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ABSTRACT

MULTIFACETED ANALYSIS OF OLDER ADULTS’
AND CARETAKERS ATTITUDES TOWARD SOCIAL
ROBOTS

Begiim Conka
M.S. in Neuroscience
Advisor: Yasemin Afacan
Co-Advisor: Burcu Aysen Urgen
July 2024

The global aging population is increasing drastically, bringing crucial concerns
regarding the lives of older adults. Though older people generally prefer staying
at their own homes while aging, it’s necessary to find solutions that will enhance
their well-being and life quality since they experience many psychological and
physical problems. This thesis focused on social robots’ role in enriching older
adults’ environments, thus improving their healthspan by enhancing their psycho-
logical and physiological health. Therefore, aim of this thesis was to understand
older adults’ and caretakers’ attitudes toward social robots. Semi-structured in-
terviews were conducted with older adults (N=18) and caretakers (N=12). In the
interviews, photos and videos of the three social robots with different abilities,
appearances, and human-likeness levels were shown. These robots are the pet-
like robot Aibo, the toy-like robot Paro, and the humanoid robot Pepper. Then,
participants were asked to answer open-ended questions to explore their feelings
about the robots, their preferences regarding meeting and interacting with them,
and whether they would want to have these robots in their homes. Results were
analyzed using sentiment analysis, which is a Natural Language Processing (NLP)
method, and a qualitative analysis method, thematic analysis (TA). Sentiment
analysis results demonstrate a differentiation in caretakers’ attitudes toward so-
cial robots. They perceived Paro negatively but responded positively to Aibo and
Pepper. On the other hand, older adults seem to have similar attitudes toward
the three robots. Three experts working in the field of human-robot interaction
conducted the TA separately. Combining their analysis, a new model was created,
and when all experts confirmed this model, four overarching themes emerged: I)
Perceived and expected roles of the robot, II) Physical characteristics and de-
sign features of the robot, III) Factors influencing acceptance of the robot, and
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IV) Disadvantages of the robot. Themes and sub-themes under the overarching
themes differed partly between older adults and caretakers and across Aibo, Paro,
and Pepper. The findings of this thesis contribute to the literature by compar-
ing the attitudes toward three different social robots in Turkish culture with the

adoption of a multifaceted design approach.

Keywords: Social robots, healthy aging, elderly care, human-robot interaction.



OZET

YASLILARIN VE BAKICILARIN SOSYAL
ROBOTLARA YONELIK TUTUMLARININ COK
YONLU ANALIZI

Begiim Conka
Norobilim, Yiiksek Lisans
Tez Danigmani: Yasemin Afacan
Ikinci Tez Danigmani: Burcu Aysen Urgen
Temmuz 2024

Yasglanan niifus kiiresel bir sekilde hizla artmakta ve bu durum yaslilarin hay-
atlariyla ilgili onemli endigeleri beraberinde getirmektedir. Yaglilar yaglanma
siireclerinde genellikle kendi evlerinde kalmayi tercih etseler de psikolojik ve
fiziksel bircok sorun yasadiklari igin onlarin refahini ve yasam kalitesini art-
tiracak coziimler bulmak gerekmektedir. Bu yiizden, bu tez sosyal robotlarin
yaglilarin ¢evrelerini zenginlegtirmedeki, dolayisiyla psikolojik ve fizyolojik saglhga
katkilariyla saglik siirelerini iyilegtirmedeki roliine odaklandi. Bu baglamda, bu
tezde yaglilarin ve bakicilarin sosyal robotlara kargi tutumlarini anlamak amac-
landi. Yaghlar (N=18) ve bakicilar (N=12) ile yar1 yapilandirilmig goriigmeler
gerceklestirildi. Bu goriismelerde katilimcilara farkli yeteneklere, goriintiglere ve
insana benzeme diizeylerine sahip ii¢ sosyal robotun fotograf ve videolar1 goster-
ildi. Bu robotlar evcil hayvan benzeri robot Aibo, oyuncak benzeri robot Paro
ve insansi robot Pepper’dir. Daha sonra katilimcilardan onlarin robotlara iligkin
duygularini, onlarla tanigma ve etkilesime ge¢me konusundaki tercihlerini, ev-
lerinde bu robotlarin olmasini isteyip istemeyeceklerini kesfetmeye yonelik agik
uclu sorular1 yamitlamalarini istendi. Sonuclar bir Dogal Dil Isleme metodu olan
duygu analizi ve nitel analiz yontemi olan tema analizi kullanilarak incelendi.
Duygu analizi sonuglar1 bakicilarin sosyal robotlara karsi tutumlarinda farklilik
oldugunu gostermektedir. Bakicilar Paro’yu olumsuz algilarken Aibo ve Pepper’a
olumlu yamtlar verdiler. Ote yandan, yaghlarin ii¢c robota kargt benzer tutumlar
sergiledikleri goriildii. Tema analizini insan-robot etkilesimi alaninda calisan iig
uzman ayri ayri yuriittii. Onlarin analizleri birlegtirilerek yeni bir model olus-
turuldu ve bu model tiim uzmanlar tarafindan dogrulandiginda, dort kapsayici

tema ortaya ¢ikti: I) Robotun algilanan ve beklenen rolleri, IT) Robotun fiziksel
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ve tasarim Ozellikleri, IIT) Robotun kabul edilmesini etkileyen faktorler ve IV)
Robotun dezavantajlari. Ana temalarin altindaki tema ve alt temalar, yaghlar
ile bakicilar arasinda ve Aibo, Paro ve Pepper arasinda kismen farklhilik gosterdi.
Bu ¢alismanin bulgular1 ¢ok yonlii analiz yaklagiminin benimsenmesiyle {i¢ farklh
sosyal robota yonelik tutumlar1 Tiirk kiiltiiriinde karsilagtirarak literatiire katki
saglamaktadir.

Anahtar sézciikler: Sosyal robotlar, saglikli yaglanma, yash bakimi, insan-robot
etkilegimi.
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Chapter 1

Introduction

The world’s aging population is growing sharply. We know that the percentage
of the older adult population (people over 60 years old) will reach 24% by 2030
from 10% in 2000 [1]. When we look at the situation in Tiirkiye, we see that the
population of people over the age of 65 increased by 21.4% from 2018 to 2023,
reaching 8 million 722 thousand 806 [2|. This increase brings some concerns. For
instance, along with increased life expectancy, it might cause an increased need
for caregivers [3| who assist older adults in performing daily activities, keeping
them safe, and maintaining social connections. However, finding employees caring
for older adults will be challenging, and not everyone’s economic situation will
allow them to hire a caregiver. At the same time, the relatives of older adults may
not have the time to take care of them all the time. Moreover, older adults prefer
to stay in their own homes for the maximum duration possible [4], “age in place”
[5], and live independently. In this case, placing older adults in rehabilitation

centers is not the best solution for them either.

Therefore, it is necessary to find effective solutions to improve older adults’
lives and environments and create safe spaces for them. To achieve this, it is first
essential to examine what healthy aging is, the problems that older people ex-
perience during the healthy aging process, environmental enrichment for healthy

aging, and the role of social robots in this regard.



This thesis begins with an introduction that explains healthy aging, environ-
mental enrichment, social connectedness in older adults, the role of social robots
in this context, and the purpose of the current study. Subsequently, there is the
methods section, which includes information about the participants, the study
procedure, the measures used in the study, and the analysis methods. Then,
there is the results section obtained from sentiment analysis and thematic analy-
sis methods, followed by a detailed discussion section explaining what the study’s

findings tell us.

1.1 Healthy Aging

The term “older adults” does not have a universally fixed definition across the
world. There are different age threshold which differ between organizations and
countries. For instance, United Nations define an older adult as a person over 60
years old [6], while it is 65 years for other sources [7]. According to the Turkish
Statistical Institute [2], an older adult is defined as someone who is 65 years old

or older.

It is important to understand the healthy aging process that we want older
adults to experience. According to the World Health Organization (WHO),
healthy aging is “the process of developing and maintaining the functional ability
that enables wellbeing in older age.” [8] Functional ability comprises an individ-
ual’s intrinsic capacity, including mental and physical abilities, pertinent environ-
mental factors composed of home, community, and relationships, and how those

factors interact [8].

Furthermore, “healthy ageing is about creating the environments and opportu-
nities that enable people to be and do what they value throughout their lives.” [§|
Environments impact many areas of our lives: our behavior, the health risks we
encounter, and the quality of our lives. Moreover, environments hold the social

care we need in itself [8].



By considering the individual, their environment, and the interactions between
these two, it becomes clear that the healthy aging process is complex. It encom-
passes various factors, from a person’s mental abilities to their surroundings and

the relationships they develop within those surroundings.

To unravel this complexity, a study investigating healthy aging from older
adults’ perspectives [9] can be examined. According to this study, healthy aging
can be approached by focusing on these groups of dimensions: biological, psycho-
logical, spiritual, and social. The biological dimension is related to the habits and
behaviors (e.g., not smoking, healthy eating, and performing physical activities)
adopted by older adults. These can be essential to maintain a healthy lifestyle in
which older adults can preserve the protective factors against some diseases. In
the psychological dimension, older adults mentioned the importance of optimism
and happiness [9]. Both are related to many factors, such as the quality of life,
social relationships, and connections with family and society. Speaking of social
relationships, from the older adults’ perspective, it was found to be closely tied
to healthy aging [9]. It’s crucial to sustain activities with close ones, including
family and friends, at a later age. Finally, the spiritual dimension is related to
faith and spirituality [9]. These and religiosity might help older people deal with
various problems. Therefore, it is vital to ensure that older adults age healthily,

considering all the dimensions mentioned above.

Since this thesis emphasizes enriching older adults’ environments to contribute
to their healthy aging processes, now, environmental enrichment, which plays a
vital role in living organisms’ lives by referring to enhancing the conditions in

their environments will be explored.

1.2 Environmental Enrichment

Environmental enrichment (EE) is a valuable experimental design investigating
the environment’s role in living organisms’ health [10] [11]. It can help us find

ways to create complex environments that make organisms live as healthy as



possible throughout their lives and while aging. This design aims to stimulate
organisms’ physical, mental, or social states. A study investigating EE’s im-
pacts on improving healthspan demonstrated its various contributions, including

psychological and physiological ones [10] (See Figure 1.1).

Laboratory experiments are being conducted with mice to achieve this. In
these experiments, EE housing conditions comprise larger cages, toys, running
mazes, etc. [10]. On the other hand, there are standard housing conditions with
smaller cages and without additional stuff such as toys. Generally, these two

conditions are compared to see how enriching the environment improves health.

It is essential to discriminate healthspan and lifespan to understand EE’s ef-
fects better. Lifespan is the time between the birth and death of an organism
[10]. On the other hand, healthspan refers to the time frame in which an organism
maintains good health [10]. Rowe and Kahn first highlighted the healthspan by
emphasizing the necessity for people to have all their functions throughout their
lives [10]. Thus, according to Queen and colleagues [10], it is essential to extend

healthspan without prolonging lifespan to prevent the adverse effects of aging.

EE experiments have shown many valuable findings on age-related diseases.
Various studies examine the effects of EE on animal models of CNS disorders
[11]. In one study investigating the impact of a stimulating environment on mice
with Alzheimer’s disease, researchers have found that the mice in EE conditions
performed better in memory tests compared to the mice in standard cages, even
though there is not a decrease in beta-amyloid (A beta) deposition [12] whose

accumulation is closely tied to Alzheimer’s disease [13].

In another study, EE’s effects on the healthspan of mice have been examined
[14]. Tt was found that EE results in an improvement in metabolism, behavior,
and body composition (e.g., a reduction in fat mass). The study also reported
that EE increases brain-derived neurotrophic factor (BDNF) [14], which decreases
the risk for neurodegenerative diseases. Thus, we can say that, with EE, healthy

aging was promoted in mice.
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Figure 1.1: Environmental factors induce systemic physiological change
via a brain-body connection. Complex EE stimuli in laboratory animals
(right) and analogous stimuli in humans (left) contribute to not only improved
psychological health, but to numerous tissue-specific and global physiological ben-
efits as well (center). Reproduced from [10]



While EE reduces the risk of neurodegenerative disorders, can improve memory
and cognitive abilities when these diseases are present, and thus promotes healthy
aging, it is also associated with anxiety, depression, and sociability. One study
compared the behavior of mice in enriched environments and standard conditions
and found that EE mice showed less anxiety-related behavior than mice with
standard conditions [15]. Furthermore, a reduced freezing time within the stress
model, along with no change in corticosterone level, which is associated with

stress response, was observed in EE mice [15].

