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Abstract

The field of robotics has grown exponentially over the years, especially the social aspect, which has enabled robots to
interact with humans meaningfully. Robots are now used in many domains, such as manufacturing, healthcare, education,
entertainment, rehabilitation, etc. Along with their widespread usage in many real-life environments, robots have been used as
companions to humans. With the increased amount of research done on human-robot companionship (HRC), it is important
to understand how this domain is developing, in which direction, and what the future might hold. There is also a need
to understand the influencing factors and what kind of empirical results are in the literature. To address these questions,
we conducted a systematic literature review and analyzed a final number of 134 relevant articles. The findings suggest that
anthropomorphic and zoomorphic robots are more popular as human companions, while there is a lack of interest in functional
and caricatured robots. Also, human-like and animal-like features are implemented more in companion robots. Studies rarely
exploit the mobility available in these robots in companionship scenarios, especially in outdoor settings. In addition to that,
co-existence and co-performance-based implementation with humans have been observed rarely. Based on the results, we
propose a future research agenda that includes thematic, theoretical, methodological, and technological agendas. This study
will help us understand the current state and usage of robotic companions which will then potentially aid in determining how
HRC can be leveraged and integrated more seamlessly into human lives for better effectiveness.
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1 Introduction

The integration of robots into our daily lives is happen-
ing at an unprecedented pace, leading to a rapid increase
in human-robot interactions. While robots offer numer-
ous functional benefits across various aspects of daily life
and professional settings, the importance of social aspects
in robotics is also gaining prominence in many facets of
robotic interaction. Companion robots represent the fore-
front of social robotics, equipped with advanced capabilities
that enable them to foster deep emotional connections with
humans, transcending mere two-way interactions. These
advanced capabilities have demonstrated their desirability
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and effectiveness in several contexts such as healthcare [139],
wellbeing [34], gait rehabilitation [98], education [119],
entertainment [77] and shopping [20], particularly among
specific demographics like the elderly, children, students, and
stroke survivors. As robots continue to expand their pres-
ence in our lives, their ability to serve as companions will
become increasingly vital, supported by evolving visions of
human-robot interaction [108].

Companion robots can be defined as robots that aim to
establish emotional connections with humans and facilitate
social interactions, while also assisting with specific tasks
or activities, depending on the intended purpose or set-
ting. They are capable of introducing social presence [97],
empathy [95], contextual behavior [147], and co-existence
[176]. Their capabilities often include responding to ver-
bal commands, recognizing faces, interpreting emotions, and
sometimes even providing physical support [7]. They have
also proved to be effective social technologies in situations
where people are forced to refrain from companionship with
humans (e.g., during pandemics: [168]), or in contexts where
people are socially isolated because of physical (e.g., aging:
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[3]) or mental (e.g., healthcare for depression patients: [54])
conditions. Overall, the impact of companion robots on soci-
ety will likely be multifaceted, from reshaping how we use
robots on a daily basis, to how we behave around them in
different situations as if they were social beings [24]. It is
also worth mentioning that companion robots, while they
might be socially assistive [152], do not necessarily belong
to the same group as the latter category [163]. However, the
main objective of companion robots is not just to be social,
but to reshape the dynamics between humans and robots
by making interactions more personal and effective [142].
Additionally unlike socially assistive robots that focus on
introducing social features in an assistive scenario [51], the
value of companion robots lies in their capability to connect
with humans in mental terms. Through this connection, com-
panion robots are able to influence interactions in an affective
way, generating the feeling of companionship.

The already significant adaptation of companion robots at
such an early stage of development points to a future where
they will likely be more common and diversified, impeaching
on the daily lives of humans in many different facets. Con-
sequently, we need a strong understanding of their potential
roles, their influences on humans, the distinct ways of design-
ing and developing companion robots, and how we interact
with them. Additionally, we need to understand the principles
defining human-robot companionship to advance this field,
and establish a vocabulary with which to structure informed
decisions during design and development. However, previ-
ous work in the field has not addressed these concerns, and
there is a lack of comprehensive knowledge in terms of how
human-robot companionship (HRC) is formed, how effec-
tive HRC is in different scenarios, and how it influences
human-robot interaction (HRI). Several long-term studies
have attempted to investigate how HRC is created and main-
tained, for example, through embodiment [172], trust [105],
and empathy [104]. To some extent, these studies have
demonstrated how human-robot companionship might be
formed, as well as the usefulness, effectiveness and suitabil-
ity of robotic companions in different scenarios. However,
these efforts remain scattered and the need for more holis-
tic knowledge remains unfulfilled. Additionally, we still lack
comprehensive information about the types of robots used
for creating companionship, their characteristics, appear-
ance, behavior, and their interaction modalities. Overall, as
a result in the academic community, efforts to design ideal
robotic companions for specific scenarios are mostly specula-
tive, reducing their effectiveness. Similarly in the industrial
community, the commercial development process of com-
panion robots is not very well-informed, potentially making
the products unsuccessful. A comprehensive knowledge base
proposing a broad overview of what HRC is, and detailing the
domains have been predominantly employed HRC, which
ones are underexplored, which interaction modalities and
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robot behaviors are associated with companionship, and what
types of user experiences are associated with the companion-
ship aspects of robots would immensely benefit both industry
and academia by defining the state of the art, and establishing
the vocabulary and practices to form future directions.

To satisfy this need, this article aims to provide a com-
prehensive overview and structured knowledge of HRC, by
addressing the aforementioned points through a systematic
literature review. Additionally, we aim to identify research
trends and themes to understand knowledge gaps in this field,
pointing out future directions around HRC. We contribute to
the field of human-robot interaction by answering the fol-
lowing research questions:

RQ1 What types of robots or robotic applications have been
investigated in the corpus of human-robot companionship?

RQ2 What are the domains and scenarios in which
human-robot companionship has been investigated?

RQ3 What are the factors that define and influence
human-robot companionship in the literature?

RQ4 What kind of empirical results are in the corpus of
human-robot companionship, and what are the current gaps
and potential future research avenues?

The contributions of this study are threefold:

1. Comprehensive overview of the field regarding explored
domains, deployment facilities, robots used, features of
robots, roles of robots, interaction modalities, research
methods, analysis methods, and measurement instru-
ments.

2. Findings regarding the trends and gaps in the HRC field
to date related to above-mentioned areas.

3. Thematic, Methodological, Theoretical, and Technologi-
cal future agendas that help guide further studies in HRC.

We expect that these outcomes will be helpful for a wide
array of HRC researchers from different fields by provid-
ing information regarding predominant domains, methods,
interaction modalities, robot behaviors and types, and also
by identifying gaps in these mentioned areas. This paper
can be used both for kickstarting studies by presenting a
broad understanding of the field (contribution 1), but also as
inspiration to conduct studies in more underexplored fields
which are signposted in the findings and agendas section of
this paper (contribution 2 and 3). Overall, all three contri-
butions can also offer the companion robot industry a clear
overview of researchers’ methods and empirical evidence
relating to how companionship with robots is formed, and
potential development areas for the future.
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2 Background
2.1 Companionship

Companionship is the phenomenon of having someone or
something as a friend or companion in different times and sit-
uations, creating a sense of fellowship in the process [7, 45].
Companionship can also be linked with social support that by
contributing to psychological wellbeing [ 142], helps humans
lead an easier and more relaxed life [142, 143]. Companion-
ship can vary in different scenarios of human life, such as in
the workplace and in daily life. Previous research supports the
notion that social interaction and companionship with peers
can work as a supporting mechanism for reducing both work-
related and day-to-day stress [27], 26]. Social support and
companionship from partners and coworkers can also result
in a better work-life balance which positively impacts per-
ceived work satisfaction, as well as work-life balance [166].

The definitions and understandings of companionship
leave room for non-human creatures and non-living things
to become human companions as well. Animals or pets are
other living agents that have been identified as mediators
of supportive social activities that can result in bonding and
companionship. According to Holbrook et al. [79], pets bring
many positive aspects to human lives, such as opportunities
to appreciate nature and wildlife, for inspiration and learning,
to be childlike and playful, altruistic and nurturant, for com-
panionship, caring, experiencing comfort and/or calmness,
to be a parent, and to strengthen bonds with other humans.
A study by Dotson and Hyatt [47] focusing on dog—hu-
man companionship identified several dimensions such as
a symbiotic relationship, anthropomorphism, activity/youth,
and boundaries or a willingness to adapt as certain bene-
fits. According to Wells [175], companion animals have both
short-term and long-term effects on both the physical and
mental health of their owners. Evidence suggests that pet
owners usually have lower incidences of high blood pressure
and stress when in the company of a pet, and also tend to
develop less chronic diseases compared to others [14, 58].
Companionship is therefore a very important aspect in both
human and non-human lives, which has great significance in
making human lives more meaningful.

2.2 Robots as Companions

Robot companions are robots capable of performing vari-
ous tasks through their ability to interact physically, socially,
emotionally, and safely with humans [68]. Robots have been
employed as companions or collaborators for humans, espe-
cially in social interaction contexts. They have been given
the role of healthcare assistants [139], companions for peo-
ple with dementia [34], gait rehabilitation assistants [98],
reading companions [119], exercise coaches [151], music

and video listening companions [77], and shopping assistants
[20]. Considering that robots are deployed in many scenarios
with humans where social interaction is a priority, under-
standing their socio-technical aspects [17] is crucial to both
the relationship, as well as the information flow.

Technology as a mode of companionship has been
explored in various domains, especially in scenarios where
it can aid people with various disabilities and disorders
[94]. Companion robots have been used in dementia care
to accompany patients in their day-to-day lives, improv-
ing their physical and mental state [94, 176]. Additionally,
mobile robots have been widely used in gait rehabilitation for
patients with several neurodevelopmental disorders, assist-
ing patients in improving their walking ability as well as
stability [57, 62]. Robots have also been used in education as
mathematics tutors, and in assisting students to learn a new
language [19, 122]. In these scenarios, social behavior and
human factors help promote and create a sense of compan-
ionship.

Research studies have been conducted to understand
the effects of several factors on human-robot relationships
and companionship. According to these studies, empathy
between humans and robots can create a positive sense of
belonging [94], while social behavior [145] and collabora-
tion [18] can play important roles in making the relationship
more meaningful. Ethical issues such as vulnerability [38]
and trust [111] are also mentioned in the literature as issues
that need to be considered when designing for HRC.

The effect of embodiment in human-robot companion-
ship has also been investigated, and refers to the physical
form and presence of arobot [141, 172]. These studies high-
light that the look of robots is effective on the feelings humans
develop towards them. Importantly, the results of the study
indicate that lived experiences and feelings towards robots
might differ significantly when humans interact with robots
in real life, compared to seeing them through videos and
pictures [104]. Trust is another fundamental factor influenc-
ing human-robot interaction on multiple levels, and shapes
user acceptance, fostering cooperation, collaboration, and
a sense of dependency on robots [105]. Trust impacts per-
formance by influencing task efficiency and the likelihood
of users to follow robot instructions. Additionally, it con-
tributes to the emotional connection between humans and
robots, influencing overall satisfaction. Trust also influences
how users perceive and recover from robot errors, affecting
their openness to adopting new technologies [145]. Overall,
companion robots have been developed with many qualities
that can affect human lives in social, personal and spiritual
ways, which indicates that the properties, features, techni-
calities and contexts of companion robots are highly varied,
and studies have yet to define those aspects. In the presented
study, apart from producing a detailed map of these aspects,
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we also put forth what companionship with robots can mean,
and how this field can develop.

2.3 Human-Robot Co-existence

Co-existence can be considered as two entities sharing the
same space at the same time [5]. Similarly, human-robot co-
existence [176] can be defined as humans and robots sharing
the same space at the same time. Co-existence can be both
interactive and non-interactive. A human and a machine can
stay in the same space without interacting, despite co-existing
atthat time. However, interactive co-existence might be more
fulfilling for users if the interaction is meaningful [86]. Such
interactions can be made meaningful if they come naturally
to the involved parties and can create an exchange of ideas
or emotions, taking the interaction to a specific goal [43].
Hence, HRC can be considered as a form of interactional
co-existence as both parties share the same space while inter-
acting with each other to achieve a common goal.

