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Although robots are starting to enter into our professional and private lives, little is known about the
emotional effects they elicit. In line with the Media Equation, humans may react towards robots as they
do towards humans, making it all the more important to carefully investigate the preconditions and con-
sequences of contact with robots. Based on assumptions on the socialness of reactions towards robots, we
conducted a study that provides further insights into the question of whether humans show emotional
reactions towards a robot and whether these reactions differ from those towards a human. To explore
emotionality in human–robot interaction we conducted an fMRI study (n = 14). Participants were pre-
sented videos showing a human, a robot and an inanimate object, being treated in either an affectionate
or in a violent way. Self-reported emotional states and functional imaging data revealed that participants
indeed reacted emotionally when seeing the affectionate and violent videos. While no different neural
activation patterns emerged for the affectionate interaction towards both, the robot and the human,
we found differences in neural activity when comparing only the videos showing abusive behavior indi-
cating that participants experience more emotional distress and show negative empathetic concern for
the human in the abuse condition. This was supported by similar findings with regard to participant’s
self-reported emotional states.

� 2014 Elsevier Ltd. All rights reserved.
1. Introduction

One goal of current robotics research is to develop robots as
companions for humans in diverse fields (e.g. elderly assistance,
learning, etc.) that establish a long-term relationship with a human
user. In most cases they fulfill task-related purposes for example
they are predominantly considered to be useful in the health care
sector e.g. to assist elderly people in daily tasks and enable them to
live longer autonomously in their homes (Renteria, Pastor, & Gam-
inde, 2010), to help disabled people in their (office) environments
(Hüttenrauch & Severinson-Eklundh, 2002), or to serve as fitness
trainers or health advisors (von der Pütten, Eimler, & Krämer,
2011). A widely observed effect is that users engage easily in inter-
actions with new technologies, but their interest in continuous
usage decreases rapidly after a novelty effect vanishes (Gockley,
Bruce, Forlizzi, Michalowski, & Mundell, 2005; Koay & Dautenhahn,
2007; Leite, Martinho, Paiva, & Pereira, 2008). Thus, a great body of
research in robotics concentrates on the question of how to design
a robot that engages people beyond the initial phase of novel
human–robot interaction (HRI) experiences. In this context, the re-
search focus lies not only on features and abilities of the robot, like
appearance, verbal and nonverbal behavior (Bethel & Murphy,
2006; Goetz, Kiesler, & Powers, 2003; Kanda, Miyashita, Osada,
Haikawa, & Ishiguro, 2008; Komatsu & Yamada, 2007; Robins, Dau-
tenhahn, te Boekhorst, & Billard, 2004; von der Pütten & Krämer,
2012) and expressiveness (Blow, Dautenhahn, Appleby, Nehaniv,
& Lee, 2006a,b), but also on the development and implementation
of uniquely humanlike abilities in robots like theory of mind (Krach
et al., 2008; Krämer, Eimler, von der Pütten, & Payr, 2011), emotion
and empathy (Cramer, Goddijn, Wielinga, & Evers, 2010; Leite,
Martinho, Pereira, & Paiva, 2008).

Although it is interesting to know how the implementation of
different abilities influence the perception and evaluation of robots,
it is also of great importance, albeit largely neglected, whether and
how people emotionally bond with artificial entities. From a variety
of HRI long-term studies we know that some people show a ten-
dency to form bonds with systems, while others do not (Althaus,
Ishiguro, Kanda, Miyashita, & Christensen, 2004; Gockley et al.,
2005; Kanda, Hirano, Eaton, & Ishiguro, 2004; von der Pütten
et al., 2011). However, these results are predominantly anecdotal.
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Only few studies investigated the participants’ emotional reactions
towards robots systematically (Rosenthal-von der Pütten, Krämer,
Hoffmann, Sobieraj & Eimler, 2013). In this work we will therefore
address emotional reactions towards robots and especially focus on
empathy with robots. Our goal is to explore whether or not there is
a common basis for emotional reactions towards humans and ro-
bots. Following a multi-method approach we investigate on the
one hand whether participants report about emotional reactions
and empathy with the robot. Research on emotions is in general
not easy from a methodological point of view. For instance, people
often have problems to verbalize subtle social aspects of interac-
tions or their concrete emotional state and thus objective measures
are widely used to investigate emotion (Larsen & Fredrickson,
2003). Moreover, in the field of robotics people might find it strange
to report on their emotions in HRI, because it seems unintuitive that
one experiences emotions towards an object. We thus utilized on
the other hand more objective measures linked to emotion like
brain activity associated with emotional processing. To test the
emotional reactions not only on a subjective-behavioral level but
also on brain level, we conducted a functional magnetic resonance
imaging (fMRI) study by which we will be able to identify brain re-
gions involved in emotional processing and empathy and directly
compare neural activation elicited by human and robot stimuli.
By this we aim at investigating the question of whether emotional
reactions towards humans and robot recruit the same or different
brain areas. Since the concept of empathy is well investigated in hu-
man–human interaction (HHI) and pain empathy in particular has
been investigated in numerous fMRI studies, there is ample evi-
dence to build upon. However, we also want to look into positive
emotional reactions and empathy with an (artificial) other in a po-
sitive situation in order to draw conclusion on the question
whether emotional bonding with robots can be observed.