Moreover, sustaining social bonds is vital for both laboratory animals and hu-
mans [10]. In humans, older adults might experience social isolation, which I
will discuss further in the following section, that might cause a decrease in their
well-being. A study with mice placed either grouped or isolated in a standard
or enriched environment for two months examined not only their cognitive func-
tioning and social interaction ability but also the medial prefrontal cortex and
hippocampus for synaptic protein levels, myelination, neuroinflammation, BDNF
and NOD-like receptor protein three inflammasome signaling pathways [16]. The
findings of this study reveal that isolated mice demonstrated declines in spatial
and social memory [16]. However, these problems in the memory were weakened
when the isolated mice were in enriched environments (with a running wheel and
toys) [16]. With the enlightenment of these findings, it can be deduced that
creating enriched environments for older adults who experience social isolation

might help maintain healthy functioning brain processes.

To further explore the importance of social connectedness in the aging pro-
cess, the importance of sustaining social connections for older adults and their

experiences in this context will be discussed in the following section.

1.3 Social Connectedness

According to Maslow’s hierarchy of human needs [17|, social connections are

fundamental to our well-being, and the importance of social connections remains



in the healthy aging process. Social connection is thought to be protective against

physical and mental health problems and early mortality [18] [19] [20].

As they age, it becomes challenging for adults to maintain social connections
due to various physical and psychological problems. Their chronic diseases might
prevent them from sustaining daily activities [21] and participating in social
events, reducing social interaction. The social convoy model (SCM) [22] and
the socio-emotional selectivity theory (SST) [23] [24] explain that adults’ social
network sizes typically decline as they age. With this decline, we observe nar-

rowing social circles that include only family and a small circle of close friends.

Therefore, older adults start to experience social isolation, which is generally
defined as the number of people a person meets and the frequency of meeting these
people [25]. However, it also includes subjective components such as feelings of
loneliness. A study examining social isolation in older ages [26], listed its five
components: number of contacts, feeling of belonging, fulfilling relationships,
engagement with others, and quality of network members. In this study, social
isolation is defined as “a state in which the individual lacks a sense of belonging
socially, lacks engagement with others, has a minimal number of social contacts,
and they are deficient in fulfilling and quality relationships,” encompassing both

objective and subjective aspects [26].

In order to understand the importance of social connections and prevent social
isolation in later life, it will be beneficial to look at its three dimensions, personal
relationships, community connections, and societal engagement as listed in a
study [25].

1.3.1 Personal Relationships

One of the dimensions of social connectedness in later life is personal relationships
[25]. Personal relationships can prevent older adults from experiencing social
isolation. Social isolation being linked with the frequency of contact makes “living

alone” an important concept in predicting isolation [25]. However, living alone

7



does not always lead to being alone. Older people living alone may also have
relatives and friends around them that they see frequently. On the other hand,
older people living with their families may be isolated from their environment.
In this case, it is more important to emphasize the vitality of the individual’s

relationships rather than living alone.

While the lack of support that socially isolated older adults experience is one
of the essential parts of personal relationships [25], some studies suggested other
components such as reciprocal communication and contributing to young people
[27] [28]. These demonstrate that personal relationships do not mean some people
look after them for older adults. Contrarily, they search for relationships in which

they share things with others and guide them.

1.3.2 Community Connections

Another dimension of social connectedness is community connections, which are
beyond close family and friends ties, referring to a person’s engagement within a
community [25]. To sustain community connections, older adults can participate
in various activities such as sports or religious organizations [25]. Furthermore,
some of the studies in the literature highlighted the importance of neighborhood
connections that help establish a routine for daily life and form close relationships
with neighbors [29] and that the lack of these connections might cause social
isolation [30].

Community connections may weaken with the physical problems experienced
by older adults. Preventing this is vital for older adults’ well-being. Strategies
in this regard include solving transportation problems and creating virtual envi-
ronments for community engagement. Such strategies help older people remain
members of a community and not experience social isolation even in the face of

physical problems.



1.3.3 Societal Engagement

The third dimension of social connectedness is societal engagement, which is re-
lated to both the availability of resources and information and an individual’s
contribution to society [25]. Societal engagement helps people be aware of po-
litical issues and world events, thus reducing their social isolation [25]. When
older people do not use digital communication tools, especially television, which
help them stay informed about the world and thus integrate with society, they
have the risk of being isolated [25]. At the same time, in today’s world, where
social media platforms are widely used to access news, older adults may not be
able to get the necessary information quickly enough, even through television.
To prevent this situation, as emphasized in a study [31], it is necessary to design

new technologies and services considering older users.

In summary, examining social connectedness with its dimensions will be benefi-
cial in helping older adults maintain their social connections within their personal
relationships and the community and society they belong to. With this exami-
nation, finding solutions to the factors that prevent older adults from sustaining
their bonds will be possible, and the quality of their lives and their well-being
can be kept high.

1.4 Social Robots

To prevent older adults from experiencing social isolation that has severe mental
and physical health consequences, researchers explored social programs, including
technology-assisted interventions using social robots as companions [32]. A social
robot is defined as “a physically embodied artificial agent,” [33| in other words,
an agent that can mimic a living being’s behavior or appearance [33]. This agent
has some characteristics that make people perceive it as a social entity; it can
interact with humans with an interface [34], and it can communicate verbally
or non-verbally with humans [33]. Broekens and colleagues [4] defined a social

robot shortly with the following sentence: “In short, a social robot is an embodied

9



system that can be perceived as a social entity and is capable of communicating

with the user.”

Compared to a typical robot, a social robot has both technical and social
features [34]. However, it primarily aims to interact socially [34]. To achieve this
interaction, it needs to have some characteristics and capabilities. For instance, it
should have the necessary communication skills to be able to interact with people
in specific contexts. Moreover, it should behave naturally so people can perceive
it as a social entity. A social robot’s appearance should also be natural to attract

people [34].

A study listed social robots’ usage areas: medicine, hotel use, entertainment,
nursing care, therapy, etc. [35]. In another study, social robots were mentioned as
having a role in childcare [36]. More specifically, social robots were investigated
to serve older adults in the following areas: mental and physical health, and as
social assistants and home companions [37]. Shibata and Wada [38] also men-
tioned the areas in which these robots were designed to perform: entertainment,
communication, mental therapy, education, and other purposes by referring to

what we call “social robots” as “human-interactive robots.”

Many studies involving people with emotional disorders such as dementia re-
ported users’ enhanced enjoyment, pleasure, and engagement with the use of
social robots [39]. Thus, social robots can be used in the treatment of psycholog-
ical disorders or in increasing older adults’ well-being. For physical health, social
robots can track older adults’ exercise routines and serve as their coaches [40] by
giving them instructions. Finally, social robots can assist older adults and be-
come companions for them in their homes. Thus, unlike industrial robots, which
are evaluated based on objective technical criteria, they are assessed through sub-
jective evaluations in their respective functional areas. We can talk about what
a social robot provides to a human emotionally, while for industrial robots, we

focus on their efficiency.

Social robots used in the above-mentioned areas were examined in a study

under headings such as attitudes toward, trust in, and acceptance of social robots

10



[33]. Examining studies on social robots in relation to these areas will help
understand how these robots can be used for older adults, as well as how to

conduct studies that explore older adults’ approaches or feelings to social robots.

1.4.1 Attitudes Toward Social Robots

Current research on people’s attitudes towards social robots offers mixed results,
making it difficult to reach a general positive or negative consensus [33]. This
might be due to the variety of contexts in which the effects of these robots were
investigated, as well as the diversity of people whose attitudes were examined. In-
stead, employing social robots in specific areas with specific people and examining
their attitudes can lead to more influential findings. At the same time, exploring
attitudes through not only their polarity but also with the underlying reasons
will be effective. For instance, in a study in which older people’s attitudes and
emotions toward different robots and in various situations were examined, older
adults demonstrated more negative attitudes and emotions in a care situation,
suggesting the situation in which a robot interacts with a human can determine

attitudes and emotions [41].

1.4.2 Trust in Social Robots

Trust is another factor examined in human-robot interactions. It can also deter-
mine the willingness of people to use robots in certain areas [33|. Thus, trust is
vital in understanding the effectiveness of integrating robots into people’s lives.
Although not many studies investigate trust specifically in social robots [42], it
will be helpful to examine trust in robots. Thus, this thesis examines a study
demonstrating that robot-related factors such as performance and attributes are
the most substantial contributors to trust. In contrast, environmental factors
play moderate roles [42]. Furthermore, in another study examining how mistakes
made by robots affect people’s trust in and acceptance of robots, it was ob-

served that the robot’s performance did not affect participants’ decisions about
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whether to follow the robot’s decisions. Still, the nature of the task performed by
the robot, such as whether it could be undone, determined whether participants

would follow the robot’s instructions [43].

1.4.3 Acceptance of Social Robots

Acceptance of social robots refers to people’s intention to use them [25]. There
is more evidence on acceptance, especially for elderly and healthcare domains,
than trust [25]. Moreover, acceptance is related to many factors. For example,
one study combining qualitative and quantitative methods to understand the
acceptance of Socially Assistive Robots (SAR) found that planning to employ
SAR was lower for now than for later [44]. Furthermore, personalizing robot

appearance and abilities are found necessary for acceptance in the same study
[44].

1.5 The Current Study

This thesis aimed to examine the attitudes of older adults and caretakers to-
ward social robots. Specifically, the thesis investigated polarity of their attitudes

toward social robots and the ideas behind these attitudes.

The study was conducted with older adults over 65 years old -according to
the older adult definition of the Turkish Statistical Institute [2]- who are in the
healthy aging process and who do not have neurological or psychiatric disorders.
This is because, by studying this cohort, a baseline understanding of typical
aging processes without the confounding factors of neurological or psychiatric
conditions can be established. Moreover, in this way, the results of the study will
be more generalizable to the broader population of older adults. Also, studying

healthy aging helps find effective interventions that support older adults’ lives.

Caretakers who take care of older people were also recruited in the study. This
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recruitment is because social robots can help them by sharing their responsibility
for older people. Thus, caretakers who do not have enough time to care for their
older relatives can more easily establish balance in their lives. Moreover, they
will feel more comfortable when they are not around their elders. As one study
suggested [45], the benefits of social robots are not just for older people. They can
also help family members, nurses, managers of nursing homes, etc., by enhancing

older adults’ well-being and quality of life [45].

The study was conducted in Tiirkiye with a Turkish sample. This creates an
advantage for two reasons. First, not many studies investigate social robots’ role
for older people in Tiirkiye. Thus, it can contribute to the development of the field
and form a baseline for future studies as one of the initial studies conducted in this
field in this country. Secondly, as Broekens and colleagues [4] mentioned, most
of the studies in the field were done in Japan. This situation prevents observing
cultural variation in older adults’ attitudes toward social robots. However, with

the current study’s findings, these cultural differences can be examined.

Social robots that are thought to function in the areas mentioned above come
in various forms, from humanoid ones to pet-like ones. Like their appearance,
these robots’ capabilities and usage areas also vary. Three social robots were
included in this thesis. These are Aibo, Paro, and Pepper (See Figure 1.2).
Numerous studies have used these three robots in various contexts. However,
only some studies in the literature directly compare the effects of these three
robots. Therefore, the current study compared attitudes toward these robots,
which have different abilities and appearances. In other words, these robots were
chosen due to their features that enable them to interact and react differently from
each other. Furthermore, previous studies that will be mentioned demonstrate

their effectiveness in different contexts in which these robots were used.
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Figure 1.2: Social robots included in this study

Sony released the companion robot Aibo in 2018 [46]. Aibo is in dog shape
and performs dog-like behavior (See Figure 1.2 - a). With its appearance and
behavior, it is aimed to provide warm feelings. Like a dog, it tries to interact with
people by making eye contact [46]. In addition, the Aibo robot has a microphone,
speaker, camera, and touch sensor. With its camera, it can recognize the people
and places around it and act accordingly. Also, it is responsive to human voice
and touch [46]. In one study [47], researchers investigated the effects of Aibo on
older adults who stay in nursing homes by measuring some hormones in their
saliva. They found that older adults’ loneliness decreased after interacting with

Aibo for one hour for 20 sessions within seven weeks.

