ not 
only in how favourable people are towards using an SAR, 
but also when it comes to the traits and features that they 
expect to see in them.

Older adults have little knowledge about robots and 
receive most of their information about the subject from 
movies or children, thus providing them with a precon-
ceived notion of how the robot should look and act [54]. 
Despite their lack of experience, in the study by [54] they 
were open to the idea of integrating more technology into 
their lives, including robots, as long as the benefits were 
made clear to them.

Biswas et al [29]. conducted a study wherein users from 
various age ranges were shown videos demonstrating dif-
ferent methods of interacting with a robot. The two primary 
methods of interaction displayed were voice commands and 
a built-in touchscreen tablet. They found that people over 65 
and under 21 preferred speech over a tablet-driven interac-
tion, while people between those two age ranges preferred 
the tablet. The reasons for this appeared to differ between 
the ages, however, as younger people chose speech due to 
perceived convenience, while older people in some cases 
chose it due to necessity caused by disability. Speech is 
one of the most important factors for acceptance by elderly 
users as it ensures that the robot is usable by users that may 
have some form of physical disability, and has been found 
to greatly reduce the learning curve for elderly users [55]. 
Younger people on the other hand were more experienced 
with smartphones and indicated that would be a good alter-
native method to interact with the robot.

When compared to a tablet interface elderly users pre-
ferred to be provided with a robot. They perceived it as 
being more usable as they found it less complex and easier 
to learn than the tablet equivalent. A higher willingness to 
use the device at home was also shown [41].

Robots should speak in a natural manner and ensure that 
all words are enunciated clearly and at a suitable volume. 
Older users in particular can be negatively impacted by 
issues such as hearing loss which can make it difficult for 
them to hear a robot under normal conditions, resulting in 
frustration and a reluctance to use the device [18].

The voice of the robot also appeared important to users, 
with the vast majority requesting that the robot be provided 
with a female voice, or the option to change it on request 
[29]. This functionality was particularly important to the 
younger participants.

Delay between SAR responses can make it difficult for 
users to anticipate what the robot is doing. Speech recog-
nition issues can be compounded by factors that are more 
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and entertainment more important [39, 42]. Geographic 
culture appeared to have the smallest impact on accep-
tance, as users from similar demographics in different 
regions appeared to have similar preferences. However, 
this may be influenced by the fact the majority of studies 
found in this review were performed in similarly wealthy 
countries, as seen in table 5.

4.3  RQ3) What Existing Research has been Done 
into the Concept of a “Needy” SAR?

An aspect of SAR design that warrants further investigation 
is that of integrating “needy” traits and features into a robot. 
The display of human-like emotions and facial features are 
received positively by users [58]. More specific human-like 
signs of distress or frustration were particular traits, which 
could be considered needy, that were popular among par-
ticipants in the studies found. In a study by Gross et al. [19] 
the robot would call for help when impeded or stuck. Rather 
than viewing this negatively, participants found this aspect 
of the robot “endearing” and increased their acceptance of 
the device. Robots when asking for help should have sad or 
fearful eye expressions and should use polite language to 
achieve a pleasant interaction [68].

Expressing tiredness or minor failures to respond were 
viewed positively, despite instances where it resulted in 
poorer quality services being provided by the robot [17, 
18]. While some acceptance of lower quality services can 
be viewed positively, this is not the case where the defective 
service has a long-lasting negative impact on the user, as 
this can erode trust with the SAR [36, 60].

Users are likely to ascribe human-like traits to compan-
ion robots, even in cases where this was not intended. Par-
ticipants in the study by [40] would regularly decide that 
a robot has a particular personality, forgiving any faults as 
though it was a pet or person. Embarrassment is important 
for social functions and would allow for SARs to create a 
better impression and integrate more naturally with humans 
when they fail. Perceptions of embarrassment from a robot 
do not rely purely on the robot being humanoid, simply hav-
ing some human characteristics such as a voice and face, 
has shown the ability to express this effectively [16]. In fact 
more human-like robots do not always result in more accu-
rate emotional portrayals [67].

We found that very few studies have been published with 
the sole purpose of developing or assessing a “needy” robot. 
However, aspects of design and traits that can be considered 
“needy”, such as calling for help and expressing tiredness, 
were evaluated positively by multiple studies found during 
this review. This indicates the potential for more thorough 
research to be done specifically focused on these traits.

uncanny than robots that are intended to share their gender, 
with men, in particular, being more likely to be impacted 
by this.

