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Abstract We propose the notion of robotic experience
companionship (REC): a person’s sense of sharing an
experience with a robot. Does a robot’s presence and
response to a situation affect a human’s understanding of the
situation and of the robot, even without direct human-robot
interaction? We present the first experimental assessment of
REC, studying people’s experience of entertainment media
as they share it with a robot. Both studies use an autonomous
custom-designed desktop robot capable of performing ges-
tures synchronized to the media. Study I (n = 67), examin-
ing music listening companionship, finds that the robot’s
dance-like response to music causes participants to feel that
the robot is co-listening with them, and increases their liking
of songs. The robot’s response also increases its perceived
human character traits. We find REC to be moderated by
music listening habits, such that social listeners were more
affected by the robot’s response. Study II (n = 91), exam-
ining video watching companionship supports these find-
ings, demonstrating that social video viewers enjoy the
experience more with the robot present, while habitually
solitary viewers do not. Also in line with Study I, the robot’s
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response to the video clip causes people to attribute more
positive human character traits to the robot. This has impli-
cations for robots as companions for digital media con-
sumption, but also suggests design implications based on
REC for other shared experiences with personal robots.
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Social referencing

1 Introduction

Robots are predicted to soon move from industrial, mili-
tary, and research environments to lay human spaces [13,
21, 31, 54]. Applications include robots for the home [23,
50], where they could help with chores, hobbies, or
entertainment experiences. Other robots are developed for
care giving roles [6, 53, 55], education and childcare [32,
52], and work environments such as offices, stores, work-
shops, restaurants and hotels [1, 44]. In fact, the past year
has seen an unprecedented number of socially interactive
robotics products designed for the home market (e.g., Jibo,
Pepper, and Luna) and for human work environments (e.g.,
Baxter, Sawyer, and SaviOne).

This category of robots is generally referred to as personal
robots. Acting in close proximity with humans, personal
robots will play both a functional and a social role. Among
other tasks, they will communicate with humans, under-
standing and producing social behaviors [9, 18, 37, 40].

1.1 Responding to the environment

In particular, as part of their operation, personal robots will
respond autonomously to their environment, and will do so
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around people. This raises a key question: How does a
robot’s perceived response to an external situation affect a
human’s perception of the situation and of the robot?

We know that humans look to the interpretation of
others to form their own perception of events and experi-
ences, a phenomenon called “Social Referencing” [19].
Humans are also socially affected by the mere presence of
others, through a process called “social facilitation” [15,
57]. In addition, studies find that humans view robots in
some cases as social agents [4, 22, 36], a view sometimes
called “Robotic Social Presence” [26, 34] or “Robots as
Social Actors” [17].

It therefore makes sense to ask whether a robot’s reaction
to an experience, or even its mere presence, can affect
people’s perception of that experience, and their perception
of the robot? Can we design robot responses to experiences
so as to affect a particular human response in a desired way?
Answering these questions could have important conse-
quences for a host of application areas for robots, from
entertainment, through health care to work environments.

1.2 Robotic experience companionship (REC)

To formalize these questions, we propose the notion of
robotic experience companionship (REC), which we define
as the sense and outcomes of sharing an experience with a
robot. In this paper, we present the first experimental
assessment of this notion.

We specifically study REC in the realm of entertainment
media experiences: music listening and video watching. In
two studies, we examine how the sense that a robot is co-
experiencing media with a person affects that person’s
enjoyment of the experience, their liking of the media, and
their impression of the robot.

We chose media consumption because it is a behavior
that people do both in a solitary and a social manner, and
the literature holds some knowledge of how social settings
affect people’s media consumption. Moreover, a relatively
simple robot can be programmed to respond to digital
media events, allowing for precise control of the experi-
mental conditions. The video watching part of this research
also ties into the growing literature on the psychology of
co-viewing [3, 5, 46].

2 Background

Can robots provide the social presence to support a joint
media experience even when it occurs in a solitary setting?
This question relates to the theories of social referencing,
social facilitation, and social aspects of media experiences,
as well as to the notion of robots as social actors.
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2.1 Social referencing and social facilitation

In psychology, social referencing refers mainly to the
process in which infants take cues from the reactions of
others in order to infer their own appropriate reaction to a
given situation. While this skill develops as early as six
months of age, social referencing occurs not only in
infants, but also in children and adults. In a more general
sense, social referencing is the process through which one
uses another person’s interpretation of the situation in order
to create their own understanding of that situation [19, 20].
Social referencing happens most frequently in ambiguous
situations [49] and is selective with respect to the referent
[58].

The theory of social facilitation posits that people’s
performance is affected when an action is performed in
front of others [14, 15, 57]. The theory is divided into two
paradigms: The audience effect occurs when being watched
by passive viewers. The co-action effect when the other
people present are also doing the same action. A leading
explanation of social facilitation is that it is caused by the
increased level of arousal caused by the presence of
another person, which could in turn also have effects on
robotic experience companionship.