Paro is another companion robot shaped like a baby seal (See Figure 1.2 - b).
It was initially developed for use in therapy. For this reason, it was designed soft
to evoke warm feelings in patients. It does not move but can move its eyelids,

hind legs, and neck. Moreover, it has sensors to recognize speech and determine
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the sound location [1]. Paro was used in many hospital and rehabilitation set-
tings [38] and for research. In one study [48], researchers examined the effects of
interacting with Paro on older adults using face and geriatric depression scales.
Ten participants engaged with Paro regularly, twice a week, for one hour each
session. The results showed that after one year of interaction, the participants’
depression levels had decreased. Additionally, caregivers who facilitated the in-
teractions reported that engaging with Paro helped the older adults laugh more
and become more active. In another study conducted at a day service center,
Paro’s effects on mood and stress levels of older people with face scales and stress
levels of nursing staff using a burnout scale were investigated [49]. Results of
the study demonstrated that the robot improved older adults’ mood and stress

resilience while it decreased nursing staff’s stress levels [49].

Pepper is a humanoid robot that can interact with people (See Figure 1.2 - ¢).
It can move, express body language, perceive and understand its environment,
and recognize people. Additionally, it has the necessary algorithms to identify
emotion by analyzing people’s facial expressions and voice tones. One study [50]
used Pepper in a care home for older people for ten weeks and twenty sessions.
They observed participants within this period and interviewed them to under-
stand their adaptation and attitudes toward Pepper. The study’s findings suggest
that participants were positively occupied in the sessions when they interacted

with the robot in the presence of an assistant who mediated the interaction.

In summary, Aibo, is a dog-shaped robot, while Paro is in the shape of a baby
seal, a less familiar animal than a dog. In addition, Paro can be considered more
toy-like because of its soft structure. Finally, Pepper is a humanoid robot that
looks and behaves like a human. It is expected that the differences between these

three robots would create different attitudes toward them.

Consequently, two research questions were developed. RQ1: “How do older
adults and caretakers respond to social robots?” and RQ2: “How do older adults

and caretakers respond to different types of social robots?”
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Chapter 2

Methods

2.1 Participants

Participants comprise older adults who visit the Geriatrics department at
Hacettepe University Hospital and those who care for older adults. All of the
participants were Turkish speakers. Since this thesis examined older adults’ at-
titudes toward social robots in the healthy aging process, participants without
neurological or psychiatric disorders were recruited. Because two of the partici-
pants did not complete the interviews, one participant did not meet the inclusion
criteria, and the answers of another participant were not clear, the data of these
participants were excluded from the study. The remaining 30 participants’ re-

sponses were analyzed.

Older adults (N=18) needed to be over 65 years old, and the age range for
them was 66-88 (M=76.47, SD=5.03), and caretakers (N=12) over 18 years old
(M=52.33, SD=6.10), with an age range between 38 and 64. 13 of the older

adults and 9 of the caretakers were females.
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2.2 Measures

Semi-structured interviews, including open-ended questions, were conducted with

the participants. The interview questions were created to understand how the

participants feel about the social robots, how they respond to them, and their

attitudes toward them. Interview questions can be seen in Table 2.1 for older

adults and Table 2.2 for caretakers.

Table 2.1: Interview Questions in English and Turkish for Older Adults

Questions in English

Questions in Turkish

1. What do you feel about this robot?

1. Bu robot hakkinda ne hissediyor-

sunuz?

2. Would you like to meet and interact
with this robot? Why/Why not?

2. Bu robotla tanigmak ve etkilegimde
bulunmak ister misiniz? Neden/Neden

olmasin?

3. Do you think this robot can help you
in your daily living? Why/Why not? If

yes, how?

3. Bu robotun giinlik yasaminizda
size yardimci olabilecegini diigliniiyor
musunuz? Neden/Neden olmasin? Evet

ise, nasil?

4. Would you like to have this robot at
your home? Why/Why not?

4. Bu robotun evinizde olmasini ister

misiniz? Neden/Neden olmasin?

5. Is there anything that you wish the

robot is doing for you?

5. Robotun sizin i¢in yapmasim iste-

diginiz bir sey var mi?
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Table 2.2: Interview Questions in English and Turkish for Caretakers

Questions in English

Questions in Turkish

1. What do you feel about this robot?

1. Bu robot hakkinda ne hissediyor-

sunuz?

2. What would your elderly feel about
this robot?

2. Yaghlarimiz bu robot hakkinda ne

diistintirdii?

3. Would you like to meet and interact
with this robot? Why/Why not?

3. Bu robotla tamigmak ve etkilesim
kurmak ister misiniz? Neden/Neden ol-

masin?

4. Do you think your elderly would like
to meet and interact with this robot?

Why /Why not?

4. Yaghlarinizin bu robotla tanigmak ve
etkilesim kurmak isteyecegini diigiiniiyor

musunuz? Neden/Neden olmasin?

5. Do you think this robot can help
you/your elderly in their daily living?
Why/Why not? If yes, how?

5. Sizce bu robot size/yaglilarimiza giin-
lik yasamlarinda yardimci olabilir mi?

Neden/Neden olmasim? Evet ise, nasil?

6. Would you like to have this robot at
your home? Why/Why not?

6. Bu robotun evinizde olmasini ister

misiniz? Neden/Neden olmasin?

7. Is there anything that you wish the

robot is doing for you/your elderly?

7. Robotun sizin/yaghlarimz igin yap-

masini istediginiz bir sey var mi?

2.3 Procedure

Participants agreed to participate in the study by receiving information about the

study’s purpose, procedure, risks, and benefits. At the same time, participants

were informed that their information and data would be kept confidential and

could only be accessed by the researchers involved in the study. After the consent

form was approved, interviews started. The Human Subjects Research Ethics

Committee of Bilkent University (Decision number: 2022 11 26 01) approved

the study.

In the interviews, participants were randomly shown the photos and videos
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of the three social robots. After they saw the photos and watched the videos of
each robot, they needed to answer some open-ended questions about the robots.
Stimuli, consisting of photographs and videos, were chosen to allow the robots’
appearance and capabilities to be examined in detail. Photos show moments
when robots interact with humans, including older adults (See Appendix A.1,
A.2, and A.3). The videos reveal what kinds of actions the robots can perform,
again including their interaction with humans. The procedure can be seen in

Figure 2.1, and the structure of the interviews can be examined in Figure 2.2.

Showing participant photos and
videos of three social robots

Thanking participant for their
contribution to the study,

Getting the setup ready,
meeting the participant, and

and asking them to answer answering their questions if

explaining the study to them

some questions (the process is
being repeated for each robot
in a random order)

they have any

Figure 2.1: Procedure of the study

; > Photos and video of the > Interview about the first Photos and video of the
Introduction first robot robot » second robot

: ¢ Interview about the third Photos and video of the ¢ Interview about the
Conclusion robot < third robot second robot

Figure 2.2: Structure of the interviews
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As can be seen from the Figure 2.1, in the first step of the procedure, a con-
venient setup was created to conduct the interviews. In this setup, a laptop was
placed in front of the participant so that they could review robot photographs
and watch the videos. Since the videos contained explanations and conversations
in some languages other than Turkish, they were watched with the sound turned
off in order not to distract the participants. To analyze the interviews later, a tri-
pod and camera were placed to frame the participant’s face and recording began.

After the interview was completed, recording was stopped.

2.4 Data Analysis

The auditory data collected from participants was manually converted into a text
format for analysis. Then, text data was analyzed using both sentiment analysis,

an NLP method, and thematic analysis.

2.4.1 Sentiment Analysis

Sentiment analysis is a method for obtaining and examining ideas, feelings, and
perceptions regarding different topics, goods, or services [51]. The aim of this
method is to classify the polarity of a given text. This polarity can be binary
(positive/negative), ternary (positive/neutral/negative), or more granular (e.g.,
very positive, positive, neutral, negative, very negative). It can be applied to
various texts, including reviews, social media posts, customer feedback, etc. Thus,
the method is used in multiple areas, such as hotel, restaurant or airline services,
and healthcare [52]. Applying sentiment analysis to these areas can help us

understand customer attitudes, design better products, and solve problems.

Sentiment analysis generally works with the following steps: collecting data,
text preprocessing, feature extraction, and sentiment classification (See Figure
2.3. In the first step, the dataset is getting done. In text preprocessing, sev-

eral steps are followed to clean the data. First, the text is tokenized, which
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Figure 2.3: Basic steps to perform sentiment analysis and emotion de-
tection. Reproduced from [54]

means splitting the text into tokens. Then, normalization, including converting
all characters to lowercase, removing punctuation, and correcting misspellings, is
performed. Other steps include stop word removal, eliminating the words that do
not change the meaning of the sentiment, and stemming, in which the words are
reduced to their root form. These steps are being followed since it is necessary
to prepare and clean the data to make it ready for analysis. The third step is
feature extraction, which is the process of transforming a text into a numerical
format. In this step, various techniques, such as Bag of Words (BoW), Term
Frequency-Inverse Document Frequency (TF-IDF), and word embeddings (e.g.,
BERT), can be used. Sentiment classification (model development) is the fourth
step. In this step, texts are defined by some classes (e.g., positive, negative, or
neutral). Again, there are multiple techniques to perform this step. These tech-
niques include the lexicon-based approach and machine learning [53]. In the final

step, the model’s performance is being evaluated.

Sentiment analysis was used in this thesis to determine the participants’ atti-
tudes toward different types of social robots as positive, negative, or neutral. The

analysis was performed with BounTi, one of the first Turkish sentiment analysis
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Twitter datasets, consisting of three classes [55]. This dataset was formed from
7964 tweets. Two judges labeled these tweets, and their disagreements were re-
solved through discussions. Additionally, the performance of transformer models
on this dataset has been compared. Multilingual transformers like XLM-Roberta
and multilingual BERT were compared with Turkish-specific transformers like
BERTurk. It was observed that the Turkish-specific transformer outperformed

the multilingual transformers [55].

The success of models trained on the presented dataset was also analyzed
through a social media experiment. It was found that the model successfully
identified negative sentiments in tweets about a brand in the food sector and the
short- and long-term effects of this sentiment. This demonstrates that models
trained with the data can be successful not only in the area they were collected
but also in other areas [55]. Therefore, this model was used to conduct sentiment

analysis.

The necessary libraries were first imported into the model used for sentiment
analysis. Then, training, validation, and test datasets were loaded. After these
steps, the pre-trained model, “bert-base-turkish-128k-uncased,” and the tokenizer
for the model were initialized. Later, a function to initialize the model for se-
quence classification with three labels (negative, neutral, positive) was defined.
Then, the data were prepared for the training. A custom trainer class to handle
multi-label classification and apply class weights during loss computation was de-
fined, and the model was trained and evaluated. In summary, the code leveraged
the transformers library to fine-tune a pre-trained BERT model for sentiment

analysis on a dataset with Turkish text.

This pre-trained model gave each answer in our data a score from 0 to 1 and
a label indicating whether the answer was positive, negative, or neutral. For
instance, for the statement “Bu robotu sevdim,” which means “I liked this robot,”

in English, the tool gives the label “positive” and the score “0.68.”

To prepare the scores for statistical analysis, the scores were adjusted by mak-

ing negative scores also mathematically negative and giving 0 to neutral answers
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instead of their original scores. Then, the averages for participants’ scores for
different questions in each interview about a particular robot were calculated.
Thus, all participants received one sentiment score for each robot. The scores
for Aibo, Paro, and Pepper were then averaged for both the older adults and the
caretakers. In the end, six scores were obtained: the older adults’ average scores

for the three robots and the caretakers’ average scores for the three robots.

2.4.2 Thematic Analysis

This study used thematic analysis by Braun and Clarke [56] to systematically
identify, analyze, and report patterns within our qualitative data. This method
enabled detailed investigation of older adults’ and caretakers’ approaches to social
robots and allowed the combination of some of the recurring approaches, thoughts,
and feelings expressed by the participants into specific patterns. These patterns
are called themes that indicate essential aspects of the data in connection with
the research topic [56]. The procedure that was followed to perform this analysis

can be examined in Figure 2.4.