The idea of co-existence to achieve a common goal leads
to the concept of co-performance [94], which considers intel-
ligent and computational agents capable of learning and
maintaining social practices along with humans. This can
be related to daily chores, exercising, recreational activities,
or having a conversation. As robots are becoming more and
more common in daily life scenarios, it is essential to find
the best implementation of co-existence and co-performance
aspects. Several factors have been investigated to under-
stand optimal co-existence, such as the interplay between
humans and non-humans [57, 62], utilizing the capabilities
of agents in collaboration scenarios [ 18], and the roles of dif-
ferent agents. Co-existence and performance are some of the
core concepts of companionship as they help to conceptual-
ize dynamic scenarios where humans and robots exist in the
same space, recognizing each other’s existence, and where
they co-perform to serve their purpose.

3 Method

We have conducted a systematic review of the literature
on human-robot companionship (HRC). Systematic reviews
can help identify, synthesize, and analyze the previous lit-
erature on a specific topic and help understand the current
state of the art, which can then be used to identify possible
future directions [174]. As we aim to identify key factors of
HRC from the literature (including applications, domains,
scenarios, and influencing factors), a systematic literature
review appears to be a well-suited approach. As these types
of reviews aim to gather a comprehensive set of information
on the focus topic, they may also be helpful in identifying
potential research gaps and future agendas in the field. The
PRISMA statement [130] was followed for structuring the
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review process. The following subsections elaborate on the
search strategy, article screening, as well as the inclusion
criteria employed in the review.

3.1 Search Strategy

To obtain relevant literature, a search string was created with
a view to covering all of the aspects of HRC. We were specif-
ically interested in literature that has deployed robots as
companions, although we did not limit the search to the key-
words “robot” and “companion”. Because of the SCOPUS’s
extensive coverage of peer-reviewed literature, we utilized it
as our primary database for finding relevant literature. The
database was queried with the following search string:

TITLE-ABS-KEY (robot* AND companion*) AND
(LIMIT-TO (DOCTYPE, “cp”) OR LIMIT-TO (DOCTYPE,
“ar”) OR LIMIT-TO (DOCTYPE, “ch”)) AND (LIMIT-TO
(LANGUAGE, “English”)).

The search scope was limited to conference papers, journal
articles, and book chapters. Only literature published in the
English language was considered in the process. Also, no
start limit year was imposed on the database search as we
aimed to cover all of the published literature available on the
topic. The query was first performed on 16 July 2021 and
returned 1731 documents. A second search was performed
using this same query on 17 October 2023, returning 462
additional records. As a result, the total number of articles
included in the initial screening was 2193.

3.2 Review Procedure

To create a clear selection process as well as a structured
set of records, we set specific selection criteria (provided in
Table 1).

The selection analysis consisted of several phases, and
was carried two times for two separate searches. First, all
2193 (1731 + 462) articles were compiled into an Excel
file which included information on, e.g., title, publication
avenue, publication year, keywords, abstracts, etc. The files
were checked for duplicates, and a total of 13 (12 + 1) articles
were removed as a result. The resulting 2180 (1719 4 461)
articles were then screened using their title and abstract, keep-
ing the above-mentioned inclusion criteria in mind, resulting
in the inclusion of 1748 (1376 + 372) articles. The remaining
432 (343 + 89) articles were included for further analysis.

We attempted to access the full texts of the 432 articles,
of which 39 (23 + 16) were found to be inaccessible through
online databases. We contacted the authors of these articles
through email and ResearchGate, but none responded in time
for them to be included in the further analysis. An additional
275 (222 4 37) articles were excluded after going through
the full texts: 23 (8 4+ 15) of which were review or summary
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Table 1 Inclusion criteria

Criteria Included
Language English
Population Literature that includes robots,

companion/companionship, and similar
keywords

Studies that discuss human-robot
companionship (HRC), its creation
(scenarios, influencing factors, interaction
types, modalities, etc.), effects (social,
psychological, etc.), and roles
Studies that are made around robots with
physical existence and embodiment

Study focus/target

Type of articles Original and peer-reviewed articles
published in journals, conference
proceedings, and as book chapters

Accessibility Full text accessible in Scopus database,

Google Scholar, or any other online
library/portal

Table 2 Extracted attributes from the articles

Attribute Description

Focus areas of the studies,
the purpose of the studies,
deployment scenarios, and
deployment facilities

Domain, scenarios, facility, and
purpose

Robots used to create
companionship, their types,
roles, features, roles, and
their input and output
modalities

Robots used, their features, I/0,
and behavior

Research methods used to
design studies

Study design

Measurement instruments Questionnaires and scales
used to measure different

outcomes

Analysis methods Qualitative and quantitative

data analysis methods

Variables Independent and dependent

variables

articles, 15 (11 4+ 4) were not peer-reviewed, and the remain-
ing 221 (203 + 18) were deemed to be out of the scope of
this review based on the inclusion criteria.

After the selection process was concluded, we were left
with a total of 134 (98 + 36) articles that were used for infor-
mation extraction and analysis. The first author carried out
the initial and full-text screening, while the remaining authors
provided continuous discussions and guidance throughout
the process. Table 2 contains a list of attributes that have been
extracted from articles during the final coding and analysis
phase.

The information extracted from the data based on the
above-mentioned criteria was gathered through inductive
coding [165], and has been reported in the following sec-
tions as the findings of this literature review. The whole
process flow of searching, screening, eligibility, and inclu-
sion is shown in Fig. 1.

4 Results
4.1 Publication Year

Figure 2 demonstrates the number of articles published each
year on human—robot companionship or related topics, start-
ing from 2004. It can be seen that from 2004 to 2010, there
were some scattered efforts to explore the topic. Starting from
2011, there has been a significant increase in the number
of publications. In 2020, the number of publications almost
doubled compared to the previous year, which can be inter-
preted as an increase in interest and the possibilities around
the topic. This could also have a connection with social isola-
tion restrictions seen all over the world during the COVID-19
pandemic, which increased the amount of research on robotic
companions filling the void of human companions. From the
year 2021 onwards, the amount of literature has kept a steady
pace as interest in companion robots has been sustained,
although it did not approach or surpass the 2020 numbers.
However, the year 2023 is likely to have more literature avail-
able, as this search was carried out on October 17, 2023.

Although recent numbers have not consistently increased
from previous years, there is a clear indication that the amount
of work on the topic has gradually increased over a longer
period of time. One trend that can be observed (albeit not very
strong as we need more data) is that the number of publica-
tions has nearly doubled every ~ 5 years, starting from 2011.
In the years 2011-2014, the number of publications ranged
from 4 to 6, while from 10 to 13 between 2015 and 2019,
increasing to 20 publications in 2020. Overall, this indicates
the emerging importance of the topic, and therefore a need
for a comprehensive study through which to understand the
state of the art and future directions.

4.2 Publication Avenue

As demonstrated in Table 3, out of the 134 finally selected
publications, 52 (38.8%) were journal articles, 67 (50%) con-
ference papers, and 15 (11.2%) book chapters.

The 134 publications belong to 78 unique venues. Popu-
lar venues were: International Conference on Human—Robot
Interaction (HRI) (13 entries), Lecture Notes in Computer
Science (11 entries), ACM CHI Conference (8 entries), Inter-
national Conference on Robot and Human Interactive Com-
munication (RO-MAN) (8 entries), International Journal of
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Table 3 Publication avenue and Children Conference, IDC all had 2 entries each. All of
the other venues had 1 paper each in the corpus.
Avenue N %
Journal 22 388 4.3 Domain Areas
Conference 67 50
Book chapter 15 11.2 The list of domain areas in which robots have been employed
Total 134 100 as companions is demonstrated in Table 4. Note that some

Social Robotics (5 entries), IEEE International Conference
on Robotics and Automation (4 entries), International Con-
ference on Intelligent Robots and Systems (IROS) (3 entries),
and the Journal of the American Medical Directors Associ-
ation (3 entries). International Conference on Human-Agent
Interaction (HAI), International Conference on Multimodal
Interaction (ICMI), Applied Sciences (Switzerland), Inter-
national Conference on Humanoid Robotics (Humanoids),
Australasian Journal on Aging, and ACM Interaction Design
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of the studies seem to belong to multiple domains, however,
the domain area categorization has been performed on the
basis of the purpose of the robot. For example, if a robot
uses games for the purpose of wellbeing, this robot has been
categorized under wellbeing. Based on this principle, the
studies were divided into domain areas. Appendix A provides
a more detailed look at each study including their domain,
deployment facility, used robots, robot features, participant
age groups, and the interaction spans.

The most popular domain area for exploring the compan-
ionship between humans and robots is wellbeing. Studies
have focused on understanding how robotic companions can
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Table 4 Domain areas of selected corpus

Domain References N %
Wellbeing Biswas & Murray [22], Bradwell et al., [23], Edwards et al., [48], Engler et al., [49], Gross et al., 33 24.63
[68], Hirokawa & Suzuki [74], Ihaméki & Heljakka [83], Jeong et al., [87], Joglekar & Kulkarni
[88], Khosla & Chu [90], Lu et al., [107], Moyle et al., [121], Robinson et al., [140], (2015),
Shamsuddin et al., [154], B. J. Zhang et al., [182]
Education Ab Aziz & Ghanimi [2], Axelsson et al., [12], Bautista et al., [16], Chu et al., [36], Degiorgi et al., 24 17.91
[44], Gordon et al., [64], Hsiao et al., [81], Marti & Iacono, [112], Michaelis & Mutlu [118],
(2018a), (2018b), Su et al., [160], Uluer et al., [171], Westlund & Breazeal, [177], Yueh et al.,
[181] Cagiltay et al., [29], Caruana et al., [30], Chau et al., [33], Ho et al., [76], So & Lee, [158],
Yao et al., (2022), X. Zhang et al., [183], Zhao & McEwen, [184], Zinina et al., [185]
Socialization Biswas & Murray [22], Casey et al., [32], Déring et al., [46], Garrell & Sanfeliu [60], Khot et al., 17 12.69
[91], Mancini et al., [110], Passler Bates & Young, [131], Repiso et al., [136], (2020a), Robinson
et al., [138], Sarabia et al., [150], Tsiourti et al., [169], Abendschein et al., [4], Y.-C. Chen et al.,
[35], Coghlan et al., [39], Niewiadomski et al., [124], Thunberg & Ziemke, [168]
Healthcare Abdollahi et al., [3], Broadbent et al., [25], K. Chen et al., [34], Gross et al., [67], Kidd et al., [92], 12 8.95
Law et al., [96], A. Liang et al., [106], Orejana et al., [128], Pike et al., [133], Ritschel et al., [137],
Thunberg et al., [167], Talami et al., [162]
Disability Arnold [8], Bakracheva et al., [13], Fisicaro et al., [52, 61], Gross et al., [69], Lehmann et al., [100, 12 8.95
assistance 101, 114], Schroeter et al., [153], Soleiman et al., [159], Ullrich et al., [170], Malik et al., [109]
Motivations and Bertacchini et al., [20], de Graaf & Allouch [42], Fasola & Mataric [50], Gallagher et al., [59], 10 7.46
influence Graether & Mueller [65], Kahn et al., [89], Menezes & Rocha [116], F. “Floyd” Mueller &
Muirhead, [53], Schneider & Kiimmert [151], Schneider & Kummert [152]
Rehabilitation Casas et al., [31], Gross et al., [66], Hebesberger et al., [72], Kohori et al., [93], H. Lee et al., [98], 9 6.72
Meyer & Fricke [117], Okita [127], Randall et al., [134], O’Brien et al., [125]
Entertainment Hansika et al., [71], Hirose et al., [75], Hoffman et al., [77], Hoffman & Vanunu [78], Hosseini et al., 9 6.72
[80], Leite et al., [103], Leite & Castellano [102], Hagio et al., [70], Wu et al., [179]
Navigation and Acosta Calderon et al., [6], Clotet et al., [37], Piezzo & Suzuki [132], Rossi et al., [145], Sarabia & 5 3.73
Guidance Demiris [149]
Assistance McGinn et al., [115], Sundar et al., [161], Zsiga et al., [186] 3 2.24
Total 134 100

make lives easier for users through psychological support
[87, 140], emotional support [68, 90], stress reduction [48,
49], break-taking during long working hours [182], accom-
panying in isolation [99, 178] and depression management
[154]. Robots have also been deployed as companions in
supported living facilities to reduce depression [23].