Factors such as education, technology proficiency and 
prior experiences appeared to have a significant impact on 
whether people felt positively towards robots. Service per-
sonnel, politicians, healthcare workers, people with a higher 
education level, older adults, people living in big cities 
and people with past robot experience were more positive 
towards SARs and perceived them as more useful and easier 
to use [32, 42]. However, the more educated a person was, 
the less likely they would be to perceive a robot as a social 
entity [42]. This experience was mirrored across regions as 
studies in both Europe and Asia corroborated this [24, 31, 
34, 37].

Robots should be designed to accommodate different 
generations and cultures, by ensuring that they are respect-
ful to social rules [37]. Research has been done into creat-
ing a robot that is targeted towards people from a specific 
geographic area and religion. Trovato et al. [66] used skeuo-
morphism to create a SAR in the shape of a Daruma, a fig-
ure of good luck in traditional Shinto and Buddhist beliefs. 
Daruma dolls are popular in both China and Japan and are 
a regular sight in both countries, particularly in areas where 
Shinto or Buddhist beliefs are common. The study was per-
formed with 25 elderly people living in a care home, or that 
use care home facilities, in Japan. They found that while the 
elderly people studies were initially resistant to the idea of 
using new technologies such as robots, after interacting with 
the Daruma robot they were generally comfortable with the 
device. The few participants who were initially completely 
against, or afraid of, the idea of a robot changed their minds 
by the end of the study. The main intention of this study was 
that the Daruma robot would be more easily accepted than a 
generic humanoid robot such as the Nao, due to its familiar-
ity with the target demographic. While this study indicates 
that the robot was popular, without conducting an equiva-
lent study with a different device there is no definitive proof 
this was due to the design and not simply their reaction after 
interacting with an SAR.

The preferences between the age groups differed greatly. 
Older users were more receptive to adopting a SAR and 
understanding of flaws when compared to younger users. 
Concerns also differed between age groups, with younger 
users worrying more about security and privacy, while 
older users were more concerned about losing indepen-
dence [70]. The two genders that we found studies for dur-
ing this review showed some difference in their perception 
of what they would like the SAR to do. Men were likely 
to evaluate the SAR based on its perceived usefulness and 
ease of use, while women considered social expectations 
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audience. An aspect that came up in multiple studies was 
the importance of ensuring that voice control was accurate 
and able to detect voice commands over a distance with-
out errors. Users would quickly become frustrated when the 
robot did not react appropriately to voice commands and 
people that are unable to speak English or speak it as a sec-
ond language, were concerned that they would be excluded 
[49, 54].

While most studies focus on the usage and acceptance of 
SARs from the perspective of a person receiving care, it’s 
also important to consider the requirements of caregivers 
when designing a SAR that will be used in a care home. 
Trust, willingness to use and technical ability are all impor-
tant factors to consider in order to ensure that caregivers are 
able to effectively use a SAR [33, 38]. Not only will this cut 
down on frustration for the caregiver, but will also ensure 
that they’re able to utilise the SAR to its fullest.

Personal factors have a large effect on the acceptance of 
SARs. Education, wealth and experience with robots were 
some of the greatest factors in whether or not users would 
accept a SAR [32, 42]. As wealth and education can be dif-
ficult to directly influence, a more positive presentation of 
robots in the media may lead to better SAR perception in 
the future.

Xu et al. [70] opted to group their participants into three 
distinct categories based on age, namely elderly, middle 
“working age” and young adults. Concerns and preferences 
differed between users in these distinct ranges. The general 
finding was that people from the older generation were hap-
pier to use a SAR than those that were younger. Older peo-
ple were most concerned about what adopting a SAR would 
mean for their independence and ability to be left alone. 
Some participants were also weary that this might result in 
less human interaction, as they believed that a robot could 
result in fewer visits from family members or care work-
ers. They were also concerned that their level of technical 
proficiency could make it difficult for them to use the SAR 
effectively. Younger people were more concerned about pri-
vacy, as there were concerns about how much monitoring 
would be done of them, and where this data would be held. 
Middle “working age” users on the other hand were mostly 
concerned with functionality, as whether the robot would be 
useful in their day-to-day life was their main priority.

The chosen methods of interacting with the robot was also 
something that differed between generations. Both older and 
younger users showed a preference for using voice controls 
[55]. However the reason differed as older users considered 
it a necessity, while younger users preferred voice due to 
convenience. Voice commands can be more accessible and 
user-friendly than other methods of control, as less tech-
nology proficient users can find it difficult to navigate a 

5  Discussion

An aspect present in the majority of studies found for this 
review was that participants were initially reluctant to inter-
act with a SAR [18, 33, 66]. This was seen across all age 
ranges and ability levels, however in most cases by the end 
of these studies participants changed their minds and were 
happy to interact with the SAR that was shown. While this 
is positive for acceptance for the short-term duration of the 
studies, not much research was available for whether this 
would continue to remain the case in the long term.