Experts T!1eme Finalizing the Model
Generation

( ) .
Phase 1: familiarizing Delphi Method
yourself with the data
— to get the most reliable Phase 5: defining and
Phase 2: generating conclusion or idea among a naming themes

group of experts

initial codes

Phase 3: searching for

Phase 6: producing the
themes surveys report

Phase 4: reviewing
/ ‘_/7

themes
Figure 2.4: Procedure of the Thematic Analysis. The structure of the

performed Thematic Analysis by Braun and Clarke [56] including its six phases
and the use of surveys to conduct the Delphi method [57] [58]

23



This analysis method has six phases: familiarizing yourself with the data,
generating initial codes, searching for themes, reviewing themes, defining and

naming themes, and producing the report [56].

To be as objective as possible in this method, three experts who work in the
human-robot interaction (HRI) area were recruited. Two of the experts are PhD
students whose research area is how people perceive robots. The other expert
is an undergraduate research assistant who has been involved in projects in the
HRI field for several years. They performed the first four phases of the analysis
separately after they were briefly informed about the study, its purpose, and
research questions. In these four phases, they adopted deductive orientation, in
other words, a more researcher- or theory-driven approach [56]. In this case,
the experts determined a perspective by benefiting from their experience in this
field and our study and research questions. For the first phase, the experts read
and re-read the data that was given them in the text format to make themselves
familiar. This phase also involves taking some initial notes to perform better in
the following analysis phases. The second phase includes the formation of initial
codes from the data. These codes indicate what the data is about and what some
interesting parts are about it. In the third phase, potential themes are created
by looking at the codes generated. Braun and Clarke [56] mentioned that it is
beneficial to make visual representations (e.g., mind maps or tables) in this phase.
The fourth phase is related to reviewing themes, which includes operations such
as removing some themes, adding new ones, and combining several themes when

necessary.

After the experts finalized their analyses, their separate models of themes were
combined and a new model was created. The Delphi method [57] [58] was used
to get the experts to agree on a final model. This method was found to get the
most reliable conclusion or idea among a group of experts [57]. This is achieved
by conducting questionnaires about the subject, getting experts’ feedback, form-
ing other questionnaires according to the feedback, and repeating this process
if necessary [57]. Furthermore, it is important to make the experts carry out
this process separately from each other [57]. In this way, they won’t discuss the

subject and influence each other.

24



This method was used by creating a survey that asked them how much they
agreed with the themes in the new model, whether they were neutral or if they
disagreed, why they disagreed, and what they would change about the themes.
Following two rounds of discussion, all experts accepted the model, and the final

set of themes was developed.

The last two phases of TA were conducted by the authors of the thesis. In
the fifth phase, themes were defined and named. When the themes of the three
experts were combined, appropriate names were found for each theme, the themes
were formatted as overarching themes, themes, and sub-themes, and the meanings
of the themes were written. Additionally, any overlaps between the themes were
checked [56]. For the last phase, a report was produced explaining the themes

with some quotes from the participants in the Results section.
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Chapter 3

Results

Sentiment analysis and thematic analysis methods revealed essential results that
will be explained in this section. Sentiment analysis demonstrated the polarity
of the attitudes and identified differences between older adults’ and caretakers’
attitudes, in terms of polarity, across the three robots. Thematic analysis, on
the other hand, uncovered overarching themes that illustrate the ideas behind
participants’ attitudes. Within these four overarching themes, there are themes

and sub-themes that allow to understand the attitudes in detail.

3.1 Polarity of the Attitudes

2 (Participant group) x 3 (Robot type) mixed ANOVA was performed to analyze
sentiment analysis scores on JASP [59]. As can be seen from the Table 3.1,
results of the analysis showed that robot type does not have a main effect (F(2) =
2.409, p = 0.099), demonstrating no significant differences between the sentiment
scores for the three robots. However, the interaction between robot type and
participant group is significant (F(2) = 4.299, p = 0.018). The difference between
the sentiment scores of caretakers and older adults is not significant (F(1) = 0.037,
p = 0.849).
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Table 3.1: ANOVA Results for Within-Subjects and Between-Subjects
Effects

Effect SS df MS F p n?
Between Subjects

Older Adults/Caretakers 0.014 1 0.014 0.037 0.849
Residuals 10.515 28 0.376

Within Subjects

Robot Type 0.334 2 0.167 2.409 0.099 0.022
Robot Type x Participant Group 0.596 2 0.298 4.299 0.018 0.039
Residuals 3.881 56 0.069

"p < 0.05

When looked at the post hoc comparisons, it was observed that, for older
adults, there was no significant difference between sentiment analysis scores for
the three robots (See Table 3.2 and Figure 3.1). This result indicates that their

attitudes toward the three robots are similar regarding their polarity.

Table 3.2: Post Hoc Comparisons for Robot Types. C for caretakers and
E for elderly

Comparison Mean Difference SE t Pholm
C, Pepper vs. C, Paro 0.325 0.107 3.053 0.003
C, Pepper vs. C, Aibo 0.053 0.107 0.496 0.622
C, Paro vs. C, Aibo -0.275 0.107 -2.557 0.013
E, Pepper vs. E, Paro -0.030 0.088 -0.343 0.733
E, Pepper vs. E, Aibo 0.041 0.088 0.469 0.641
E, Paro vs. E, Aibo 0.071 0.088 0.813 0.420
*pholm < 0.05

For caretakers, there was a significant difference between the sentiment analysis
scores for the Paro robot (M = -0.07, SD = 0.38) and the Pepper robot (M =
0.258, SD = 0.31) (p = 0.003) (See Table 3.2). In addition, the difference between
the scores for the Aibo robot (M = 0.205 SD = 0.28) and the Paro robot was
also significant (p = 0.013). However, the difference between the Aibo robot
and the Pepper robot was not statistically significant. These results suggest that

caretakers have more positive statements for Aibo and Pepper than Paro. The
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Figure 3.1: Older adults’ average sentiment scores for Aibo, Paro, and
Pepper

mean score for Paro shows us that the caretakers, on average, have negative
attitudes toward the robot (See Figure 3.2).
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Figure 3.2: Caretakers’ average sentiment scores for Aibo, Paro, and

Pepper
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3.2 Overarching Themes Behind the Attitudes

Four overarching themes emerged. These are perceived and expected roles of
the robot, physical characteristics and design features of the robot, factors in-
fluencing acceptance of the robot, and disadvantages of the robot. Themes and
sub-themes under those differed partly between the three robots. Venn diagrams
demonstrating the themes and sub-themes across the three robots can be seen in

Figure 3.3 and Figure 3.4.

The HRI experts evaluated the themes according to whether they were posi-
tive or negative. The themes demonstrating positive attitudes toward the robots
were labeled positive, themes with negative attitudes were labeled negative. This
labeling allowed understanding thematic explanations of the positivity and neg-
ativity observed in sentiment analysis. Positive and negative themes can be seen
in Figure 3.3 and Figure 3.4 with labels in parentheses (4 for positive, - for

negative).

Now, the thesis will discuss the themes with supporting quotations from the
participants. There are letters and numbers representing the participants in
parentheses at the end of the quotes. “E” represents elderly (older adults), and
“C” represents caretakers. The numbers following these letters indicate the par-
ticipant numbers. Tables containing these quotations and their original versions
in Turkish and English translations, separated by themes, can be accessed in

Appendix C.
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Perceived and Expected Physical Characteristics and
Roles of the Robot Design Features of the Robot

Dog-like (+)
Natural-like (+)

Assistance (+)
Artificial (-)
Companionship (+)

Toy-like (-)

Human-like (+)

Factors Influencing
Acceptance of the Robot

Disadvantages of the Robot

Guarded approach (-)
-Religious concerns

Limited skill set (-)
Limited skill set (-)
-Not enough motion

Receptive approach (+)
-Sympathy

Guarded approach (-)
-Lack of need
-Lack of interest
-Lack of time/energy

Expensiveness (-)

Guarded approach (-)
-Lack of technology proficiency
-Fear

=== Paro

Pepper

Figure 3.3: Thematic diagram for older adults’ attitudes toward social
robots (Aibo, Paro, and Pepper)
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Perceived and Expected Physical Characteristics and
Roles of the Robot Design Features of the Robot

Dog-like (+)

Toy-like (-)
Superior to

Assistance (+) the animal (+)

Artificial (-)

Companionship (+)

Human-like (+)

Factors Influencing
Acceptance of the Robot

Disadvantages of the Robot

Guarded approach (-)
-Cultural concerns

Limited skill set (-)
-Not enough motion

Receptive approach (+)
-Sympathy

Limited skill set (-)

Guarded
approach (-)
-Fear

Guarded
approach (-)
-Lack of need

=== Paro

Pepper

Figure 3.4: Thematic diagram for caretakers’ attitudes toward social
robots (Aibo, Paro, and Pepper)
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3.2.1 Perceived and Expected Roles of the Robot

This overarching theme represents some of the roles and functions of the robots
mentioned by the participants. These roles and functions might be based on what
participants perceived or the roles they expected the robots to have after looking
at photos and watching videos of the robots. In both older adults’ and caretakers’
responses, it can be observed that participants mentioned the robot’s roles as
assistance and companionship for the three robots. In the theme “assistance”,
there are some ideas related to the robots’ roles in mostly physically assisting an
older adult. For instance, one participant expressed his expectation from Aibo as

follows:

14

. being able to bring the necessities, if I can’t get up and I need
it, when I say "bring me this", if it can bring it, of course, it will be
where it (the robot) can get it, I want it to bring it if it can and help
me with my needs.” (E18)

As it can be understood from this quotation, some of the participants stated
that the robots, especially Aibo and Pepper, since they can move, can help them
by bringing their needs, such as water and food. In this way, robots can help
older adults in their daily lives since they might have difficulty moving, get tired

quickly, and are slower than younger adults.

Since Pepper is a humanoid robot with a screen on and some human-related
abilities, such as recognizing emotions, many participants thought it is more
developed. Thus, they believed that it can help older adults in many ways. One
of the participants, who is an older adult, said the following after she was asked

whether the Pepper robot can help her in her daily life:

“Yes, it would help more. Like I said, at least ‘pull that curtain,” ‘tidy
up there,” ‘bring that,” ‘take that away.” It helps in every way.” (E1)

Furthermore, many of the caretakers highlighted that it would be beneficial if the
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robots could inform older adults’ relatives in an emergency. For instance, one

participant said the following about Pepper:

“...if it has such functions, such as calling for help in case of a life-

threatening situation or an illness, it will definitely help.” (C10)

Additionally, another participant mentioned the following about Aibo:

“If it exists, it would be nice if it notifies you when there is an emer-
gency. If it gives a warning signal... You know, if they (older adults)
fall or something happens, I think it would be good for those kinds of
things. I would like it to notify something like that.” (C3)

These statements emphasize that relatives of older adults, especially those living
alone, want to be informed when there is an emergency or danger. Robots with
this ability will lift the burden from caretakers, making them more comfortable

when they cannot care for their elderly.

Another theme about what participants perceive and expect as the roles of
the social robots is “companionship,” which can be defined as having someone or
something that provides emotional support and friendship. It includes a close
relationship with mutual trust and willingness to spend time together. In the
current study, the theme “companionship” refers to the close relationship between
a person and a social robot. Many participants talked about the possibility of
Aibo, Paro, and Pepper being friends with older adults, giving them happiness
and motivation, bringing color to their lives, and keeping them entertained. It
was observed that this theme is common across the three robots in both older
adults and caretakers. For example, an older participant mentioned the following

about what Aibo can do for her:

“...I think how nice it would be that it sits next to me in the house,

walks around, attracts my attention and keeps me entertained.” (E8)
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Furthermore, a caretaker mentioned that Pepper can be a friend, a confidant to
an older adult. Another caretaker emphasized that older adults can be distracted

from obsessive thoughts by saying:

“It seems unreasonable for me right now to establish an emotional
bond with the robot, but I think that an old person might need it. In
other words, it might distract him (the older adult), he might have
some obsessive things, it will disperse that atmosphere. He gets into
obsessive thoughts, it (the robot) wants a game, maybe it says ‘love
me,’” something. It distracts their thoughts, maybe it relieves their
loneliness, entertains them, and makes them laugh. Even laughter is
good for them.” (C3)

In summary, the “companionship” theme demonstrates that many older adults
and caretakers believe in the possibility of social robots becoming friends with

older adults and helping increase their mental well-being.

3.2.2 Physical Characteristics and Design Features of the
Robot

Both older adults and caretakers took cognizance of what the robots look like
and their design features. As expected when including three robots with different
appearances in the study, varying sub-themes emerged for the three robots under
this overarching theme. For Aibo, both older adults and caretakers mentioned,
in a positive way, that the robot is dog-like. The theme “dog-like” illustrates that
Aibo, with its appearance and movements, was found to be similar to a real dog.