Education is another domain that has frequently been
explored in terms of robotic companions. The majority of
these studies have investigated different reading activities in
the presence of the robot, while the robot acts as either a moti-
vator or mediator of users’ reading behavior [36, 44], 113,
118, 120, 181]. In other studies, robots have been given the
role of peer tutors for mathematical problem-solving [16],
tutors of a second language [64], and language teachers for
children [81]. In addition to these, robots have been deployed
as sign language tutors for children [171], as well as for chil-
dren with autism spectrum disorder (ASD) [12].

There are a significant number of studies where robots
have been used to promote or facilitate socialization. Robots
have been studied as companions for reducing loneliness [32,
131, 138], combating social isolation [150, 169], facilitating

outdoor socialization [60, 135, 136], and promoting social
interaction in the elderly [46]. They have also been deployed
as commensal or dining companions [91, 110].

The healthcare and disability assistance domains have
been explored quite extensively. The majority of the studies
in the healthcare domain focus on the effects of robotic com-
panionship on people with dementia [3, 34, 96, 133, 167].
Domestic health assistance [67, 137] and medication adher-
ence through companion robots have also been investigated
[25]. Robotic companions have been introduced into the lives
of people with disabilities, such as children with ASD [13,
114], people with neurodevelopmental disorders (NDD) [52,
61], children with anxiety [8], and down syndrome [100].

Robotic companions have been used as motivational
agents in different situations, such as exercising [50, 116,
151] and jogging [65, 53]. The influence of companions
has also been explored on the choice of food [59], shop-
ping behavior [20], and sustaining longer on different tasks
[152].
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Other areas where robotic companions have been intro-
duced less frequently are rehabilitation, entertainment, nav-
igation, guidance, and assistance. Robots have been used
in stroke rehabilitation therapy [31, 117], gait rehabilitation
[98], therapeutic support for people with dementia [72], and
walking training [66]. In terms of entertainment, robots have
been used as music-listening [71, 78], and video-watching
companions [77]. In addition, robotic gaming companions
[75, 80, 102, 103] have also been explored. There have been
several studies where robots have been introduced as walking
companions both indoors [132] and outdoors [149]. Naviga-
tion guidance through robots [6, 37] has been extensively
explored in these studies. In the assistance area, robots have
been deployed to assist humans in a socially active way in
homes [161, 186], and in care facilities [115].

4.4 Types of Robots Used

A total of 89 different robots have been used to investi-
gate companionship in the selected corpus. Here, they have
been categorized based on the categorization proposed by
Fong et al. [55]. Fong divides robots into 4 main categories
based on their appearance and visual features: anthropo-
morphic (human-like), zoomorphic (animal-like), functional
(machine-like), and caricatured (object-like). Table 5 spec-
ifies the robots used, as well as their mobility. Almost half
of the robots used were anthropomorphic and a significant
number were zoomorphic. This indicates that human- or
animal-like robots are thought to be more suitable for com-
panionship. Data demonstrates that a major section of the
anthropomorphic and functional robots happen to be mobile,
while zoomorphic and caricatured robots are mostly station-
ary or immobile. Some robots were selected for studies more
predominantly than others—for example, the Nao robot has
been used in 12 studies, Paro in 10 studies, and Joy for All
animal robots in 9 studies. However, the use of 89 different
robots suggests a notable variety in the research domain.

Out of the 89 different robots, 38 were mobile robots and
the other 51 did not have any mobility. 22 of 46 (47.8%)
anthropomorphic robots were mobile. On the other hand,
only 4 out of 20 zoomorphic robots have mobility. Accord-
ing to these numbers, mobility has been a more important
factor for anthropomorphic robots compared to zoomorphic
robots. For functional robots, the majority (11 out of 14) are
mobile as their mobility is one of the more important func-
tionalities for them to become companions, given that these
types of robots have been used mostly in rehabilitation sce-
narios to help users move or walk. Finally, caricatured robots
by definition look like real-world objects, and as objects do
not move by themselves, most of these robots (7 out of 8) do
not either.
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4.5 Robots Used in Different Domains

We have divided the use of companion robots into 10 different
domains (see Table 4), featuring 89 robots. Figure 3 demon-
strates the usage of different types of robots in each domain,
which offers an idea about current deployment trends and
possible future directions.

For wellbeing scenarios, the use of zoomorphic robots
(15 out of 33 instances) is more common than other types.
Anthropomorphic robots have also been used frequently
in wellbeing scenarios (9 out of 33 instances). Functional,
and caricatured robots have been used with less frequency.
Zoomorphic robots used in wellbeing scenarios are huggable
or designed to be used on the lap such as Joy for All animal
robots and Paro. These robots were found to have positive
effects on the wellbeing of the subjects, especially the elderly.
This can be justified based on previous research that animal
companions (i.e., pets) can have a positive impact on the daily
lives of humans, and for the same reason, zoomorphic robots
are popular in wellbeing scenarios.

In education scenarios, anthropomorphic robots have been
used most frequently (17 out of 24 instances). The use of
zoomorphic, functional, and caricatured robots is also seen
but in rare circumstances. In general, educators or helpers
in the education context are perceived as such that they
would be able to help with studying, give instructions when
needed, and answer questions to some extent. This could
be a reason for deploying anthropomorphic robots in educa-
tion scenarios. A similar trend can be seen in socialization
is that anthropomorphic robots are used more (9 out of 17
instances). However, zoomorphic robots are also popular in
such scenarios (6 out of 17 instances). A few functional,
and caricatured robots have been deployed as conversation
starters and prompters in socialization.

Both anthropomorphic and zoomorphic robots have been
deployed in similar numbers in healthcare scenarios, but
functional and caricatured robots have not been seen in such
scenarios this far. In disability assistance scenarios, anthro-
pomorphic robots have been used more than the other types
(7 out of 12 instances), however, zoomorphic and functional
robots are not rare. There is a similar trend to be seen in the
motivation and influence domain as anthropomorphic robots
(5 out of 10 instances) are more frequently used, but the
other types can also be seen to some extent. For rehabilita-
tion, anthropomorphic (4 out of 9 instances) and zoomorphic
robots (3 out of 9 instances) are more commonly used. There
is also one instance each of functional and caricatured robots
being used in rehabilitation. For entertainment purposes, the
majority of the implementations have adapted anthropomor-
phic robots (5), while zoomorphic (2) and caricatured (2)
robots have also been used. However, functional robots have
not been used in such scenarios. Among a small number of
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Table 5 Types of robots used

Robot type Robots Mobility N
Anthropomorphic Nao (12), Tibi (3), Minnie (3), myKeepon (3), Dabo (2), Pepper (2), Puffy (2), ROREAS (2), Mobile (22) 46
SCITOS G3 (2), iRobiQ (2), Kaspar (2), RoBoHon (2), Hyodol (2), Misty II (2), CommU (2), Not mobile
Matilda (1), CompanionAble (1), Robbie (1), GrowMu social robot (1), Vi (1), Mario (1), (24)
Kabochan (1), Julia (1), AudiMO (1), Education Companion Robot (1), InMoov (1), Silbot
(1), Stevie (1), Kompai (1), Ryan companionbot (1), SCITOS G5 (1), Erwin (1), Max (1),
Robovie R3 (1), Dragonbot (1), Bandit (1), iRobi (1), Cafero (1), Darwin (1), Zenbo (1),
LOVOT (1), Bulb (1), Sota (1), F-2 (1), GenieConnect (1), Edu (1)
Zoomorphic Paro (10), Ageless Innovation/Joy for all Cat (9), Joy for All Robot dog (7), Pleo (3), iCat (2), Mobile (4) 20
Aibo (2), Snugglebot (1), Assistive robotic companion (1), SYMPARTNER (1), ELE (1), Not mobile
Romibo (1), Interactive therapy robot (1), Emobie (1), Tega (1), Cuddler (1), RoboParrot (1), (16)
Karotz robot (1), AMIGUS (1), Biscuit (1)
Functional IROMEC (3), Anki Vector robot (2), Anki Cozmo robot (2), ROBOCO (1), IQRA (1), Robotic Mobile (11) 14
Haptic Force System (1), HomeMate robot (1), Jogging companion drone (1), Outdoor Not mobile
robotic companion (1), Joggobot, mediRobbi (1), Miro (1), Luka (1), Binbot (1) 3)
Caricatured Jibo (4), FoBo (2), Travis (2), Social robotic companion (1), Pepita (1), Ommie (1), ASCC Mobile (1) 9
Companion Robot (1), TACO (1), ElliQ (1) Not mobile
3)
Total Mobile (38) 89
Not Mobile
(51)

Fig. 3 Robots used in different B Anthropomorphic [l Zoomorphic Functional
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instances of navigation and guidance in general, anthropo-
morphic robots seem to be the popular choice (4 out of 5
instances). A functional robot was used in the other instance,
meaning zoomorphic or caricatured robots have not been
considered for navigation and guidance domain. A similar
trend can be seen in the assistance domain where anthropo-
morphic (2 out of 3 instances) robots and functional robots
(1 out of 3 instances) have been used.

To summarize, zoomorphic robots were most commonly
used in wellbeing scenarios, while anthropomorphic robots
were the most popular type of robot in every other domain.
Especially in the education domain, anthropomorphic robots
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were utilized more than all three other types of robots
combined. Notably, the healthcare domain did not utilize
functional or caricatured robots at all, while zoomorphic and
caricatured robots were not used in any navigation or assis-
tance scenarios. As the number of functional and caricatured
robots in general is significantly lower in HRC, it is under-
standable that some domains might not utilize them at all.
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Table 6 Robots roles in different domains

Domain Roles

Wellbeing Co-existence (10), social isolation
companion (5), pet (4),
psychology coach (3),
conversational companion (2),
companion in stress and anxiety
(2), persuasion (1), gaming
companion (1), office assistant
(1), companion for pediatric
patients (1), huggable companion
(1), empathic companion (1),
companion in depression (1)

Education Learning companion (10), reading
companion (7), language tutor (3),
sign language tutor (2), peer tutor

(1), playing companion (1)

Socialization Loneliness companion (5), outdoor
companion (3), commensal
companion (3), social companion

(3), co-existence (3)

Co-existence (6), healthcare
companion(5), caregiver (1),
companion for pediatric protective
isolation (1)

Healthcare

Disability assistance Daily life assistant (3),
conversational companion (2),
learning and playing companion
(2), communication assistance (1),
empathic companion (1),
distracting in repetitive behavior
(1), social companion (1),
navigation companion (1)

Motivation and influence Exercising companion (3), jogging
companion (2), co-existence (1),
motivator (1), commensal
companion (1), shopping
companion (1), pet (1)

Rehabilitation Therapeutic support (7), walking
facilitation (2)
Entertainment Gaming companion (3), music

listening and video watching
companion (2), TV watching
companion (2), music player (1),
playing companion (1)

Navigation and guidance Navigation companion (2), walking

guide (2), guidance companion (1)
Assistance Daily life companion(2), health

assistance companion (1)

4.6 Roles of Robots

Companion robots in each domain area have been given dif-
ferent roles based on their purpose. The different roles of
robots in different domains have been listed in Table 6.

In scenarios like wellbeing and healthcare that are sim-
ilar to each other, the co-existence or presence of robots
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with the users appears to be the most important role. For
the studies in these two domains, robots have been primar-
ily put into the same rooms as the subjects to observe their
response and acceptance of the robots. In addition, it has also
been observed how robots can shape people’s daily lives and
influence them to have a better quality of life. In wellbeing
scenarios, another important role of robots has been as social
isolation companions. These implementations were mostly
observed during and after the COVID-19 pandemic (years
2020-2022). In the first search performed in 2021, 16 out
of 98 (16.7%) articles were wellbeing-related, however, 17
out of 36 (47.2%) of new articles derived from the second
search in 2023 were in the wellbeing domain. Relating to
this, robots have also been deployed as healthcare compan-
ions where the robots are equipped with functionalities like
medication adherence, mood detection, fall detection, activ-
ity suggestions, and communication facilitation. A similar
caregiver role has also been adopted, and another prominent
role in wellbeing scenarios is robots as pets. This can also
be linked to the needs of people who do not have people
around, especially for the elderly whose wellbeing can be
improved through companionship. There are other roles such
as that of conversational companion, persuasive agent, gam-
ing companion, psychology coach, huggable companion, and
empathic companion in the wellbeing domain.