2.2 Social aspects of music listening

One example of social referencing and facilitation is in the
phenomenon of social music listening. As music playback
technology evolves, so does the way we consume music.
The introduction of portable devices has made music lis-
tening in the late twentieth century increasingly solitary
[35]. This trend has recently reversed, perhaps due to the
proliferation of playback opportunities and online music
sharing. A recent study found that today only 26 % of
music listening happens alone, compared to 69 % in the
1980s [41].

While apparent that music listening is often a social
phenomenon (e.g., parties and public concerts), the social
aspects of music listening have not been widely explored.
A recent book on shared consumption of music deals
mostly with online sharing of music and not with physi-
cally colocated listening [42]. And while North et al. [41]
found that people enjoy music less when they are with
others, their finding could not be separated from unin-
tended public listening, where participants did not control
the music they heard. They found, in contrast, that partic-
ipants paid more attention to music when listening with
their boyfriend or girlfriend, or even with “others,” than
alone.

Fieldwork shows that a social effect can cause people to
be swayed by others’ opinions about music played by a live
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band. When listening to the band, participants who were
placed with confederates saying positive things about the
band, rated the band higher, stayed longer, and were more
likely to listen to the band again [27]. In other work it has
been found that people move more vigorously to music
when listening to it with others [12], illustrating another
social aspect of music listening.

2.3 Social aspects of video watching

Viewing of video can also be social, an activity that occurs
with strangers and with friends, in public and in private.
Co-viewing has been studied in the context of the home via
people meters, showing that it leads to less channel
browsing and increased viewing time [39]. Other co-
viewing research has focused on the parent—child rela-
tionship, and the effect on children’s comprehension and
emotions [43, 47]. There have been some studies labeled as
“social viewing,” but in fact concerned with the effects of
laugh tracks in comedy [8, 45]. Surprisingly, there has been
almost no experimental research on physically colocated
co-viewing. This research was only carried out quite
recently and focuses on the context of in-groups and out-
groups, for example with relation to race [3, 5] or gender
[51].

With the proliferation or online video Web sites,
there has been some research on computer-mediated
social co-viewing. One study surveyed users of You-
Tube with respect to reasons for video viewing and
video sharing [25], while another looked at online text
chatting while watching online video and found that it
had a positive effect on social interaction, even though
the participants were more distracted from the video.
The ability to chat did improve participant’s perception
of bad videos [56].

Despite the existing work on social music listening and
video watching, we know of no prior work evaluating
robotic companions in music listening and video watching.

2.4 Robots as social actors

Computers can provide users with a sense of “being with
another” [7], and so can robots. We know that social
presence can be a mediating factor in human-robot social
responses [36] and that people often treat robots as social
actors [17, 22] In one study, a robot was perceived as more
engaging, credible, and informative than an animated
character due to its physical embodiment [33]. Another
robot’s physical presence has been shown to affect its
social presence in relation to personal space, trust, and
respect [4]. In an additional study, a robot’s movement to
music influenced children’s proclivity to dance to the
music [38].

That said, the question of REC, the effect of a robot’s
perceived experience on the human’s evaluation of the
situation, without direct human-robot interaction, has not
been investigated.

3 Overview of current research

In light of the above, we present two experiments, one
involving music listening (Study I) and one involving
video watching (Study II), examining the effect of a
robotic media companion on people’s media experience,
and their evaluation of the robot. We expect that degree of
REC will be associated with positive evaluations of both
the experience and the robot, particularly when the REC is
synchronized with peoples subjective experiences. We also
expected this effect to be more pronounced among people
whose listening and viewing habits are social (versus
solitary). This is because social listeners should be more
likely to draw on social referents, be they human or robotic,
in their subjective experiences. Both studies manipulated
REC as well as the degree to which the robot compan-
ionship was responsive to the auditory and visual cues. We
also measured participants music listening and video
watching habits to test whether they serve as moderators.

4 Robotic platform

To study robotic media companionship, we use the robot
Travis, a custom-built autonomous robotic loudspeaker and
media companion (Fig. 1). We built the robot as a research
platform designed to study human-robot interaction as it
relates to media consumption, nonverbal behavior, timing,
and physical presence. The robot is capable of performing
autonomous behaviors that can be synchronized to media
played through its speakers and to other external events. In
addition, the robot has software enabling it to make eye
contact with the user, and it has a number of prepro-
grammed gestures for social communication.

To study robotic companionship, Travis is sized and
shaped so that, when placed on a desk, its head is roughly

Fig. 1 Travis, a robotic speaker dock and music listening companion
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in line with a seated person’s head in front of it. The
robot’s appearance is intended to elicit a sense of com-
panionship with the human user. Its body is thus designed
to evoke a pet-like relation, with a size comparable to a
small animal, and an organic, but not humanoid form.

