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ABSTRACT
A growing area of human-robot interaction explores how robots,
for example as companions, can be used to help people manage
loneliness. However, we do not yet have research results indicating
if people are ready to accept companion robots in their daily lives,
and thus if companion robots can actually be successful broadly in
society. We present a novel long-term in-home interaction study
design that will explore how people accept these robots in their
homes and how the robots impact loneliness.
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1

Introduction

Loneliness is defined as a perceived lack of social connection, and
therefore, anyone can feel lonely if their connections and interactions
are not sufficient; some people may not feel lonely even if they are
socially isolated [1]. Many lonely people get pets as companions, find
someone to share their thoughts with, or pick up hobbies to reduce
their loneliness. Technology in general can also help people manage
their loneliness, for example, as with online spaces or smartphone
applications that enable people to chat with others [2], or on-line AI
chat bots that simulate social interaction [3]. Similarly, social robots
such as the Sony AIBO robotic dog [4] are now available; however,
we do not yet know how effective these may be as companion robots
for mitigating loneliness.
These social robots are designed to communicate using human- or
animal-like techniques (e.g., speech, synthetic emotions, facial
expressions; [5]). Social robots can use these techniques to shape a
person’s feelings [6], mood, and behavior [7]–[9]; most relevant, some
research has shown that social robots can reduce loneliness [10].
However, a common caveat with research is using complex social
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Figure 1: A person living with loneliness may improve their
wellness by interacting with a robotic pet. We present a
long-term study design focused on patterns of acceptance.
interaction techniques that require a team to orchestrate, often
relying on remote operators to secretly control the apparently
autonomous robot (the Wizard-of-Oz method [11]). Thus, faked (not
autonomous) behaviors are tested that may not be feasible to deploy.
In contrast, there is much less research on fully autonomous social
robots deployed in domestic environments.
Moving toward successful domestic companion robots will require
better understanding of how households and individuals adopt robots
[12]; this will necessitate extensive research to understand the
dominant adoption patterns of social robots in homes [12], [13].
Adoption of social robots into homes depends in part on individuals’
acceptance of technology in general (i.e., general attitudes, intentions,
and behaviors in relation to technology [14]). For example, depending
on the individual and the type of robot, the robot could be perceived
as a disruptive piece of technology [13] while others might be easily
accepted due to their utility [16]. The acceptability of social robots in
homes might also involve alternative predictors such as social abilities
of the robot (e.g., motivation, communication, friendliness [13]).
Further research is therefore needed to explore how people may
accept (or not) companion robots into their homes.
We present a long-term study design that aims to analyze the
acceptance pattern of a fully autonomous companion robot over time,
by placing it in the homes of people who self-identify as being lonely.
We will investigate how people adopt the robot, any long-term
development of relationships, and, any impact on wellbeing and
loneliness.

2

Integrating Robots into Homes

Research has demonstrated how social robots can provide benefits in
therapeutic contexts including serious mental health issues (e.g., [17]–
[21]), such as by improving communication skills of patients living

with dementia [21]. Social robots have also shown impressive
outcomes in clinical settings, for example, decreasing stress and
anxiety of older adults [22], and impacting loneliness (e.g., [10], [18],
[23]–[27]). This motivates the potential for domestic companion
robots to similarly support wellness and reduce loneliness for healthy
individuals.
Understanding the dominant acceptance patterns of companion
robots can help the process of smooth transitioning from laboratory
or clinical contexts into homes. For example, works have shown that,
utilitarian factors (e.g., medication reminders, tracking health
information) motivate people to continue interacting with social
robots [28]. Without these utilities, the primitive social capabilities
that current social robots have, may not be enough to convince people
to continue interacting with the robots [29]. Longitudinal research
often reports that social robots are incapable of engaging users in
long-term interactions [29]–[32], hindering long-term acceptance in
homes.
Research has demonstrated cases of successful robot integration in
homes. Initial work with the vacuum cleaner robot Roomba
highlighted its entrance path into homes as a utility, a vacuum cleaner
with promise of time-savings [16]. However, some people developed
connections with their Roomba over time which helped them enjoy
their house chores [33], and improve social dynamics among family
members [34]. In a similar vein, work with the Karotz robot showed
the importance of social factors (e.g., social interactions, relationships,
trust) for accepting robots in homes [28]. Much more work is needed
beyond these few examples, because, we still have very little
knowledge about social robot acceptance in homes and the
underlying challenges and issues (e.g., cost, privacy).