In the following, we will give an overview about previous work
on emotional reactions towards artificial entities and conclude that
the topic of emotionality in HRI from the human point of view has
been largely neglected. Then the concept of empathy is introduced
accompanied by empirical evidence for neural correlates of (pain)
empathy.

1.1. Emotional reactions towards artificial entities

While the implementation of emotion models in robotic sys-
tems (e.g. Becker-Asano & Wachsmuth, 2008; Breazeal, 2002;
Cañamero, 2002; Gadanho & Hallam, 2001;Gratch & Marsella,
2001) and emotional expression for robots (Bartneck, 2002; Beck-
er-Asano & Ishiguro, 2009; Breazeal, 2002, 2003) is receiving a
great deal of attention on the one hand, the investigation of peo-
ple’s emotional reactions, on the other hand, is largely neglected
(Krämer, Klatt, Hoffmann, & Rosenthal-von der Pütten, 2013). Cor-
responding studies test these implementations with regard to their
believability and naturalness, their influence on participants’ task
performance, or participants’ perception and enjoyment of the
interaction. None of the studies has explicitly measured emotional
reactions. There is, however, evidence of emotional reactions
towards artificial entities. A longitudinal field study involving six
elderly participants showed that two of the participants integrated
a robot (Violet’s Nabaztag, a small rabbit-shaped robot) into their
daily life and treated it like a companion. They gave the robot a
name, made an effort to speak to the robot and showed positive
nonverbal behavior (e.g. smiling). In an interview they reported
to have formed a relationship with the Nabaztag and that they
missed the robot after it was taken away by the experimenters.
The other four participants treated the robot more like a tool or
had mixed feelings, stating that they were attached to the robot
(Klamer & Ben Allouch, 2010; von der Pütten et al., 2011). In a
study by Kahn et al. (2012a) participants were found arguing with
the robot Robovie which was acting as the observer of their perfor-
mance in a game. After the game is completed Robovie announced
that the participant did not show sufficient performance and thus
would not win a $20 prize. However, the study did not analyze the
participants’ emotional reactions systematically, and their self-re-
ported feelings after the interaction were not assessed.

Moreover, there are reports of negative emotional reactions on
the part of the participants when artificial entities are mistreated.
Bartneck and colleagues (Bartneck & Hue, 2008; Bartneck, Rosalia,
Menges, & Deckers, 2006) replicated Milgram’s obedience experi-
ment using a Lego robot that was able to display facial expressions,
move its arms and speak to the participants. While in the original
experiment about 40% of the participants stopped the experiment
before the maximum voltage was reached, in the adapted HRI set-
ting conducted by Bartneck and colleagues, all of the 20 partici-
pants were willing to apply the highest possible shock to the
Lego robot. In a follow-up study, participants interacted with
Crawling Microbug robots and were subsequently asked to destroy
the robot with a hammer. Results show that although all 25 partic-
ipants hit the robot with the hammer until it was no longer moving
and the lights were off, some participants stated in the debriefing
that they did not like killing the ‘‘poor’’ robot because it was ‘‘inno-
cent’’ and that the experiment was ‘‘inhumane’’. Unfortunately, the
authors also did not include measurements for the participants’
emotional responses. Similarly, children conceptualized a robot
being different from a human (Kahn et al., 2012b). While 98% of
the participants were against putting a human into a closet and
100% stated it would be totally okay to put a broom into a closet,
the question of whether it is okay to treat a robot like this was af-
firmed by only 54%. Kahn et al. report that the children ‘‘did not be-
lieve that Robovie was entitled to its own liberty (Robovie could be
bought and sold) or civil rights (in terms of voting rights and
deserving compensation for work performed)’’. However, they still
seemed to feel uncomfortable with the situation and showed signs
of empathy with the robot.