In the education domain, the roles of companion robots
have mainly revolved around reading, learning, and tutoring.
The most common roles are learning companion and reading
companion, along with tutoring roles such as language tutor,
sign language tutor, mathematical logic tutor, and peer tutor.
One other role that has been seen is of playing companion
for preschool children, where the robot facilitates learning
through play.

A companion to loneliness is the most commonly applied
role in the socialization domain. In this role, the robots engage
inmeaningful interactions with the users by suggesting things
to do, providing updates about the weather, reminding them
to do specific tasks, as well as playing games with them. In
most cases, they are deployed as social companions. There
are some instances where robots have been deployed as out-
door companions where they walk side by side with the user
and make their presence felt to create a social situation.

In the disability assistance domain, robots have been given
many different roles such as daily life companions, con-
versational companions, communication companions, social
companions, and learning and playing companions. All of
these roles are mainly pointed towards being a companion
in daily tasks, helping to be active, having conversations,
facilitating communication with family members, and overall
being a social agent in day-to-day life. One other disability-
specific role has been reported, which is distracting children
with autism when they are performing repetitive behaviors.
In disability assistance scenarios, the difference between
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companion robots and assistive robots might be confusing.
However, assistive robots are not necessarily companion
robots, especially as not all assistive robots have social fea-
tures and connections with their users, [155], 156]. On the
other hand, companion robots have features that can evoke
emotional and social responses from their user, while also
being assistive. For this reason, many companion robots
might appear to be assistive and be introduced in assistive
scenarios, but their impact is much different in terms of social
and emotional connection. While some of these roles appear
to be assistive in manner and come under the domain of dis-
ability assistance, the studies mentioned here have deployed
robots as companions in those scenarios where they accom-
pany people with different disabilities. The robots were used
in these studies as companions in different tasks, but not only
as assistants.

Companion robots have been employed to motivate and
influence people into performing specific tasks. The most
common scenarios of motivation are exercising and jogging
where robots are designed to help the users keep up with
exercise routines through rewarding interactions. For jogging
scenarios, companion robots have been deployed to stay near
the user and give them a feeling of having company. Other
roles in this domain include commensality and shopping.

For rehabilitation scenarios, robots have been used to pro-
vide therapeutic support as well as to facilitate walking after
a stroke. There are a number of instances where robots have
been given the role of entertainer or entertainment facilita-
tor, playing the roles of gaming companions, music-listening,
TV-watching and video-watching companions, as well as
playing companions in digital games. Robots have also been
developed as navigation companions where they work as
walking and navigation guides.

4.7 Deployment Facilities

Robotic companions have been deployed in different domain
areas for different purposes, which has led to them being used
in different scenarios and facilities. Table 7 shows the deploy-
ment facilities where robots have been used as companions.
Companion robots have been used most frequently in the
home or domestic facilities. Out of 113 reported facilities in
the selected corpus, 42 were home environments. Aged liv-
ing/care facilities such as residential care facilities, long-term
care facilities, rehabilitation centers, and elderly care facili-
ties have also been engaged in companion robot deployment.
Educational institutions are among the favored facilities, for
example in schools, university campuses, libraries, and dorm
rooms. Major inclinations towards companion robots being
used for healthcare and wellbeing purposes justify the high
instances of care facilities and healthcare centers seen in the
literature, while educational facilities indicate an increasing

Table 7 Deployment facilities

Facility type Facility N

Home/domestic facility 42

Aged living/care Residential care facility (7), 19
facility Aged/Elderly care facility (4),

Rehabilitation center (3),
Long-term care facility (2),
Retirement village (1),
Old-age home (1), Dementia
Day care center (1)

School (11), University 22
Campus (4), Library (3),
Special education school (2),
University dormitory (2)
Hospital/Clinic (7), Nursing 15
home (4), Therapy center (2),
Wellness center (2)

Educational institution

Healthcare center

Outdoor Outdoor street (3), Outdoor 4
field (1)
Office/occupational 3
facility
Other Chocolate testing facility (2), 6

Robotics development facility
(1), Isolation dome (1),
Laboratory (1), Coffee shop

)]

Activity center/club Day Activity Center (1), Club 2
for people with disabilities (1)

Total 113

interest and focus on research with robots. Among other facil-
ities, there are some outdoor field implementations as well
as some occupational facilities.

4.8 Robot Features

Table 8 demonstrates which features and functionalities have
been implemented in robots and with what frequency to cre-
ate human-robot companionship. According to the list of
features, we have divided them into the categories of verbal,
non-verbal, expressive, personalization, functional, naviga-
tion, and other features. The use of voice, sound, and some
sort of verbal communication functionalities have been used
very frequently. In terms of non-verbal features, the move-
ment of body parts has been the most used feature. Use
of expressive features consisting of emotional expressions
through animated faces and eyes were also among common
ways of communication. Verbal, non-verbal and expressive
features are the most commonly used communication modes
for humans, which are also used in companion robots, under-
standably because humans might find these features familiar
and thus easy to interact with.
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Table 8 Robot features

Category Features

Verbal Voice (38), Sound (24), Verbal
communication/conversation (9)

Non-verbal Movement of body parts (42), Haptic
feedback (7), Gestures (6),

Expressive Emotional expression (12), Facial
expressions (13), Animated eyes (5)

Personalization People tracking/recognition (6),
Mood/emotion recognition (2), Song
suggestions (2), Reminders for Medication
@)

Functional Touchscreen/Interactive display (19), Light
emission (2), Image projection (1)

Navigation Navigation/Movement (17), Path
mapping/Following (4), Following user (2)

Other Interactive games (2), Memory assistance

@

Personalization features have also been explored, such
as emotion recognition [67], song suggestions [77, 78],
and person recognition and tracking [3, 89, 170] which
allow the robot to provide personalized interaction and out-
put to the user. However, these have not been extensively
explored. Touchscreen interaction as a functional feature has
been explored significantly. Although this requires a touch-
enabled display or tablet, this mode of interaction with robots
is easy to implement and easy to use. As half of the robots
are mobile, navigation, path planning and following are quite
common features of these robots. Lastly, interactive games
and memory assistance are other features that have been
added to robots.

4.9 Domain-Wise Features

Mapping the features of companion robots to different
domains is important because it will help us to understand
which features are most useful in which domains, which will
give us a clear idea of the state of the art and potentially unex-
plored domain-feature combinations. The different features
used in different domains are shown in Table 9. The most
adopted feature in the wellbeing domain is the movement of
body parts, which is also popular in most other domains. The
reason for it being very popular could be because it helps to
create a more human-like approach to interaction. Humans
naturally move different parts of their body while interact-
ing, such as their hands, head, eyes, etc., and the designs of
companion robots seem to conform to this convention. Sound
and haptic feedback are two other popular features that have
been employed in wellbeing scenarios. For education sce-
narios, the movement of body parts feature has again, been
frequently employed. Apart from that, touchscreen display,
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voice, and facial expression are other popular features in this
domain. Displays help to show lesson content, and the touch
interactivity makes the feedback process easier. The voice
and facial expression features help the user to understand
feedback and know how they are progressing.

For socialization, features like navigation, movement of
body parts, voice-based conversation, and people tracking
are more often used. These features indicate the use of robots
in social situations where the robot could walk up to people,
recognize them, use gestures by moving different body parts,
and have voice-based conversations with them. In terms of
healthcare scenarios, there are several popular features, such
as sound, the movement of body parts, voice communica-
tion, haptic feedback, display, and navigation. This indicates
that there are different types of applications for healthcare.
Again, in disability assistance scenarios, the movement of
body parts, voice, and navigation are more commonly used
features. Similarly, the motivation and influence scenarios
have adopted the same movement of body parts and voice-
based features more commonly. In other scenarios such as
rehabilitation, entertainment, voice-based communication,
navigation, and the movement of body parts are frequently
used.

4.10 Interaction Modalities

Different interaction modalities and techniques have been
tested on different robotic companions for creating mean-
ingful interactions between humans and robots. Figure 4
presents all of the interaction modalities used in the selected
corpus, divided between input and output modalities. For
both input and output, voice is the most popular modality
[16], 169, 181], while different sounds have also been used
quite frequently [68, 92]. Touchscreen displays are another
modality that has been commonly used and belongs to both
input and output categories. A reason for this could be that
connecting a touch display to a robot is easier than imple-
menting complex features [96, 115, 145], and this also allows
the user to have a well-defined interaction method that is self-
explanatory and easy to use. Notably, instead of building
actual robot body parts or faces, many implementations use
displays to show a digitally created face and visual features,
which might be because building actual robot body parts is
more complex than creating a digital avatar or at least a digital
face. Also, the communication between humans and robots
seems to be limited to giving commands and receiving some
kind of related feedback. But this contradicts the notion of
companionship, since the robots have the potential to do more
than simply obey commands, and become companions rather
than servants which are only there for service functions.
Some of the robots take video data as input, which allows
for deeper analysis and better personalization features such
as emotion or person recognition, and improved actuation
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(65) Voice

(22) Touchscreen, Touch ~

(10) Camera Feed, Video Feed —

(7) Sound
Robot
(5) Striking —— Companion
l'//
(4) Remote Control, Hug, Buttons ;J'
/
/
f
(2) Music, Facial Expression, Gestures, ',’
Smartphone, Patting, Hitting, Grabbing f}'
/
/
(1) Squeeze, Joystick, Snuggle, /’
-

Ear pressing, Holding hands,

Eye contact, Push, RFID, Shaking

Fig.4 Interaction modalities

based on these features [3, 89, 170]. Touching and handling
the robot have also been introduced in different ways, such as
through hugging, shaking, patting, squeezing, pushing, and
snuggling [34, 110, 131], and mimic the ways how humans
usually interact with animal companions.

Similar to the input modalities, voice, display and sound
are largely popular as output modalities. Apart from these,
different types of gestures and the movement of body parts
are very popular. These types of output modalities usually try
to imitate human and animal characteristics. The use of LEDs
has been frequent to show emotions as well as expressions.
Animal-like output modes can also be seen, such as purring,
simulated limping, frowning, and tail flipping [42, 67, 131].

4.11 Research Method

Out of the 134 articles reviewed, 39 employed quantita-
tive research methods, 68 employed qualitative research
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\\ Limp, Frown, Smile, Emotional expression,
- Force, Projected image, Jump, Color projection,
Change color, Flip tail, Song changing, Alarm (1)

methods, 19 were mixed method studies with both quali-
tative and quantitative approaches, and 8 were design studies
(Table 10). Among the 68 qualitative studies, an ethnographic
study (n = 18) was the most common type, and tried to under-
stand the social and behavioral aspects of HRC. The second
most common type of study was field study or trial (15). Such
studies were conducted as trials or the first field implemen-
tation of a designed application of robot companions, and 4
of these studies were pilot studies. Similarly, prototype and
concept evaluation studies were also frequent (n = 8) as many
of the studies were in the initial stages. Case study (n = 9),
focus group study (n = 4), and phenomenological (n = 4)
studies featured among the common research methods that
have been employed. The types of research methods indi-
cate that there are many HRC-related studies in their initial
stages, and there will be more in-depth studies in the works.
Accordingly, there have also been 8 design studies where
design implications and guidelines are laid out for the future
development of HRC.
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Table 10 Research method

Table 11 Independent variables

Method N Categories Variables
Quantitative experiments 39 Assistance Workout assistance
Qualitative studies Field study/trial 15 68 Video guided
Avatar guided
Case study 9 Robot guided
Ethnographic 18 Reminder system
Prototype/concept 8 Buzzer reminder
evaluation Robotic reminder
Phenomenological 4 Navigation/movement Navigation
Pilot study 4 obstacles
L Static obstacles
Descriptive 2 Group of
Focus group 4 pedestrians
Exploratory study 2 Ped'esmans and
] static obstacles
In-situ 1 Crowded
Empirical 1 environment
Mixed method 19 Movement types
Design study 8 Moving in
random
Total 134 directions
Moving out of
sight
Moving with
. lights on
4.12 Variables g
Distractions
. X . No distraction
Two major types of independent variables are robot-related Games and
variables (where either the robot or robotic applications have conversation as
been varied), and human-related variables (where human distractions
abilities, presence, and other factors have been varied). The Reaction to music
robot-related independent variables are divided into cate- On beat .
. . . . . . movemen
gories like assistance, navigation and movement, behavior, Off-beat
roles and types, features, and presence. Table 11 demon- movement
strates the independent variables used in the experiments. Static movement
For studies in the assistance category, workout assistance Behavior Movement
and working assistance were used as variables to understand behavior
. . . L. Stops before
how effective robotic assistants can function in these scenar- obstacles
ios compared to other things. For the navigation of robots, the Moves avoiding
degree and types of obstacles and types of distractions were obstacles
used as variables to see how the robots react and how the C‘?‘;:mumcates
witl

companion human feels because of that reaction. For move-
ment, movement directions and different reactions were used
as variables through manipulation, as well as through musical
beats.