4.1 Hardware

Travis is a five-degree-of-freedom robot. Each degree of
freedom is controlled via direct-drive using a Robotis Dyna-
mixel MX-28 servo motor. The robot has two speakers in the
side of its head, acting as a stereo pair, and one subwoofer
speaker pointing downwards in the base. In addition, the robot
contains an Android Accessory Development Kit (ADK)
control board, which enables it to be controlled through a
smartphone. Finally, the robot’s electronics include a digital
amplifier with an audio crossover circuit (Fig. 2).

4.2 Software

The robot’s control software runs on the smartphone placed
in the robot’s hand [28]. The software is responsible for
playing songs through the speakers, generating dance
moves based on the song’s beat, responding to voice
commands, triggering nonverbal behaviors, and responding
through remote communication to events received on the
robot’s wireless network. In addition, the robot can main-
tain eye contact by using the camera of the mobile device.

The full mechanical and electronic system, as well as the
autonomous behavior generation and trajectory control, is
beyond the scope of this paper. Details can be found in [10,
11, 28, 30].

S Study I: music listening

Our first study was a controlled laboratory experiment, in
which participants listened to songs through the robot’s
speakers, with the robot placed on a table next to them. We
manipulated the robot’s response to the music.

Speakers

Euva?)Z)fer

Fig. 2 Mechanical structure and hardware components
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5.1 Research questions and hypotheses

Our research pertains to the effect of a robotic companion on
music listening and impressions of the robot, as well as these
measures’ interaction with people’s listening habits. In par-
ticular, we wanted to know whether a robotic companion and
people’s habits affect their liking of songs, their enjoyment of
listening to the song, and their perception of the robot. To
evaluate these questions, we tested the following hypotheses:

Song Liking A robotic companion listening to a song
with a person will cause them to like the song better.

Experience Enjoyment A robotic companion listening to
a song with a person will cause them to enjoy listening to
music more.

Agent Impression A robotic companion listening to a
song with a person will cause them to attach more positive
character traits to the robot.

Similarity to Self A robotic companion listening to a
song with a person will cause them to consider the robot to
be more similar to themselves.

Listening Habits Listening habits act as a moderating
factor to the above-mentioned effects, such that people who
usually listen to music with others will show more positive
responses to the robot’s co-listening.

5.2 Method

In this experiment, we activated only a simple beat-track-
ing behavior in the robot, which was kept constant
throughout each song. We did not activate more complex
choreographies, or any other of the robot’s nonverbal
behaviors. In other words, the robot’s only behavior was
that, when a song was played, the robot moved in a con-
stant repetitive motion according to the beat, and then
stopped moving when the song was stopped.

5.2.1 Independent variables

We manipulated one between-subject variable, the robot’s
movement response to the music. Participants were ran-
domly assigned to one of three conditions. In the On Beat
condition, the robot performed accurate on beat movements
to the song. In the Static control condition, the robot did not
move to the music, although the music still came out of the
robot’s speakers. In order to evaluate how much the
accuracy of the robot’s response affects people’s responses,
we also added an intermediate Off Beat condition. In that
condition, the robot’s movements were at the same tempo
as the music, but consistently off beat. Some beats were
skipped completely, and some were time-shifted by a
random amount of +100 to 500 ms.

In addition, we measured one between-subject variable
of music listening habits, solitary or social, by asking three
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questions: “I usually listen to music alone,” “I enjoy music
more when I am listening alone,” and “I usually listen to
music with friends” (reverse scale). We separated partici-
pants into two habit groups by using a median cut and
discarding median-neutral participants (n = 7).

5.2.2 Participants

A total of 67 people participated in the experiment (46
female, 17 male, 4 did not respond). The participants were
multi-national, and all communication was done in Eng-
lish. They were recruited from the International School of
Communication at a local college, in return for class credit.

5.2.3 Procedure

The experiment was conducted in a small office room with
controlled lighting and no outside distractions. The room
contained a desk on which a computer monitor and mouse
were placed, as well as the robotic speaker device (Fig. 3).
Each participant entered the room individually with the
experimenter. They were asked to sit in a chair at the end of
the desk that was furthest from the computer monitor and
the robot, facing the back of the robot. The experimenter
explained the experiment guidelines and received informed
consent from the participant while they were seated. The
participant then moved to the other end of the desk to sit by
the monitor. In front of the monitor was the “song liking”
questionnaire with a pen, allowing the participant to fill it
out while listening to each individual song.

Each participant was told that they would be listening to
three songs through a prototype speaker device. The robot
was situated slightly to their left, about 30 centimeters
away. At no point was the device referred to as a “robot,”
but only as a “speaker device” in order to not prime sub-
jects in the Static group to expect movement from the
device.