3

Exploratory Study Design

We present a longitudinal exploratory study design that focuses on
acceptance patterns and challenges for domestic companion robots.
This knowledge is crucial for developing domestic companion robots
that people will actually adopt, such that it can successfully support
people, and reduce loneliness. Our approach revolves around focusing
on phases of acceptance identified in earlier works [28], [35], but
anchored in the perspective of how these robots impact loneliness.
We will recruit participants who live alone and self-identify as being
lonely. We will conduct a longitudinal qualitative evaluation to assess
a social robot’s effect on the recruited participant's wellbeing. We plan
to conduct the study for at least three months to get an in-depth
insight into the trajectory of how people accept robots in their homes
and how these robots impact their loneliness.
For our study, we will use the robotic dog AIBO [4] developed by
SONY. It is a sophisticated pet-like robot that can sense touch, hear
sounds, understand voice commands, and recognize people using face
recognition. We selected this robot for our study because of its lifelike movement ability and its capability to convey a high quality
puppy character [4].

3.1

Phased Study Procedure

We developed a phased study procedure based on previously
observed acceptance patterns [28], [35]. We will conduct interviews
at all the important phases of the experiment, and regular weekly
interviews over the course of the study. The study includes five

phases; initial intake, first encounter, ongoing during-study, exit and
follow-up.
The interviews will consist of questions on how participants accept
social robots in their homes, their perceptions of the robot and the
robot’s impact on their loneliness.
Initial intake – We will conduct initial intake interviews to first
learn about participants’ expectation towards the robot. This will
provide important context for analyzing and understanding their
attitudes toward companion robots before use (rather than attitudes
toward the robot from use) and provide insights on the participants’
initial expectations towards the robot.
First-encounter – On the first day of the study, we will deliver the
companion robots to the participants’ homes along with the
instructions on how to interact with the robot. After the participants
interact with the robot, we will conduct the first-encounter interview
session. This interview will give us insights on the participants’
thoughts about the robot, their interaction plans, and their
expectations from the robot.
Ongoing during-study – We will have interview sessions every two
weeks to get updates from the participants. We will consider the
novelty effect for the initial few weeks. These interview sessions will
consist of questions about the participants’ general wellness,
interaction process with the robot, and participants’ relationship with
the robot.
Exit – The companion robot will be collected back from the
participant after the study is complete. An exit-interview will be
conducted to get insights on the participants’ thoughts about the
overall study, if they feel any changes in their general wellness and
their perception of the robot’s impact on their loneliness.
Follow-up - We will conduct a follow-up interview with the
participants after a week of the study completion to understand how
they feel about not having the companion robot anymore.
After each interview session, participants will get an allocated time to
complete some questionnaires related to their general wellness. We
will use the UCLA Loneliness scale [36] to measure level of loneliness,
the State-trait anxiety inventory to assess level of anxiety at that
moment, and the PANAS questionnaire [38] to assess participants’
overall mood. We will quantitatively analyze these results to reflect
on the impact of a robot pet on general participant loneliness, anxiety
and mood. We will further qualitatively analyze the interview
sessions to understand how people accept robots in their homes and
how it impacts their loneliness.