Different types of robot behaviors have been addressed in
experiments, such as movement behavior, interactive behav-
ior, and emotional behavior. For example, the robots would
either stop if there were obstacles, or they would use obstacle
avoidance in such situations. In addition to their movement,
they would also communicate with surrounding people. As
variable interactions, robots would act as being playful, ran-
domly empathic, adaptively empathic, neutral, or serious.
In some studies, the robots were designed to either express
emotion or not.

surroundings

Interactive
behavior
Playful
Neutral
Random
empathic
Adaptive
empathic
Serious

@ Springer



International Journal of Social Robotics

Table 11 (continued)

Table 11 (continued)

Type Categories Variables Type Categories Variables
Emotions Presence of human Parent
Express emotions companion Present
Do not express Not present
emotions Co-reader
Roles and Types Roles Alone
Assistant Librarian
Psychology Robot
C0a.Ch Expectation Level of
Guide ex .
. (pectation from
Compatriot robot
Peer . Low
Companion High
Types Personalization Response
Robot dog Personalized
Stuffed dog Non-personalized
Features Communication Choice of game
st.y le Robot to choose
S¥gn language Human to choose
Picture
Light flashing
Appearance
Expressive face
No face Roles of robots have been used as variables to deploy
Familiar them as assistants, psychology coaches, guides, compatriots,
_ap?earance and peers, in order to understand their usage scenarios and
L’ﬁl’ﬁene“ effectiveness. Different types of robots have also been com-
Lo%v pared, such as robotic dogs and toy dogs. Robot features such
Remembering as communication styles, appearance, lifelikeness, memory
capability capabilities, and socialization have been used as variables to
Remembering understand which features work better and how. However,
events the most common variable was the presence or existence of
Misattributing .
. . the robot itself through control groups.
information ) e )
S The dependent variables indicate things that have been
Socialization
Approach measured, so as to understand how they affect human-robot
standing person companionship or how they help to create and maintain it.
Walking Table 12 lists all of the dependent variables in different cate-
accompaniment . .. . . .
) gories. We have divided the dependent variables into 3 main
Existence/presence Presence categories: robot-related, human-related, and interaction-
Long-term s . . S .
Short-term related. Robots’ performance, intelligence, sociability, like-
Period with robot ability, attractiveness, acceptability, and usability are the
Control group robot-related variables that have been measured. The human-
Human Human ability Hearing disorder related dependent variables are divided into behavior, men-
related Student with no

disorder
Children with no
disorder
Children with
disorder

Walking state
Normal walking
Forced walking
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tal perception, and wellbeing-related categories. Behavior-
related dependent variables are reading behavior, readiness
to change, intention to exercise, learning behavior, and per-
sistence. Mental perception-related variables are perceived
companionship, comfort, stress, trust, safety, intimacy, anxi-
ety, and exertion. There are two wellbeing-related behaviors
seen as psychological wellbeing and quality of life. Pleas-
antness, flow, engagement, enjoyment, eeriness, and rap-
port have been categorized as interaction-related variables
because they mainly measure the quality or perceived feel-
ing through the interactions.
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Table 12 Dependent Variables

Robot related

Human related

Interaction related

Robot’s performance
Robot’s intelligence
Robot’s sociability
Likeability
Attractiveness
Acceptability
Usability

Behavior Mental Perception Wellbeing Pleasantness
Reading behavior Perceived companionship Psychological wellbeing Flow
Readiness to change Perceived comfort Quality of life Engagement
behavior Perceived stress En]f)yment
Intention to exercise Perceived trust Eeriness
Rapport

Children’s learning behavior
Users’ behavior
Persistence

Perceived safety
Perceived intimacy
Perceived anxiety
Perceived exertion
Perceived depression
Perceived pain
Perceived loneliness
Mood

Social presence
Emotional attractiveness

Table 13 Questionnaires used

Type of measurement

Questionnaires

Usability and
acceptance

Mental states and
emotions

Quality of life and
wellbeing

Attitude and behavior

Prior or situational
interest

Competence

Total

Godspeed questionnaire (7), Unified Theory of Acceptance and Use of Technology (UTAUT) (3), Almere
Model (3), System Usability Scale (SUS) (2), USUS evaluation framework for HRI (2), Bartneck’s
measurement for animacy, likeability, perceived intelligence, and perceived safety of robots (2), Working
Alliance Inventory-Short Revised (WAI-SR) (3), Technology Acceptance Model (TAM) (1), TA-EG
questionnaire (1), AttrakDiff Questionnaire (1), McCroskey’s measurement for social, physical attraction
(1), Negative attitudes towards robots scale (NARS) (2), Companion Animal Bonding Scale of Poresky (1),
Mind Perception Questionnaire (1), McGill Friendship Questionnaire (MFQ) (1), Senior Technology
Acceptance Model (STAM) (1)

The UCLA Loneliness Scale (4), Geriatric Depression Scale (GDS-15) (3), PHQ-9 (3), Borg rating scale (2),
Physical Activity Enjoyment Scale (2), Neuropsychiatric Inventory Questionnaire (NPI-Q) (1), Geriatric
Depression Scale (GDS) (2), Hong Kong Montreal Cognitive Assessment 5-min Protocol (MoCA) (1),
Self-Assessment Manikin (SAM) (1), NASA Task Load Index (TLX) (1), Brief Mood Introspection Scale
(BMIS) (2), Saint Louis University Mental Status (SLUMS) Examination (1), Addenbrooke’s Cognitive
Examination (1), Neuropsychiatric Inventory Brief Questionnaire (NPI-Q) (1), Cornell Scale for
Depression in Dementia (1), Intrinsic Motivation Inventory Questionnaire (IMI) (1), Motivation for
Reading Questionnaire (1), Hamilton Depression Rating Scale (HAM-D) (1), Mini-mental state
examination (MMSE) (1), Observed Emotions Rating Scale (OERS) (1), Comfort from Companion
Animals Scale (1), Abbreviated Mental Test Score (1), Flow Short Scale (FSS) (1), Human-Agent Rapport
Questionnaire (HARQ) (1), The Positive and Negative Affect Schedule-Short Form (PANAS-SF) (1),
ecological momentary assessment (EMA) (1)

Quality of Life Alzheimer’s disease (QoL) scale (2), FACES Pain Rating Scale (2), SF-12 scale (2), Modified
Barthel Index for Activities of Daily Living (ADL) (1), Ryff’s Psychological Wellbeing Scale (RPWS) (3),
Readiness to Change Ruler (1), WHOQOL-BREF (1), Pittsburgh Sleep Quality Assessment (PSQI) (1),
Quality of Life Mental Health Component score (MCS) (1), Life Physical Component Score (PCS) (1),
Health-related quality of life (HRQOL) (1)

Cohen-Mansfield Agitation Inventory (2), Robot Attitude Scale (2), Medication Adherence Report Scale
(MARS) (2), Mini-IPIP (International Personality Item Pool) scale (3), Hamilton Anxiety Rating Scale
(HAM-A) (1), Columbia-suicide Severity Rating Scale (C-SSRS) (1), Visual analogue scale (VAS) (1),
Anxiety Questionnaire (1), State—Trait Anxiety Inventory for Children (STAIC) (1), State—Trait Anxiety
Inventory (STAI) (2), Vineland Scale of Adaptive Behaviour (1), 44-item version of the Big-Five inventory
(1), The attitude questionnaire (1), Experiences in Close Relationships (ECR) inventory (1)

Situational interest scale (2), Interest-in-reading scale (1), Post-situational scale (1), Four-phase Interest
Development Reading Scale (FID-RS) (1), Individual interest scale (1)

Communication and Symbolic Behavior Scale-Development Profile (1), Peabody Picture Vocabulary Test
(PPVT-4) (1)

16

26

14

74
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4.13 Measurement Instruments

For measuring different dependent variables, a total of 74
scales and questionnaires have been used in the litera-
ture. They are divided into 6 categories and are listed in
Table 13. For measuring usability and acceptance-related
variables which can also be seen as robot-related variables, 16
scales were used. Among them, the Godspeed questionnaire
(7), Unified Theory of Acceptance and Use of Technology
(UTAUT) (3), Working Alliance Inventory-Short Revised
(WAI-SR) (3), and the Almere Model (3) have been used
more frequently. For measuring different mental states, emo-
tions and overall mental perceptions, 26 different scales have
been used. Among them, The UCLA Loneliness Scale (4),
Geriatric Depression Scale (GDS-15) (3), PHQ-9 (3), Borg
rating scale (2), Geriatric Depression Scale (GDS) (2), Brief
Mood Introspection Scale (BMIS) (2), and Physical Activ-
ity Enjoyment Scale (2) have been used more than once.
For measuring the quality of life and wellbeing-related vari-
ables, the Ryff’s Psychological Wellbeing Scale (RPWS)
(3), Quality of Life Alzheimer’s disease (QoL) scale (2),
FACES Pain Rating Scale (2), and SF-12 scale (2) have been
seen to be used multiple times. The Mini-IPIP (International
Personality Item Pool) scale (3), Cohen-Mansfield Agita-
tion Inventory (2), State—Trait Anxiety Inventory (STAI) (2),
Robot Attitude Scale (2), and the Medication Adherence
Report Scale (MARS) (2) seem to be popular scales to mea-
sure attitude and behavior-related variables. There are other
small numbers of scales to measure interest and competence
which are not very commonly used.

4.14 Analysis Methods

The data gathered through the studies has been analyzed in
two main ways—qualitative and quantitative. Table 14 lists
all of the data analysis methods divided into qualitative and
quantitative categories. There are two types of quantitative
analysis methods seen in the literature: descriptive statistics
have been used in 18 studies while the others have adopted
inferential statistics. The most commonly used inferential
statistical methods are ANOVA (19), Paired sample t-tests
(12), Pairwise comparisons with the Bonferroni adjustment
(6), Wilcoxon signed rank test (5), Kruskal-Wallis test (5),
Friedman test (4), and Mann—Whitney U test (6). As qual-
itative analysis methods, thematic analysis (39) is the most
commonly used, along with qualitative content analysis.
The distribution of different analysis methods employed
in the HRC literature shows that thematic analysis is the most
frequently used method. Inferential statistics are also popu-
lar, however, they are not as popular as qualitative methods.
This indicates the fact that a significant proportion of the
studies carried out around HRC so far are qualitative and
explorative in nature. These types of studies usually involve
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Table 14 Analysis method

Analysis type Method

Mean (15), Standard
Deviation (SD) (11),
Variance (5), Proportion
(7

ANOVA (19), Paired sample
t-tests (12), Pairwise
comparisons with the
Bonferroni adjustment (6),
Wilcoxon signed rank test
(5), Kruskal-Wallis test
(5), Friedman test (4),
ANCOVA (3),
RMANOVA (3),
Mann—Whitney U test (6),
Independent samples
t-tests (2), One- tailed
t-test (2), Welch Two
Sample t-test (2),
rANOVA (1), Mauchly’s
test of Sphericity (1),
Post-hoc tests (1),
Mann-Whitney—Wilcoxon
(MWW) test (1), K-means
clustering (2),
Tukey—Kramer’s multiple
comparisons test as a
post-hoc test (1),
Spearman rank correlation
(3), x2 test (2),
Point-biserial statistical
test (1), Chi-square test
(1), Stepwise multiple
regression (1), Pearson
correlation (1), Repeated
measures t-test (1),
Post-hoc Dunn Tests (1)

Quantitative Descriptive

statistics

Inferential
statistics

Qualitative Thematic analysis (39),
Qualitative content
analysis (3), Cross case
comparison (1), Open
Coding (Grounded theory)
(1), Event-based sampling
(1), Inter-rater reliability
(IRR) (1), Interpretative
phenomenological
analyses (IPA) (1),
Behavior coding (1),
Phronetic iterative
approach (1)

speculative methods, trial-and-error, and phenomenological
research which require in-depth and explorative analysis.
HRC is a developing field as can be seen from the year-wise
publication numbers (see Sect. 4.1), and explorative studies
are expected to understand the domain and its proper pur-
pose. On the other hand, there are quantitative studies, which
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while not as much as qualitative studies, also span a signifi-
cant portion of the corpus. These quantitative studies include
research that aimed to compare HRC to other types of HRI
or to a control condition, in order to understand the actual
effects of HRC. This also supports the fact that HRC lacks
systematic and established quantitative measurement instru-
ments, and our paper can contribute to the development of
such instruments since we have extracted the different aspects
of companionship seen across studies, and formed a compre-
hensive list.