The participant was shown briefly how to use the
computer program to switch between songs. They were
told to answer three questions measuring song liking before

Informed Consent
Documentation

Post Experiment
Questionnaire

Robot Monitor

Sl

Music Playing & (2)
Real-time
Questionnaire

0 Jo

Fig. 3 Experimental setup for music listening study

moving on to the next song. Participants were also
instructed that they could skip to the next song at any point
and were not required to listen to each song to the end.
Finally, they were told that it was supposed to be a fun
experience and were encouraged to enjoy and have a good
time. The participant was then left alone in the office to
complete the experiment, which started by clicking a but-
ton on the screen, triggering the first song. To stop the
current song they would click the same button on the
screen, fill out the three relevant enjoyment questions, if
they have not done so, and click the same button to start the
next song. All participants listened to the same three songs,
taken from different genres and periods. To prevent order
effects, the order of the songs was randomized for each
participant.

Upon completion of the experiment, they would click
another button labeled “Call Experimenter” and the
experimenter would reenter the room. The experimenter
would then shut off the robot in front of the participant and
ask them to return to the chair at the end of the desk in
order to fill out the post-experiment questionnaire. This
was in order for the participants to not be influenced by the
robot’s movement or lack thereof while completing their
evaluation of the robot.

5.2.4 Measures

All measures are on a seven-point scale (from “strongly
disagree” to “strongly agree”) unless otherwise noted.

Song Liking We estimate the real-time liking of the
played songs by taking the mean of the response to three
questions answered during or immediately after listening to
each song, “I enjoyed this song,” “I believe others would
enjoy this song,” and “I would like to listen to this song
again in the future.” The total song liking score is the mean
of the score for all three songs (Cronbach’s oo = 0.75). This
measure estimates participants’ rating of the songs
themselves.

Experience Enjoyment We estimate the overall enjoy-
ment of the experience by taking the mean of the response
to two questions answered in the post-experiment ques-
tionnaire: “My overall experience was enjoyable,” “My
overall experience was boring” (reverse scale). Cronbach’s
o for this measure was 0.74.

Impression of Agent Participants rated their impression
of the robotic agent as a composite measure of five items:
the robot’s perceived friendliness, confidence, warmth,
cooperativeness, and sociability. This measure was vali-
dated in previous studies [24, 48], and Cronbach’s « in our
data was 0.79.

Human—Robot Similarity Finally, we asked participants
to rate on a seven-point scale to what extent the robot was
similar to them.

@ Springer
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5.3 Results

We denote our experimental conditions On Beat, Off Beat,
and Static. No significant differences were found between
conditions regarding gender, age, familiarity with artificial
intelligence, and past experience working with robots.

5.3.1 Sensitivity to beat precision

Somewhat surprisingly, participants were overall not con-
sciously aware of the robot’s beat precision. When asked
whether the device “moved on or off beat,” 22/23 (96 %)
participants in the Off Beat condition said that the robot
moved on beat. This is on par with the On Beat condition,
where 21/22 (95 %) perceived the robot to move on beat.

5.3.2 Manipulation check

Our conditions were intended to manipulate the sense of
joint listening. We confirmed our manipulation by a com-
posite measure of two items, asking whether the device
“was listening to the song with” the participants, and
whether it “enjoyed the songs.” Cronbach’s o for this
composite was 0.84. One-way ANOVA confirms that the
manipulation had a significant effect on the sense of joint
listening [F(2,64) = 18.192,p <.001,n*> = .36]. Multiple
comparisons, applying the Bonferroni correction, revealed
that participants in both the On Beat (M = 5.29,SD = 1.32)
and Off Beat (M =5.78,SD = 1.15) conditions showed
significantly higher means than the control group
(M =3.32,SD =1.8). No significant differences were
found between the On Beat and Off Beat conditions (Fig. 4).

5.3.3 Response to music
Song Liking The composite song liking variable was col-

lected in real time during or after each song and estimated

Sense of Joint Listening
p<0.001***

Static Off Beat On Beat

Fig. 4 Means and SEs of perceived sense of joint listening per
condition
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how much participants liked the songs they listened to. Song
liking for the On Beat condition is highest (M = 5.89,
SD = .62), for Static is lowest (M = 5.36, SD = .87), and
for Off Beat in-between (M = 5.6, SD = .92) (Fig. 5).

A one-way ANOVA did not result in a significant
result [F(2,64) =2.202, p = 0.12]. However, a planned
contrast analysis between the On Beat and the Static
conditions yielded a significant difference [r(42) = 2.095,
p<.05].

Experience Enjoyment The composite experience
enjoyment variable was measured at the end of the study
and estimated whether the overall experience was enjoyable
to participants. A one-way ANOVA revealed no significant
differences between the conditions [F(2,64) <1].

5.3.4 Perception of the robot

Impression of Agent The impression of agent composite
variable measured positive human traits attributed to the
robot. A one-way ANOVA yielded significant results,
[F(2,64) = 6.16, p<.01, n”*> = .19]. Planned contrasts
show that the On Beat (M = 5.37, SD = .92) and Off Beat
(M = 5.36, SD = .70) conditions significantly differ from
the Static control condition [M =4.55, SD = 1.01,
1(64) = 3.53 p<0.001], but not from each other (Fig. 6).

