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Abstract. Social isolation is one of the negative consequences of a pan-
demic like COVID-19. Social isolation and loneliness are not only expe-
rienced by older adults, but also by younger people who live alone and
cannot communicate with others or get involved in social situations as
they used to. In such situations, social companion robots might have the
potential to reduce social isolation and increase well-being. However, so-
ciety’s perception of social robots has not always been positive. In this
paper, we conducted two online experiments with 102 and 132 partici-
pants during the self isolation periods of COVID-19 (May-June 2020 and
January 2021), to study how COVID-19 has affected people’s perception
of the benefits of a social robot. Our results showed that a change caused
by COVID-19, as well as having an older relative who lived alone or at
a care center during the pandemic significantly and positively affected
people’s perception of social robots, as companions, and that the feeling
of loneliness can drive the purchase of a social robot. The second study
replicated the results of the first study. We also discuss the effects of Big
5 personality traits on the likelihood to purchase a social robot, as well
as on participants’ general attitude towards COVID-19 and adapting to
the pandemic.

1 Introduction

Social isolation is a common issue among older adults, especially those with dis-
abilities, and can affect health and quality of life. Lack of social support can lead
to loneliness, which is a significant public health issue [15] and is associated with
multiple negative health outcomes, such as depression [2, 5], anxiety [42], and an
increase in cardiovascular risk [46]. While social isolation is more common among
older adults, pandemics such as COVID-19 can lead to an increase in social iso-
lation not only in older adults [3], but among adults of all ages [48, 14]. Social
isolation is an important consequence of COVID-19, along with many other neg-
ative consequences [14] such as an increase in family violence [47]. As concluded
by Van Bavel et al. [49], action is required to mitigate these devastating effects.

Since the outbreak of COVID-19, many researchers have emphasized differ-
ent benefits of using robots and artificially intelligent systems on mitigating the
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associated risks. These applications included using robots for medical educa-
tion [17], managing the spread of COVID-19 in public areas by reducing human
contact, disinfecting areas, providing security [54, 53], and helping children to
stay connected with each other [43]. We believe that another important appli-
cation area is to use social robots as companions during a pandemic such as
COVID-19. Social robots have the potential to act as companions and reduce
social isolation, and have already been used successfully in providing care and
support in many domains, such as by improving older adults’ mood [50, 51],
reducing depression [1], and even reducing the need to use medication [45].

However, perception of social robots has not always been positive, and previ-
ously, prior to COVID-19, it has been reported that there is an increasing trend
in people’s negative attitudes towards robots [16]. It might also be difficult to
perceive their benefits accurately, especially by those who do not have any ex-
perience of, or direct knowledge of anyone who has experienced loneliness and
social isolation. One of the common concerns raised by many researchers and
participants alike is that social robots may replace human companions. While
this is a valid concern, social robots can be highly beneficial in situations where
such human interaction is in fact prohibited, for example during a pandemic
such as COVID-19, or for older adults who might be socially isolated, e.g., due
to medical conditions. In these situations the presence of social robots could be
positive and effective in reducing their loneliness and improving society’s mental
wellbeing.

While companion robots can be beneficial to reduce loneliness, they can only
succeed if society has a positive attitude towards them. Specifically, people need
to perceive the benefits of social robots and be willing to adopt them. It has been
previously shown that lower social support can increase older adults’ acceptance
of social robots that are less intuitive to use [4]. But, a lower level of psychological
well-being, such as emotional loneliness, life satisfaction, and depressive mood
can reduce acceptance, depending on the robot and how intuitive it is to use [4].
We argue that the changes caused by COVID-19 has resulted in a higher level
of attention to the consequences of social isolation, which could highlight the
benefits of having a companion robot (for self or loved ones), and could change
society’s perception of them.

Therefore, we investigated how experience of social isolation due to COVID-
19 has affected the perception of benefits of companion robots, and whether
loneliness can affect the tendency to purchase a social robot (as an indicator
of participants’ intention to use it). We further asked what tasks people would
prefer for a companion robot to carry out, and what aspects of a companion
robot they perceived to be important.

Research Questions and Hypotheses:

This paper investigated seven research questions:

RQ1: Has a change due to COVID-19 affected people’s perception of social com-
panion robots?
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RQ2: Has having an older relative who lives alone or at a care center during the
pandemic affected people’s perception of social companion robots?

RQ3: Can loneliness increase the likelihood of purchasing a companion robot?
RQ4: Do people have strong preferences for tasks of companion robots?
RQ5: Are social elements (e.g., showing emotions) perceived to be important for a

companion robot, and how does the importance of such components compare
with the technical accuracy of the robots?