Some older adults stated:

“So, I like animals. It is sympathetic because it is in the shape of a
dog. I liked it. My feeling is that it became sympathetic. I mean, I

like animals, so I liked it very much.” (E3)
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“Well, it does everything just like normal animals kept in homes.” (E8)

Some caretakers believed Aibo could be even better than a real dog. Since the
Aibo robot does not shed hair, cause allergic problems, and require care, it was

found to be “superior to the animal.” Example statements are:

“I mean, I would like to have this robot in my house. I love dogs

anyway. It is hairless and it moves. I would definitely want it.” (C9)

“Normally, many people do not want to keep pets at home because
they are affected by cat hair or dog parasites, but with this robot

style, at least those features are eliminated.” (C11)

Additionally, some caretakers stated that they are afraid of dogs. Thus, they
could take care of Aibo at home instead of feeding animals and even overcome

their fear of animals thanks to Aibo.

Overall, participants’ thoughts related to the physical appearance and design
features of Aibo demonstrate that the robot’s similarity with a real dog can make
them like and adopt it. Moreover, in some cases, Aibo can serve some people

even better than a real dog.

Some older adults found Paro “natural-like.” An older participant reflected on
this theme by mentioning that since it is hairy, it is similar to a living being
and natural. While Paro was approached positively from this perspective by
some older adults, it was seen as “toy-like” by some caretakers, which became a
negative theme. Reflections on this theme can be examined from the following

quotations:

“So, his toy-like appearance didn’t make me feel much.” (C5)

“T just saw it as a toy.” (C12)
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The “toy-like” theme was also observed in older adults. However, some older
adults perceived Aibo and Pepper but not Paro as toys. For instance, a partici-

pant stated the following about Aibo:

“So, at first, I likened them to toys, the little things that children play
with. I mean, I don’t know what use they would be for adults.” (E13)

Moreover, about Pepper, another participant said:

“This is something that is more in the domain of young people and
children. So, they can play with it.” (E8)

Pepper was found human-like by some of the older adults and caretakers. A

caretaker said:

“So, when I looked at the robot, I saw it as a human-like being that
lives with its emotions. It is likened to a human. Most of all, emotions,
love, compassion, sharing, being together, making friends... So, this

aspect is likened to a human.” (C12)

Pepper’s similarity to a human was perceived positively. An older participant

stated that she would like the robot in her home with the following sentence:

“I would like this robot very much. A human in the house. Let it

wander around and have fun.” (E1)

Under the physical characteristics and design features of the robot, the “artificial”
theme can be seen. This theme is present for both participant groups and all of
the robots. Many participants remarked that they would not prefer to meet with
or have the robots since they are artificial. They also indicated that they choose
to interact with living beings, either animals or people. For instance, about
Pepper, an older participant stated that nothing can replace a human, so making

a humanoid robot is unnecessary.
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“I think the most valuable being in the universe is a human being.
Nothing can replace a human being. Why is there a need for such a
robot? There are many people in the world who are unemployed and
without anything reliable. Why such an artificial person when there
are real people? When we can help real people? I do not approve of

imitating people, robotizing them, cloning them, etc.” (E3)

Another older adult said that Pepper is not an emotional thing, so it does not

mean anything to him.

“I mean, this doesn’t mean anything to me, something that is not

emotional... There should be a person with emotions.” (E10)

3.2.3 Factors Influencing Acceptance of the Robot

Various factors influenced participants’ acceptance of the robots. These factors
indicate the reasons behind willingness or reluctance of older adults and caretakers
to approach and engage with these robots. This overarching theme is divided into
two themes: receptive approach and guarded approach. The receptive approach
refers to the factors that make the participants accept the robots. On the other
hand, the guarded approach is related to the factors that cause participants to

be reluctant to accept the robots.

The receptive approach was encountered in both older adults and caretakers
and for the three robots. By approaching positively, the participants demon-
strated sympathy, which became a sub-theme under the receptive approach. Par-
ticipants who expressed sympathy used words such as “cute,” “beautiful,” and
“nice.” Although the answers related to sympathy for the three robots were simi-
lar, there were some different answers as well. For instance, an older adult found

Aibo’s movements cute.

“It’s cute how it moves like this. The other party is probably doing
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something with their remote control. It’s a cute thing, nice.” (E2)

Additionally, a caretaker focused on Pepper’s technological features while showing

it sympathy.

“It is a very useful thing. It is extremely good to use technology. I

think it is extremely good because it is a technology product.” (C2)

Moreover, some participants remarked that Paro looks real, feels warm, and at-
tracts people. These feelings made them approach Paro with sympathy and be

willing to accept it.

There were several reasons why the participants, who approached social robots
with caution and distance, did not want to meet and interact with these robots,
did not want them to be in their homes, or believed that these robots could not
help them. When older adults’ guarded approach to social robots was considered,
it can be observed that, for Aibo and Paro, some of them had religious concerns.
By religious concerns, it is meant that they do not consider having Aibo and
Paro at home to be religiously appropriate. An older adult emphasized that even
praying in a room with pictures is not appropriate. Thus, even though a robot is

not a living being, having it in a house where people worship is also inappropriate.

“What I'm saying is, [ don’t want animal things, [ don’t want them
at home, it’s not appropriate at home. Even if it’s not a living being,
I don’t want it at home. In fact, I don’t like pictures of them at
all. Their grandfather puts up pictures of our grandchildren since
they are abroad; for example, I pray with my back turned to the
pictures. So, it’s not appropriate, it’s not appropriate according to
our religion. That’s what we knew. We read books, too. Also, hodjas
tell. That’s why I don’t want animal things at home; I mean, they
are not even appropriate for clothes or pictures. I mean, in worship,
it’s for everyone, not just for me. Because even though they are not

living beings, they are like ones. I don’t want it, dear.” (E17)
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Older adults also mentioned their lack of need, interest, and time/energy toward
accepting social robots. These sub-themes are common among Aibo, Paro, and
Pepper. Some of the older participants stated that although they might need
these robots in the future, they don’t think the robots can perform actions that
help them at the moment. For instance, an older adult who is already active and

can care for herself stated that she doesn’t need Aibo.

“...1 don’t really need it. So, how I don’t need it? For example, I
am already very active. Even without movement, I can take care of

myself with bringing and taking stuff.” (E11)

Some older adults expressed a lack of interest in social robots, stating that they
don’t feel sympathy or any related emotions towards them and don’t believe these

robots are intended for their demographic.

Moreover, some older participants remarked on their lack of time and energy
to meet and interact with social robots, have them in their homes, or get help
from them in general. For example, one of the older participants in our study
stated that she is receiving treatment in oncology, so she doesn’t have the energy

to interact.

“I would like to, but I am not in a position to meet or interact. I am

receiving treatment in oncology, I am sick.” (E1)

A few participants, who are older adults, pointed out that they don’t have any
time to interact with the robots since they are already busy in their daily lives.

An older participant stated:

“I don’t have time. I do my own work at home. There is no time for

this, no time to do anything.” (E2)

On the other hand, when asked about her opinions about the Paro robot, another
older participant focused on the necessity to pay a good amount of attention to

the robot and said:
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“...you should look at it and be happy with its actions constantly, I
don’t have time for that right now.” (E11)

Some older adults remarked on their lack of technology proficiency by approaching
Pepper cagily. They stated they did not know enough about other technological
devices, such as phones and vacuum cleaners, so they would not understand how

to use Pepper.

“Well, there are these robot vacuum cleaners, I don’t even use them.

I mean, since we are getting older...” (E14)

“I don’t understand that, dear. You must know everything about it.
My husband and I are both primary school graduates. This needs
to be understood. Our children know it, but we don’t understand it,

dear. I don’t understand everything about the phone, either.” (E17)

Another reason that might cause older adults to abstain from social robots,
specifically Pepper, is fear. While one of the older adults mentioned she would
be scared if she had Pepper in her house,

“If T had such a robot in my house, I would be afraid of it.” (E3)

another participant focused on the possibility of robots replacing humans in some

occupations and causing them to become unemployed.

“These robots will probably be the thing of the next century. They
will work instead of people, with people’s jobs... It is said that they
will cause harm as well as benefits. Why, it is said that they will make

a lot of people unemployed.” (E13)

When caretakers’ responses related to the guarded approach sub-theme were ex-

amined, it was seen that they have fear-related concerns about Aibo and Pepper.
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One participant focused on the possibility of Aibo being greeted with hostility by
some older adults (e.g., people with Alzheimer’s disease) by stating the following.

“It might even seem hostile to an elderly person or to an Alzheimer’s

patient. So, it might even be viewed as hostile.” (C4)

A few of the other caretakers indicated that they found Pepper cold and scary.

“Well, maybe it’s the technology of our future, but it’s very repulsive,

very scary.” (C1)

“Looks a bit scary to me.” (C6)

These approaches to Aibo and Paro demonstrate that caretakers contribute to
the study by commenting on both their own thoughts and what their elders would
think about these robots.

As in the older adults’ responses, caretakers also mentioned a lack of need
for social robots, especially for Paro and Pepper. Nonetheless, it was discovered
that the "lack of need" sub-theme stems from their own attitudes toward these
robots, not from their ideas about how older people approach them. For Paro, a

caretaker mentioned:

“I guess it’s because it’s not needed, because I have a lot of preoccupa-
tions right now... Mental fatigue, body fatigue... Since I'm dealing
with many things, I don’t think I'll need it or make time for it right
now.” (C5)

Furthermore, about Pepper, the same caretaker emphasized that she wants to
meet with the robot but does not think about living with it since she does not

need it.
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“Since I don’t feel such a need for myself right now... I would like to
meet but don’t think about living together right now.” (C5)

The “cultural concerns” sub-theme detected only for Paro in caretakers’ responses
is related to some ideas referring to the importance of caring for older people in
our society and that this job should not be left to robots. Supporting quotations

for this theme include:

“You know, we have a culture that didn’t just form overnight. In our
culture, children look after their mothers and fathers. There is such a
loneliness, a feeling of need here, and frankly, I think it was designed
for that purpose. Our elderly are more like, ‘our children should come
and take care of us.” Or... There is no ‘or.” In fact, it is exactly like
that. A nursing home, a rehabilitation center... Since they are not
even open to such concepts, it is impossible for them to come close to

these (robots).” (C10)

“But for example, we are always with our mother and father... It
seems like our social structure has something like not leaving mothers
and fathers alone. That’s why it didn’t really suit me.” (C2)

However, there was another caretaker who was also aware of the cultural foun-
dations of caring for older adults but thought that a change might occur in this

regard.

“Of course, the elderly generally want to be in touch with their families
more, but could there be a change? It could be.” (C11)
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3.2.4 Disadvantages of the Robot

Older adults and caretakers mentioned some disadvantages of social robots. These
disadvantages encompass the negative aspects, limitations, and concerns por-

trayed by older adults and caretakers regarding social robots.

Both older adults and caretakers noted that Aibo and Paro have limited skill
sets. They emphasized these two robots’ inability to help people effectively. When
asked whether the Aibo robot could help her in her daily life, an older adult said

it could not cook or clean. Thus, it cannot help.

“It can’t do it, what can it do? What can it do for me? Right? It

can’t cook or clean.” (E12)

Another participant, a caretaker, emphasized some inabilities of Aibo as follows:

“It can’t bring your water or medicine.” (C1)

Older adults and caretakers expressed that Paro does not have enough motion,
which became a sub-theme under “limited skill set.” They considered it a disad-
vantage that Paro’s movements were more limited than Aibo and Pepper’s. An

older participant said:

“What can it do? It can’t move. It can’t help me in any way. It’s just

something soft, but the pillow does the same thing.” (E3)

Moreover, a caretaker expressed this disadvantage by stating that Paro seemed

monotonous to her because it does not walk.