CONCLUSION
In this paper we present our initial study design that will focus on
social robot acceptance and concurrently investigate the social robot’s
impact on loneliness. We believe that better understanding the
acceptance process of social robots in homes will help in better
designing novel social robots to be adopted into and positively impact
domestic spaces, particularly for lonely people. Further, researchers
will be able to leverage this study design to investigate various other
wellness challenges like stress, anxiety and depression. Our study will
be the first to focus on social robot acceptance in homes that
subsequently addresses a wellness challenge.

REFERENCES
[1] A. Stickley et al., “Loneliness: Its Correlates and Association with Health
Behaviours and Outcomes in Nine Countries of the Former Soviet Union,” PLoS
One, vol. 8, no. 7, 2013, doi: 10.1371/journal.pone.0067978.
[2] W. J. Chopik, “The Benefits of Social Technology Use among Older Adults Are
Mediated by Reduced Loneliness,” Cyberpsychology, Behav. Soc. Netw., vol. 19, no.
9, pp. 551–556, 2016, doi: 10.1089/cyber.2016.0151.
[3] P. B. Brandtzaeg and A. Følstad, “Why people use chatbots,” Lect. Notes Comput.
Sci. (including Subser. Lect. Notes Artif. Intell. Lect. Notes Bioinformatics), vol. 10673
LNCS, pp. 377–392, 2017, doi: 10.1007/978-3-319-70284-1_30.
[4] J. Pransky, “AIBO - the no. 1 selling service robot,” Ind. Rob., vol. 28, no. 1, pp. 24–
26, 2001, doi: 10.1108/01439910110380406.
[5] C. Breazeal, “Toward social robots,” Robotics and Autonomous Systems, vol. 42. pp.
167–175, 2003.
[6] S. H. Seo, D. Geiskkovitch, M. Nakane, C. King, and J. E. Young, “Poor Thing!
Would You Feel Sorry for a Simulated Robot?: A comparison of empathy toward a
physical and a simulated robot,” ACM/IEEE Int. Conf. Human-Robot Interact., vol.
2015-March, pp. 125–132, 2015, doi: 10.1145/2696454.2696471.
[7] D. Y. Geiskkovitch, D. Cormier, S. H. Seo, and J. E. Young, “Please Continue, We
Need More Data: An Exploration of Obedience to Robots,” J. Human-Robot
Interact., vol. 5, no. 1, p. 82, 2015, doi: 10.5898/10.5898/jhri.5.1.geiskkovitch.
[8] S. Strohkorb Sebo, M. Traeger, M. Jung, and B. Scassellati, “The Ripple Effects of
Vulnerability: The Effects of a Robot’s Vulnerable Behavior on Trust in HumanRobot Teams,” ACM/IEEE Int. Conf. Human-Robot Interact., no. February, pp. 178–