5 Findings

We obtained the results shown in the previous section by
coding the 134 articles. From these results, we then derived
more specific findings (F1-F10) and implications through
qualitative content analysis [82]. In this section, we answer
the proposed research questions through these findings.

5.1 Frequency of Different Robots Used (F1)

From the robot types, features and interaction modalities, it is
evident that human- and animal-like robots and features are
adapted by the majority. Many robots have been designed
to imitate human- or animal-like behaviors, features, and
interactions such as verbal and non-verbal behaviors. Also,
animal-specific interaction modes such as touching, hugging
and patting are seen quite frequently, which are similar to the
interactions between humans and their pet animals. This sug-
gests that anthropomorphic and zoomorphic robots are more
frequently used as companions, and the current knowledge
trend considers human- and animal-like appearances to be
more suitable for non-human companions. Although there
are some works where functional or object-like robots have
been introduced [74, 91], they are infrequent. An investiga-
tion of how functional-looking and caricatured robots can
create a sense of companionship by examining what features
and behavior apart from appearance can affect the compan-
ionship factor between humans and robots is needed, and
calls for an increased amount of research on features and
behavior regarding the companionship of robots. FI answers
RQ1 (What types of robots or robotic applications have been
investigated in the corpus of human—robot companionship?).

5.2 Human- and Animal-like Features (F2)

According to our analysis, anthropomorphic and zoomor-
phic appearances have been used more frequently, which
indicates that HRC developers choose appearances familiar
to human users rather than innovating novel robotic expres-
sions. Human-like and social features have been seen in all of
the robots used in companionship scenarios, supporting the

understanding of HRC. Additionally, all the natural interac-
tion modalities used or recognized by humans such as voice,
touch and sound were used quite frequently. This supports
the fact that novel robotic expressions are underexplored, and
there might be more to uncover when it comes to designing,
measuring and analyzing the interactions between humans
and robots supported by features that are less likely to exist
in living companions. F2 partially answers RQ1 (What types
of robots or robotic applications have been investigated in
the corpus of human—robot companionship?).

5.3 Indoor versus Outdoor Interaction (F3)

Interaction methods that are common and self-explanatory
to humans such as display, sound and voice commands have
been used most frequently in the literature. These are some of
the easier and less error-prone interaction techniques avail-
able, and thus making use of them ensures more seamless
communication between humans and robots. However, a
difference in interaction modes can be seen for different
deployment facilities, especially indoors and outdoors. As
mentioned as a limitation, the outdoor implementation of
companion robots has been very limited, and most of the
interaction modalities mentioned in this study have been
applicable to indoor settings. For outdoor settings, the robots
are less autonomous as of yet, and thus need to be con-
trolled through wireless controllers via commands. While
the robots used in the HRC literature have common fea-
tures such as voice and sound, they are not utilized much
in outdoor scenarios as the purposes in outdoor settings were
different. Robots in outdoor settings were deployed mostly
for navigation-related purposes [6, 37, 65, 135], and they
lack autonomous features. This can be seen as a limitation
of the current technology, and it would not be unreasonable
to expect better and more natural interactions in the future
with outdoor mobile robots. 3 partially answers RQ2 (What
are the scenarios in which human—robot companionship has
been investigated?) and RQ4 (What are the current gaps and
potential future research avenues in human—robot compan-
ionship?).

5.4 Limitations in the Explored Domains (F4)

This study was conducted to gather comprehensive knowl-
edge on robots that have been used or employed as human
companions in different scenarios. The data suggests that
robots have been deployed in many domains such as wellbe-
ing, education, healthcare, assistance, and socialization. This
denotes the variety of scenarios where robots can be used as
companions. One trend that can be observed here is that, so
far, robots have been used as companions in mostly wellbe-
ing, healthcare, or similar domains. In an age where many
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households already have autonomous robots (e.g., robot vac-
uum cleaners) [10, 128, 164], more exploration is needed
on how robotic companions interact with humans in other
contexts, for example indoors, outdoors, day-to-day com-
panionship, and nature exploration. A minor difference can
be seen in the types of robots in terms of their deployment in
different scenarios. As an example, functional robots are used
more in physical activity and outdoor settings [65, 117, 53],
zoomorphic robots are more frequently used in elderly care
settings [83, 138], while anthropomorphic robots are used
more in social situations [31, 115, 145]. Also, the deployment
facilities indicate that robots are mostly used as compan-
ions in domestic or indoor settings. This could be the result
of robotic technology being extremely prone to errors, and
it is risky to take them outdoors while still being safe and
effective [146, 157]. Another shortcoming of the technol-
ogy might be that mobile robots still cannot navigate on
unusual and uneven terrains, making them unsuitable for out-
door implementations [21]. This is also supported by the fact
that half of the robots used in the literature are mobile, but
have rarely been used outdoors. F4 partially answers RQ2
(What are the domains in which human—robot companion-
ship has been investigated?) and RQ4 (What are the current
gaps and potential future research avenues in human—robot
companionship?).

5.5 Definition of Human-Robot Companionship
(HRC) (F5)

The definition of human-robot companionship is very
unclear from the current corpus. As a result, there is much
confusion in the literature about when, how, and in which
scenario a robot can be considered as a companion. It is
also unclear what characteristics that turn a robot into a
companion. So, what is human-robot companionship? An
answer to this question might lie in the measured vari-
ables in the literature for companionship scenarios. In order
to create companionship, robot-related, human-related, and
interaction-related factors are all influential.

The robot-related factors mainly consist of robots’ abil-
ities to create a positive impression on humans, as well as
their usability and acceptability to humans. The robot needs
to be efficient in performing what it is supposed to do, and
it needs to apply intelligence while doing so. The robot also
needs to be appealing, likable, and have social features in
order to make sure users can relate to them, creating a bond
in the process.

Human-related factors can be behavior-related, men-
tal perception-related, and wellbeing-related. The robot is
expected to be able to influence human behavior in order to
improve it. For example, the robot should be able to influence
humans’ behavior in exercising, learning, and in social con-
duct. Through interaction with companion robots, humans
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should feel comfortable, less stressed, and less anxious. They
should also be able to trust the robots and feel safe while in
contact with them. Other mental perceptions, such as depres-
sion, pain and loneliness should be positively influenced by
a companion robot. All of the above-mentioned factors may
lead to a better quality of life through psychological wellbe-
ing.

In terms of the interactions between humans and robots,
they should be pleasant, engaging, and enjoyable. Being
able to create pleasantness in the interaction can lead to the
creation of a bond or fellowship that can influence human
lives for the better. According to the literature, these fac-
tors can create a sense of companionship. These are factors
that should be considered when designing robotic compan-
ions in the future. It would also be important to investigate
and compare how these factors can improve the process of
designing robotic companions. Based on the evidence in the
literature, HRC can be defined as the bond or fellowship cre-
ated through:

e The robot’s intelligence, usability, and ability to influence
human behavior

e The robot’s ability to influence the mental perception of
humans that leads to wellbeing and a better quality of life

e Pleasant, enjoyable and engaging interactions in daily life

F5 partially answers RQO3 (What are the factors that define
and influence human—robot companionship in the litera-
ture?).

5.6 Roles of Robots (F6)

Robots in the HRC literature have been given diverse roles
across the 10 domains discussed in this paper. More often
than not, each role has been associated with specific tasks, and
the robots’ success as companions depends on their ability to
complete those tasks. While the role of a companion can be
different for different domains and situations, companionship
cannot be created through assistance or task completion only.
Ensuring effective co-existence is important when it comes
to human-robot interaction [148]. From the analysis of this
study, we can see that the roles of robots vary in the form of
different services. There are instances [32, 34, 106, 133, 140]
where the robots do not provide any specific service and just
co-exist, providing humans with a social context. However,
service-related roles are also part of this co-existence, where
the robots have specific tasks to do. The thing that shapes this
coexistence into companionship is the social elements of the
interaction, and the perceived mental state of the users. In
the literature around HRC, co-existence has generally been
explored on a very small scale and service-type interactions
have been given more priority. While the service provided is
important, ensuring meaningful coexistence is imperative for
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creating human—robot companionship. F6 partially answers
RQ4 (What kind of empirical results are there in the corpus
of human—robot companionship?).

5.7 Lack of Co-existence and Co-performance (F7)

Natural interaction methods and scenarios of co-existence
have been relatively underexplored. Here, co-existence
means the natural process when two entities stay in the
same place and acknowledge each other’s existence. There is
also a lack of more complex and thoughtfully programmed
interactions such as context-aware conversations, voice and
facial recognition, and mood recognition. Also, the interac-
tion modalities used indicate that they are heavily oriented
to provide communication between humans and robots that
focuses on giving commands and receiving feedback. How-
ever, the concept of companionship might expect interactions
that might facilitate co-performance [80], rather than posi-
tioning robots as entities that obey commands. This fact also
puts a question mark on the perceived meaning of com-
panionship with robots. From the purpose of the reviewed
studies, attimes it is hard to infer whether the robots are meant
to be companions, or just another order following agent that
humans can control. F7 partially answers RQ4 (What kind
of empirical results are there in the corpus of human—robot
companionship, and what are the current gaps and potential
future research avenues?).

5.8 Theoretical and Methodological Limitations (F8)

In some cases, it is unclear what makes a robot a com-
panion in literature. There are several works where robots
have been declared as companion robots, but did not exert
companion-like behavior. They have been deployed as assis-
tants or caregivers in such scenarios, being given specific
tasks with no social interaction. Such implementations can
be seen to some extent in industrial environments [40, 73]
and teaching [180] where task-based efficacy is considered
more important than being a companion. This indicates a lack
of a clear theoretical and contextual background for HRC. It
is also evident from the corpus that the definition of HRC is
not clear. The definition of HRC we provided in F5 can help
to resolve the confusion in future studies of whether they are
studying companionship or not.

Additionally, there is a clear absence of appropriate
frameworks for designing robotic companions. Despite the
existence of anumber of recently created frameworks [11, 15]
for developing social robots, the use of such frameworks has
not been documented in the literature under consideration.
All of the studies have either used an available commercial
robot, or have developed a specific feature to test in compan-
ionship scenarios. Since very specific goals have been the

focus of every study that has sought to construct robotic com-
panions, the inherent features and companionship elements
have all been developed with that specific goal in mind. In
addition to the lack of a framework, there is no dedicated
scale or measurement instrument to measure HRC. Human-
related, robot-related, and interaction-related measures can
therefore be seen, but they cannot be directly linked with
companionship.

F8 partially answers RQ4 (What are the current gaps and
potential future research avenues in human—robot compan-
ionship?).

5.9 Nobody Cares About the Robots (F9)

Specific measurements and analysis from the literature puts
emphasis on the human perceptions of robots, how humans
feel after interacting with the robots, if they enjoy it, if they
feel safe, and if they can trust the robot. Although robots are
non-living entities and thus do not have human-like feelings,
when it comes to companionship, both parties need to be con-
sidered. The current corpus only focuses on understanding
the interactions from a human perspective, which is obvi-
ously an important element in human-centered design and
maybe the only element we can appropriately study. How-
ever, none of the studies have approached these interaction
designs from a robot’s perspective, or from the perspec-
tive evaluating the different benefit relationships between
humans and robots as suggested by human—-machine sym-
biosis work [63]. Thinking from a robot’s perspective might
help us to understand how humans naturally behave around
robots, as well as what type of interaction would introduce
the feeling of agency between humans and robots. Different
levels of agency and the detailed consideration of machines in
smart, autonomous, and connected systems have been impor-
tant issues for more-than-human design and human-machine
integration [41, 123]. In our case, it can be equally important
to understand the underlying themes of a two-way interac-
tion if companionship is the primary aspect of a study. The
literature on HRC does not yet touch upon this perspective.
F9 partially answers RQ4 (What kind of empirical results
are there in the corpus of human—robot companionship?).