A key factor in SAR acceptance is whether or not they are 
provided with a personality [27]. While most smart devices 
on the market, such as the Amazon Echo or Google Home 
employ a clinical approach to their designs, preferences 
were shown in this study for SARs that were more person-
able. When given the choice a robot that interacts using 
formal language was less positively viewed than a robot 
that used more casual and friendly language [26, 43, 44]. 
Personable qualities come in many different forms. Inde-
pendent robots that take the initiative in navigating around 
the property and beginning conversations with participants 
were viewed positively. Similarly responding quickly to 
questions and requests was also an important factor for 
whether they were accepted.

While participants, particularly those suffering from 
dementia, can be initially apprehensive, or even fearful, 
of robots, zoomorphic features and design can help to ease 
these feelings [40]. Specific studies have modified the design 
of their robot to be animal-like while tuning the behaviour 
to match, resulting in a significantly more positive recep-
tion from participants. Preferences around the size were less 
specific, but being shorter than the height of the person that 
it is supporting was viewed favourably by most [54]. It is 
important not to attempt to deceive users by pretending the 
robot is a living being, however, as most people found this 
demeaning.

One of the biggest issues that users face is the inability, 
or the lack of confidence, to use a SAR in any capacity. It 
cannot be assumed that users, particularly the elderly, will 
have extensive knowledge of technology, for this reason, 
the SAR must be easy to learn and use effectively. This has 
shown to be important not only to care receivers but also 
for ensuring that caregivers have the confidence to correctly 
utilise the SAR [33].

Multiple studies found that potential SAR users were 
concerned about whether the robot would be able to under-
stand them when using voice control [49, 54]. Inaccurate 
speech detection was one reason stated for why this concern 
was present, however, another aspect was the way in which 
technology is usually aimed at an English-speaking target 
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whether other regions are the same in this matter, particu-
larly as the countries used in existing studies are relatively 
wealthy.

While a great deal of work has been done into investigat-
ing the acceptance of SARs particularly for the elderly or 
otherwise vulnerable, there is a large gap in the research 
for the implementation of a needy robot. Many of the char-
acteristics that could be considered needy, such as asking 
for help or failing tasks and displaying embarrassment, have 
already been identified as desirable in several studies [17–
19, 68]. However, this research has only noted the benefits 
of these individual traits in studies focused on other factors. 
Further investigation needs to be done to ascertain whether 
integrating multiple intentionally needy traits in a SAR will 
increase user acceptance.

5.1  Acceptance Measures

As detailed in Table 1, a diverse range of different means 
were used in order to measure the acceptance of SARs, 
aiming to understand how users perceive and interact 
with these robots. These methods ranged from structured 
approaches through the use of frameworks, to more open-
ended approaches, such as interviews and observations, 
allowing for both precise and exploratory insights into SAR 
acceptance.

Many studies opted to utilise established frameworks 
such as Unified Theory of Acceptance and Use of Tech-
nology (UTAUT) [72], Technology Acceptance Model 
(TAM) [73] and System Usability Scale (SUS) [74], which 
are commonly applied in technology evaluation to assess 
acceptance, usability and performance. Others chose to use 

touchscreen interface [41]. Middle “working age”, between 
the ages of 21 and 65, users were the outlier group as they 
had a preference for using touch control due to its familiar-
ity [41].

Customisation was particularly important to younger 
users and may provide a method of bridging the gap in 
acceptance between younger and older people. While most 
users showed a preference for a feminine voice for the SAR, 
younger users in particular requested the option to choose 
for themselves. Also suggested was the ability to customise 
functionality to accommodate users who are unable to use 
traditional interfaces [64]. This could be extended to also 
allow for other traits, both functional and physical, to be 
changed by the user, increasing usability by allowing users 
to match functionality to their level of ability.