186, 2018, doi: 10.1145/3171221.3171275.
[9] J. Sung, H. I. Christensen, and R. E. Grinter, “Sung-2009-RobotsInWild-LT-Use,”
pp. 45–52.
[10] M. R. Banks, L. M. Willoughby, and W. A. Banks, “Animal-Assisted Therapy and
Loneliness in Nursing Homes: Use of Robotic versus Living Dogs,” J. Am. Med. Dir.
Assoc., vol. 9, no. 3, pp. 173–177, 2008, doi: 10.1016/j.jamda.2007.11.007.
[11] L. Riek, “Wizard of Oz Studies in HRI: A Systematic Review and New Reporting
Guidelines,” J. Human-Robot Interact., vol. 1, no. 1, pp. 119–136, 2012, doi:
10.5898/jhri.1.1.riek.
[12] J. E. Young, R. Hawkins, E. Sharlin, and T. Igarashi, “Toward acceptable domestic
robots: Applying insights from social psychology,” Int. J. Soc. Robot., vol. 1, no. 1,
pp. 95–108, 2009, doi: 10.1007/s12369-008-0006-y.
[13] N. Ezer, A. D. Fisk, and W. A. Rogers, “Attitudinal and intentional acceptance of
domestic robots by younger and older adults,” Lect. Notes Comput. Sci. (including
Subser. Lect. Notes Artif. Intell. Lect. Notes Bioinformatics), vol. 5615 LNCS, no. PART
2, pp. 39–48, 2009, doi: 10.1007/978-3-642-02710-9_5.
[14] F. D. Davis, “Perceived usefulness, perceived ease of use, and user acceptance of
information technology,” MIS Q. Manag. Inf. Syst., vol. 13, no. 3, pp. 319–339, 1989,
doi: 10.2307/249008.
[15] R. D. Dewar and J. E. Dutton, “The Adoption of Radical and Incremental
Innovations: An Empirical Analysis,” Manage. Sci., vol. 32, no. 11, pp. 1422–1433,
1986, doi: 10.1287/mnsc.32.11.1422.
[16] J. Y. Sung, R. E. Grinter, and H. I. Christensen, “Domestic robot ecology: An initial
framework to unpack long-term acceptance of robots at home,” Int. J. Soc. Robot.,
vol. 2, no. 4, pp. 417–429, 2010, doi: 10.1007/s12369-010-0065-8.
[17] S. McGlynn, B. Snook, S. Kemple, T. L. Mitzner, and W. A. Rogers, “Therapeutic
robots for older adults,” pp. 246–247, 2014, doi: 10.1145/2559636.2559846.
[18] J. Broekens, M. Heerink, and H. Rosendal, “Assistive social robots in elderly care:
a review,” Gerontechnology, vol. 8, no. 2, 2009, doi: 10.4017/gt.2009.08.02.002.00.
[19] P. Marti, M. Bacigalupo, L. Giusti, C. Mennecozzi, and T. Shibata, “Socially
Assistive Robotics in the treatment of behavioural and psychological symptoms of
dementia,” Proc. First IEEE/RAS-EMBS Int. Conf. Biomed. Robot. Biomechatronics,
2006, BioRob 2006, vol. 2006, no. February, pp. 483–488, 2006, doi:

10.1109/BIOROB.2006.1639135.
[20] S. Y. Okita, “Self-other’s perspective taking: The use of therapeutic robot
companions as social agents for reducing pain and anxiety in pediatric patients,”
Cyberpsychology, Behav. Soc. Netw., vol. 16, no. 6, pp. 436–441, 2013, doi:
10.1089/cyber.2012.0513.
[21] K. Wada, T. Shibatal, T. Musha, and S. Kimura, “Effects of robot therapy for
demented patients evaluated by EEG,” 2005 IEEE/RSJ Int. Conf. Intell. Robot. Syst.
IROS, pp. 2205–2210, 2005, doi: 10.1109/IROS.2005.1545304.
[22] K. Wada and T. Shibata, “Living with seal robots - Its sociopsychological and
physiological influences on the elderly at a care house,” IEEE Trans. Robot., vol. 23,
no. 5, pp. 972–980, 2007, doi: 10.1109/TRO.2007.906261.
[23] R. Bemelmans, G. J. Gelderblom, P. Jonker, and L. de Witte, “Socially assistive
robots in elderly care: A systematic review into effects and effectiveness,” J. Am.
Med. Dir. Assoc., vol. 13, no. 2, pp. 114-120.e1, 2012, doi: 10.1016/j.jamda.2010.10.002.
[24] F. Eyssel and N. Reich, “Loneliness makes the heart grow fonder (of robots) - On
the effects of loneliness on psychological anthropomorphism,” ACM/IEEE Int. Conf.
Human-Robot Interact., pp. 121–122, 2013, doi: 10.1109/HRI.2013.6483531.
[25] K. M. Lee, Y. Jung, J. Kim, and S. R. Kim, “Are physically embodied social agents
better than disembodied social agents?: The effects of physical embodiment, tactile
interaction, and people’s loneliness in human-robot interaction,” Int. J. Hum.
Comput. Stud., vol. 64, no. 10, pp. 962–973, 2006, doi: 10.1016/j.ijhcs.2006.05.002.
[26] S. Hutson, S. L. Lim, P. J. Bentley, N. Bianchi-Berthouze, and A. Bowling,
“Investigating the suitability of social robots for the wellbeing of the elderly,” Lect.
Notes Comput. Sci. (including Subser. Lect. Notes Artif. Intell. Lect. Notes
Bioinformatics), vol. 6974 LNCS, no. PART 1, pp. 578–587, 2011, doi: 10.1007/978-3642-24600-5_61.
[27] J. F. Hoorn, “From Lonely to Resilient through Humanoid Robots: Building a New
Framework of Resilience,” J. Robot., vol. 2018, 2018, doi: 10.1155/2018/8232487.
[28] M. M. A. De Graaf, S. Ben Allouch, and T. Klamer, “Sharing a life with Harvey:
Exploring the acceptance of and relationship-building with a social robot,” Comput.
Human Behav., vol. 43, pp. 1–14, 2015, doi: 10.1016/j.chb.2014.10.030.
[29] I. Leite, C. Martinho, and A. Paiva, “Social Robots for Long-Term Interaction: A
Survey,” Int. J. Soc. Robot., vol. 5, no. 2, pp. 291–308, 2013, doi: 10.1007/s12369-0130178-y.
[30] Y. Fernaeus, M. Håkansson, M. Jacobsson, and S. Ljungblad, “How do you play with
a robotic toy animal?,” p. 39, 2010, doi: 10.1145/1810543.1810549.
[31] M. De Graaf, S. Ben Allouch, and J. Van Dijk, “Why Do They Refuse to Use My
Robot?: Reasons for Non-Use Derived from a Long-Term Home Study,” ACM/IEEE
Int. Conf. Human-Robot Interact., vol. Part F1271, pp. 224–233, 2017, doi:
10.1145/2909824.3020236.
[32] M. M. A. de Graaf, S. Ben Allouch, and J. A. G. M. van Dijk, “Why Would I Use This
in My Home? A Model of Domestic Social Robot Acceptance,” Human-Computer
Interact., vol. 34, no. 2, pp. 115–173, 2019, doi: 10.1080/07370024.2017.1312406.
[33] J.-Y. Sung, L. Guo, R. E. Grinter, and H. I. Christensen, “‘My Roomba Is Rambo’:
Intimate Home Appliances,” in UbiComp 2007: Ubiquitous Computing, Berlin,
Heidelberg: Springer Berlin Heidelberg, pp. 145–162.
[34] J. Forlizzi, “How robotic products become social products: An ethnographic study
of cleaning in the home,” HRI 2007 - Proc. 2007 ACM/IEEE Conf. Human-Robot
Interact. - Robot as Team Memb., pp. 129–136, 2007, doi: 10.1145/1228716.1228734.
[35] M. M. A. De Graaf, S. Ben Allouch, and J. A. G. M. Van Dijk, “Long-term acceptance
of social robots in domestic environments: Insights from a user’s perspective,”
AAAI Spring Symp. - Tech. Rep., vol. SS-16-01-, no. 2004, pp. 96–103, 2016.
[36] D. Russell, “Ucla Loneliness Scale Version 3 (description of Measure),” J. Pers. Soc.
Psychol., vol. 39, pp. 3–4, 1996.
[37] A. Wenzel, “State-Trait Anxiety Inventory,” SAGE Encycl. Abnorm. Clin. Psychol.,
pp. 3–4, 2017, doi: 10.4135/9781483365817.n1316.
[38] I. Brdar, “Positive and Negative Affect Schedule (PANAS),” Encycl. Qual. Life WellBeing Res., pp. 4918–4920, 2014, doi: 10.1007/978-94-007-0753-5_2212.