5.10 Companion Robots in Extraordinary or Unusual
Social Circumstances (F10)

The year 2020 has been the most prolific year in terms of
the number of papers published on and around HRC (see
Sect. 4.1). This was the same year when a global COVID-19
pandemic hit the world and sent everyone into social iso-
lation. During the years 2019-2021, people were stuck at
home, working from home, and isolating at home to either
keep themselves from becoming infected with COVID or so
as to not spread it. This led to the majority of the earth’s
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population spending a lot of time alone, which had severe
social and psychological consequences. This also affected the
adaptation and research on robots relating to social isolation
scenarios. Robots were introduced as companions for older
adults in social isolation [99], companion pets in depres-
sion and loneliness [54], and companions during lockdown
[169, 178]. Although Thunberg and Ziemke [168] have sug-
gested that caregiver presence was more important for older
adults in care homes during the pandemic, companion robots
have still been seen as one of the possible technological solu-
tions in such scenarios. This was not the first pandemic for
humanity, nor will it be the last [129], and with the expected
ecological crisis [126] or with conflicting political situations
between countries, the societally extreme conditions that can
occur can lead to situations of enforced social isolation which
might render the companionship value of robots even more
important. The companionship aspects of robots have been
one of the prominent avenues explored in unusual social sce-
narios. Therefore, it can be concluded that companion robots
have been one of the avenues of interest explored during
extraordinary and unusual social circumstances such as the
global pandemic, and this might also be the case in any sim-
ilar future circumstances. F'10 partially answers RQ2 (What
are the scenarios in which human—robot companionship has
been investigated?).

6 Future Agenda

Based on the findings of our research, we have identified 4
broad types of agenda, namely thematic, theoretical, method-
ological, and technological. Each agenda consists of several
directions which are listed in Table 15, together with their
connection to the findings presented previously.

6.1 Thematic Agenda: Next Phases of HRC
6.1.1 Diversity of Explored Domains and Scenarios (A1)

Direction 1. Investigate how companionship can be created
outdoors and how the interaction with robotic companions
differs between indoors and outdoors. The majority of imple-
mentations in the HRC domain have been in indoor settings.
The analysis suggests that only 4 out of 113 facilities where
companion robots were deployed have been outdoor settings.
However, there can be numerous applications for outdoor
companion robots, few of which are explored in the litera-
ture, such as a walking [66] or jogging [65, 53] companion.
While these studies have presented the concept and tried to
reflect on its potential, more in-depth studies are needed to
understand the domain and find effective design implications
for such companion robots. There are several instances where
companion robots have been employed in the entertainment
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domain in indoor facilities, which indicates a possible gap in
exploring the outdoor recreational use of such robots. Recre-
ational uses of robotic companions in outdoor scenarios are
relatively unexplored. Additionally, the recreational value of
outdoor activities such as spending time in nature or taking a
walk outdoors is well known [1]. Social interaction and com-
panions are an important part of this because there is always
an inherent value of social connection [28], shared experi-
ences [9, 186], or feeling secure against any uncertainties
(e.g., wildlife, unknown paths) of exploring unknown out-
door territory.

Direction 2. Understand the domain-specific needs and
characteristics of companion robots to help improve their
effectiveness and efficiency. Thus far, robots have been
deployed to perform very specific tasks in certain domains,
and have been limited to tasks only. Additionally, in terms
of domain, wellbeing and education have seen the majority
of implementations. However, other domains such as social-
ization, healthcare, influence, and entertainment show a lot
of promise in terms of positive outcomes. Also, there seems
to be a lack of knowledge on which features and types of
robots are suitable for each domain. This points to a need
to diversify the domains and purposes of using companion
robots, in order to make them more effective and efficient in
diverse contexts.

6.1.2 Daily Companionship and Co-existence (A2)

Direction 3. Understand which roles are suitable for com-
panion robots in day-to-day lives. The current state of the
research shows that the deployment of companion robots
have been mostly explorative, and that several roles have
overlapped between multiple domains. Also, the roles of
companion robots have so far been decided based on the
tasks they are supposed to complete, somewhat ignoring
some of their intangible contributions like agency, social
presence, and psychological support. This is the usual nature
of a developing field, and with more time and exploration,
more concrete directions can be found. Introducing day-to-
day companionship would have potential to discover contexts
and situations where robots accompany humans in their daily
lives similar to other humans in a family. When a robot is
deployed for a specific task for a specific scenario, the interac-
tion becomes more reliant on task completion and the robot’s
ability to do it efficiently. In contrast, having robots present
in daily life scenarios will streamline their usage as compan-
ions. This will potentially help create a new perspective of
having robots around, not just to do specific tasks as a service,
but to accompany humans in different activities. Instead of
framing robots as things that follow orders like servants, the
concept of companionship might anticipate interactions that
could facilitate co-performance.
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Table 15 Future research agenda and research directions

Agenda

Relation to
finding

Direction

Thematic agenda

A2. Daily companionship and co-existence

A3. Diversity of robot types

Ad4. Effects of robot features

AS. Building from a robot’s perspective

A6. Designing for extraordinary or unusual social

situations

Theoretical agenda A7. Understanding the definition of

companionship

Methodological A8. Measurement of human-robot

agenda companionship
A9. Guidelines for designing and evaluating
robotic companions
Technological A10. Efficacy and availability of robotics
agenda technology

Al. Diversity of explored domains and scenarios

DI. Investigate how companionship can be
created outdoors and how the interaction with
robotic companions differs between indoors
and outdoors
D2. Understand domain-specific
characteristics and the need for companion
robots

F3,F4

D3. Understand how robotic companions can be
a part of daily human life by playing different
roles
D4. Understand how co-existence and
co-performance affect the interaction between
humans and robots in different situations

F6, F7

D5. Understand the effect of robotic companions ~ F1
with different appearances in diverse scenarios
D6. Investigate how the appearance and type
of a robot relate to perceived companionship

D7. Assess the effects of different robot features ~ F2
on the perceived sense of companionship to
find out companionship-specific features
DS8. Investigate what features other than
human-like ones can positively influence the
relationship between humans and their robotic
companions

D9. Understand how the robot perspective and F9
the two-way relationship between humans and
robots can be influential in designing
interactions

D10. Design and develop companion robot F10
interactions and behaviors to aid possible
unusual social situations in the future

D11. Look for creating a solid definition of F5
human-robot companionship for a shared
understanding and vocabulary across the field

D12. Develop a dedicated scale for measuring F8
and evaluating HRC

D13. Create a comprehensive guideline and
design implications for robotic companions in
different domains/scenarios

D14. Develop more robust and less error-prone F3
robotic systems for deployment in diverse
facilities indoor and outdoor
D15. Make robotic technology widely
available in terms of cost and accessibility to
increase the benefits of HRC

Direction 4. Study how co-existence and co-performance
affect the interaction between humans and robots in different
situations. Co-existence is considered to be a vital element
for the creation of companionship, as it represents two enti-
ties sharing the same space at the same time without the
need to engage in direct interaction at all times [5, 176].
Although the function of a companion may vary depending
on the context and domain, companionship cannot be estab-
lished solely through help or task performance. It is crucial to

ensure effective co-existence when it comes to interactions
between humans and robots. Thus, it will be very important to
explore scenarios where robots just coexist with humans, pro-
viding them with a social context, yet offering no particular
service. Robots will only be fully perceived as companions if
and when they are considered as co-existing beings and not
deployed for any specific task-based entity.
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6.1.3 Diversity of Robot Types (A3)

Direction 5. Understand the effectiveness of robotic compan-
ions with different appearances in diverse scenarios. A total
of 89 different robots were used in different companionship
scenarios, where each robot had a unique appearance. HRC
is a very dynamic field, and each separate situation demands
contextual decisions, thus making the choice of robots some-
what unpredictable. However, it is unclear why a certain type
of robot with a certain appearance is chosen for companion-
ship scenarios. There is a lack of justification around the
choice of robots, which also supports previous claims that
the majority of the work done in the domain so far has been
explorative. While explorative work offers a greater expan-
sion of the field and helps draw novel conclusions, it would
still be important to follow general guidelines and a justi-
fication around different types of robots. This is especially
needed for developers for focusing their product towards cer-
tain customers, and researchers from other domains who need
to decide which robots to adopt for their specific purpose.

Direction 6. Explore how perceived companionship is
related to the appearance and type of robots. Analysis of
the types of robots used in different domains implies that
anthropomorphic and zoomorphic robots are more frequently
utilized as companions, and that the present knowledge trend
favors non-human companions with human- and animal-
like appearances. Robots that are functional or resemble
objects have been used in several works, however, this is not
very common. There are several previous studies that have
focused on understanding how the embodiment of robots
might affect companionship [141, 172], and have found that
embodiment has a positive influence on perceived compan-
ionship and agency. However, these findings relate to any
type of embodiment in general, while the reviewed studies
only focus on specific types of embodiments, such as anthro-
pomorphic or zoomorphic. To obtain a deeper understanding
of how different types of embodiment and the appearance
of robots differently influence companionship, comparative
studies need to be performed. This will also inform us as
to the reasons behind the popularity of anthropomorphic and
zoomorphic robots as well as the shortcomings or advantages
of using other types.

6.1.4 Effects of Robot Features (A4)

Direction 7. Understand how different features and their
combinations affect the sense of HRC to evaluate their
relative effectiveness. 18 different types of high-level fea-
tures have been explored in the extant HRC research. The
most common features are the movement of body parts,
voice/sound, gestures, and expressions. But it is interest-
ing to note that these features were not particularly chosen
to be designed for companion robots—rather, robots which
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happened to have these features were chosen to be compan-
ions. This indicates the focus on choosing a type of robot
instead of investigating how a specific feature of the robot
affects HRC. This creates a need for investigating differ-
ent features and their combinations in different scenarios.
Focusing on specific features and even combinations of fea-
tures will play an important role in understanding how each
feature can make interactions more meaningful, and how
different combinations of these features can have varied con-
sequences. Additionally, it will help robot developers to know
their effects and so create more efficient robots for specific
scenarios.

Direction 8. Reflect on features other than human-like
ones to create diversity in development and prevent uncanny
interactions. Human-like features are commonly seen in the
investigation of HRC and the development of companion
robots. It is obvious that humans can relate to these features
more deeply, creating an avenue for robots to be perceived
as more human-like or ‘known’. However, whenever human-
like behaviors are developed artificially, there is a chance of
creating what is known as ‘the uncanny valley effect’ [173].
The uncanny valley effect can be described as the unsettling
or eerie feeling that people experience while interacting with
something that attempts to imitate human qualities, but fails
to be realistic. This effect can occur when robots are devel-
oped with human-like features, but not very efficiently so
that they clearly appear to be uncanny or eerie. This does
not mean that human-like features should be avoided, but
they should be developed with caution so that machines like
robots do not try to be the replacement of a human, but rather
become an alternative with their own identity. Features that
represent machines such as robotic movements or voices can
be examples of such features that can draw the boundary and
SO set proper expectations.

6.1.5 Building from a Robot’s Perspective (A5)

Direction 9. Explore designs from the robot’s perspective in
addition to creating distinct identities for robots, in order
to better understand the inherent dynamics of HRC. The
rapidly increasing number of robots introduced in scenarios
involving humans indicates a future where robots will play
an important role in society. Robots are now more frequently
developed with artificial intelligence, which is supposed to
make them more suitable for human companionship through
meaningful interaction. We are bracing ourselves to welcome
a posthuman or transhuman future [56, 85], where human—
machine symbiosis will become a very important factor as
humans and machines become dependent on each other to
perform tasks [84]. Robots have been touted to become parts
of humans, or even the other way around. But despite the
fact that robots are non-living objects without emotions, both
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parties must be taken into account when looking for com-
panionship. Companionship is a two-way street where both
parties play certain roles and achieve their goals through
co-performance [94]. In that regard, it would be crucial to
understand the interactions that robots respond to, and if
they truly have feelings, how those feelings would change
depending on how they were engaged with. Thinking and
building from a robot’s perspective could also be fruitful in
order to find the right balance when it comes to the seamless
integration of robots into human lives.