RQ6: How do different personality types affect attitudes towards COVID-19, as
well as attitudes towards social robots during the pandemic?

RQ7: Are the findings related to the perception of social robots due to COVID-
19 and the effect of loneliness on purchase of a social robot robust and
independent of the time that the study was conducted?

Our hypotheses were as follows.

H1: COVID-19 has caused people to reflect more about the consequences of so-
cial isolation, and has positively affected attitudes towards social companion
robots, because the pandemic pointed out situations where social robots can
fill gaps in the provision of social interaction, as opposed to robots being
perceived negatively as replacements of human contact.

H2: For the same reason as in H1, having an older relative who either lives alone
or at a care center has positively affected the attitude towards social robots.

H3: A change in perception of social robots can positively influence people’s
tendency to purchase one.

H4: Loneliness can be an important factor in adopting a social robot and can
increase the tendency to purchase a social companion robot.

H5: Social elements such as robots’ ability to show emotions, adapting its be-
haviour based on its users, etc., will be perceived to be as important as
technical accuracy by people, since many studies have shown their advan-
tages in experimental settings.

H6: The observed effects can be replicated at a later time, as we believe that
these effects (e.g., change of perception of social robots due to COVID-19)
are long-term, as a result of COVID-19, and independent of the time of the
study.

2 Background

In previous studies, social robots were successfully used in many contexts, such
as for increasing older adults’ social engagement [41, 34] and providing compan-
ionship [32, 26]. They also helped with activities of daily living, such as helping
older adults with dementia with the process of eating food [13], as well as sup-
porting nurses in a hospital [37]. Furthermore, social robots have been able to
help children with autism in many domains such as therapy and education [11,
39], for example by increasing their social engagement [40], or even involving
children in peer-learning scenarios, e.g., to improve children’s writing skills [10].
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However, despite their success in multiple domains and a variety of studies,
many of the existing social robots have not been used much beyond the context of
these studies. A part of this can be due to the existing challenges, such as having
robots that can act fully autonomously, or concerns related to a robot’s monetary
cost [28, 35] (as it is challenging to build affordable consumer robots [44]).

To be successfully adopted by their intended users, multiple factors are crit-
ical, which can be related to the robot (e.g., its appearance and design, its
capabilities, etc.) and its users (e.g., users’ acceptance, trust, attitude towards
robots, and likelihood of adopting a robot). User acceptance is in fact essential
for the success of social robots [44].

According to a recent study conducted in Europe [16], people have become
more cautious in using robots, and their attitude towards autonomous robots has
become more negative during the period 2012 to 2017. This study also showed
that people are more comfortable with robots at workplaces, as opposed to the
robots used in healthcare and those that are designed to help older adults. Ac-
cording to this study, participants’ age, gender, and education level, and em-
ployment status could all affect one’s attitude towards robots: men were found
to have a more positive attitude towards robots and education was positively
correlated with a positive attitude [16]. The growing anxiety in using robots
was associated with the concern that the robots may replace humans and lead
to losing one’s job [29, 8, 27]. A negative attitude towards social robots can not
only affect their acceptance [38] and adoption (as people with a highly negative
attitude tend to avoid human–robot communication [30]), but also can affect
people’s interactions with the robot, and as shown by Nomura et al., users’
self-expression towards the robots [30].

In general, society’s perception and acceptance of social robots are affected
by multiple factors. For example, de Graaf et al. recommended creating a clear
purpose for robots, increasing robots’ social capabilities, and considering the
use context (e.g., living situation, time and location of use) to be important
for developing social robots that are accepted by society [19]. In the context
of healthcare, many factors such as a robot’s design, personality, adaptability,
humanness, size, and gender can affect how people react to it and affect users’
acceptance [7]. Furthermore, it has been shown that the attitude towards social
robots can significantly affect their acceptance [31].

There are multiple other factors that have been shown to affect acceptance
of social robots, including but not limited to, feelings of social presence [21],
perceived enjoyment [21], familiarity with robots [6], robots being functionally
relevant [12], emotional displays (e.g., positive versus negative) [6], robots’ ease of
use [12], level of interaction between potential users and robots [33], the category
label assigned to the robot (i.e., the way the robot is introduced, e.g., a ”home
appliance”) [23], and even age [38].

