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Abstract
Social touch interactions can, depending on the type and strength of the dyadic social relationship, elicit a plethora of
physiological, emotional, and behavioral responses; both beneficial and disadvantageous. With the intention to expand the
communicative capabilities of humanoid social robots, we investigated whether robot-initiated touches could elicit beneficial
responses in the human user that are comparable to responses to human touch. In addition, we investigated whether having a
pre-existing positive social bond with the robot modulates these responses. To this end, we conducted a 2×2 between subjects
experiment (N = 67) in which participants either did or did not establish a bond with the robot prior to interacting with it
during stressful circumstances. This interaction either did or did not comprise robot-initiated touches. We hypothesized that
robotic touches would attenuate the subjective and physiological stress responses during the stressful event (H1a), enhance the
perceived relation with the robot (H1b), and increase one’s pro-social behavior (H1c), as contrasted with interactions without
touch. Based on findings from human touch, we also expected that the effects of H1a and H1b would be more outspoken
when a bond with the robot was established (H2). Our findings imply that robotic touches attenuated physiological stress
responses and increased the perceived intimacy of the human–robot bond. No effects were found on pro-social behavior and
all effects were independent of whether a bond was formed or not. Although no full support for our hypotheses was found,
the findings suggest that robot-initiated touch can, under specific circumstances, be a valuable extension of a social robot’s
nonverbal communication repertoire.

Keywords Human–robot interaction · Social touch · Human–robot bonding · Stress-attenuation

1 Introduction

Humanoid social robots emulate a variety of humanlike
social cues such as speech, gaze, and facial and gestural
expressions [14,15], as well as intelligent adaptive behav-
iors [29]. These interactions are designed to increase the
robot’s social presence [83] (i.e., the impression that the
robot is an actual social entity), and to interact effectively
with human users. Another human social cue—social touch
[39,40,43,93]—has thus far received relatively little atten-
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tion in human–robot interaction (HRI) [131]; even though
the physical embodiment of the robot enables touch inter-
actions [84,114]. Human social touching, such as a hug or a
pat on the back, can systematically change the receiver’s per-
ceptions, thoughts, feelings, and/or behavior [57], depending
on how the touch feels [57], on the perceived intentions
of the sender [26,43,57], and on the status of the relation
between toucher and touchee [21,23,59,122]. The question
that arises is whether a robot-initiated social touch that is
applied to a human recipient can also induce responses that
resemble those found for human touch, and to what extent
human touch protocols apply in HRI as well [131,135]. Pre-
liminary research on social touch in HRI demonstrated that
some (but not all) effects known for inter-human social touch
also occur when a robot touches. The possibly modulat-
ing role of the relation between toucher (robot) and touchee
(human user) has however not yet been investigated. In the
remainder of this article, we will first elaborate on effects
of social touch in human–human communication and on the
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modulating role of the dyadic social relationship. We merely
focus on advantageous effects of touch and on pleasant social
bonds. Next, we will argue that robot-initiated touches can
have similar beneficial outcomes for human users as human
touches, but that a pre-existing (positive) social bondbetween
user and robot likely modulates these responses (compara-
ble to human–human social touch). These discussions form
the prelude to an experiment in which we investigate the
responses to robot-initiated touches that are provided during
a stressful scary movie. These responses include physio-
logical stress responses, perceptions of the bond with the
robot, and pro-social behavior. To investigate whether a pre-
existing bond with the robot modulates the responses to
robot-initiated touch, half of the participants engages in inter-
actions (e.g., small talk and playing games) with the robot
to establish a bond with it prior to the scary movie. With the
research as presented here, as well as with the accompany-
ing exploratory analyses, we do not only intend to provide
insights in the question whether robot-initiated touches can
elicit beneficial responses, but also in the question: under
which conditions? We aim at uncovering a part of the multi-
faceted design space that is inherent to social touch and
HRI. Eventually, this research area could inform the design
of physical human–robot interactions, thereby extending the
robot’s social communication repertoire; in particular that of
robots in their envisioned role as supportive companion [16].

2 RelatedWork

2.1 Social Touch in Human–Human Interaction

Social touches come in many different forms [64] and can
elicit a vast range of experiences and responses on a physio-
logical, emotional, and behavioral level. Here, we will only
elaborate on the (beneficial) effects that are of direct rele-
vance for our study: touches can attenuate stress responses,
strengthen the perceived relation with the toucher, and can
enhance pro-social behavior. For comprehensive reviews of
social touch effects, we refer to: [39,40,43,58,93]. Touch-
ing is the most commonly used method to comfort someone
who experiences stress or negative arousal [34]. This is
demonstrated in many different contexts (e.g., prior to pub-
lic speaking [33,46], while being threatened with physical
pain [21], while watching scary videos [18,68], and prior
to surgery [133]). The effectiveness of social touch in pro-
viding comfort is reflected in several physiological responses
such as decreases in cortisol (i.e., the “stress-hormone” [56]),
heart rate, and blood pressure. Comforting touches do not
only attenuate the physiological stress responses, but also
deflect one’s attention from the stressors themselves [9,68].
Besides stress reduction, touch is the primary modality to
convey affect and intimate emotions and can increase inter-

personal trust and attachment [3,40]. As such, touch plays an
important role in establishing and maintaining social bonds
[51]. Moreover, social touches can induce strong behavioral
responses, such as theMidas Touch effect [27,50]. ThisMidas
Touch consists of a subtle casual touch on the arm or shoulder
that is applied by a stranger, which increases the touchee’s
pro-social behavior. This phenomenon is demonstrated in
numerous settings. After being touched, people were for
example more compliant to a request to share a cigarette [65]
or to participate in a survey [47], and they spent more time
on a monotonous task (i.e., scoring questionnaires) [101].

2.2 Social Relationship Status Modulates
Human–Human Social Touch

The status of the social relationship between toucher and
touchee determines to a large extent the touch protocols (e.g.,
the appropriateness of certain touches) [122], the meanings
associated with touches [119], and their effectiveness [40].
A more intimate relationship results in a better understand-
ing of the intentions of affective touches [125], and the mere
fact that two people are willing to affectively touch each
other suggests an already existing sense of mutual trust and
understanding [23]. The amount of body locations that are
considered appropriate to be touched depends on the strength
of the dyad’s relation [122]. A touch from a stranger may for
instance be tolerated at certain body parts such as the hands,
back, or arms, but will generally be disliked [59]. Contrary
to strangers, people in an intimate relationship usually touch
each other relatively often and over the entire body. Physi-
cal affection is also highly correlated with (romantic) partner
and relationship satisfaction [40]. The modulating effects of
the strength of the relationship on responses to social touch
are also reflected in the touches’ stress-attenuating effects, as
these are mainly found in romantic dyads [33,46] or between
people with a professional yet intimate relationship (e.g.,
nurse and patient [133]). Coan and his colleagues demon-
strated that being touched, regardless by whom, effectively
attenuated threat-related neural responses in women, when
they were threatened with electric shocks. This attenuation
was however stronger when the participant’s hand was held
by her spouse, than by a male stranger, and became partic-
ularly apparent for women with a higher perceived marital
quality [21]. In addition, Master and colleagues demonstrate
that holding the partner’s hand, as contrastedwith a stranger’s
hand or no hand, enhanced pain thresholds [92]. Interest-
ingly, a pre-existing bond between toucher and touchee does
not seem to be a prerequisite for the Midas Touch effect, as
casual touches applied by strangers enhance the pro-social
behavior [27,47,49,65,101]. Social touches thus can have a
plethora of physiological, emotional, and behavioral effects,
but these are to a large extent modulated by the dyadic rela-
tionship.
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2.3 Social Touch and theModulating Effect of
Bonding in Human–Robot Interaction