6.1.6 Designing for Extraordinary or Unusual Social
Situations (A6)

Direction 10. Conduct speculative and exploratory stud-
ies with companion robots considering extraordinary and
unforeseen social situations. The recent COVID-19 pan-
demic led to people become socially isolated inside their
homes, and saw several instances of companion robot deploy-
ment [54, 144, 178] for reducing loneliness and stress related.
This is a novel, emergent and practical real-life scenario
where companion robots have undergone effective deploy-
ment. In line with this finding, it would be beneficial to test
the deployment of companion robots for future situations
where another socially unusual scenario might occur. For
this, an investigation into which unusual social situations
might occur and how we could design HRC to address those
situations might be of great value. This will help us prepare
for such situations by already having some insight into how
companion robots might be able to help, instead of starting
from scratch. This can also be linked to the understanding of
the roles that robotic companions can take up in the future.

6.2 Theoretical Agenda: Defining HRC
6.2.1 Understanding the Definition of Companionship (A7)

Direction 11. Understand the determinants of how and when
a robot becomes a companion to humans, in order to clar-
ify the definition of HRC. Overall, the study provides a
comprehensive set of information on robots that have been
used as companions. However, the types of interactions sug-
gest a more commanding and obeying relationship between
humans and robots which contradicts companionship, and
thus needs to be defined more carefully. It is very important
to define the roles of a robot when considered as a compan-
ion, as command-following machines cannot be autonomous
whereas companions are supposed to be autonomous. How-
ever, the idea of companionship means facilitating interac-
tions that create co-performance [94] scenarios, rather than
positioning robots as only command-following entities.

In some cases, it is unclear what makes a robot a compan-
ion. Several studies have employed similar robots in similar

scenarios as assistive or social robots, but these have not been
touted as companions. In such literature, robots have been
considered as assistants with no other interaction or social
behavior, or only focused on specific tasks. Such implemen-
tations are usually in industrial environments [40, 73], and
teaching [180], to some extent where task-based efficacy is
considered more important than being a companion. Also, in
some of the studies employing the same type of robots for dif-
ferent purposes, it has not been consistent as to whether they
are considered as companions or not. This means that com-
panionship is more related to the types of interactions with
the robot, rather than the robot’s appearance or features. All
of this indicates that a clearer view is needed of what a com-
panion robot is, and in which scenarios. Particularly, there
needs to be a clear theoretical and contextual background for
HRC studies which will help to understand when and how
companionship is formed. This leads us to the next theoret-
ical agenda which is the definition of HRC. Currently, there
are no established definitions of HRC in the literature, which
can lead to confusion regarding questions about robots being
companions or not. Defining or understanding how HRC is
formed can help resolve any confusion in future studies as
to whether they are studying companionship or not, and our
study provides the first effort to define what HRC is (in F5),
while opening a space for further definitions that can be based
on empirical findings.

6.3 Methodological Agenda: Designing
and Evaluating the Evolutions of Companionship
Between Humans and Robots

6.3.1 Measurement of HRC (A8)

Direction 12. Develop instruments for measuring and eval-
uating HRC in different scenarios. In the whole corpus of
HRC, there is no dedicated scale or measurement instrument
that may be used to measure companionship. Each study
has approached the measurement of HRC differently. They
have investigated specific factors of companionships in most
cases, such as human-related, robot-related, and interaction-
related where categorized. This makes sense as HRC is a
very diverse field where each study differs from the others in
terms of motivation, scenario, and expected outcomes. This
makes it hard to evaluate companionship factors comprehen-
sively. It is clear that different factors combine to form some
sort of evaluation of the perceived companionship. All of the
measurement instruments used in the corpus have specific
purposes, such as usability and acceptance, mental states
and emotions, quality of life and wellbeing, attitude and
behavior, and prior or situational interest and competence.
Established questionnaires have been used for such different
measurements. But while this is suitable and makes sense for
such a diverse field, it might be beneficial to understand how
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these factors might combine to form companionship. Con-
sequently, an investigation into the measurement of HRC
combining all of these factors might be of good value.

6.3.2 Guidelines for Designing and Evaluating Robotic
Companions (A9)

Direction 13. Create comprehensive guidelines and
design implications for robotic companions in different
domains/scenarios. There is an evident lack of frameworks
for designing robotic companions. Although there are sev-
eral frameworks [11, 15] for designing social robots, there is
no framework for designing companion robots—hence the
use of frameworks has gone unseen in the considered litera-
ture. All of the studies that have attempted to design robotic
companions have targeted very specific purposes, and thus
the features and companionship factors have been designed
according to that specific purpose. This is logical in the sense
that each unique scenario demands different considerations,
and it is hard to replicate guidelines from studies that belong
to a different domain. As a result, in some cases, researchers
have created customized user studies or surveys to under-
stand design implications, but these have been employed on
very small scales, and thus do not have the credibility to be
considered as sufficient for future referential use. While it is
not feasible to develop a generalized guideline for designing
companion robots due to the diversity of scenarios, it might
be good to prepare guidelines at least for specific domains
where studies usually have similar patterns.

6.4 Technological Agenda: Designing
and Developing the New Era of Robotic
Companions

6.4.1 Efficacy and Availability of Robotics Technology (A10)

Direction 14. Develop more robust and less error-prone
robotic systems and make them accessible for deployment in
diverse facilities both indoors and outdoors. Robotic tech-
nology has improved a great deal in recent years, however, the
technological shortcomings are still evident in the literature.
As mentioned in the analysis, the majority of implemen-
tations have been employed indoors. Outdoor adaptations
are seen less frequently, mostly because the technology is
not ready. Robots are still error-prone, especially those that
are mobile or have navigation capabilities. Outdoor environ-
ments do not have consistently plain roads, and if robots are
expected to navigate through uneven terrain, it makes them
much more error-prone than they already are. This is another
reason for the lack of diversity in the employment domains
of companion robots. As a result, there is a need to improve
the currently available robotic technology. The use of artifi-
cial intelligence and advanced data manipulation techniques
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can help robots to become less error-prone, especially in out-
door settings. The Boston Dynamics Spot (Spot®—The Agile
Mobile Robot | Boston Dynamics, 2022) robot dog is a prime
example of such advancement. But although long-term sus-
tainability is yet to be tested, it is a step in the right direction.

Direction 15. Develop more affordable technology in
order for it to be accessible for a mass of people. The fact
that these technologies are very new and sophisticated makes
it harder to make them more affordable to a mass of people.
Especially, very few people have the ability to invest in a
companion robot for personal use. This lack of affordability
and accessibility to companion robots prevents people from
enjoying the benefits of companionship. The lack of adapta-
tion also creates a knowledge gap for companion robots in
terms of mass adaptability and their long term effects. We
need to develop affordable and cost-efficient robots so that
we can learn to deliver ideal companionship experiences by
learning from a mass amount of users. Robots are technolo-
gies for the future, and if we are to reap the benefits of such
cutting-edge technology, it is imperative to make them more
easily accessible to the general population.

7 Limitations

Ample amounts of studies have deployed robots in different
human interaction scenarios, however, we were specifically
interested in companionship scenarios for this study. For
this reason, we only reviewed articles that have used or at
least mentioned robots as companions in their studies. We
searched for literature that explicitly mentioned companion-
ship with robots. This might have limited the span of the
study, and the fact that HRC is often confused with other
human-robot interaction scenarios has not helped. Even in
the literature that we reviewed, there were often scenarios
where confusion emerged about how a robot becomes a com-
panion to humans. Thus, as a result of the search criteria we
set, we may have missed some relevant literature.

As this study is a systematic literature review, the main
objective was to understand what has been done so far in
the domain of HRC, in terms of the robots used, influential
aspects of the interactions, and research and analysis meth-
ods. While we have been able to summarize these factors and
at the same time identify the gaps in the literature, it was not
possible to derive guidelines, for example, based on hands-
on practice. However, we have pointed out several future
agendas and directions, each of which can be turned into
standalone investigations that might produce specific guide-
lines. Following on from this, we expect and welcome the
research community to attempt to cover these directions, so
as to create a more comprehensive knowledge of the domain.

Another limitation of the study could be the fact that
we have only searched for literature through the Scopus
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database. Querying multiple databases could have resulted
in more literature. However, we chose the Scopus database
because of its extensive coverage of peer-reviewed literature.
Additionally, systematic literature reviews have the limita-
tion of being restricted by the search criteria they employ.
Our search string was created to provide access to all stud-
ies whose main focus is on robotic companionship in a way
that either the abstract, the title, or the keywords include the
words “robot*” and “companion*”. We acknowledge that we
might have missed out on some literature because of the lim-
itations of the systematic literature review process itself. In
addition, we were not able to access all of the eligible articles
as some of them were not open access.

8 Conclusion

This study reports a systematic review of 134 peer-reviewed
articles to understand how robots have been used as human
companions, as well as their usage scenarios, features,
and interaction modalities. There have been no previous
studies that have tried to understand the state-of-the-art
of human-robot-companionship (HRC), including domains,
robots used, deployment facilities, robot roles, features,
research methods, analysis methods, and future avenues. In
addition, there was a lack of comprehensive understanding
about what HRC entails, and how it is developed, influenced,
and leveraged. Several studies have attempted to investigate
standalone factors such as embodiment, empathy, and trust.
Our biggest contribution is to address this through the pre-
sented systematic literature review. This study has addressed
the aforementioned gaps and contributed knowledge to the
field in three concrete ways. We have presented a compre-
hensive overview of the field including explored domains,
deployment facilities, robots used, features of robots, roles
of robots, interaction modalities, research methods, analysis
methods, and measurement instruments. We expect that these
analyses will be helpful for a wide array of HRC researchers
from different fields by providing information regarding
existing predominant domains, methods, interaction modali-
ties, robot behaviors and types, and also by identifying gaps in
these mentioned areas. HRC researchers can use this paper
as a starting point for designing studies by having a broad
understanding of the field in terms of what has already been
done, and where knowledge gaps need to be addressed. The
study can also work as an inspiration to conduct studies in
more underexplored fields which have been signposted in
the findings and agendas section of this paper, for example,
diversifying the domains, and understanding the effective-
ness of robot features in different domains. Furthermore,
these contributions can also be helpful for the companion
robot industry by way of giving a clear overview of the avail-
able companion robots, their features, and usage scenarios.

This will help designers and developers better understand
the scope of demand, and to develop more suitable robotic
technologies as companions.

A major finding from the study is that robots with human-
like and animal-like features have been used more frequently
for companionship scenarios. We found that robots have been
deployed as companions in many different scenarios, with
wellbeing, education, socialization, and disability assistance
being some of the prominent areas of deployment. The roles
and features of companion robots have also varied in different
domains. Similar to human and animal-like features, human
and animal-like interaction modalities are often seen in the
literature with companion robots.

In terms of research methods, a balanced mix of qualita-
tive and quantitative studies have been carried out, while
a significant number of mixed method and design stud-
ies also reported. Study variables have revolved around
human-related and robot-related factors, which indicates that
both human- and robot-related factors have been taken into
account for understanding companionship. We also gathered
lists of the measurement instruments and analysis methods
seen in the literature. The number of different instruments
is particularly high which is a result of trying to measure a
large variety of variables, but not specifically companionship.
This has also served to indicate that there is no measurement
instrument available for HRC at the moment.

The major findings of the review include a lack of outdoor
deployment, a lack of a concrete understanding of HRC, and
a limited variety in usage scenarios with co-existence and
co-performance factors. We concluded our analysis of the
corpus with four broad types of agenda, summarized as the-
matic, theoretical, methodological, and technological. The
thematic agenda includes diversifying explored domains and
robot types, introducing co-existence and co-performance,
and understanding the effects of different features on dif-
ferent scenarios. The theoretical agenda mainly focused on
creating a better understanding of HRC and the factors that
influence it, and expanding the definition we have made in
this paper with further empirical studies. The methodological
agenda included the creation of a framework for designing
and evaluating companion robots, as well as a dedicated
measurement instrument for HRC. Finally, the technolog-
ical agenda calls for a better availability and efficiency of
companion-type robots in the future.

Appendix A: Corpus overview
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