The studies we found during this review only explicitly 
considered the male and female genders. Of the two gen-
ders, the aspects that are expected and considered important 
between men and women differ in some capacity. Generally, 
it was found that women considered social expectations and 
entertainment as important, while men favoured perceived 
usefulness and ease of use [39]. While these preferences 
may not always be consistent, it is important to ensure that 
they are kept in mind when designing a robot to appeal to 
a specific demographic. From the works reviewed in this 
study, the difference in SAR perception between regions 
was not significant, with several studies indicating that their 
results were similar across geographic boundaries despite 
the same test cases. This was particularly apparent in the 
studies comparing whether or not user wealth and education 
had an impact on acceptance, as the findings were mirrored 
on studies conducted in both Europe and Asia. It is not clear 

Table 1  Methods used for evaluating SAR acceptance
Method Description
Technology Acceptance Model (TAM) Evaluates acceptance of technology through perceived usefulness and 

ease of use.
Unified Theory of Acceptance and Use of Technology (UTAUT) Builds upon the TAM with a more comprehensive criteria.
Almere Model Measures functional and social acceptance in robot interaction.
Adapted UTAUT/Almere Custom adaptations to measure SAR-specific acceptance.
Behavioural Coding Categorises user reactions as positive, neutral, negative, or 

non-responsive.
Interaction Coding Schema Structured coding of video interactions to assess engagement.
Godspeed Questionnaire Measures users’ perceptions of robot anthropomorphism and likability.
Robot Attitude Scale Evaluates attitudes toward SAR features and functionalities.
Observational Analysis Observes and records real-world interactions and acceptance indicators.
Semi-structured Interviews Collects qualitative feedback on user experience and satisfaction.
System Usability Scale (SUS) Quantifies usability perceptions of SAR interfaces.
Empathy Scales Assesses user empathy toward the robot.
Self-Assessment Manikin Visualises emotional responses to SAR interactions.
Scenario Acceptance Scale Measures acceptance in various usage scenarios.
Daily and Final Interviews Provides continuous and end-of-study insights on SAR engagement.
Reaction Categorisation Simplifies user reactions into positive, neutral, or negative categories.
Perceived Anthropomorphism Assesses human-like qualities perceived in SARs.
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5.2  Study Locations

The studies found in this literature review were largely con-
ducted in western and European countries, with a significant 
concentration in a select few countries such as the Nether-
lands, UK, and Japan Table 2. More than half of the studies 
were conducted in Europe Table 3. Our review of the litera-
ture found no studies from Africa, Antarctica, Australia, or 
South America.

World Bank classifies countries into four income groups 
based on their gross capital income per capita for the previ-
ous year [76]. The four classifications can be seen in Table 4. 
As shown in Table 5, 92.50% of the countries included in 
this study are classified as “High-Income” by World Bank 
[76]. Countries classified as “Upper-Middle-Income” and 
“Lower-Middle-Income” make up a much smaller percent-
age of the total. Notably, none of the countries involved in 
this study are classified as “Low-Income” Table 6.

These geographic and economic factors may influence 
the acceptance rates of SARs as individuals in wealthier 

frameworks that have been tailored specifically for SARs, 
such as the ALMERE model, which identifies several key 
characteristics that they deem as crucial for SAR accep-
tance [75]. Some researchers developed custom variations 
of these frameworks to measure additional factors that have 
not been considered by the traditional frameworks, tailoring 
their approach to capture unique aspects that are deemed 
important for measuring acceptance.

Qualitative insights have been obtained through the use 
of semi-structured interviews and contextual observations. 
Unlike the quantitative approaches taken by other studies, 
participants are able to provide their own specific insights 
regarding motivations, concerns and other social dimen-
sions that impact their acceptance of SARs.

Alternative methods of assessing acceptance included 
more novel means, such as through the use of visual and 
computer vision analysis of video recordings in order to 
observe real-time engagement to capture non-verbal cues 
that indicate user comfort and engagement. These methods 
analysed user’s facial expressions and physical responses 
to their interaction, providing a more dynamic view of their 
emotional responses to the SARs. Ultimately we can see that 
from the variety of different means used to evaluate accep-
tance, that the very concept of acceptance differs based on 
the context of the study and the expected outcomes.

Table 2  Country-wise distribution of SAR studies and their percentage 
of the total (N = 52) [16–19, 24–71]
Country Total Studies Percentage
Austria 2 3.85%
Canada 1 1.92%
China 1 1.92%
Denmark 1 1.92%
EU Wide 4 7.69%
Finland 1 1.92%
France 2 3.85%
Germany 4 7.69%
India 1 1.92%
Italy 1 1.92%
Japan 5 9.62%
Netherlands 5 9.62%
Norway 1 1.92%
Portugal 1 1.92%
Singapore 3 5.77%
Spain 1 1.92%
Taiwan 2 3.85%
Turkey 1 1.92%
UK 6 11.54%
USA 1 1.92%
Unknown 8 15.38%