Since touch is hardly considered yet in HRI, there is no
coherent understanding of whether a robot-initiated touch
canhave effects that are similar to those found in human touch
[131,135].Avaluable starting point for the rationale as towhy
a robot-initiated touch should be able to elicit responses in the
human user, is to consider the robot as a haptic interface that
can emulate a human touch by means of its embodiment and
internal haptic actuators. It is nearly impossible to physically
emulate a human touch accurately with haptic technologies
[43], but research on non-robotic haptic interfaces such as
mediated social touch devices [53,61,131] or other affective
haptics [129] suggests that even highly degraded representa-
tions of human touch can already elicit beneficial responses.
Affective haptic messages can for instance be interpreted
successfully [6,119], mediated social touches can increase
helping behavior [52,54], and an “Affective Tele-Touch” can
decrease physiological stress responseswith the samemagni-
tude as actual human touch [18]. Since social robots employ
similar haptic technologies, it is suggested that robot-initiated
touches should be able to induce similar effects as human-
initiated touches [130,131,135]. Preliminary research indeed
suggests that when people receive a touch from a robot,
the perceived levels of trust and friendship with the robot
increase [42,60,95,98,118]. Moreover, a touch made people
more willing to carry out a monotonous task [95,118] and
unfair monetary offers that were proposed by the robot were
perceived as less unfair after being touched [42]; examples
of a Robotic Midas Touch effect. Conversely, supposedly
comforting touches that accompanied soothing words from
a robot did not attenuate physiological stress responses while
watching a scary movie, strengthen the bond with the robot,
increase the perceptions of its humanlikeness, or increase
one’s pro-social behavior [135]. Moreover, touches from
a “nursing robot” that were intended to be comforting,
were considered as less acceptable than touches that were
presented as functional (i.e., cleaning the arm of the partic-
ipant); even though both types of touch were physically the
same [19]. These mixed findings suggest that robot-initiated
touches may induce responses that are similar to responses to
human touch, but only within specific boundary conditions.
Considering robots merely as haptic interfaces may thus be
an oversimplified approach; there is more to social touch
than merely perceiving the physical qualities of a touch. The
suggestion that robot-initiated touch is a multi-dimensional
challenge is further supported by the findings that the per-
ceived intentions of the touching robot [19] or the interplay
between touch and other social cues such as facial expres-
sions [128] play a significant role in touch perception.

Since there are multiple dimensions that modulate res-
ponses to robot-initiated touch, a more nuanced and more

appropriate starting point for understanding the opportu-
nities of social touch in HRI may be the Computers Are
Social Actors (CASA) paradigm. CASA poses that people
apply the social rules of human–human interaction, often-
times mindlessly, when they interact with computers that
exhibit anthropomorphic and/or social cues [97,106]. Peo-
ple for instance responded more socially and affectionately
when a computer voice resembled a personality similar to
their own [85], orwhen theywere in a teamwith the computer
[96]. Moreover, people revealed more intimate informa-
tion about themselves when a computer disclosed personal
information about itself first; reciprocal self-disclosure [94].
Since social robots are per definition computers that dis-
play social behavior, the CASA paradigm also applies in
HRI [72,76]. Approaching physical HRI from the CASA
perspective would thus consider robots as actual social enti-
ties, rather than as mere touching interfaces (i.e., the earlier
described “Robots As Haptic Interfaces”-approach). This
would also mean that mere physical stimulation from a
robot does not suffice in eliciting social responses in the
human user, but that additional social touching rules—such
as having a pre-existing social bond—may apply. In sum,
adhering to the CASA approach would thus mean that robot-
initiated touches can induce similar physiological, emotional,
and behavioral responses as human touches, but that these
effects—like human touches—will be modulated by the type
and strength of the social relationship the user has with the
robot. This may particularly apply when the robot is a sup-
portive companion [16] that is intended to change the user’s
state; the robot’s behavior likely will be much more effective
if it first attempts to build a trustworthy, empathetic relation-
ship with the user [12].

2.4 Human–Robot Bonding

People use numerous behaviors to both establish and main-
tain relationships (e.g., romantic, friendship, colleague) with
each other. Many of such behaviors can be emulated by
robots, in order to form social-emotional human–robot
relationships [12,75]; particularly because people employ
heuristics derived from human–human interaction when they
interact with robots [29,106]. For extensive overviews of
human–human and human–robot relationships, we refer to:
[12,29,86]. Human relationships typically evolve over time,
and this likely applies for human–robot relationships as well
[12,86]. Some researchers even suggest that it is not possible
to create a constructive human–robot relationship in a short
period of time [8,30]. While this may be true for more inti-
mate types of relationships with robots, various studies have
demonstrated that emulation of different human relational
strategies by social robots can create a sense of social pres-
ence [84], and in turn can establish rapport and acquaintance
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between human and robot, even in short-term interactions
[66,79,87,96,104].

3 The Current Study

In the study as described here, half of the participants will
establish a social bond with a social robot, which allows
us to investigate the modulating effects of this bond on the
participant’s responses to robot-initiated touches. The bond
is supposed to be formed during a single-session interac-
tion in which the robot emulates various relational strategies
that are derived from human–human interaction. The robot-
initiated touch interaction (or its No Touch counterpart) takes
place in a stressful setting; the same scarymovie paradigm as
applied in earlier research [135]. Social touch has proven to
be effective during stressful tasks, and the use of videos is a
well-establishedmethod of stress elicitation (e.g., [78]).With
regard to the responses to touch, we specifically focus on the
stress-attenuating, the relationship-enhancing, and the pro-
social behavior-increasing effects that are known for touch
and that have been discussed in Sect. 2.1. Each of these three
‘generic touch effects’ is operationalized by multiple con-
ceptually related dependent variables that are derived from
earlier social touch or HRI research, or which were deemed
relevant for this specific study. These objective and subjective
measures are jointly analyzed withMultivariate ANOVAs, in
order to provide robust insights regarding the generic touch
effects [38, p. 586].

Based on the literature on the effects of human social
touch and the modulating effects of a social relationship (see
Sects. 2.1 and 2.2), as well as on the CASA paradigm that
poses that people respond similarly to computers as they
would to other people (see Sect. 2.3), we defined the fol-
lowing hypotheses:

H1a Being touched by a robot will have beneficial effects
on the participant’s arousal level in stressful circum-
stances, as compared with not being touched. More
specifically, less steep increases in heart rate, galvanic
skin response, and respiration rate are expected fol-
lowing a robot’s touch, as well as a smaller decrease
in heart rate variability. These objective physiological
stress-responses are expected for the entire duration
of the movie as well as for each of the eight touch
interactions separately. Moreover, smaller increases
in negative affect and arousal, as well as smaller
decreases in positive affect and valence (i.e., subjec-
tive stress-related self-report measures) are expected
due to the touch. Finally, the movies are expected to
elicit less fear and disgust arousal when the participant
is touched by the robot.

H1b A robot’s touch will strengthen one’s perceived rela-
tionship with it, as compared with an interaction
without physical contact. We expect touch to increase
scores on a selection of relational self-reports (i.e.,
affective and perceived trust, intimacy, stimulating
companionship, emotional security, and helpfulness).

H1c A robot-initiated touch can induce a Midas Touch
effect andwill thus increase the participant’s pro-social
behavior. This will be reflected in an increased will-
ingness to comply with the robot’s requests to donate
money to ostensibly enable future robot research and
to stay extra time for additional questionnaires.

H2 Both the stress-attenuating effects (H1a) and the per-
ceptions of the relation with the robot (H1b) will be
stronger when a positive social relationship with the
robot is established prior to the touch interaction.1

To gain more insights in possible opportunities and lim-
itations of robot-initiated touch, we also carry out several
additional explorative analyses regarding how touch affects
the perceived appearance of the robot and one’s attitude
towards robots in general. Moreover, we investigate whether
having a bond with a robot makes robotic touches more
appropriate.