Furthermore, previous studies showed different results regarding the impact
of loneliness on the acceptance of robots: loneliness has been shown to be corre-
lated with a more positive attitude towards robots (by increasing the perceived
social presence) [24] and a more negative attitude (by decreasing anthropomor-
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phic tendencies) [25] towards social robots. However, in many cases, social robots
have been promising in reducing loneliness and social isolation, especially in older
adults [36].

3 Experiment

To address our research questions, two online studies were conducted in May 2020
and January 2021 in Canada, both during the self isolation period of COVID-
19. While both were conducted during the times that people have been self
isolating, the time difference enables us to ensure that the findings are robust
and independent of participants’ level of experience with COVID-19.

3.1 Methodology

A questionnaire was designed and administered online on Amazon Mechanical
Turk. The questionnaire measured different aspects of people’s experience of
COVID-19 and perception of robots, and was implemented in 5 sections as below:
Section 1 - Loneliness: Feeling of loneliness as measured through the 8-item
UCLA Loneliness Scale Questionnaire (ULS-8) [20]
Section 2 - Big 5 Personality: Big 5 personality, i.e., personality measured
through five different traits of Extroversion, Openness to experience, Conscien-
tiousness, Extraversion, Agreeableness, and Emotionality (or Neuroticism) was
measured using the TIPI Questionnaire [18]
Section 3 - Extroversion: The specific extroversion dimension of Big 5 was
assessed via 24 items related to Extroversion from the 120-item Big 5 question-
naire (IPIP-120 Personality Test) [22], to ensure consistency and accuracy in the
results of the Big 5 personality test. Note that the results of this questionnaire
were used only for ensuring the consistency between TIPI and IPIP-120 results,
as we preferred to avoid using all items from IPIP-120 (to avoid participant
fatigue).
Section 4 - Perception of Social Robots: A questionnaire was designed,
asking participants:

(a) whether they were likely to purchase a social robot if it is “affordable” for
them (rated on a continuous scale from “not at all” to “very likely”).

(b) if their perception of social robots as companions has changed due to COVID-
19 (rated on a continuous scale from “Not Changed at All” to “Completely
Changed”), with a follow up question asking them to explain why it has/has
not changed (answer provided as a text entry).

(c) what task/tasks they preferred for a companion robot during COVID-19.
The choices were: music/video, chitchat and joking, dancing, exercises, re-
minders (health related, e.g., medicine and appointments, or daily life/socially
related), cooking, games, relaxation or meditation or breathing exercises,
storytelling or reading together, and Other (we asked them to specify).

(d) what appearance they preferred a social robot to have. The choices were:
Human-like, Animal-like, and Other (we asked them to specify).
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(e) what were the elements in a social robot that were important to them. The
choices were: Not making mistakes, Ability to show emotions, Not requir-
ing much maintenance, Having a specific behaviour that they might like,
Recognizing them, and Other (please specify).

All questions that were not rated on a continuous scale (i.e., preference about
the robot’s appearance, important elements for a social robot, and preferred
tasks) were provided as multiple-choice questions, where participants could select
as many responses as they wished, with the response of ”Other” having a text
entry to be completed.

Section 5 - Demographics: A questionnaire was designed to gather partici-
pants’ demographics information, as well as other information that could affect
their attitude and behaviour during COVID-19, which included: (a) age, (b)
gender, (c) if participants had pets/type of pets, (d) number of people in their
household, (e) number of children in their household, (f) if they have a relative
who is over 80 and lives alone (if yes, how can a social robot help them?), (g) if
they have a relative who is over 80 and lives in a care home (if yes, how can a
social robot help them?), (h) how can a social robot help them stay connected
with an older relative, (i) how they feel about social isolation and COVID-19 (re-
sponses ranged from their life is completely and negatively affected to their life
is completely and positively affected), and how they feel about the way their life
has changed, (k) aside from work communications, how many people did they
connect with and if this number was changed due to COVID-19, (l) whether
they have ever moved to a new country and lived there for a significant period
for a purpose other than a holiday (as an indication of their ability to adapt to
significant changes in their lives), (m) how stressed/anxious they were due to
COVID-19, (n) how much they followed social isolation rules, and (o) if they
thought there were differences between social robots and conversational virtual
agents, to explain which one they prefer, and to explain why. 4

On each page of the questionnaire, attention and sanity checks were added.
For example, we presented the same question with the opposite direction of the
scale for the answers, or questions with clear answers, such as “How much do
you think that drinking water is liquid” or “Do you agree that Tuesdays are
considered weekends in North America?”.

Finally, we intended for participants to complete the study on a positive
note. Thus, with the purpose of trying to change participants’ mood after think-
ing about the questions mentioned above, we asked them about their favourite
animal, favourite cartoon character, and favourite movie. These questions were
included at the very end and served solely as an attempt to end the study on a
positive note.