Table 3  Continent-wide distribution of SAR studies and their percent-
age of the total (N = 44) [16–19, 24–36, 38–40, 43–49, 51–55, 57–61, 
63–66, 69–71]. Studies with “Unknown” countries have been omitted
Continent Total Studies Percentage
Africa 0 0.00%
Antarctica 0 0.00%
Asia 13 29.55%
Australia 0 0.00%
Europe 29 65.91%
North America 2 4.55%
South America 0 0.00%

Table 4  World Bank classification of countries by income level July 1, 
2024 - for FY25 [76]
Income Classification GNI per Capita (USD)
Low Income $1,145 or less
Lower Middle Income $1,146 - $4,515
Upper Middle Income $4,516 - $14,005
High Income $14,005 or more

Table 5  Number of studies grouped by economic classification accord-
ing to the World Bank [76] (N = 40) [16–19, 24, 26–30, 33–36, 38–40, 
43–49, 51–54, 57–61, 63–66, 69–71]. Studies with “Unknown” or 
“EU Wide” as their location have been omitted
Economic Classification Total Studies Percentage
High-Income 37 92.50%
Upper-Middle-Income 2 5.00%
Lower-Middle-Income 1 2.50%
Low-Income 0 0.00%
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men caring more about the usefulness and ease of use, while 
women were more concerned about entertainment and social 
experience [39]. Users with a high level of education, par-
ticularly those with technical backgrounds, were also more 
positive of SARs than those without [32, 42].

Different age groups not only show differing levels of 
acceptance but also have different priorities when it comes 
to SAR functionality, security and usage [24, 29, 49, 54, 
70]. Several of these factors were directly tied to age, such 
as older people preferring voice control due to the per-
ceived ease of use when compared to a physical interface 
[55]. Other factors however, including security and pri-
vacy, are not so directly dependent on users age, and may 
instead by influenced by cultural factors, such as grow-
ing concerns surrounding multinational companies taking 
control of user data and the safeguards that have been put 
in place by local governments, like GDPR in the EU [70]. 
For these reasons, the aspects that are important to elderly 
users may change over time as the younger generation gets 
older.

While age, financial situation and education [32, 42] 
appeared to have a great deal of impact on acceptance and 
general views about robots, geographical location appeared 
to have minimal effect on this [24, 31, 34, 47]. This may 
be influenced by the fact that most current research has 
been performed in relatively wealthy countries, as seen in 
Table 5. More work can be done to ensure that similar stud-
ies are conducted in a more diverse range of countries with 
different economic backgrounds to ensure that their needs 
are accurately catered for. Another aspect that will benefit 
from future research is the development of SARs that cater 
towards a specific regional or religious culture through the 
use of culturally understood iconography and symbols, such 
as the Daruma [66]. Existing work in this field is limited 
but shows the potential to have a significant impact in the 
future.

The findings of this study highlight several avenues that 
warrant further study and investigation. Aspects that could 
be seen as “needy” have been shown to increase acceptance, 
but there is a lack of research in neediness as the defining 
trait for a SAR [16–19, 36, 40, 58, 60, 68]. We suggest that a 
robot designed around the concept of embracing that needi-
ness would be positively received, particularly for the pre-
dominantly elderly demographics that would use this type 
of device.

countries may have more access to technologies in their 
daily lives and are likely to have a higher level of digital 
literacy as a result. This familiarity will influence their opin-
ions of SARs due to the potential for an increased level of 
comfort when interacting with new technologies. However, 
those in lower income countries may be reluctant to accept 
SARs due to the associated costs and skepticism about func-
tionality and reliability. For these reasons, the studies found 
in this review may not generalise as well for non-European 
and low-income countries, indicating the need for further 
research across a more diverse economic, geographic, and 
cultural context.

6  Conclusion

Demographics differ in their wants and needs when it comes 
to the type of SAR that they will accept. One method to 
bridge this gap is to provide the user with the ability to cus-
tomise the functionality of the robot in some way, whether 
this be in functionality or simply social characteristics [29, 
64]. We have also highlighted the importance of including 
care workers when designing a SAR, as their needs regu-
larly differ greatly from those of care receivers [33, 38].

The most important traits of the SAR appeared to dif-
fer between the two genders for which we have data, with 

Table 6  Economic classification of study locations [16–19, 24–71] by 
World Bank [76]
High-Income Upper-Middle-Income Lower-Middle-Income
Austria China India
Canada Turkey
Denmark
Finland
France
Germany
Italy
Japan
Netherlands
Norway
Portugal
Singapore
Spain
Taiwan
UK
USA
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