4 Methods

We devised a 2 × 2 between subjects experiment (i.e., four
groups) with Bonding (levels: Bond, No Bond) and Touch-
ing (levels: Touch, No Touch) as independent variables. The
experiment consisted of two phases. In phase 1 (the bond-
ing phase), participants either engaged in interactions with a
social robot in order to form a bond with it (Bond groups),
or with the experiment leader during which no bond with
the robot was formed even though it was present and mov-
ing idly (No Bond groups). In phase 2 (the movie viewing
phase), participantswatched a scarymoviewith the robot that
occasionally spoke soothing words that were either accom-
panied by a social touch in the Touch groups, or not (No
Touch groups). Unknown to the participants, the robot was
not autonomous, but remotely controlled.

4.1 Participants

Atotal of 67participants (mean age=47.9,SD=20.0, range=
18–78, 49.3% female) was recruited from the TNO database
and randomly assigned to one of the four groups: Bond–
Touch (7 female, 8 male), Bond–No Touch (8, 9), No Bond–
Touch (10, 8), and No Bond–No Touch (8, 9). The sample

1 The pro-social behavior (H1c) is not expected to be modulated by
the bond, as Midas Touch effects also appeared when strangers—either
humans (e.g., [27,47]) or robots (e.g., [95,118])—applied the touch.
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Fig. 1 Impression of the experimental setting (no actual participant and
experimenter depicted). a Memory game. b Conversation. c Remotely
controlling the bonding interaction by the experimenter through the
master robot and a graphical user interface to play the voice files. d, e
Robot-initiated touch. f Remotely controlling the touches of the slave
robot by the experimenter, by moving the master robot’s arm and head

size was determined by a power-analysis through G∗ Power
[35], with the power (1− β) set to the recommended 0.8 and
the effect size f 2 to 0.15 (i.e.,medium) [22]. According to the
power analysis, a sample size of 64 was required for a two-
way MANOVA with 6 dependent variables. All participants
had normal or corrected to normal vision and hearing. The
study was reviewed and approved by the TNO institutional
review board (TNO, Soesterberg), and was in accordance
with the Helsinki Declaration of 1975, as revised in 2013
[137]. Participants received e30,- for their participation.

4.2 Setting andMaterials

An overview of the setting is depicted in Fig. 1. The experi-
ment took place in a 15 m2 room. During the bonding phase

(phase 1), participants sat at a table with a “NAO” robot2 (v4,
NAOqi 1.12.5) on it. For phase 2, they moved to a couch to
watch a scary movie, where the robot would sit on the right-
hand side’s armrest. The NAO robot in the lab (referred to as
the ‘slave’ robot) was connected to a second NAO robot in
an adjacent control room (referred to as the ‘master’ robot).
Changes in the positions of the limbs and head of the mas-
ter robot, which were carried out by a trained experimenter,
were reproduced by the slave robot. Pre-programmed sen-
tences and responses were initiated manually, utilizing the
Acapela Femke Dutch Female 22 kHz Text-to-Speech con-
verter3 with 20% increase in speech velocity and pitch. To
control the dialogue in the bonding phase, the selection of the
robot’s verbal responses to the participants was based on a
pre-defined decision tree. The robot’s utterances in themovie
phase were fully scripted.

Participants in the Bond groups engaged in HRI during
which the robot displayed a variety of verbal and nonverbal
relational strategies which are listed in Table 1. The activities
comprised small talk (e.g., about the participant’s experi-
ences with experiments), a competitive game of Memory, a
collaborative multiple choice knowledge quiz, and the shar-
ing of personal stories. Participants in the No Bond groups
carried out the same activities, albeit with the experiment
leader as communication partner instead of the robot. The
robot was sitting at the same location on the table however,
and displayed random idle movements to let the participant
get used to its appearance in order to decrease potential
startling responses in the movie phase due to unanticipated
movements of the robot.

At eight pre-determined moments during movie viewing
(phase 2) and only in the Touch groups, the experimenter
initiated social touches through the master robot. The slave
robot in the lab extended its left arm towards the participant’s
right shoulder and upper arm (in approximately 5 s). Subse-
quently, physical contact occurred (for the eight moments,
the duration of the physical contact varied between 10 and
40 s). Due to the master–slave setup, in which the robot’s
motors provided continuous pressure, the touch was gentle,
but clearly perceptible. During the final part of the physical
contact, the robot spoke calming words, after which it moved
its arm to the initial position (in 5 s). The hand on the shoul-
der is an often-applied means to provide comfort in human
touch interactions [34] and as such it was deemed a suitable
touching action for our study as well; in particular because it
could be applied despite the robot’s limited reach. Moreover,
a hand on the shoulder was considered an appropriate and
acceptable form of physical contact (contrary to for example
a touch on the head or thigh). In the No Touch groups, the
robot moved its head and arms without making physical con-

2 https://www.ald.softbankrobotics.com/en/robots/nao.
3 http://www.acapela-group.com, visited: Aug. 9th, 2017.
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Table 1 Overview of the relational strategies that were applied in the current experiment, supplemented with examples of related HRI research in
which the strategies were successfully applied

Relational strategy Operationalization

Verbal communication

Phatic expression [62,116] The robot and participant engaged in small talk about the participant’s experiences with regard to experiment
participation in general, and with robots. Phatic communication is supposed to build rapport by increasing
familiarity and establishing common ground

In HRI: [11,70]

Social deixis [82,88] The participant was addressed with his/her first name, and the robot’s language was informal; the participant was
considered a peer. No hierarchical relationship, but a small social distance was implied by the use of the
language

In HRI: [67,72,113]

Flattering [17] The participant was complimented on his/her knowledge and memory skills during the activities, in order to
make the robot more likableIn HRI: [31,106]

Politeness [17] For practical reasons, different databases with pre-programmed sentences were created for different tasks. These
had to be loaded, which made the robot unresponsive for a brief moment. The robot politely apologized for this,
prior to each database switch

In HRI: [28,29,31]

Greetings [17] The participant was greeted at several moments during the bonding phase. E.g., at the start of the interaction, and
around the speech-set switchesIn HRI: [44]

Nonverbal behavior

Physical contact [40,51] After the bonding phase, the participant carried the robot from the table to its chair on the couch, in anticipation
of the movie viewing. Physical contact supposedly enhances a bond, and carrying the robot draws upon the
participant’s altruistic behavior towards the robot

In HRI: [42,60,95,98,118]

Immediacy [4] The robot gestured with its arms during speech, while its gaze (i.e., facial orientation) was directed at the
participant. While ‘listening’ to the participant, the robot nodded from time to time. In general, the robot had an
open body posture. Immediacy behaviors suggest liking for the other and engagement in the interaction

In HRI: [12,31]

Joint attention [71] The robot’s gaze (i.e., facial orientation) switched from the participant to the task at hand (e.g., the memory game
or quiz) and vice versa, in order to provide mutual acknowledgement that they are attending to the same targetIn HRI: [74,108]

Relational dynamics

Self-disclosure [24,81] The robot tells a personal story about a colleague at TNO that has been in an accident, and about how the robot
felt about this. The willingness to share personal information implies trust in the other and supposedly increases
the bond

In HRI: [66,79,94]

Empathy [20,107] The robot attended to the participant’s responses to questions on what (s)he thought or felt about certain topics or
situations throughout the study. The robot responded in an understanding way. Empathetic behavior is at the
essence of bonding

In HRI: [12,87]

Help, altruism [77] The robot asked the participant to turn the Memory cards, while playing competitively. Moreover, the robot asked
the participant to carry it to the couch for the second experimental phase in order to elicit altruistic behavior in
the participant.