4 Note that only a subset of these results, which were appropriate for the scope of this
paper are discussed due to page limits.
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3.2 Procedure

Upon reading the information letter and signing the consent form, participants
were directed to the questionnaire. They completed the 5 sections of the ques-
tionnaire mentioned above. Afterwards they received the completion code and
instructions on how to submit the HIT5.

3.3 Participants

The first study was conducted May-June 2020. 110 participants were recruited
on Amazon Mechanical Turk. Participation was limited to Canada6 and those
who had an approval rate over 97% (to minimize the risk of getting low quality
responses) and had completed at least 100 HITs7 (to ensure familiarity with the
interface). Data of five participants were removed as they failed the attention
checks. The data of three participants’ were removed due to repeated participa-
tion. This finally resulted in 102 participants (41 Female, 61 Male; age: [18,66],
mean: 34.6 yrs). The number of people in participants’ household ranged from 1
to 8, with one not indicating a number and reporting “more than 5”. The number
of children in participants’ household ranged from 0 to 6, with one not indicating
a number and reporting “more than 5”. The majority (68 participants) reported
to have no children in their household.

The second study was conducted in January 2021. By checking the MTurk
IDs prior to participation, we ensured that those who participated in the first
study will not participate again. Recruitment criteria on Amazon Mechanical
Turk was the same as before: 97% approval rate based on at least 100 HITs.
But as country was also limited as before, we were not able to recruit more
than 70 participants for the second study (who did not participate in the first
one); therefore, the criteria was changed to an approval rate of 95% based on at
least 50 HITs. A total of 138 participants were recruited (60 female, 77 male,
and 1 unknown). Five participants failed the attention checks and their data
were removed from the study. One participant’s data was removed due to miss-
ing data. This left 132 participants (59 Female, 72 Male, and 1 unknown; age:
[25,72], mean: 33.6 yrs). The reported number of people in participants’ house-
hold ranged from 1 to 26. The number of children in participants’ household
ranged from 0 to 5.

Full Ethics clearance was received from the University of Waterloo’s Research
Ethics Committees prior to running the studies. Participants were notified about
the nature of the questions under foreseeable risks in the consent form and were
informed that the questions might make them think about different aspects of
social isolation during COVID-19 and the feeling of loneliness. They were also

5 Human Intelligence Task
6 Participation was limited to Canada, where rules on social distancing were precisely

defined and followed by the majority of people.
7 A Human Intelligence Task (HIT) is a task on Mechanical Turk (MTurk), which is

completed by the volunteers on MTurk.
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Fig. 1. Change in the perception of social robots as a result of the reported change in
people’s lives due to COVID-19 for (a) both studies combined, and (b) each study. 95%
confidence intervals are visualized. Both a positive and a negative change significantly
increased the change in perception of companion robots (see Table 1). Note that in
study 2 the number of people who reported a positive change decreased, therefore, the
smaller sample in the positive group could have led to a larger confidence interval. In
study 1 we had 44, 29, and 29 participants in “Negative”, “Not affected”, and “Positive”
groups, respectively. Whereas these numbers were 91, 23, and 18 in study 2.)

given the option to skip questions (without it affecting the remuneration) or to
stop at any point.

4 Results

First, we will discuss how participants’ perception of social robots changed as
a result of COVID-19, and how participants’ loneliness level and this change
in perception affected the tendency of purchasing a social robot. Afterwards,
we will discuss the tasks that the participants preferred for a social companion
robot and the elements/capabilities that they considered to be important for the
robots, along with their preferred appearance for a social robot. Finally, we will
present results on how participants’ personality affected adapting to COVID-19
in general. We did not observe any effect of having a pet, or the number of people
and children living in participants’ households on any of the measures, therefore
these results are not discussed in this section.

4.1 COVID-19 and Perception Change

Experiencing a change in one’s lifestyle as a result of the pandemic (whether
positive or negative) led to a change in the perception of benefits of companion
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robots. This change was significantly higher than the change reported by those
who indicated that their lives were not affected by COVID-19 (see Figure 1).

Table 1. Linear Regression model predicting perception changed based on partici-
pants’ lifestyle change due to COVID-19, and whether they had a relative over 80 who
lives alone or at a care center. Age, gender, and Big 5 personality were controlled for
but removed as they did not improve the model (neither had a significant effect on
perception change).