Human—Robot Similarity A one-way ANOVA on the
human-robot similarity scale yielded significant results
(F(2,64) = 3.64, p<0.05, n* = .11). Planned contrasts
revealed that participants in the On Beat (M = 3.95,
SD = 1.62) and Off Beat (M = 3.83,SD = 1.72) felt that
the device was more similar to them when compared to
the control condition (M = 2.64,SD = 2.01, #(64) = 2.69,
p<0.01, but not from each other (Fig. 7).

Song Liking
7
p<0.05*
5
4
Static Off Beat On Beat

Fig. 5 Means and SEs of experienced song liking per condition. The
difference of means between the Static and On Beat conditions is
significant at p <0.05
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Impression of Agent
p<0.01%*

Static Off Beat On Beat

Fig. 6 Means and SEs of perceived impression of agent per condition

The Device was Similar to Me
p<0.05*

Static Off Beat On Beat

Fig. 7 Means and SEs of perceived human robot similarity per
condition

5.3.5 Effects of listening habits

To measure the interaction between individual differences
in music listening habits and the above effects, we per-
formed a two-way ANOVA for condition and listening
habits (solitary vs. social as described above).

The reported significant main effect for the “Impression
of Agent” variable was qualified by significant disordinal
two-way interaction for Condition X Listening Habits,
[F(2,54) = 5.02,p < .01, n; = .13]. Simple effects analysis
revealed that among participants who usually listen to
music with others, both On Beat (M = 5.83,8D = .69) and
Off Beat (M = 5.57,SD = .35) conditions rated the robot
higher compared to the Static condition (M = 4.44,SD =
.66). Participants who usually listen to music alone did not.
In fact the On Beat robot was rated lower than the one in
the Static control condition (Fig. 8). A similar analysis of
interaction for the “Experience Enjoyment” variable was
not found to be significant [F(2,54) <1].

In sum, we find that the robot’s response to the music
affects people’s sense of co-listening, their liking of the
songs they are listening to, their impression of the robot, and

Impression of Agent by Listening Habit

p<0.01%*
7 —— Social
—}— Solitary
6
5
4
Static Off Beat On Beat

Fig. 8 Interaction between participants’ listening habits and exper-
imental condition on impression of agent. Error bars indicate
standard errors

the sense that the robot is similar to them. These findings are
moderated by participants’ music listening habits.

6 Study II: video viewing

Building on Study I, we conducted a second controlled
laboratory experiment on the topic of video watching. In
this study, participants watched a clip from a comedy
show, with the robot situated on a table next to them, also
facing the video screen. We manipulated both the robot’s
presence and its response to the video clip.

6.1 Research questions and hypotheses

We were interested how a robot co-viewer affects a per-
son’s enjoyment watching a video clip and the robot’s
perceived positive human-like traits. We also wanted to see
whether people’s video watching habits affect their
response to the robotic co-viewing. To evaluate these
questions we tested the following hypotheses:

Experience Enjoyment A robotic companion watching a
video with a person will cause them to enjoy the video
watching experience more.

Agent Impression A robotic companion responding to
watching a video with a person will cause them to attach
more positive human character traits to the robot.

Viewing Habits Viewing habits act as a moderating
factor to the above-mentioned effects, such that people who
usually watch videos with others will show more positive
responses to the robot co-viewing.

6.2 Method

Our participants watched a clip from a comedy show either
alone or with a robotic co-viewing companion. We made

@ Springer
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use of the robot’s capacity to synchronize gestures with
media events and had the robot express one of a few pre-
programmed socially communicative gestures every time
there was canned laughter on the video’s laugh track.
These gestures included moving its head in a laughter-like
manner, nodding, leaning forward, looking back-and-forth
between the screen and the participant, or a combination of
the above.

6.2.1 Independent variables

We manipulated one between-subject variable, the robot’s
presence and response to the video, using three levels.
Having found in Study I that people were not sensitive to
the precise timing of the response, we only used a single
responsive condition. But to better separate the robot’s
presence from its behavior, we added an additional baseline
condition of people watching the video on their own,
without a robot present.

Participants were thus randomly assigned to one of three
conditions: In the Control condition, Travis was not present
in the experimental room at all and the participant watched
the movie on their own on the computer monitor. In the
Present condition Travis was present in the experimental
room and facing the video screen on which the clip was
played, but was not responding to the video. In the Re-
sponding condition, Travis was animated and responding to
the content in the video, using head movements and gestures
related to laughter or enjoyment, at funny points in the video.

In addition, we measured a single between-subject cat-
egorical variable, their video watching habits (solitary and
social). We estimated this variable by asking a single
forced-choice question: “I usually watch video when I am:
a) by myself; b) with others.”