“This does not move or anything, so it just seems a little more

monotonous.” (C6)
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If the disadvantages of Pepper were to be discussed, it would be found that there
were none for the caretakers. However, from the older adults’ perspective, there
is another theme called “expensiveness” for all three robots, including Pepper.
Some older adults indicated that the robots are presumably expensive, making it
difficult for them to buy. For instance, a few older adults pointed out that they
would like to purchase the robots if their economic situations were suitable. A

participant mentioned the following about Pepper:

“I can also consider it for my house, as I said, if financial means are
available.” (E2)

To summarize, older adults emphasized the significance of economic circum-

stances in acquiring social robots, particularly within household settings.
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Chapter 4

Discussion

This thesis explored older adults’ and caretakers’ attitudes toward social robots.
The research questions were formed to investigate how older adults and caretak-
ers respond to social robots and the differences in their responses toward different
types of social robots. Since the study was conducted in the hospital, the partic-
ipants are composed of people with various economic situations, life conditions,
and education levels. This is an essential advantage of the study because it en-

abled a diversification of participant profiles, leading to a more diverse dataset.

Semi-structured interviews were conducted with the participants. Their an-
swers were analyzed using sentiment analysis and thematic analysis. The findings
of this thesis reveal significant insights into the polarity of the attitudes of older
adults and caretakers toward social robots, as well as the underlying factors in-
fluencing these attitudes. By highlighting the differences observed between two
participant groups and three robots, this thesis aims to contribute to the liter-
ature and inform the design and implementation of social robots to help older

people age healthily.

45



4.1 Polarity of the Attitudes

Sentiment analysis helped identify the polarity of the attitudes. In general, par-
ticipants had positive attitudes toward social robots. However, there were cases

in which some participants had negative attitudes.

The lack of overall difference between the attitudes toward Aibo, Paro, and
Pepper demonstrates that participants had similar and positive attitudes toward
the three robots. Furthermore, the analysis revealed no difference between older

adults’ and caretakers’ overall attitudes toward social robots.

However, the pattern of the sentiment scores between older adults and care-
takers differed, resulting in essential findings. It was observed that older adults
had positive sentiment scores toward Aibo, Paro, and Pepper, and there was no
difference between them. This indicates that older adults have similar and pos-
itive attitudes toward social robots regardless of their different appearances or
abilities. On the other hand, caretakers’ sentiment scores differed, showing they
have negative attitudes toward Paro and positive and similar attitudes toward
Aibo and Pepper. These findings suggest that older adults and caretakers respond
differently to social robots, emphasizing the importance of including communities

of people with different demographic characteristics in the study.

The difference between older adults’ and caretakers’ approaches to social robots
might be due to the differences in their use of technological devices. As stated by
Fischer et al. [60], older adults generally don’t catch up with new technologies
because they don’t form enough interaction with technology. Their lack of knowl-
edge regarding developing technologies may have caused them to approach robots
with similar attitudes without differentiating them and making sufficient compar-
isons between their appearance and capabilities. Moreover, caretakers perceiving
Paro negatively might have resulted from the fact that it is in the shape of a seal

which is not a very familiar animal compared to a dog.

One limitation of the sentiment analysis is related to data training. Due to

the small sample size, training a new model was not possible, making relying on
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a pre-trained one necessary. Although the model used in the study performed
successfully on data outside its original training domain, using a model specifically
trained for this research domain or training the data specifically for this study
with a larger sample size could have enabled the sentiment analysis to give a more

reliable result.

4.2 Overarching Themes Behind the Attitudes

First of all, recruiting three experts working in the field of HRI while conducting
the thematic analysis provided the opportunity to evaluate and interpret the
data consistently and reliably, thus providing inter-rater reliability, as done in
one study [61].

As a result of the thematic analysis conducted, this study identified themes
that support previous studies and themes that have not yet been seen in the
literature. Examining all of these themes will be crucial to better evaluating the

study results in relation to the literature.

To begin, in a review study on how older adults experience and perceive social
robots [62], there is a theme called “Roles of a SAR” that can be considered similar
to the current study’s overarching theme named “Perceived and Expected Roles
of the Robot.” This study mentioned older adults’ perceptions of social robots
as having servant-like and cognitive assistance abilities [62]. These perceptions
are very similar to the current study’s theme, “assistance.” Furthermore, in the
same study, SARs were also considered to provide companionship [62], one of the

current study’s themes under “Perceived and Expected Roles of the Robot.”

In another study, a three-step design process was conducted to make design
and ethical recommendations for the robots used as mental well-being coaches
[63]. In the first step, well-being users’ and well-being coaches’ expectations and
perceptions were examined. Researchers conducted semi-structured interviews

and group discussions and analyzed their data with thematic analysis. Their

47



themes included “robot features,” which can be considered similar to the over-
arching theme, “Physical Characteristics and Design Features of the Robot,” in
the current study. In their study, under the “robot features” theme, there is
“robot form,” which refers to its appearance and embodiment [63|. This theme
can be considered compatible with themes under “Physical Characteristics and
Design Features of the Robot” (e.g., dog-like, human-like, natural-like), which
are closely related to the appearances of Aibo, Paro, and Pepper. Additionally,
another overarching theme named “Disadvantages of the Robot” also supports
the “Robot Disadvantages” theme in this study [63].

Another overarching theme in the current study, “Factors Influencing Accep-
tance of the Robot,” aligns with the “acceptance of robots” theme in another
study [61].

Even though the current study’s overarching themes can be evaluated as similar
to the previous studies in the literature, there are some distinctions in the themes
and sub-themes, which might have resulted from the differences between the

current study’s and prior studies’ aims and research questions.

This study aimed to compare older adults’ and caretakers’ attitudes toward
social robots. Looking at the first overarching theme, “Perceived and Expected
Roles of the Robot,” for both participant groups, it can be seen that the themes
are common. Both groups mentioned “assistance” and “companionship” for all
the robots. This suggests that the roles of social robots expected and perceived
don’t change between older adults and caretakers, regardless of the type of the
robot. Participants, in general, indicated that the robots could be assistants and

companions for people.

A common negative theme in this thesis is “artificial” under “Physical Char-
acteristics and Design Features of the Robot.” This theme is present for both
participant groups and all the robots, demonstrating that people have negative
feelings about social robots because of their inanimateness. Thoughts related to
this theme can be encountered in other studies. For instance, in a study, “lack of

humanness” was considered a disadvantage for Pepper in the role of a well-being
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coach [63].

The positive comparison of Aibo to a dog by both groups and the positive
evaluation of Paro as natural-like by older adults should also be seen as important
results of the TA. Since these themes appear as patterns, it is crucial to consider
that there may be older adults and caretakers who have these thoughts and that
these people may prefer robots of this style.

Moreover, the fact that Pepper was seen as positively human-like by both
older adults and caretakers might be considered consistent with the uncanny
valley, proposed by Mori in 1970 [64], which explains the idea that making an
agent’s appearance human-like will positively affect people’s attitudes towards
them. Still, when this similarity is increased too much, people will perceive it in

a strange and disturbing way [65].

The “Superior to the animal” theme that was encountered in caretakers’ re-
sponses for Aibo is vital in showing a possible use for this robot. As some partic-
ipants stated, Aibo can be even better than looking after a real dog or another
animal because of the reasons mentioned in the results section (e.g., not causing
allergies, not requiring actual care). From this theme, it can be understood that
Aibo can be used by people who cannot have a real animal in their houses. In this
regard, it may also be a suitable alternative for older adults with such concerns,

even though they did not directly mention them in this study.

The perception of Aibo and Pepper as toy-like by older adults and Paro as
toy-like by caretakers might be influential for social robot designers and future
studies exploring the attitudes toward social robots. Since this theme is a negative
one, future studies should examine the toy-like features of robots in detail and
change /improve these features when deemed necessary, which will contribute to

a more positive approach to robots.

The theme of religious concerns under the “guarded approach” reveals an issue
we have not encountered in the literature by showing the relationship of religion

with the approach to social robots, especially animal-like ones (Aibo and Paro),
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in our study. Examining this issue in more detail in future studies would be

helpful.

The “lack of technology proficiency” sub-theme that let older adults to ap-
proach Pepper with distance is in line with one study that found “lack of experi-

ence with technology” as a barrier for the adoption of SARs [44].

The “cultural concerns” sub-theme that emerged from caretakers’ responses
to questions about Paro is significant as it provides insights into the impact of
Turkish culture on the acceptance of social robots. Tiirkiye has a collectivistic
culture, resulting in a responsibility to take care of our elderly and avoid leaving
them alone. This theme is seen only for Paro, which might be because of its
original design as a companion robot for people with Alzheimer’s disease. In the
video shown to the participants, Paro was in a rehabilitation center interacting
with older residents. Thus, the video might have affected caretakers by reinforcing
their cultural concerns about not letting their elderly relatives stay in nursing
homes or rehabilitation centers. In addition, these cultural concerns might be due
to the novelty of robots in Tiirkiye, resulting in a lack of culturally established

expectations regarding the design and use of robots [66].

Caretakers did not mention any disadvantages for Pepper while indicating that
Aibo and Paro have limited skill sets. This demonstrates that they had more
positive thoughts about Pepper regarding its skills. On the other hand, in older
adults’ responses, there is “expensiveness” as a disadvantage for all three robots,
including Pepper, supporting one of the previous studies [63]. In another study,
authors stated that robots have few functions but high costs by emphasizing the
need to consider this situation and conduct studies in which robot costs are the
main problem [67]. The absence of the theme of expensiveness among caretakers
may be because caretakers consider robots not only for themselves but also for
their elderly relatives. They might prioritize the benefits of these robots over the

cost for older people.

It is of great importance to evaluate the findings of this analysis by considering

all themes together. Roles of the robots, characteristics of the robots, the factors
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that influence the acceptance of the robots (including individual preferences and
emotions), and the disadvantages of the robot are like pieces of a puzzle. In
the future, robots should be designed considering all of these, and their features
should be developed accordingly. Only then will it be possible to ensure that

social robots offer as much as possible to older people and their caretakers.

4.3 Practical Contributions and Implications

Unlike previous studies exploring the roles of social robots for older adults, this
study combined NLP and TA. Adopting such a multifaceted analysis approach
makes an important contribution to the literature by giving it a different direction.
It suggests that analyzing qualitative data does not have to depend solely on
qualitative methods. Even though sentiment analysis is more commonly used in
social media analyses, companies’ product reviews, or hotel reviews, this study

now offers another area where it can be used effectively.

Furthermore, combining the TA and Delphi methods was beneficial for rich and
reliable results. After developing a new thematic model from the three experts’
sets of themes, the Delphi method was conducted to make them reach a consensus
instead of just proposing the new model. In this way, the experts could review
and refine the new model. This approach can be used in future studies that aim

to be as objective and reliable as possible by conducting TA.

Recruiting caretakers in the study enabled learning more about the use of so-
cial robots in healthy aging. The knowledge that helps understand caretakers’
approaches to these robots, as they are likely to use the robots in the homes of
their older relatives, has been acquired. For instance, as observed in the senti-
ment analysis, caretakers had negative attitudes toward Paro. Moreover, in the
thematic analysis, a disadvantage of Paro, because of not having enough motion,
was observed. This might support caretakers’ negative attitudes. Thus, if a care-

taker is going to use the robot and interact with it while providing care to their
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older relative, it would be better not to choose Paro. Moreover, caretakers’ re-
sponses enhanced the knowledge about the older adults’ approach to social robots
by explaining some factors that are not directly mentioned or unnoticed by older
adults. For example, the “cultural concerns” sub-theme under the “guarded ap-
proach,” demonstrated that some older adults might prefer to receive care from
their relatives (e.g., their children) even though they might not be open to shar-
ing this preference. For such cases, a follow-up study can be conducted regarding
the robot preferences of older people with this idea. By examining the attitudes
of these people toward different robots, alternative tools can be identified for

environmental enrichment if they do not prefer any particular robot.

This thesis explored older adults’ and caretakers’ attitudes toward three types
of social robots by demonstrating the differences between polarity scores for these
robots with sentiment analysis and uncovering the reasons behind certain atti-
tudes through thematic analysis. The current study provides insights into older
adults’ and caretakers’ perceptions and preferences by comparing approaches to
three distinct social robots within a single study. This approach is beneficial
since it comprehensively enables us to understand varied answers regarding dif-
ferent robot designs and features. By listing the weaknesses and strengths of
each robot from various perspectives (the overarching themes), the study might
inform and direct social robot designers and engineers to improve the design and

ability-related features of these robots.