Covariate Estimate SE t Pr (> |t|)
Intercept 219.086 105.725 2.072 < .05
Study 62.358 41.603 1.499 0.135
loneliness -2.894 4.048 -0.715 0.475
feelIsolationNegative 158.686 50.591 3.137 < .01
feelIsolationPositive 178.476 61.531 2.901 < .01
OlderRelativeAloneTRUE 97.642 42.503 2.297 < .05

To study the significance of this difference, a linear model was fit to predict
perception change, based on the change in participants’ lifestyle, whether they
had an older relative (over 80) who lived alone or at a care home, and study (i.e.,
time of the study). Table 1 shows the results. Both a positive (t = 3.016, p < .01)
and a negative change (t = 3.228, p < .01) significantly affected the perception
change (confirming H1). Further, having a relative who either lives alone or at
a care center significantly and positively affected the perception change (t =
2.322, p < .05; confirming H2; also see Figure 2). We did not see an effect of
study (i.e., time of study) on perception change (supporting H6).
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Fig. 2. Reported perception change based on whether the participants had an older
relative who either lived alone or at a care center (a) for the combined data, and (b)
for each study.
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Table 2. Linear Regression model predicting the likelihood to purchase a social robot
based on the loneliness level, study (time of the study), Big 5 personality traits, age,
gender, and participants’ perception change regarding social robots due to COVID-19.
Loneliness and the change in perception were not correlated.

Covariate Estimate SE t Pr (> |t|)
Intercept -135.271 350.043 -0.386 .700
Study 6.034 36.810 0.164 .870
Loneliness 15.570 4.368 3.564 < .001
Extraversion 11.906 15.266 0.780 .436
Agreeableness 24.378 16.952 1.438 .152
Conscientiousness 23.178 17.046 1.360 .175
Emotionality 0.447 17.600 0.025 .980
Openness -54.713 17.878 -3.060 < .01
PerceptionChanged 0.395 0.057 6.883 < .0001
Gender:Male 90.861 39.554 2.297 < .05
Gender:DidNotShare 23.860 277.009 0.086 .931
Age -1.661 1.629 -1.020 .309

This change in perception of the benefits of social robots due to COVID-
19 also significantly affected the reported likelihood of purchasing a social robot
(t = 6.883, p < .0001; confirming H3; see Table 2). Furthermore, loneliness, along
with this perception change, significantly and positively affected the likelihood
of purchasing a companion robot (t = 3.564, p < .001 ). Results are shown
in Table 2 and Figure 3. This confirmed H4. This likelihood was also affected
by one of the Big 5 personality traits: openness (t = −3.060, p < .01), but
unlike what was expected, as openness increased, the likelihood to purchase a
social robot decreased. We also noticed gender differences as male participants
reported a significantly higher likelihood to purchase a social robot as compared
with female participants (t = 2.297, p < .05). Here as well, we did not see an
effect of study (i.e., time of study) on perception change (supporting H6).

4.2 Preferred Tasks for a Companion Robot

Accepting social robots as companions might also depend on the tasks that they
are designed for. Therefore we studied participants’ responses related to the
preferred task for a companion robot. Figure 4 shows the results. While we did
not find any strong preference towards a specific task, playing games, getting
involved in a chitchat, playing music, helping in exercises, and helping with
reminders were considered as the most preferred tasks for a companion robot,
while “dancing” was the least preferred.

We performed binomial tests to study whether the differences were signifi-
cant. Dancing was selected significantly less than all other options (p < .0001),
and getting involved in games was selected significantly more than helping with
reminders (p < .05), relaxation (p < .01), cooking (p < .01), story telling
(p < .0001), and dancing (p < .0001).
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Fig. 3. Reported likelihood to purchase a social robot based on (a) the measured level
of loneliness and (b) change in perception of social robots due to COVID-19 (see Table2
for more details).

In addition, 18 participants selected other, either alone or along with other
choices, four of whom indicated that they were not interested in using a compan-
ion robot and many others did not provide any explanation. The suggestions for
“other” included cleaning the house, helping with household choirs, scheduling
appointments, providing information about the weather and news, and giving
random factoids.

4.3 Important Elements for a Companion Robot

We further studied different social and technical capabilities of robots and asked
which one/ones the participants believed to be the most important in a compan-
ion social robot. We found “not requiring any maintenance” and “recognizing
you” to be two of the important elements for social robots, and, interestingly,
social capabilities such as “recognizing you”, “ability to show emotions”, and
“having a specific behaviour that one prefers” to be considered even more im-
portant than technical soundness, i.e., “not making mistakes”. Thus, it indicates
that participants prefer a social companion robot that is technically robust but
they do not necessarily ask for an advanced level of rational intelligent behaviour.
The results are shown in Figure 5.