In HRI: [45,110]

Collaboration [12,123] The robot and participant collaborated as a team in answering the questions of the knowledge quiz. Being part of
the same team implicitly enhances the sense of a bondIn HRI: [41,96,117]

tact with the participant. These idle movements were again
carried out to compensate for potential startling responses
due to sudden movements of the robot.

Two short thrilling movies, “The Descendent” [2] and
“Red Balloon” [127], were played consecutively (excluding
introductory credits; total duration 26:36). The movies were

projected (1280 × 1024 pixels) on a white wall (approxi-
mately 2 × 1.4 m, 2.5 m from the viewer), with speakers
on both sides of the screen. These movies, which were suc-
cessfully applied in earlier research [135] were selected as
they continuously build up excitement and contain multi-
ple startling scenes, without depicting possibly disturbing
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Q1 Q2 Q3P1
Bonding
Social Closeness
Likability
Anthropo-
morphism

Covariates and 
Demographics
Age
Gender
Robot Anxiety
Robot Attitude
Negative Attitude 
towards Robots

Bonding
Social Closeness
Likability
Anthropomorphism
Attachment
Self-Disclosure
Social Presence

Emotional State
Valence
Arousal

Robot Relation

Perceived Trust
Helpfulness
Intimacy 
Emotional 
Security 
Stimulating 
Companionship 

Emotional State
Valence & Arousal

Fear Arousal
Disgust Arousal
Midas Touch
Donated Money
Time Available 

Bonding
Social Closeness
Likability
Anthropo-
morphism
Attachment
Touch Perception
5 Questions

Appearance
Immediacy
Safety

Dynamism
Robot Attitude
Negative Attitude 
towards Robots

Baseline
GSR
HR (+ Variability)
Respiration Rate 

Emotional State
GSR
HR (+ Variability)
Respiration Rate

P2

Fig. 2 Overview of the questionnaires (Q), the associated measures, and moments of application. P1 refers to phase 1 (bonding manipulation) and
P2 to phase 2 (movie viewing, including baseline and scary movies)

explicit scenes. Playing the movies in their entirety was
deemednecessary to elicit a lasting thrill, and thus to create an
appropriate setting for supposedly comforting robot-initiated
touches. As suggested by Piferi and colleagues [105], a
3-min excerpt from a neutral aquatic movie, “Coral Sea
Dreaming: Awaken” [55] was displayed during the phys-
iological baseline recordings prior to the scary movies.
Physiological state recordings were made with Actiview
7.06 software (2048 Hz), to which synchronization markers
for the movie and interaction events were added automati-
cally. BioSemi ActiveTwo4 flat Ag–AgCl electrodes, passive
NihonKohden electrodes, and the Sleep-Sense 1387-kitwere
used to measure cardiac activity, Galvanic Skin Response,
and respiration, respectively.

4.3 Measures

Anoverview of allmeasures, aswell as themoments at which
these were administered is provided in Fig. 2.

4.3.1 Phase 1: The Bonding Manipulation

To verify whether the bonding manipulation was effective,
participants were asked to indicate the perceived Social
Closeness (Inclusion of Other in Self; IOS [5]), Likabil-
ity, and Anthropomorphism of the robot (i.e., Godspeed
questionnaire subscales [7]), both prior to and after the
first phase of the study. In addition, the Social Presence
[84] and Attachment [115] questionnaires were administered
after the bonding interaction. Finally, one’s Reciprocal Self-
Disclosurewasmeasured by the extent to which a participant
was willing to talk about two lowly, two moderately, and two
highly intimate conversation topics, derived from [102], with
the robot. The six Self-Disclosure scores (1 = “No problem
to talk about this topic”, 7 = “This topic is too intimate”)
were summed.

4 http://www.biosemi.com, last visit: August 9th, 2017.

4.3.2 Phase 2: The Responses to Robot-Initiated Touch

Emotional State To investigate the effects of a robot’s touch
on one’s arousal level, the Galvanic Skin Response (GSR),
Heart Rate (HR), Heart Rate Variability (HRV), and Res-
piration Rate (RR) were recorded both during a baseline
recording while watching the neutral movie, and during the
scary movies. GSR, with electrodes on the palm and on
the first lumbrical muscle of the left hand, increases lin-
early with arousal [80]. Moreover, when emotional intensity
increases,HR increases [91] andHRV—i.e., the temporal dif-
ferences between successive inter-beat intervals in the ECG
wave [124], operationalized by the Root Mean Square of
Successive Differences (RMSSD)—decreases. The cardiac
measures were recorded with electrodes on the right clavi-
cle and left floating rib. Finally, RR—which increases with
emotional arousal [121]—was measured with an elastic belt
around the thorax, directly below the sternum. For each mea-
surement, a 2-min baseline recording was made during the
neutral movie, as well as a recording throughout the scary
movies. The average physiological values were computed
for (1) the entire scary movie sequence excluding the non-
scary introductory scenes (duration: 20:04), (2) the eight
interaction moments (+ 45 s after interaction offset; 10:16),
and (3) the intervals in between these interaction moments
(09:48). In addition, we analyzed the responses at each of the
eight interaction moments (+ 45 s) separately. The partici-
pants indicated their Valence and Arousal (Self-Assessment
Manikin; SAM [13]), and Positive and Negative Affect (a
Dutch translation [103] of the Positive and Negative Affect
Schedule; PANAS [132]) both prior to and after the movies.
After the movies, participants filled out a selection of items
of the Fear Arousal Scale (FAS) and Disgust Arousal Scale
(DAS) [109] for both scary movies to investigate how the
stressors were perceived. The FAS and DAS scores of both
movies were aggregated into a single FAS and DAS score,
respectively.

Relation with the Robot To verify whether robot-initiated
touches enhanced the perceived relation with the robot,
we administered the Affective Trust (adopted from [63], as
applied in [73]), Perceived Trust (based on [32], as applied
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in [69,112]), and Perceived Friendship (i.e., the Help, Inti-
macy, Emotional Security, and Stimulating Companionship
subscales [104]).

Pro-social Behavior To investigate whether a Midas
Touch effect can also be achieved in HRI, participants were
asked howmuch of their e 30,- compensation theywould like
to donate to support additional robot research.Moreover, par-
ticipants were asked how long they were willing to stay to
fill out additional questionnaires (similar to [101]). For both
(bogus) requests we recorded the proportion of people that
complied, as well as the actual amount of money or time
made available.

4.3.3 Exploratory Measures and Covariates

Besides the age and gender of the participants, we assessed
the participant’s Anxiety to the robot’s communication capa-
bilities, its behavioral characteristics, and its discourse
with the Robot Anxiety Scale (RAS; [99]), as these sub-
scales may influence the bonding and/or the perceptions
of the touches. To gain further insights in the effects of
robot-initiated touches on the human recipient, we investi-
gated whether touches (and bonding) affected perceptions
of the robot’s appearance. Participants filled out self-reports
regarding the robot’s perceived Safety, Qualification, and
Dynamism (i.e., subscales of the Credibility scale [69]; based
on the Source Credibility scale [10]), and Immediacy ([1], as
described in [69,112]). Moreover, we investigated whether
being touched by a robot (and bonding with it) affects one’s
“Negative Attitude Towards Robots”, by using the accompa-
nyingNARS-scale [99]. This scale comprises three subscales
(Negative attitude towards interaction with, social influ-
ence of, and emotional interactions with robots) which were
administered both prior to the bonding phase, and after the
movie phase. Finally, we checked whether the participants
did perceive the touches as a control question (yes/no), and
whether the touch was perceived as (1) intended to be calm-
ing, (2) actually calming, (3) appropriate, (4) startling, and
(5) humanlike (1 = “Totally Agree”, 7 = “Totally Disagree”).
The latter was intended to gain additional insights in whether
bonding affects touch perceptions.