6.2.2 Participants

A total of 91 undergraduate students (60 female, 31 male)
participated in the experiment. Participants were multi-
national, and all communication was done in English. They
ranged in age from 17 to 31 (M = 22.53, SD = 2.8) and
were recruited from the International School of Commu-
nication at a local college, in return for class credit.

6.2.3 Procedure

The experiment was conducted in a closed room with
controlled lighting and no outside distractions. The room
contained a desk on which a computer monitor was placed,
and on which Travis was present in the two presence
conditions, Present and Responding (Fig. 9). An empty
box of approximately the same size was placed in the
robot’s stead in the Control condition.

@ Springer
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Video
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Robot
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Participant U Participant w

(a) (b)

Fig. 9 Desk layout for video watching study. a The robot looking at
the video; b the robot looking at the participant

Participants were told that they were participating in a
video programming study. They were first taken to a vacant
room where they signed written consent forms, and com-
pleted a series of questionnaires, recording their demo-
graphic information. The forms were immediately
inspected for missing information, and the participants
were asked to fill out any missing data.

Next, each participant was escorted to the room where
the experiment took place. They were asked to sit at a
desk with a computer screen on it, and were told they
were going to watch a four minute long video, and fill out
a questionnaire after they were done. The experimenter
then left the room, leaving participants to watch the
video.

Following previous co-viewing research [3], we selected
to use a clip from a comedy show. The video was a 4-min
segment from the TV series “Friends,” which was found to
be perceived as funny in a pretest, and was also validated to
not induce ceiling effects for video enjoyment. The video
pretest was conducted online. Participants in the pretest
watched the 4-min-long segment, and filled out the expe-
rience enjoyment questionnaire we used in our experiment
(pretest n = 53, M = 5.73, SD = .84).

After they finished watching the video, participant went
back to the first vacant room to complete the dependent
variable questionnaire. Finally, they were thanked for their
participation and debriefed.

6.2.4 Measures

All measures are on a seven-point scale (from “strongly
disagree” to “strongly agree”) unless otherwise noted.

Experience Enjoyment We estimated participants’
enjoyment of watching the video using a counter-balanced
14-item experience enjoyment questionnaire. The measure
included statements such as, “The video was enjoyable,”
“I would like to watch similar videos in the future,” and “I
would recommend other people to watch the video.”
Cronbach’s o for this measure was 0.94.
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Impression of Agent Participants rated their impression
of the robotic agent using a counter-balanced 10-item
composite measure, including the questions used in the
measure in Study I, in addition to positive character traits
indicating the robot’s intelligence (based on [2, 24, 29, 48]).
Cronbach’s « for the measure in this experiment was 0.72.

6.3 Results

We denote our three manipulated experimental conditions
Control, Present, and Responding. We analyzed group
differences of demographic variables between conditions.
No significant differences were found between conditions
regarding age, gender, and prior experience with Al or
robotics.

6.3.1 Experience enjoyment

This seven-point composite measure estimated people’s
enjoyment of watching the video clip. There was no main
effect for experimental condition [F(2,89)<1]. There
were, however, interaction effects with the other indepen-
dent variable, viewing habits, as well as main effects for
viewing habits:

Interaction with Viewing Habits A 3 (Condition: Con-
trol, Present, and Responding) x 2 (Viewing Habits:
Solitary and Social) analysis of variance (ANOVA) on
experience enjoyment revealed a significant main effect for
Viewing Habits [F(1,85) = 5.00,p<.05,1712, = .06]. Soli-
tary viewers (M = 5.68, SD = .99) enjoyed the video more
when compared to Social viewers (M = 5.17,SD = 1.13).

This effect was qualified by a Condition x Viewing
Habits interaction [F(2,85) =7.13,p = .001,172 =.14],
see: Fig. 10. Tests for simple main effects revealed that
among participants who prefer watching videos in a social
setting, both presence conditions (Responding: M = 5.52,

Experience Enjoyment by Habits
p<0.01**

7 —J— Solitary
—}— Social

Control Present Responding

Fig. 10 Interaction between participants’ viewing habits and exper-
imental condition on experience enjoyment. Error bars indicate
standard errors

SD =0.9, and Present: M = 5.33,SD = 1.16) differed
significantly when compared to the control condition
[M =4.07,SD = 0.88, F(2,30) = 4.32,p <.05, ;712, =.22].
Condition had no significant effect among participants who
prefer watching videos by themselves [F(2,55) = 2.70,
n.s.]. However, the control condition (M = 6.06,SD =
0.66) was higher than both presence conditions (Re-
sponding: M = 5.46,SD = 1.19, and Present: M = 5.45,
SD = 1.03).