We further conducted binomial tests to check whether the differences were
significant. Among these elements, “not requiring much maintenance” and “rec-
ognizing you” were selected significantly more than all others (significance levels
ranged from p < .05 to p < .0001; the difference between these two elements were
not significant). Also, “Not making mistakes” was selected significantly less than
all other elements (significance levels changed from p < .05 to p < .0001). This
suggested that along with not requiring maintenance, social capabilities might
be even more important than not making mistakes in a social companion robot.
This confirmed H5.
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In addition to these options, 22 participants selected “Other” and entered the
elements that were important to them. Three of the inputs were about the ap-
plication areas (i.e., playing guitar, fetching things, and doing chores/cooking),
which reflects a misunderstanding of this question. Two others indicated that
they were not interested in a robot regardless, so there were not any element
that was important for them. One did not explain the choice of other and did not
select any other element. The remaining others suggested additional elements.
Two of them asked for the robot to be dynamic and helpful (which would also
refer to a robot’s functionality). Two others pointed out maintenance and safety
as key elements: “safe around home and pets” and “easy to assemble, charge, and
repair if needed”. Seven addressed the communication capabilities of the robot
(i.e., “natural conversation”, “being able to communicate freely (not experience
the same comprehension problems as with Alexa)”, ”doesn’t not understand us”
[sic], “sounding natural not robotic”, “the ability to converse”, ”being able to
react to a specific situation with some Randomnise” [sic], and “It is absolutely
imperative that the ilusion of talking to something sentient and not just a bunch
of lines of code be maintained, otherwise it is a tool, not a companion.” [sic]).
Furthermore, four participants emphasized the importance of other social capa-
bilities of a companion robot (i.e., “Mimicking empathy and giving consolation”,
“a kind personality”, “understand my mood”, and “remembering me, getting to
know me, building on a relationship”) as key elements for a companion robot.
Lastly, one participant indicated that “selecting gender” would be an important
element.

4.4 Preferred Appearance of a Companion Robot

We also studied participants’ appearance preferences for a companion robot.
Both a human-like and an animal-like appearance were similarly preferred (110
versus 92 votes). Thirty two participants selected “Other” and proposed their
own preferred appearance. 17 participants indicated robot-like or machine-like,
with some giving more information (e.g., “A retro styled robot from the 1950s”
and “robot like ie tv / movie like in appearance” [sic]). Further, one response
indicated animal-like (”Anthropomorphic fox character”) and two indicated that
they would prefer no robot. Others suggestions included (a) any shape but
human-like, (b) not similar to anything living, (c) in the form of a speaker or a
box, (d) object-like, like a box, ball, or disk, (e) not like a life form. e.g., like a
tennis ball or hockey puck, (f) the form should be dictated by the function of
the robot, (g) the shape would not be important, and (h) not human but should
have eyes.

4.5 Personality Traits and Adapting to COVID-19

Aside from the effects of the personality traits on perception of companion
robots, Big 5 traits affected participants’ general attitude towards the pandemic.
Scoring high on the extroversion trait significantly increased being stressed as a
result of COVID-19 (t = 3.192, p < .01), as reported by the participants, while
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scoring high on emotional stability significantly decreased participants’ stress
(t = −5.800, p < .0001). Also, those who reported to follow the rules better
reported to have less stress about COVID-19 (t = 4.147, p < .0001). While not
significant, the stress levels seemed to be higher in Study 2, as compared with
the first study (t = 1.909, p = .057).

Furthermore, extroversion significantly and negatively affected following the
social isolation rules (t = −2.539, p < .05), while agreeableness significantly
increased following the rules (t = 3.848, p < .001). Also, conscientiousness did
not affect how well people follow the social isolation rules (t = −0.053, p = .957).
Finally, the results were different across two studies and participants reported
to follow rules significantly more in study 2 as compared with study 1 (t =
2.711, p < .01). 8

We also observed similar effects of Big 5 traits on participants’ loneliness
levels as was reported by Buecker et el. [9]: extroversion, agreeableness, and
emotional stability significantly decreased loneliness. We did not find an effect
of gender or age on loneliness. Further, we did not find an effect of study (i.e.,
when the study was conducted) on the loneliness levels and conscientiousness
did not affect loneliness (t = −0.072, p = .943 ). Table 3 shows these results.

Table 3. Linear Regression model predicting loneliness based on participants’ person-
ality traits and the experience of immigration.