4.4 Procedure

Participants were invited in the lab room,where the robot and
the ostensible aim of the study—paraphrased: “investigat-
ing whether the robot can detect the participant’s behavior
and emotional state, and can behave accordingly”—were
introduced. The participant was asked to fill out a first
questionnaire (Fig. 2, Q1) before engaging in the bonding
interaction (small talk, the memory game, the quiz, and lis-
tening to the personal story) with the robot (Bond) or the
experiment leader (No Bond; the robot displayed random idle

movements). After the interaction, a second questionnaire
(Fig. 2, Q2) was administered. In the Bond groups, the par-
ticipant was asked to carry the robot to its seat on the couch,
whereas the experiment leader carried it in the No Bond con-
ditions. After attaching the electrodes for the physiological
recordings, the experiment leader left, and the participant
watched the baseline movie and the scary movies, during
which the eight interactions with the robot (either with or
without touch) took place. Subsequently, the final question-
naire (Fig. 2, Q3), including the request for a donation, was
filled out. When the participant finished the questionnaire,
the experiment leader returned, detached the electrodes, and
asked the participant whether (s)he was willing to stay for
additional questionnaires. After this final measure, the par-
ticipant was fully debriefed and thanked.

5 Results

5.1 Pre-processing

Due to a technical problem during the movie, and due to
missing responses, data of two participants were omitted
from all analyses. None of the participants was familiar with
either of the movies and none of the participants in the Touch
groups missed the fact that they were touched by the robot.
Five people in the No Touch groups indicated to be touched
by the robot—likely due to the fact that they were sitting
against the robot’s feet. Their data were included in the anal-
yses, as omission did not result in a different interpretation
of the effects. All dependent variables were tested for nor-
mality, and transformed when the normality assumption was
violated. When transformation did not yield a normal dis-
tribution, we opted for a non-parametric statistical test. The
division of the 65 participants with valid data was 15 (Bond–
Touch), 16 (Bond–No Touch), 18 (No Bond–Touch), and 16
(No Bond–No Touch). Significance is reported at the p = .05
threshold.

The physiological recordings were processed in MAT-
LAB R2013b5 with the FieldTrip toolbox [100]. A Fast
Fourier Transform was applied on the ECG to remove the
low-frequency components, after which the HR and HRV
(RMSSD) were derived for the baseline period, the movie,
the interaction moments, and the non-interaction intervals by
means of a peak-detection algorithm. Range correction was
applied on the GSR data [90] prior to the computation of
the scores for each of the intervals. A 2nd-order low-pass
Butterworth filter was applied to remove the high frequency
component in the respiration recordings.The respiration rates
were determined with a peak-detection algorithm on the fil-
tered signal. Due to technical problems, physiological data

5 http://www.mathworks.com, last visit: August 9th, 2017.
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of 5 participants were omitted from the Emotional State anal-
yses. For 13 participants, one of the physiological recordings
(ECG, GSR, or RR) was invalid. Data imputation by means
of group mean substitution was applied for these cases, in
order to retain their remaining valid data, and thus to cir-
cumvent listwise exclusion during the analyses. Group mean
substitution is a rather conservative approach. In the Emo-
tional State analyses, the Bond–Touch, Bond–No Touch, No
Bond–Touch, and No Bond–No Touch groups comprised of
15, 14, 16, and 15 participants, respectively.

5.2 Manipulation Checks

To investigate whether the relational strategies in phase 1
indeed enhanced the bond between participant and robot,
a one-way MANCOVA was carried out with Bonding as
between groups independent variable (IV), Anxiety to the
robot’s communication capabilities as covariate, and the
bonding measures (the difference scores of the Likability
and Anthropomorphism scales, and the post bonding phase
measures Attachment, Self-Disclosure, and Social Presence)
as dependent variables (DVs). Data of 65 participants were
included. The covariate was a significant predictor of the
effects: Wilks’ � = .689, F(5,58) = 5.23, p = .001, partial
η2 = .311. The results suggest that the bonding manipulation
worked as intended:Wilks’� = .611, F(5,58) =7.34,p< .001,
partial η2 = .389. Inspection of the individual ANCOVAs
revealed significant positive effects of bonding on Likability
(�; Bond: M = 0.31 (SD = 0.48), No Bond: −0.07 (0.42),
p = .002), Attachment (Bond: 2.94 (0.80), No Bond: 2.35
(0.67), p = .002), and Social Presence (Bond: 5.72 (1.57),
No Bond: 3.77 (1.54), p < .001). The levels of perceived
Anthropomorphism and Self-Disclosure were not affected
by the bonding manipulation. Although the age of the par-
ticipant (as a proxy for affinity with robots) often modulates
how interactions with social robots are perceived, this was
not the case with the several bonding scores. Age is therefore
not further reported. AMann–Whitney U test was performed
on the IOS difference score, with Bonding as independent
variable. This test yielded a significant effect of Bond (mean
ranks: 42.44) over No Bond (24.40) on Social Closeness: U
= 234.5, Z = −4.173, p < .001.

To verify whether the movie indeed was stressful, we
conducted a one-way repeated measures MANOVA with
MeasurementMoment (Baseline, Movie) aswithin subjects
independent variable. As dependent variables, the physiolog-
ical measures (HR, HRV (log10 transformed), GSR (square
root transformed), and RR) were included, as well as the
Positive Affect score. Data from the 60 participants with
valid physiological responses were included. The analysis
yielded a significant main effect of Measurement Moment,
which implies differences in stress responses between the
Movie and the Baseline: Wilks’ � = .227, F(5,55) = 37.41, p

< .001, partial η2 = .773. Further inspection of the individual
Repeated Measures ANOVAs yielded a significant increase
of GSR (Baseline: 0.35 (0.17), Movie: 0.64 (0.09), p < .001)
and a significant decrease of Positive Affect (Baseline: 33.71
(5.74), Movie: 27.93 (3.04), p < .001) due to the movie.
Figure 3 depicts the physiological responses of one specific
participant.

Wilcoxon Signed Ranks tests showed that theMovie score
for Valence (5.57 (1.65)) was significantly lower than the
Baseline score (7.13 (1.16)) and that the movie significantly
increasedArousal (Baseline: 2.38 (1.60),Movie: 4.05 (1.90))
and Negative Affect (Baseline: 12.22 (3.59), Movie: 17.66
(6.77)); all ps < .001. Aforementioned analyses demon-
strate that the bonding manipulation and the stress elicitation
worked as intended.

5.3 Touch Effects

We conducted a series of two-way MANOVAs with Bond-
ing (Bond, No Bond) and Touching (Touch, No Touch) as
between subjects IVs, and the Emotional State and Robot
Relation measures as DVs. We list all main and interaction
effects of the MANOVAs in Table 2, after which we address
the significant effects separately.

5.3.1 Emotional State

As can be seen in Table 2, no effects of Touching and/or
Bonding were found on the overall Emotional State mea-
sures. However, when looking at the direct physiological
responses to robot-initiated touches—i.e., the aggregated
physiological values for the eight interactionmomentsminus
their baseline counterparts—a trend became apparent for
Touching (p = .056). Further inspection of this trend demon-
strated a significant difference on theHeartRate.Whereas the
HR increased over time for people in the No Touch groups,
it decreased for people in the Touch groups: F(1,56) = 5.99,
p = .018, partial η2 = .097. When zooming in on each indi-
vidual interaction moment (+ additional 45 s; see Fig. 4), it
becomes apparent that the difference mostly appears during
the secondmovie. A similar pattern emergedwhen looking at
the physiological responses during the intervals between the
interaction moments. The significant main effect for Touch-
ing (p = .037) was reflected in the HR, which increased for
people in the No Touch groups and decreased for participants
in theTouch groups: F(1,56) = 5.93, p= .018, partialη2 = .096.
An overview of the physiological responses can be found in
Table 3.