6.3.2 Impression of the robot

A two-level (Condition: Present and Responding) one-way
ANOVA on participants’ impression of the robotic agent
yielded a significant main effect of condition [F(1,61) =
16.87,p <.001,n* = 28], such that participants in the Re-
sponding condition (M = 4.63,SD = 0.77) attributed Tra-
vis with more positive characteristics when compared to the
Present condition (M = 3.87,SD = .70) (Fig. 11). We did
not find a main effect of viewing habits, F(1,61) <1.

Interaction with Viewing Habits A 2 (Condition: Present
and Responding) X 2 (Habits: Social and Solitary)
ANOVA did not show an interaction between experimental
condition and viewing habits with respect to the impression
of the robot’s perceived positive characteristics.

In sum, we find that the robot’s presence affects peo-
ple’s enjoyment of the video watching experience, mod-
erated by their video watching habits. The robot’s response
to the video also affects people’s perception of the robot.

7 Discussion
In two experiments, we evaluated the effects of sharing a

media experience with a robotic companion. We manipu-
lated the robot’s presence and response, and used both

Impression of Agent
p<0.001***

Present Responding

Fig. 11 Means and SEs of impression of robotic agent per condition.
Error bars indicate standard errors
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music and video as media. In addition, we examined the
moderating effect of people’s media consumption habits—
solitary or social.

This research is part of a broader investigation of the
notion of robotic experience companionship (REC), the
effects of sharing an experience with a robot on the
experience itself, and on the perception of the robot. To the
best of our knowledge this is the first experimental study of
REC.

7.1 Music listening

In music co-listening, we find that the robot’s beat-re-
sponse causes people to feel that the robot is listening to the
music with them. Also, our results support our Song Liking
hypothesis: A robot that responds in synchrony to music
causes participants to rate the same songs significantly
higher than a robot that just plays the song without
responding to the music. In other words, people’s opinion
of a song can be heightened by a robot’s dance-like
response to the song.

Interestingly, although participants did not report
noticing the robot’s imprecision in the Off Beat condition,
we observe a linear trend: The Off Beat song liking mea-
sure falls roughly halfway between the two more extreme
conditions, indicating a relationship between the synchrony
of the robot’s response and people’s opinion of the music.

Furthermore, both our hypotheses regarding partici-
pants’ perception of the robot—positive character traits,
and the sense that the robot is similar to them—were
supported, with significant differences between the robot
response conditions and the control condition. People
perceived the responding robot as having more positive
traits, whether it was on beat or off beat, and were more
likely to rate it as being similar to them.

Interaction analysis suggests that individual differences
based on people’s listening habits are in play: People who
usually listen to music together with others significantly
rated the music-responsive robot more positively. Solitary
listeners not only did not show this effect, but actually
show a decrease in their rating of the robot when it
responded to the music. We found a similar trend (albeit
not significant) in the rating of their experience enjoyment,
with social listeners enjoying the session more with a
responsive robot, and solitary listeners enjoying the session
less when the robot responded to the music.

7.2 Video watching
Many of these findings carry over to co-viewing a funny
video with a robot. We find support for the robot’s behavior

affecting people’s perception of the robot. Participants
significantly attached more positive human character traits
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to a robot that responded to the video it was watching with
them, when compared to the same robot present, looking at
the video but not responding to it. This provides additional
support to the results in Study I and fortifies the potential
of shared experiences as a mechanism for a robot to create
a positive impression on humans.

Also in line with Study I, our results emphasize the
importance of existing habits on robotic experience com-
panionship. Despite there being a main significant effect
that habitually solitary viewers enjoyed watching the funny
video more than social viewers, these social viewers
enjoyed the video significantly more when watching it with
a robot present. This leads us to believe that people who
like to watch video with friends carry this preference over
to the situation where their viewing companion is a robot,
even to the point of reversing their baseline enjoyment of
the video. Notably, for video enjoyment, there was no
difference whether the robot responded to the video or was
just present and looking in the direction of the screen for
the reported increase in video watching enjoyment to
occur.

7.3 General discussion

The fact that participants liked songs better with the robot
responding to the music suggests a sort of “robotic social
referencing”—a robot’s perceived enjoyment of an event
influencing people’s perception of the same event. While
we focused on music listening, this effect can have
implications beyond media enjoyment, and suggests a
novel role for personal robots as contributors to people’s
perception of a situation.

We find repeated indications that people rate a robot
significantly higher on positive human character traits, and
even as significantly more similar to them when the robot
responds to the media they co-experience. This finding is
particularly salient since this is a between-subject design,
and participants were not primed to think about the device
as a robot in the non-responding conditions, and should
therefore not have had any expectations of the device’s
behavior.

This has design implications for personal robots. Today,
much of personal robotics design thinking is focused on
appearance. Our studies point to an alternative way to
affect people’s perceptions of robots: The robot’s per-
ceived traits could be positively influenced by causing the
robot to respond with people (and perhaps similarly to
them) to an external event, making the robot seem more
“like them.”