Covariate Estimate SE t Pr (> |t|)
Study2 0.091 0.563 0.161 0.872
FollowRules -0.001 0.002 -0.925 0.356
Immigration 0.899 0.585 1.536 0.126
Extraversion -0.829 0.224 -3.697 < .001
Emotionality -1.315 0.234 -5.630 < .0001
Conscientiousness -0.018 0.255 -0.072 0.943
Openness -0.241 0.268 -0.899 0.370
Agreeableness -0.635 0.257 -2.468 < .05

5 Discussion

“I think my perception has changed because I have never fully understood
what it feels like to be isolated for such a long period. When thinking about
social isolation I usually thought of people in remote areas or people who
were in care homes without many visitors. Now it is easier to understand
what people living alone must feel like and why having some sort of social
interaction is important.”9

8 p-values were calculated through two linear models predicting stress and how much
one follows rules based on participants’ personality traits

9 Examples of participants’ quotes related to their perception change.
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“The COVID-19 pandemic has revealed to me that certain individuals are
deeply distressed by isolation and the inability to socialize with others reg-
ularly or in the conventional way. If there is a tool available that can help
others feel less isolated, I’m all for it.”

“It was changed because recently it has been difficult to meet up with other
people and socialize. This has put a strain on people’s mental health, includ-
ing mine. For this reason, I feel that a social robot would be an appropriate
way to spend time. At this point, I am okay with spending time with anything
that will keep me busy and interested.”

There has been an ongoing debate regarding the benefits of using compan-
ion robots. While social robots are shown to be effective in reducing loneliness,
concerns such as using companion robots may lead to neglect from family mem-
bers, reduce human interactions, or replace humans and lead to loss of jobs have
negatively affected society’s attitude towards companion robots [52, 16].

In this paper, we presented two studies conducted 8 months apart and hy-
pothesized that COVID-19 could have changed society’s perception of social
robots, as during the self-isolation period people are more likely to experience
social isolation and think about the consequences of social isolation, either due
to the change they experienced themselves (RQ1), or thinking about others,
such as older relatives who live alone or at a care center (RQ2). As a result,
they may be able to see social robots as additions and complements, as opposed
to replacements for human contact, which can lead to a more positive attitude
towards social robots, and ultimately a higher acceptance of social companion
robots in the future. Also, with loneliness being one of the situations that com-
panion robots could help with, we asked if loneliness can increase one’s tendency
to purchase a social robot (RQ3).

Furthermore, to understand general preferences related to companion robots,
we asked whether people have specific preferences towards the tasks designed
for companion robots (RQ4), and if social elements of companion robots (e.g.,
the ability to show emotions) are important to them, and how this importance
compares to other elements such as a robot’s technical accuracy (RQ5). Finally,
as it can be informative for designing social companion robots during pandemics,
we asked whether people’s personality (Big 5) can affect their behaviour during
a pandemic and their attitude towards social robots (RQ6).

Two studies were conducted to ensure that the results were robust and did
not depend on participants’ level of experience with the pandemic (RQ7), as we
hypothesized that the effects found will be long term.

The second study replicated results of the first study (H6 confirmed). Our
results provided evidence about a change of perception of the benefits of social
companion robots, and suggested that any change experienced during COVID-
19 (negative or positive) affected perception of social companion robots (H1
confirmed), as well as the reported likelihood of buying a companion robot (H3
confirmed). While it was impossible to measure perception retrospectively, before
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and during the pandemic to compare the differences, we relied on participants’
self-reported perception change. This change was in fact significantly different
between those whose lives were not affected and those whose lives were affected
by COVID-19.

We also noticed that those who had an older relative that either lived alone
or at a care center had a significantly higher perception change (H2 confirmed).
Similar to experiencing a change in the lifestyle, having an older relative who
lives alone or is at a care center during the pandemic 10 can emphasize the
benefits of social robots during situations where social contact is impossible, and
that might explain this change on the attitude towards companion robots. Thus,
experiencing a pandemic like COVID-19 could have positively changed society’s
attitude towards social companion robots, by emphasizing their benefits in a
situation where human contact was clearly not possible. It is important to note
that while our participants’ ages ranged from 19 to 72 years, supporting that this
perception change happened in both younger and older adults, future studies are
needed to understand how this change would affect purchase of social robots for
an older relative, and whether older relatives would be willing to accept and use
social robots in these situations.