5.3.2 Robot Relation

The MANOVA with the relational measures (see Table 2)
suggests a significant main effect of Touching. According
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Table 2 Overview of the main
and interaction effects of the
MANOVAs

Wilks’ � df F p Partial η2

Emotional state, entire movie (n = 60): GSR (�), HR (�), HRV (�), RR (�),valence (�), arousal
(�), positive affect (�), negative affect (�), fear arousal scale, disgust arousal scale

Main effect touching .727 (10, 47) 1.76 .095 .273

Main effect bonding .911 (10, 47) 0.46 .907 .089

Interaction touching × bonding .891 (10, 47) 0.57 .826 .109

Emotional state, interactionmoments (n = 60): GSR (�), HR (�), HRV (�), RR (�)

Main effect touching .843 (4, 53) 2.46 .056(∗) .157

Main effect bonding .984 (4, 53) 0.22 .926 .016

Interaction touching × bonding .959 (4, 53) 0.56 .692 .041

Emotional State, non-interaction intervals (n = 60): GSR (�), HR (�), HRV (�), RR (�)

Main effect touching .828 (4, 53) 2.76 .037∗ .172

Main effect bonding .996 (4, 53) 0.05 .995 .004

Interaction touching × bonding .950 (4, 53) 0.69 .600 .050

Robot relation (n = 65): affective trust, perceived trust, help, intimacy, emotional security, and stim-
ulating companionship

Main effect touching .790 (6, 56) 2.48 .034∗ .210

Main effect bonding .909 (6, 56) 0.93 .478 .091

Interaction touching × bonding .951 (6, 56) 0.48 .820 .049

�-values indicate differences betweenpost-movie andpre-movie scores.Bold-faced,∗-markedvalues indicate
significant effects, and (∗) a trend

Interaction Moment

Fig. 4 Heart rate values (�) for the eight interaction moments, per
touching condition. The dashed line indicates the start of the second
movie

to the separate ANOVAs and the group means, people in the
Touch groups perceived a stronger sense of Intimacy with the
robot than people in the No Touch groups: F(1,61) = 4.33, p =
.042, partial η2 = .066. The scores of all dependent variables
are listed in Table 4.

5.3.3 Midas Touch Effect

To investigate whether a robot-initiated touch could induce a
Midas Touch effect, we carried out a Mann–Whitney U test
on the amount of money that was donated. To this end, we
compared the Touch (M = e3.98 (SD = 6.72)) with the No
Touch (e4.62 (7.81) groups, regardless of the Bonding. No
significantMidas Touch effect was observed for the donation

measure: U = 527.5, Z = −.008, p = .994. Moreover, a χ2-
test to investigate whether the actual willingness to donate
differed between people in the Touch (33% donated) and No
Touch (37.5%) groups, did not demonstrate any differences:
χ2(1, n = 65) = 0.123, p = .798 (2-sided).

A similar Mann–Whitney U analysis was carried out on
the data of 61 participants (due to missing data) to scrutinize
the willingness to stay extra time for ostensible additional
experimental tasks. No significant difference between the
Touch (25.3min (17.8) andNo Touch (25.4min (16.7) groups
was found: U = 444.0, Z = −0.301, p = .764. Since 58 out of
the 61 participants were willing to stay longer, no additional
χ2-test was carried out.

5.4 Data Exploration

5.4.1 Touch and Bonding

To gain additional insights in the opportunities and limita-
tions of robot-initiated touch and the possibly modulating
role of bonding, we carried out several exploratory analy-
ses. Additional two-way MANOVAs were carried out for
the Robot Appearance and Attitude measures, whereas a
one-way MANOVA with Bonding (Bond, No Bond) as
independent between subjects variable was intended to pro-
vide insights in the Touch Appropriateness scores. A 2 ×
2 × 2 mixed-model MANOVA with Bonding, Touching,
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Table 3 Mean physiological
responses (SD) and differences
with baseline (�, (SD)) per
recording interval

Baseline Movie Interaction moments Non-interactions

Value � Value � Value �

HR

Touch 68.23 67.17 −1.06 67.51 −0.72 67.63 −0.59

(9.81) (9.27) (2.28) (9.45) (2.29) (9.61) (2.37)

No Touch 68.55 68.92 0.37 69.63 1.08 69.70 1.15

(10.31) (10.22) (3.16) (10.01) (3.26) (10.24) (3.04)

HRV

Touch 36.71 29.16 −7.55 30.38 −6.33 29.87 −6.84

(26.43) (17.52) (14.78) (18.09) (17.00) (17.97) (13.23)

No Touch 37.12 38.08 0.95 34.28 −2.84 33.54 −3.58

(24.60) (20.64) (18.53) (19.10) (13.47) (17.98) (11.93)

GSR

Touch 0.15 0.41 0.26 0.42 0.26 0.41 0.25

(0.15) (0.10) (0.20) (0.10) (0.19) (0.10) (0.20)

No Touch 0.15 0.42 0.27 0.42 0.27 0.42 0.27

(0.13) (0.12) (0.20) (0.13) (0.20) (0.12) (0.20)

RR

Touch 19.25 18.49 −0.76 21.10 1.84 20.20 0.94

(4.04) (2.63) (2.41) (2.56) (2.56) (2.69) (2.80)

No Touch 18.94 18.49 −0.45 20.90 1.96 20.47 1.54

(3.50) (3.48) (3.32) (3.78) (3.38) (3.37) (2.82)

Table 4 Descriptives and
statistics of the robot relation
scores

Touch No touch F(1,61) p Partial η2

Affective trust 4.80 (1.18) 4.42 (1.14) 1.52 .222 .024

Perceived trust 4.26 (0.96) 4.11 (0.96) 0.39 .552 .006

Help 3.85 (1.73) 3.38 (1.51) 1.28 .262 .021

Intimacy 4.47 (1.15) 3.84 (1.17) 4.33 .042∗ .066

Emotional security 3.88 (1.66) 3.50 (1.19) 0.93 .339 .015

Stimulating companionship 3.53 (1.70) 3.86 (1.85) 0.64 .425 .010

Bold-faced, ∗-marked values indicate significance

andMeasurementMoment (Pre-Movie, Post-Movie; within
subjects) was carried out to further explore the measures
intended for the bonding manipulation. The outcomes are
listed in Table 5.

Whereas the scores regarding Robot Appearance were not
significantly affected by Touching and Bonding, the Atti-
tude towards the RobotMANOVA yielded a significant main
effect of Bonding, which was apparent on all three subscales
(all ps < .023). Over the course of the experiment, the nega-
tive attitude towards robots increased for participants in the
No Bond groups, whereas it slightly decreased for partici-
pants that formed a Bond with the robot.Bonding also led to
differences in impressions of the robot’s touching behavior.
The individual ANOVAs demonstrated a significant effect on
how startling the touchwas perceived; peoplewith aBond (M

= 3.47, SD = 1.92) were more startled by the robot’s touching
behavior than participants in the No Bond groups (M = 1.56,
SD = 0.51): F(1,31) = 16.49, p < .001, partial η2 = .347.