4.4 Theoretical Contributions

This thesis explored EE, which refers to creating complex environments, stimu-
lating organisms physically or mentally, and helping them live healthily. EE has
been found to improve cognitive processes (e.g., memory), reduce the effects of
mental problems (e.g., anxiety and depression), promote body health by improv-
ing metabolism and maintaining body composition, and help prevent the adverse
effects of social isolation. Based on previous studies demonstrating EE’s benefits,

this thesis emphasizes that enriching older adults’ environments can help them
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cope with their psychological and physical problems. Moreover, the thesis pro-
poses that enriching older adults’ environments can be achieved with the use of
social robots. These robots can decrease their social isolation, including feelings
of loneliness, and increase their well-being. With this proposal, this thesis offers
a possible use of social robots as environmental enrichment tools for older adults

and contributes to the literature.

4.5 Limitations and Future Research Directions

This thesis was thought to serve as a preliminary one in its area in Tiirkiye. For
this reason, the thesis investigated older adults’ and caretakers’ initial approaches
toward social robots. The participants were not being directed by telling them
about Aibo, Paro, and Pepper’s capabilities and features. Instead, they were
wanted to make inferences about the robots and indicate their perceptions and
expectations. Even though this thesis adopted such an approach because there are
not many studies in this field in this country, this approach caused a limitation.
The participants gave answers according to their expectations, not to the specific
features of the robots. This led to mismatches between what robots could do, their
design goals, and participants’ expectations. Therefore, based on this study’s
findings, it would be helpful to examine attitudes in future studies by establishing
a procedure that explains what these robots can do and for what purpose they

were designed.

Although it was beneficial to recruit caretakers for this study, these caretak-
ers were typically relatives of the older adults (e.g., their children). Thus, their
feelings toward their older relatives might have influenced their attitudes toward
social robots, potentially affecting their objectivity. However, professional care-
takers might evaluate the use of social robots as environmental enrichment tools
more objectively. Future studies should compare the attitudes of caretakers, who
are older people’s relatives, and professional caretakers toward social robots to
broaden our understanding of their role in the healthy aging process by incorpo-

rating perspectives from various stakeholders.

23



In this study, questionnaires related to the technology and robot familiarity
and acceptance were not conducted because of time constraints in the hospital
setting. However, these could be used, it would be possible to see the correla-
tion between having a previous knowledge about technology and robots and the
attitudes toward them. For instance, the Unified Theory of Acceptance and Use
of Technology (UTAUT) questionnaire was created to describe users’ intentions
for using an information system and their usage behavior [68]. Furthermore, the
Almere model was used in many studies to understand how older adults accept
assistive social agents [69]. Negative Attitudes Toward Robots Scale (NARS) is
another one developed to measure potential robot users’ mental states [70]. In
future studies, using these kinds of scales before the experiments would help in-
vestigate the differences between the attitudes of older adults who are familiar

with or accept the robots and the opposite.

Another essential thing is to create face-to-face interactions. Since all three
robots were not available in this study, photos and videos of the robots had to
be shown. This was a limitation. If participants had been able to see the robots
in reality, their approaches might have been different. As suggested in a study
[41], in future studies, analyzing older adults’ specific needs and attitudes (e.g.,

themes found in this study) in reality is needed.

In addition to the need for face-to-face interactions, conducting long-term stud-
ies to investigate whether social robots can really help people in their lives would
be very beneficial. Although it can be tried to understand these people’s attitudes
toward social robots, it is not possible to observe the long-term effects of social
robots with short studies. As suggested in some studies [71] [72], it is important
to investigate the use of robots in actual homes with potential users, which can

help encounter real problems and solutions.

Moreover, sentiment analysis was influential in understanding participants’
positive, negative, and neutral attitudes. However, supporting this method with
computer vision techniques to recognize emotions would be better. Thus, it would

be possible to understand participants’ emotions when viewing robot photographs

o4



and watching their videos. In this way, the alignment and incompatibility be-
tween the emotions reflected on the participants’ faces and the analysis of their
answers could be observed. Using this method in future studies will significantly

contribute to the literature.

Another suggestion for future studies that aim to examine the subject further
is about the methodology and design of the study. As the introduction discusses,
environmental enrichment positively affects brain processes and enhances cogni-
tive abilities. Based on this information, future studies can investigate the use of
social robots as environment enrichment tools for healthy aging with brain imag-
ing techniques like EEG or fMRI to observe neural correlates behind the subject.
In this way, observing social robots’ short-term and long-term effects on older

adults would be possible.
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Chapter 5

Conclusion

In this thesis, older adults’ and caretakers’ attitudes toward three social robots
-Aibo, Paro, and Pepper- were investigated. Even though a positive attitude
was observed overall, it’s beneficial to focus on some points. Results demon-
strated that caretakers’ responses differed between the robots. More specifically,
they approached Paro negatively while positively toward Aibo and Pepper. On
the other hand, older adults approached all of the robots similarly. Through
thematic analysis, the thoughts behind these approaches under four overarching
themes were gathered. These overarching themes cover the roles of robots, their
physical and design features, factors related to participants’ acceptance of these
robots, and the disadvantages of robots. The themes and sub-themes under these
are varied at specific points between older adults and caretakers and between the
three robots. These differences are not only between older adults’ and caretakers’
perceptions, expectations, and acceptances, but also among the three robots. As
expected, participants’ attitudes varied on some themes among the three robots,
along with differences in the robots’ appearances and abilities. Findings of this
thesis make a significant contribution to the literature by covering the attitudes of
both older adults and caretakers, who can benefit from the use of social robots by
their older relatives and are also likely to use them, to different social robots that
look and behave in different ways. Furthermore, by adapting a multifaceted anal-

ysis approach, this study combined an NLP method with a qualitative analysis
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method in which the Delphi method was also used. This adaption can contribute
to future studies by offering a new method to analyze qualitative data. Finally, by
clearing the way for the improvements for these robots and future robot studies,
this thesis also proposes that social robots can be used as environmental enrich-
ment tools in healthy aging, thus help older adults maintain their life quality and

well-being.
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Appendix A

Stimuli

Figure A.1: Photos of Aibo
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Figure A.2: Photos of Paro
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Figure A.3: Photos of Pepper
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Appendix B

Participant Quotations
and English)

Turkish

Theme Robot Participant Quotes (In Turkish)

Participant Quotes (In English)

"...ihtiyaclari getirebilme, kalkamiyorsam, ona
ihtiyacim varsa “bana sunu getir” dedigim zaman
Assistance Aibo getirebiliyorsa onun da alabilecegi yerde tabii
olacak, getirebiliyorsa getirmesini, ihtiyaclarima
yardimci olmasini isterim." (E18)

"... being able to bring the necessities, if | can't get
up and | need it, when | say "bring me this", if it can
bring it, of course, it will be where it (the robot) can
getit, | want it to bring it if it can and help me with
my needs." (E18)

"0 varsa, acil bir durum oldugunda bildirirse o
guzel olur. Uyari sinyali veriyorsa... Hani duger,
sey olur, o tir seylerde bence iyi olur. Oyle bir
seyi bildirmesini isterdim." (C3)

"If it exists, it would be nice if it notifies you when
there is an emergency. If it gives a warning signal...
You know, if they (older adults) fall or something
happens, | think it would be good for those kinds of
things. | would like it to notify something like that."
(C3)

"Evet, daha ¢ok yardimci olur. Dedigim gibi iste
Pepper en azindan su perdeyi ¢ek, surayi topla, sunu
getir, bunu gotar. Her tarld olur." (E1)

"Yes, it would help more. Like | said, at least ‘pull
that curtain,” ‘tidy up there,” ‘bring that,” ‘take that
away.’ It helps in every way.” (E1)

"...0yle fonksiyonlari varsa bir hayati tehlike ya
da bir hastalik halinde bir yardim ¢agirma gibi bir
ozelligi var ise mutlaka yardimci olacaktir." (C10)

"...if it has such functions, such as calling for help
in case of a life-threatening situation or anillness,
it will definitely help." (C10)

"...evin i¢inde ne giizel yanimda oturur, gezer,
Companionship Aibo dolasir, dikkatimi geker, beni oyalar diye
distuntyorum." (E8)

“..I think how nice it would be that it sits next to
me in the house, walks around, attracts my
attention and keeps me entertained.” (E8)

"Bir duygusal bag kurar da robotla duygusal bag
kurmak su anda benim i¢in mantiksiz geliyor ama
o yaslinin ihtiyaci olabilir bence. Yani dikkatini
dagitir belki, bazi takintili seyleri olabilir, o havayi
dagitir. Takintili diiglincelere girer, o oyun ister
Pepper belki beni sev der bir sey der, dislincesini
dagitir. Yalnizuigini belki giderir, aklini bagka yere
cevirir. Eglendirir, glldirir. Hani glilmek bile
onlariginiyi." (C3)

"It seems unreasonable for me right now to
establish an emotional bond with the robot, but |
think that old person might need it. In other words,
it might distract him (the older adult), he might
have some obsessive things, it will disperse that
atmosphere. He gets into obsessive thoughts, it
(the robot) wants a game, maybe it says ‘love me,
something. It distracts their thoughts, maybe it
relieves their loneliness, entertains them, and
makes them laugh. Even laughter is good for
them.” (C3)

Figure B.1: Participant quotes for “Perceived and Expected Roles of the

Robot”
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Theme Robot Participant Quotes (In Turkish) Participant Quotes (In English)
"Yani hayvanlari severim. Képek seklinde oldugu | "So, I like animals. It is sympathetic because it is in
i . icin sempatik olmus. Begendim. Hissim sempatik |the shape of a dog. | liked it. My feeling is that it
Dog-like Aibo olmus. Yani hayvanlari da sevdigim i¢in ben bunu |became sympathetic. | mean, | like animals, so |
ok begendim." (E3) liked it very much." (E3)
"Valla normal evlerde beslenen hayvanciklar gibi |"Well, it does everything just like normal animals
her bir seyi yapiyor." (E8) keptin homes." (E8)
"Valla ben bu robotun benim evimde olmasini "I mean, | would like to have this robot in my house.
X ) i isterim. Zaten képekleri gok seviyorum. Hem I love dogs anyway. It is hairless and it moves. |
Superior to the animal Aibo tlyslz hem kilsiz, hem hareket ediyor. Kesinlikle |would definitely want it." (C9)
isterim ben bunu." (C9)
"Normalde birgok insan evinde kedi kilindan veya |"Normally, many people do not want to keep pets
iste kdpegin parazitinden etkilendigi igin evde at home because they are affected by cat hair or
beslemek istemiyor ama boyle robot tarzindaen |dog parasites, but with this robot style, at least
azindan o 6zellikler ortadan kalkiyor." (C11) those features are eliminated." (C11)
i "Yani oyuncak gibi durusu bana pek bir sey "So, his toy-like appearance didn't make me feel
Toy-like Paro hissettirmedi.” (C5) much.” (C5)
Paro "Sadece oyuncak gibi gordim." (C12) "l just saw it as a toy." (C12)
"Yani ben ilk basta bu ¢ocuklarin oynadigi kiguk | "So, at first, | likened them to toys, the little things
. seyler var ya oyuncaklar, onlara benzettim. Yani |that children play with. | mean, | don't know what
Aibo buyk insanlara ne faydasi olur bilmiyorum ben." |use they would be for adults." (E13)
(E13)
"Bu daha ziyade genglerin ve cocuklarin ilgi “This is something that is more in the domain of
Pepper alaninda olan bir sey. yani onunla young people and children. So, they can play with
oynayabiliyorlar." (E8) it.” (E8)
"Yani robota baktigim zaman duygulariyla "So, when | looked at the robot, | saw it as a human-
yasayan, ayni insana benzetilmis bir varlik olarak |like being that lives with its emotions. It is likened
. gdrdiim yani. insana benzetilmis. En cok da to a human. Most of all, emotions, love,
Human-like Pepper duygular, sevgi, sefkat, paylasma, birlikte olma, | compassion, sharing, being together, making
arkadas edinme... Yani bu yoéni insana friends... So, this aspect is likened to a human."
benzetilmis." (C12) (C12)
"Bu robotu ¢ok isterim, evin iginde bir insan. “I would like this robot very much. A human in the
Gezsin, tozsun." (E1) house. Let it wander around and have fun.” (E1)
"Ben kainattaki en degerli varligin insan oldugunu ["I think the most valuable being in the universe is a
dusuniyorum. Higbir sey insanin yerini tutamaz. |human being. Nothing can replace a human being.
Boyle bir robota neden gerek var? Dinyada pek  |Why is there a need for such a robot? There are
o cok insan var, issiz, glivenilir bir seyi yok. Boyle many people in the world who are unemployed and
Artificial Pepper yapma bir insan niye gergek insan varken? Gergek | without anything reliable. Why such an artificial
insana yardim etmek varken? Ben bdyle insanin | person when there are real people? When we can
taklit edilmesini, robotlastirilmasini, help real people? | do not approve of imitating
klonlanmasini falan hig onaylamiyorum" (E3) people, robotizing them, cloning them, etc." (E3)
"Bunu da yani duygusal olmayan bir seyle pek "I mean, this doesn't mean anything to me,
benim igin bir sey ifade etmiyor yani. Duygulari something that is not emotional... There should be
olan bir insan olacak." (E10) a person with emotions." (E10)