We also found repeated evidence that individual dif-
ferences affect the response to robotic media companions.
In particular, we found that habitually social listeners
preferred a responsive robot, whereas solitary listeners
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found it detrimental for the robot to seem to be listening to
music with them. Similarly, social video watchers pre-
ferred watching video with a robot, while solitary viewers
did not. This contributes to the relatively new field of
personality-based human-robot interaction (e.g., [16]) and
suggests that robotic experience companionship might not
be for everyone, but could be more appropriate for people
who enjoy experiences socially more than on their own.

7.4 Limitations

Our manipulation of the robot’s co-viewing behavior still
merits further exploration. While the appropriate behavior
for a robot enjoying music is quite straightforward, and a
robot moving to the music is easily understood, it is not
clear what the appropriate behavior of a robot would be to
indicate that it is enjoying a funny video clip. In fact, it is
not even clear how to express laughter in a faceless non-
anthropomorphic robot. These questions are also more
crucial in video watching compared to music listening,
since we can assume that people’s visual attention is
focused on the video, and not the robot. We are now
experimenting with a variety of laughter responses to fur-
ther investigate this issue.

Also, following [3] we only tested video of a single
genre. REC might have a stronger effect on dramatic sce-
nes, or scenes in which the robot might have a stake [51]
(e.g., a clip from robot-themed movies), or in scary scenes.
In the latter, the robot’s presence might reassure partici-
pants. The investigation of robotic co-viewing needs
therefore be extended to different genres and content topics.

In the music listening study, we believed that our beat
precision manipulation was distinctly noticeable. We were
therefore surprised to not have found much difference
between a precisely moving robot and a robot that misses
beats, and errs on most other beats relative to the music.
Participants did not detect the beat precision consciously,
and for all but one measure (Song Liking), both conditions
behaved as if they were the same. One explanation could
be the robot’s high novelty in both conditions, masking the
actual robot’s movement. Another could be that the
manipulation was too subtle, relative to people’s sensitivity
to choreography precision. Also participants in our Off
Beat did not have any point of reference to estimate how
well the robot is performing, possibly supporting their
sense of this being the robot’s “best attempt” at syncing to
the music.

Finally, we should note that our sample was made up of
students, who—compared to the general population—are
young and tech-savvy. In particular when it comes to the
evaluation of media technology, this might not be repre-
sentative of the general population.

8 Conclusion

In this work we presented the notion of robotic experience
companionship (REC), a person’s sense that they are
sharing an experience with a robot.

We presented a first experimental study of REC in the
area of music co-listening and video co-viewing. Both
studies used a custom-built autonomous desktop robot
capable of responding to music beats and to cues in a video
clip. In two between-subject designs, we evaluated the
effects of the robot’s response on people’s liking of songs,
their enjoyment of listening to music and watching video,
and their perception of the robot. We also examined the
interaction of people’s prior media consumption habits
with these variables.

Our results suggest that a robot responding to music can
make people feel that the robot is co-listening, and is
similar to them, and that a robot that responds to music or
video is perceived as having more human positive char-
acter traits. We also found that social music listeners and
video viewers are more positively affected by the robot’s
response.

This points to the use robotic companions as part of a
new kind of digital media playback technologies, enhanc-
ing some people’s enjoyment of the media and of the media
experience. It also has design implications, suggesting
REC as a tool for robot designers to achieve affinity toward
a robot.

Our study contributes to the existing social reference
literature in that it looks at a sort of social referencing
mechanism caused by a robot. We also broaden most of
existing human-robot interaction literature, in that we do
not look at the effects of directly interacting with a robot,
but instead at the “side effects” of a peripheral robot
responding to an external situation. Finally, our findings
fortify the view that users’ individual differences, such as
habits, should be taken into account when designing robot
behavior.

While we only examined REC in the context of media
experiences, robotic experience companions could shape
people’s perception of external occurrences in a variety of
applications, from health and elder care (making an
unpleasant medical procedure more positively perceived),
to work environments (encouraging people to be more
accepting of a new policy), or even just for making
standing at a traffic light less boring, and discouraging
crossing on a red light. This, of course, merits further
research in these individual application areas.

As a phenomenon, REC can be epiphenomenal or
intentional. Epiphenomenal, in the sense that a robot not
designed to have a particular effect on people but behaving
in a certain way, could inadvertently affect bystanders,
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positively or negatively. On the other hand, REC effects
could be intentionally designed into a robot’s behavior in
order to affect a certain outcome in the human bystander,
and could even be the robot’s main purpose.

In sum, to design robots for human environments, we
need to better understand the mechanisms of REC. Robot
designers need to be cognizant of its potential effects when
developing personal robots. Conversely, people’s reactions
to events could be purposefully manipulated by a robot’s
apparent reaction to them. This could help build robots that
cause people to enjoy positive activities more, or at least
“sweeten a bitter pill” when a negative situation is
unavoidable.
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