According to the main effect of Measurement Moment
of the 2 × 2 × 2 mixed-model MANOVA, as depicted in
Table 5, the perceived relationshipwith the robotwas affected
during themovie viewing (Phase 2). Inspectionof the individ-
ual repeated measures ANOVAs indicated that the strength
of the relation generally decreased, and that this effect was
mainly applicable for the Anthropomorphism scores: F(1,61)

= 10.31, p = .002, partial η2 = .145. Moreover, there was a
significant interaction effect between Measuring Moment
and Bonding, which showed that the perceived bond with
the robot increased for people in the No Bond groups, but
decreased for people that already established a Bond. This
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Table 5 Overview of the
exploratory MANOVAs

Wilks’
�

df F p Partial
η2

Robot appearance (n = 65): immediacy, safety, qualification, dynamism

Main effect touch .877 (4, 58) 2.04 .101 .123

Main effect bonding .935 (4, 58) 1.01 .412 .065

Interaction touching × bonding .986 (4, 58) 0.20 .937 .014

Attitude towards the robot (n = 65): negative attitude towards (1) interaction with, (2) social
influence of, and (3) emotional interactions with robots

Main effect touching .904 (3, 59) 2.08 .113 .096

Main effect bonding .805 (3, 59) 4.76 .005∗ .195

Interaction touching × bonding .995 (3, 59) 0.10 .960 .005

Touch appropriateness (n = 33): calming intentions, calming, appropriate, startling, human-
like

Main effect bonding .602 (5, 27) 3.57 0.13∗ .398

Perceived bond with the robot (n = 65): social closeness (square root transformed), likability,
anthropomorphism, attachment

Main effect touching .950 (4, 58) 0.77 .552 .050

Main effect bonding .882 (4, 58) 1.95 .115 .118

Interaction touching × bonding .968 (4, 58) 0.48 .748 .032

Main effect measurement moment (MM) .800 (4, 58) 3.62 .011∗ .200

Interaction MM × touching .938 (4, 58) 0.96 .438 .062

Interaction MM × bonding .572 (4, 58) 10.86 < .001∗ .428

Interaction MM × touching × bonding .965 (4, 58) 0.53 .713 .035

�-values indicate differences betweenpost-movie andpre-movie scores.Bold-faced,∗-markedvalues indicate
significant effects
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Fig. 5 Progress of the bonding measures over the course of the study

interactionwas significant for all dependent variables (Social
Closeness and Attachment: ps < .001, Likability: p = .046),
except Anthropomorphism (p = .542). The progress of the
perceived relationship with the robot over the course of the
entire experiment is depicted in Fig. 5.

5.4.2 Alternative Bonding

Although the bonding manipulation resulted, at group level,
in a stronger bond with the robot in the Bond groups, there

were large individual differences in the questionnaire scores.
To gain better insights in to what extent one’s actual per-
ceived social relationship with a robot, rather than the a
priori defined experimental group, determines the responses
to a touch, we computed each participant’s Bonding Score.
This score (range = 0–6) consisted of the sum of the nor-
malized scores (i.e., converted to values between 0 and 1)
of the Likability, Anthropomorphism, and Social Closeness
post- and pre-bonding differences, and the Social Presence,
Attachment, and Reciprocal Self-Disclosure scales.Whereas
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Bonding Score (Range 1-6)

Fig. 6 Scatterplot of the bonding scores per original bonding group.
The dashed line indicates the median

Social Presence Score (Range 1-10)

Fig. 7 Scatterplot of the social presence per original bonding group.
The dashed line indicates the median

the Bonding Scores for participants in the original No Bond
groups were at the lower end of the range (M = 2.91, SD
= 0.38), the scores for people in the Bond groups were dis-
persed over a much broader range (M = 3.33, SD = 0.61).
This implies that the perceived bond with the robot not nec-
essarily corresponds with the experimental group (see also
the scatterplot in Fig. 6). Therefore, we repeated all analy-
ses, where the original independent variable Bonding was
replaced by Perceived Bonding; Low or High new Bonding
Scores, dichotomized based on a median split (Mdn = 3.07).

Moreover, since the perceived Social Presence determines
to what extent the robot is perceived as an actual social
actor, and modulates the user’s social responses to the robot
[72,83,84], we carried out additional analyses with Social
Presence as substitution for the original IV Bonding. The
new IV Social Presence comprised the dichotomized Social
Presence scores based on a median split (Mdn = 4.88), with
the levels Low and High (see also: Fig. 7).

Besides strong main effects of Perceived Bonding in
the relational one-way and mixed-model MANOVAs, which
were to be expected, the analyses did not yield substan-
tially different, or additional insights in the effects of
robot-initiated touch and/or in possible interactions between
Touching and Perceived Bonding with the robot. The same
pattern emerged for Social Presence. The effects are there-
fore not further reported.

6 Discussion

We designed and carried out an experiment to test the
hypotheses that robot-initiated touches during stressful cir-
cumstances beneficially affect one’s emotional state (H1a),
one’s perceived relation with the robot (H1b), and one’s pro-
social behavior (H1c). Our results support H1a and H1b:

the combination of dependent variables as analyzed with the
respective MANOVAs led to significant beneficial effects of
touch. These effects were mainly reflected in an attenuation
of the increase in heart rate (H1a) and an enhanced feeling
of intimacy in the bond with the robot (H1b). No support
for H1c was found, as robot-initiated touches did not lead to
increased pro-social behavior. Moreover, we hypothesized
(H2) that having a bond with the robot prior to the touch
interactions would enhance the effects of touch in H1a and
H1b. However, no interaction effects between having a bond
with the robot and being touched by the robot were found for
any of the measures. This also applied when the individual
impressions of one’s bond with the robot were considered,
rather than the original experimental condition. This leads us
to reject H2. Here we discuss the findings and reflect on our
methodology; firstly with regard to the robot’s touch behav-
ior, followedby the role of bonding.Basedon the discussions,
we provide suggestions for future work.

6.1 Robot-Initiated Touch

In line with the effects reported for human touch (e.g.,
[33,34,46]), robotic touches did have beneficial effects on the
emotional state of the participants. The physiological stress
responses—mainly reflected in the heart rate—during the
interaction moments, as well as during the intervals between
these interactions, decreased due to the touches. Moreover,
robotic touches led to a stronger perceived relation with the
robot (mainly reflected in intimacy) during the movie view-
ing than interactions without physical contact (which also
corresponds with findings for human touch [3,40,51]). Our
findings imply, in line with previous suggestions [130,131],
that robotic touches can have similar outcomes as human
touches, and that social touch thus can be a valuable exten-
sion of the robot’s nonverbal communication repertoire. The
findings also to some extent contradict the suggestion that
affective touches do not lead to positive responses [19] and
earlier research that solely comprised of the scary movie
interaction [135]. The positive effects of touch should how-
ever be interpreted with care. Although MANOVAs have a
greater power to detect effects due to the combination of vari-
ables investigated [38, p. 586], and although the observed
effect sizes (i.e., the partial η2’s) can be considered sub-
stantial, touching did not significantly affect all associated
dependent variables according to the respective individual
ANOVAs. Since people tend to expect less social skills from
a robot than they do from another human [120], it may be the
case that the effects of robot-initiated touch are also less out-
spoken than those of human touches. If this indeed is the case,
a larger sample size would be necessary to detect such poten-
tially small [22] effects. In addition, no effects on pro-social
behavior could be observed, which is not in line with earlier
robotic Midas Touch research [42,95,118]. A possible expla-
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nation for this discrepancy could be that the effectiveness of
the Midas Touch depends on how substantial the request is
[48,136]. Whereas carrying out a monotonous task [95,118]
or accepting or rejecting a fictitious monetary offer [42] may
have been relatively trivial, a request for actual money from
the participant’s own assets may have been a bridge too far.
With regard to our exploratory measures, no effects of robot-
initiated touches were found on the perceived appearance of
the robot and one’s attitude towards the robot either. The fact
that the touches did not elicit all anticipated physiological,
emotional, and behavioral responses can be explained by the
physical composition of the touch. This rather mechanical
appearance and feel of the touch vastly differs from human
touch [43,57,135] and may have felt unpleasant. A robot’s
touch that feels for example softer and warmer may elicit
more outspoken responses.Moreover, the type of touch could
severely influence the responses; stroking touches are for
example known to be closely correlated with pleasantness
perceptions (e.g., [36]).