Figure B.2: Participant quotes for “Physical Characteristics and Design
Features of the Robot”

71



Theme Robot Participant Quotes (In Turkish) Participant Quotes (In English)
"Soyle hareketleri yapmasi sevimli. "It's cute how it moves like this. The other party is
Receptive Approach - Aibo Kumandasiyla herhalde sey yapiyor kars tarafin. [probably doing something with their remote
Sympathy Sevimli bir sey, giizel." (E2) control. It's a cute thing, nice.” (E2)
"Gayet faydali bir sey. Teknolojiyi kullanmak son ["Itis a very useful thing. It is extremely good to use
Pepper derece iyi. Bu da teknoloji irtini oldugu igin son [technology. | think it is extremely good because it is
derece iyi oldugunu distniyorum." (C2) a technology product.” (C2)
"iste diyorum ya hayvan seyi diisiinmiyorum, "What I'm saying is, | don't want animal things, |
evde dlstinmiyorum, evde uygun degil. Cansiz  |don't want them at home, it's not appropriate at
da olsa, evde dlistinmiyorum Hatta home. Even if it's not a living being, | don't want it at|
resimlerinden ben hi¢ hoglanmam. Torunlar yurt |home. In fact, | don't like pictures of them at all.
disinda diye dedesi resimlerini koyuyor, onlarin  [Their grandfather puts up pictures of our
mesela arkasi doniik namaz kiliyorum. Yani uygun |grandchildren since they are abroad; for example, |
degil, dinimize gére uygun degil onlar. Biz 6yle pray with my back turned to the pictures. So, it's
Guarded approach - Paro gorduk. Kitaplari da okuyoruz. Hocalar da not appropriate, it's not appropriate according to
Religious concerns anlatiyor. O ylizden hayvan seyini ben evde our religion. That's what we knew. We read books,
dustnmiyorum kizim. Diyorum ya kiyafette, too. Also, hodjas tell. That's why | don't want animal
resimde bile uygun degil. ibadette, yani herkes  |things at home; | mean, they are not even
icin, bir benim igin degil bunlar. Ginki bunlar, appropriate for clothes or pictures. | mean, in
cansiz ama, ya o bir canli gibi. Onu worship, it’s for everyone, not just for me. Because
distinmayorum kizim." (E17) even though they are not living beings, they are like
ones. | don’t want it, child.” (E17)
"...benim pek ihtiyacim yok. $imdi nasil ihtiyacim |"...I don't really need it. So, how | don’t need it? For
Guarded approach - No . yok, mesela zaten cok hareketliyim kendim, lexample, | am already very active. Even without
need Aibo devamli oturup hareket olmasa da kendim getirip|movement, | can take care of myself with bringing
gotlrip kendim bakabiliyorum kendime." (E11)  |and taking stuff." (E11)
"Herhalde yani ihtiyag olmadigi igin, su anki "l guess it's because it's not needed, because | have
mesgalelerim daha gok oldugu igin, a lot of preoccupations right now... Mental fatigue,
kosusturmalarim. Kafa yorgunlugu, beden body fatigue... Since I'm dealing with many things, |
Paro yorgunlugu... Birgok seyle ugrastigim igin yani su |don't think I'll need it or make time for it right now."
an ona ihtiyag duyacagimi veya ona vakit (C5)
ayiracagimi zannetmiyorum." (C5)
"Kendim igin su an boyle bir ihtiyag duymadigim |"Since | don't feel such a need for myselF right
Pepper icin. Tanismak isterim ama yani beraber now... | would like to meet but don't think about
yasamay! su an disiinmem." (C5) living together right now." (C5)
"isterdim ama ne tanismaya, ne etkilesmeye "I would like to, but | am not in a position to meet or
Guarded approach - No Aibo gidecek halim var. Onkolojide de tedavi interact. | am receiving treatment in oncology, | am
time/energy goriyorum, hastayim." (E1) sick." (E1)
"Vaktim yok yani evde isimi kendim yapiyorum. |"I don't have time. | do my own work at home. There
Pepper Buna ayiracak zaman, sey yapacak zaman yok." |is no time for this, no time to do anything." (E2)
(E2)
"...bakacaksin devamli onun hareketlerine “...you should look at it and be happy with its
Paro sevineceksin ama ona simdi vaktim yok." (E11) actions constantly, | don’t have time for that right

now.” (E11)

Guarded approach - Lack of

"Sey bile bu stptrgeler var robot onlari bile sey

"Well, there are these robot vacuum cleaners, |

Cultural concerns

bize baksin. Ya da... Ya dasi yok hatta direkt dyle
yani. Huzur evidir, bakim evidir, rehabilitasyon
merkezidir... O tip kavramlara bile gok uzakken

Pepper lyapmiyorum. Yani biz yagimiz ilerledigi igin... on't even use them. | mean, since we are getting
L PP Yani bi; ilerledigi icin..." don't hi | i il
technology proficiency (E14) older..." (E14)
"Onu ben anlamam ki kizim. Onu bileceksin her  |"I don't understand that, dear. You must know
seyini. Ikimiz de ilkokul mezunuyuz esimle. Bunu |everything about it. My husband and | are both
anlamak lazim. Cocuklar bilir ama biz anlamayiz  |primary school graduates. This needs to be
Pepper kizim. Telefonun her seyini ben anlamam.” (E17)  [understood. Our children know it, but we don't
understand it, dear. | don't understand everything
about the phone, either." (E17)
"Ben evimde boyle bir robot olsa ben ondan "If I had such a robot in my house, | would be afraid
Guarded approach - Fear Pepper Korkarim." (E3) of it." (E3)
"Gelecekteki bu robotlar zaten énimizdeki asrin ["These robots will probably be the thing of the next
seyi olacak herhalde bu insanlarin yerine century. They will work instead of people, with
calisacak insanlarin yaptigi isleri.. Faydasi kadar |people's jobs... It is said that they will cause harm
zarari da olacag! sdyleniyor. Niye, bir siirti insani |as well as benefits. Why, it is said that they will
da igsiz birakacagi sdyleniyor." (E13) make a lot of people unemployed." (E13)
"Valla gelecegimizin belki teknolojisi ama gok "Well, maybe it's the technology of our future, but
itici, cok korkutucu.” (C1) it's very repulsive, very scary." (C1)
"Biraz korkung gibi geldi bana.” (C6) "Looks a bit scary to me." (C6)
"Hostile bile gortinebilir bir yasli igin, veya bir "It might even seem hostile to an elderly person or
Aibo Alzheimer hastast igin. Yani dlismanca bile to an Alzheimer's patient. So, it might even be
karsilanabilir." (C4) viewed as hostile." (C4)
hani diinden bugiine olusmayan bir "You know, we have a culture that didn't just form
muz var. Kaltirimizde gocuklar anneye |overnight. In our culture, children look after their
babaya bakar. Burada béyle bir yalnizlik s6z mothers and fathers. There is such a loneliness, a
konusu, bir ihtiyag duyma s6z konusu ve o feeling of need here, and frankly, | think it was
amagla tasarlandigini dustntyorum agikgasi. designed for that purpose. Our elderly are more
Guarded approach - Paro Bizim yaslilarimiz daha gok gocugumuz gelsin,  |like, ‘our children should come and take care of us.’

Or... There is no “or.” In fact, it is exactly like that. A
nursing home, a rehabilitation center... Since they
are not even close to such concepts, it is

for them to come close to these

bunlara mamkin degil, y larini
diisinmiyorum ben." (C10)

(robots)." (C10)

"Ama mesela biz hep annemizle babamizla...
Bizim sanki toplumsal yapimizda biraz daha
anneleri babalari yalniz birakmamak gibi sey var
ya. O ylzden yani hi¢ cok bana uygun gelmedi
yani." (C2)

"But for example, we are always with our mother
and father... It seems like our social structure has
something like not leaving mothers and fathers
alone. That's why it didn't really suit me." (C2)

"Yaglilar tabii genelde daha gok aileleriyle
muhattap olmak istiyorlar ama degisiklik olabilir
mi? Olabilir." (C11)

"Of course, the elderly generally want to be in
touch with their families more, but could there be a
change? It could be." (C11)

Figure B.3: Participant quotes for “Factors Influencing Acceptance of

the Robot”
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Theme Robot Participant Quotes (In Turkish) Participant Quotes (In English)
"Yapamaz ne yardim edecek? Benim "It can't do it, what can it do? What can it
neyimi yapacak? Degil mi yani? Ne do for me? Right? It can't cook or clean."
Limited skill set Aibo yemek yapabilir ne temizlik." (E12) (E12)
"Suyunu getiremez, ilacini getiremez." | “It can’t bring your water or medicine.”
(C1) (C1)
"Ne yapabilir ki? Hareketi yok. Bana "What can it do? It can't move. It can't
hicbir sekilde yardimci olamaz. Sadece [help mein any way. It's just something
Limited skill set - Not yajn}u§ak“b|r sey ama yastik da ayni seyi | soft, but the pillow does the same thing.
. Paro goruyor." (E3) (E3)
enough motion
"Bu yUrumuyor falan ya biraz daha "This does not move or anything, so it just
monoton geldi." (C6) seems a little more monotonous." (C6)
"Evim igin de disunebilirim, dedigim "l can also consider it for my house, as |
gibi maddi imkanlar musait olsa." (E2) said, if financial means are available." (E2)
Expensiveness Pepper

Figure B.4:

Participant quotes for “Disadvantages of the Robot”
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carry the copyright of another entity or third party (as credited in the
published version). If the credit line on any part of the Licensed Material indicates
that it was reprinted or adapted with permission from another source, then you
should seek additional permission from that source to reuse the material.

9.2. EXCEPT FOR THE EXPRESS WARRANTY STATED HEREIN AND TO
THE EXTENT PERMITTED BY APPLICABLE LAW, LICENSOR PROVIDES
THE LICENSED MATERIAL "AS IS" AND MAKES NO OTHER
REPRESENTATION OR WARRANTY. LICENSOR EXPRESSLY DISCLAIMS
ANY LIABILITY FOR ANY CLAIM ARISING FROM OR OUT OF THE
CONTENT, INCLUDING BUT NOT LIMITED TO ANY ERRORS,
INACCURACIES, OMISSIONS, OR DEFECTS CONTAINED THEREIN, AND
ANY IMPLIED OR EXPRESS WARRANTY AS TO MERCHANTABILITY OR
FITNESS FOR A PARTICULAR PURPOSE. IN NO EVENT SHALL LICENSOR
BE LIABLE TO YOU OR ANY OTHER PARTY OR ANY OTHER PERSON OR
FOR ANY SPECIAL, CONSEQUENTIAL, INCIDENTAL, INDIRECT,
PUNITIVE, OR EXEMPLARY DAMAGES, HOWEVER CAUSED, ARISING
OUT OF OR IN CONNECTION WITH THE DOWNLOADING, VIEWING OR
USE OF THE LICENSED MATERIAL REGARDLESS OF THE FORM OF
ACTION, WHETHER FOR BREACH OF CONTRACT, BREACH OF
WARRANTY, TORT, NEGLIGENCE, INFRINGEMENT OR OTHERWISE
(INCLUDING, WITHOUT LIMITATION, DAMAGES BASED ON LOSS OF
PROFITS, DATA, FILES, USE, BUSINESS OPPORTUNITY OR CLAIMS OF
THIRD PARTIES), AND WHETHER OR NOT THE PARTY HAS BEEN
ADVISED OF THE POSSIBILITY OF SUCH DAMAGES. THIS LIMITATION
APPLIES NOTWITHSTANDING ANY FAILURE OF ESSENTIAL PURPOSE
OF ANY LIMITED REMEDY PROVIDED HEREIN.



10. Termination and Cancellation
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