Other than this perception change, loneliness was another important fac-
tor that also increased the likelihood of buying a social companion robot (H4
confirmed). This is important as it can help adoption of social robots among
those who have a higher level of loneliness and would benefit the most from the
presence of a social companion robot. Loneliness was in fact previously reported
to affect the perceived social presence of social agents, after people interacted
with an agent [24]: loneliness led to feeling a higher social presence of the so-
cial agents and led to a more positive social response from the participants [24],
which suggests that the benefits of social robots are experienced more by those
who experience loneliness, who also, based on our study’s findings, were more
likely to adopt a social robot. Interestingly, openness trait of Big 5 personality
had a negative effect on the tendency to purchase a social robot. This was un-
expected as openness can also reflect one’s openness to new experiences, and it
is expected to positively affect the tendency to purchase a social robot. Future
work is needed to understand why this effect was observed.

Our study also pointed out interesting and general findings on how people
with different personalities adopted to COVID-19. Although we did not ob-
serve any effect of personality traits on participants’ change of perception of
social robots, personality traits affected participants’ purchase tendency of so-
cial robots, stress levels, how much they followed rules in general, and their
loneliness levels. All of these findings can be informative for the behaviour and
functionality of a social companion robot during a pandemic. For example, these
results suggest that extroverts could benefit highly from the presence of a com-
panion robot during pandemics, especially one that can help reduce stress levels
(e.g., by providing therapeutic support), and which could also possibly educate

10 Note that visiting care centers by family members was prohibited during the time
this study was conducted in Canada.
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them and encourage them to follow social rules. Further, those with a lower emo-
tional stability, extroversion, and agreeableness could benefit from the presence
of a social robot that can reduce their loneliness.

Lastly, we provided a summary of participants’ preferences towards tasks for
a companion robot, its appearance, and the important elements/capabilities for
such a robot. The results pointed out that a variety of tasks are preferred in gen-
eral for a social companion robot, with dancing being the least preferred, and
games being the most preferred. Among the important elements, “not making
mistakes” was considered to be least important, and significantly less impor-
tant as compared with some social aspects, such as recognizing the user and the
robot’s ability to show emotions (H5 confirmed). Further, maintenance and the
ability to recognize one seemed to be the most important elements, selected sig-
nificantly more than all other elements of a social robot. Regarding appearance,
both animal-like and human-like appearances were equally preferred; a choice
which we believe needs to be made based on the concrete tasks designed for a
social robot and needs to be studied in the future work.

It is important to emphasize that it is not our intention to promote the
replacement of human contact with social robots, but as the current pandemic
is showing, social robots might play an important part in situations where direct
human contact is prohibited (e.g., during pandemics) or impossible (e.g., for
socially isolated older adults). While it was not the focus of our study, in addition
to providing social communication and assistance, robots could even provide
tactile contact for therapeutic purposes, which (while still mechanical in nature
and lacking the nature of touching a biological, sentient being) has been shown
to be beneficial [55].

6 Limitations and Future Work

Our studies had several limitations. First, we did not have data on people’s
attitude before and after COVID-19, we could only measure the change self-
reported by the participants. Similarly, as the studies were conducted during
the pandemic and during the period of self-isolation, we relied on participants’
responses, and only loneliness and personality traits were measured through
standard questionnaires (as opposed to direct questions). Furthermore, due to
the strict rules on social distancing which were followed by the majority of people
in Canada, participation was limited to Canada. Finally, our selection of options
for appearance, tasks, and other robot elements were based on the existing liter-
ature, but more of those tasks and features could be explored. Also, in all of our
multiple-choice questions we provided an option where the participants could
input their preference beyond the existing selections. However, it is still possible
that these results were affected by the provided choices and adding more options
may change these results.

Future studies would be beneficial to understand how COVID-19 affected
perception of social robots in other countries, and what can be learned from
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the perception change due to this pandemic to positively influence perception of
social robots in other contexts and situations.

7 Conclusion

While social companion robots have been shown to have many benefits and can
improve health and well-being, society’s attitude towards them has not always
been positive. In this study we asked how COVID-19 affected society’s perception
of social robot, as the pandemic was an example of a situation where social
contact among humans could be impossible, and might have emphasized the
benefits of using social companion robots as a “complement”, as opposed to
a “replacement” (which is commonly held believe and is a strong reason for
negative attitudes towards social robots). The results of two studies conducted
within 8 months of each other during the pandemic suggested that a change
in one’s life due to COVID-19 has changed the (self-reported) attitude towards
social robots, as well as the tendency to purchase a social robot. These findings
are promising, as a positive change in perception of social robots can increase
their adoption, which would be especially advantageous for older adults who
live alone or other socially isolated individuals, and can improve health and
well-being.
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