6.2 Bonding and Robot-Initiated Touch

The fact that the effects of touch have been found regardless
of the bond with the robot is partially in line with [21], who
found that human social touches from both a stranger and a
loved one can have stress-attenuating effects. The responses
as described by Coan et al. were however stronger when
the touches were applied by the partner. The fact that no
such modulating effect of relationship was observed in our
study may be explained by the relatively small differences
between the Bond and the No Bond groups with regard to
the perceived strength of the bond with the robot. Although
a significantly stronger bond was established for people in
the Bond groups, the relatively low scores and substantial
variance on the various relational measures suggest that the
bonding manipulation only led to a rudimentary relation-
ship (for instance a sense of rapport and acquaintance, as
was achieved in earlier research [66,87,96,104]). This sug-
gestion is further supported by the fact that an alternative
distribution—i.e., basedon the participant’s individualBond-
ing Scores—over the experimental groups, did not lead to
different results. A social relationship is a persistent con-
struct that is incrementally built and maintained over a series
of interactions [12]. The relatively short bonding interaction
in our study may simply not have led to a human–robot rela-
tionship that is constructive, intimate [8,30], trustworthy, or
empathetic [12] enough to be able to elicit more comprehen-
sive and compelling responses to touches than the responses
we observed [21,23,59,122].

As mentioned, the observed beneficial effects of robot-
initiated touch contradict the findings from earlier work with
the same movie viewing paradigm and robot [135]. A pos-
sible explanation for the discrepancy between the current

effects and the earlier null-effects could be that all partici-
pants in the current study already became acquainted with
the robot’s appearance and physical capabilities prior to the
movie interaction. This thus also applied for participants in
the No Bond groups, where the robot displayed random idle
behavior. This minimal level of familiarity with the robot’s
capabilities—which is not the sameas having a social bond—
may have been sufficient for the robotic touches to elicit the
anticipated responses. In other words: merely spending time
in close vicinity of the robot, and getting acquainted with
its capabilities to move, could already be sufficient to elicit
responses to robot-initiated social touches that are similar to
responses to human touch.

Unexpectedly, people who bonded with the robot per-
ceived its touches as less appropriate than people who did
not bond. A possible explanation could be that the touches
were unanticipated for people in the Bond groups, as they
familiarized with a robot that spoke and displayed nonverbal
immediacy behaviors such as movements [12,31], but did
not yet touch. Moreover, it could be that the bonding inter-
action in phase 1 increased the bonders’ expectations with
regard to the interaction capabilities of the robot [29,86,89].
A mismatch may have occurred between these expectations
and the rather mechanical appearance and feel of the robot’s
touch, which vastly differs from human touch [43,57,135].
Although other robotic social cues also differ from their
human counterparts in terms of abstraction [14,15], the touch
discrepancy may have been inadmissible, and detrimental
for the social presence illusion [84]. This mismatch may not
have occurred for the non-bonders, as their expectations with
regard to the robot’s interaction capabilities were already
low, or simply non-existing. The suggestion that different
expectation levelsmayhave affected the results is further sub-
stantiated by the exploratory relationalmeasures in themovie
phase,which increased for the non-bonders, but decreased for
the bonders (see also Fig. 5). For the non-bonders, this can be
explained by the fact that the movie interactions were their
first actual social interactions with the robot. For the people
that bonded with the robot, the decrease in bonding could be
explained by the fact that each participant received the same,
supposedly comforting, utterances from the robot, regardless
of how (s)he actually felt during the movie. These scripted
interactions contrast with the robot’s seemingly responsive
behavior during the bonding phase, and may have made
the robot acting less empathetic than expected. The overall
decrease of the robot’s perceived anthropomorphism during
the movie phase also suggests that the scripted interaction
may have been detrimental to the interaction. Personaliza-
tion and adaptation to the user are essential for successful
HRI [14,126], or as Dautenhahn puts it: “rather than rely-
ing on an inbuilt fixed repertoire of social behaviors, a robot
should be able to learn and adapt to the social manners,
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routines, and personal preferences of the people it is living
with” [28, p. 17].

6.3 FutureWork

In the work as presented here, the bonding manipulation did
not amplify the responses to robot-initiated touches. How-
ever, as discussed, a more constructive and persistent bond
with the robot may elicit more pronounced responses to
touch. This could be achievedwith an experimental approach
in which a dyadic relationship between human and robot is
built incrementally over multiple sessions [8,12,30], prior
to a touch interaction. Moreover, a longitudinal experimen-
tal approach, perhaps in a specific context of use, in which
the robot—or its operator—applies touches throughout the
course of the interaction can be valuable as well. In this
approach, the robot can observe the user’s response to the
touches, learn from it, and adjust its touching behavior
accordingly. Contrary to the former suggestion for future
work, in which a strong relationship is established prior to
a touch interaction, the latter approach adheres more closely
to human touching behavior, which also develops over the
course of a relationship [23,122,125]. Both approaches can
provide substantial additional insights in the possible inter-
play between bonding and responses to touch.

The social relationship with a robot is—likely—not the
only dimension that may affect the effectiveness of robot-
initiated touches. Physical HRI comprises a multidimen-
sional challenge [25,135], in which, as discussed, the robot’s
appearance and social capabilities, as well as the associated
expectations, play a role [29,86,89]. The interplay between
these aspects, and for example also the physical properties
of a touch [98], the perceived intentions of a touching robot
[19], and other social cues [14,37,128], is hardly under-
stood yet. In addition, the setting in which a robot-initiated
touch takes place, as well as personality traits of the human
recipient may substantially modulate the perceptions of a
touch. To advance this understanding, controlled compara-
tive lab-studies, like the study as presented here, in which a
specific ‘social touch building block’ [131] is investigated,
can be valuable. We do however not intend to imply that
our methodology is the only way to go; on the contrary.
Responses to robot-initiated touches could (and should) be
investigated with different paradigms, methodologies, and
measures. For example, although challenging, field-studies
with video observations could provide more ecologically
valid insights. Recent endeavors also suggest that online
crowdsourcing studies with pictures or videos could be
a viable and convenient addition to the methodologies as
well (e.g., [111,134]). Only with many different studies—
and replications thereof, for that matter—we can develop
a coherent body of knowledge regarding the responses to
robot-initiated touch and the boundary conditions within

which such touch can elicit effects. This is because, as
Hertenstein describes: “Tactile communication occurs when
the various qualities and parameters of contact are orches-
trated together, thereby resulting in a ‘tactile gestalt’ ” [57,
p. 82].

7 Conclusions

A social touch that is provided by a robot can attenuate
physiological stress responses (in particular the heart rate)
and increase the sense of intimacy between the human and
robot, regardless of whether a social bond is established or
not. That is to say, a (rudimentary) sense of rapport and
acquaintance with the robot, as was established in our study,
does not amplify physiological, emotional, and behavioral
responses to touches from a robot as compared to simply
spending time in the robot’s vicinity without interacting with
it. No support was found for the hypothesis that a social
bond modulates responses to touches provided by a robot in
a similar way as in human–human interaction. The results
imply that mere familiarity with the robot’s appearance and
movements already suffices in eliciting beneficial responses
to robot-initiated touches, although this does not apply for all
anticipated responses. Future research should investigate the
possible influence of more advanced human–robot bonding,
as well as the influence of additional ‘social touch build-
ing blocks’, the setting, and the recipient’s personality on
the various responses to robot-initiated touch. A thorough
understanding of the boundary conditions for effective robot-
initiated touch is necessary to apply this communication
modality successfully; in particular with regard to robots’
envisioned role as supportive companions. In this regard, our
results are promising as they indeed suggest that touch may
become a valuable extension of a social robot’s nonverbal
communication repertoire.
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