Rosenthal-von der Pütten and colleagues (Rosenthal-von der
Pütten et al., 2013) conducted an experimental study explicitly
addressing emotional reactions towards a robot in a negative and
in a positive reaction. Similar to the experimental set-up reported
in the present paper, participants were confronted with videos
showing a robot being treated in a violent or affectionate manner.
Participants reported about their emotional state after the videos,
the empathy they experienced and their physiological arousal
was measured (skin conductance and heart rate). In addition, the
authors explored whether a prior interaction with the robot had
an effect on the occurrence or amount of emotional reactions. Par-
ticipants showed increased physiological arousal during the recep-
tion of the violent video as compared to the affectionate video.
They also reported fewer positive and more negative feelings after
the torture video and expressed empathic concern for the robot.
However, the acquaintance with the robot did not alter the emo-
tion with regard to quality or intensity.

In summary, there is empirical evidence for emotional reactions
towards robots, and at least anecdotal evidence for bonding and
empathy. However, a problem of the studies which solely use
self-report is that participants’ statements can be affected by their
uncertainty about their emotional states or their reluctance to admit
emotional reactions, because they might be regarded as inappropri-
ate in HRI. Thus, objective measures are preferable to systematically
investigate the phenomena of emotional reactions in HRI.

1.2. Empathy and empirical results on (pain) empathy using fMRI

Davis (1983) identified two views on empathy which were con-
sidered to be mutually exclusive for a long time. Empathy was
either understood by some scholars as an instinctive emotional
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reaction to the experiences of others (Lipps, 1926; McDougall,
1908) whereas others saw empathy as an intellectualized sympa-
thy in which people recognize the emotional experiences of others
without experiencing that state (Mead, 1934; Piaget, 1932). Later
opinions on empathy assume that ‘‘(. . .) the cognitive and affective
components of empathy comprise an interdependent system in
which each influences the other, and which never can be fully
understood as long as research efforts concentrate on one aspect
to the relative exclusion of the other (Deutsch & Madle, 1975;
Feshbach, 1976; Hoffman, 1977)’’ (Davis, 1980, p. 3). Various defi-
nitions of empathy more or less share three assumptions which
can be summarized as follows: empathy is an other-oriented emo-
tion, it requires the cognitive capacity to take the other’s perspec-
tive and there exist regulatory mechanisms that keep track of the
origins of self- and other feelings (cf. Decety, 2004). Definitions
stressing the aspect of empathy as other-oriented emotional reaction
refer to empathy as ‘‘an affective response that stems from the
apprehension or comprehension of another’s emotional state or
condition, and which is similar to what the other person is feeling
or would be expected to’’ (Eisenberg, 2000, p. 671). Other defini-
tions also stress the cognitive aspects of empathy: ‘‘A complex form
of psychological inference in which observation, memory, knowl-
edge, and reasoning are combined to yield insights into the
thoughts and feelings of others’’ (Ickes, 1997). Crucial is also the
above mentioned assumption of the existence of regulatory mech-
anisms that help to distinguish between emotions originated by an
own experience or by considering an experience of another person.
There is a debate (Batson, 2009) whether empathy has to be distin-
guished from concepts like ‘‘theory of mind’’ (Premack & Woodruff,
1978; Whiten, 1991), ‘‘mentalizing’’ (Frith & Frith, 2003), ‘‘mind-
reading’’ (Baron-Cohen, 1995) or ‘‘cognitive perspective taking’’
(Krauss & Fussell, 1991; Saxe, 2006). Findings from fMRI suggest
that understanding others on the basis of cognitive perspective
taking recruits different neural networks compared to empathy
(Hein & Singer, 2008), although the two often occur in concert.

Studies on empathy utilizing functional imaging concentrate
predominantly on pain empathy. With regard to the experience
of pain ‘‘in vivo’’, Singer and colleagues conducted two studies
(Singer et al., 2004, 2006) in which volunteers in the scanner either
experienced painful stimuli themselves or were shown that an-
other person outside of the scanner received painful stimuli (pain
electrodes on the hand). Singer and colleagues found that parts
of the so called pain patters (bilateral anterior insula, the rostral
anterior cingulate gyrus, brainstem, cerebellum) were activated
in both situations. This effect was shown for pain empathy with
beloved persons (husband & wife; Singer et al., 2004) and un-
known, but likable persons (Singer et al., 2006). Hein and Singer
(2008) summarize that the very similar activation patterns of other
studies using pictures or videos showing (unknown) painful faces
or body parts in painful situations (e.g. arm jammed in door)
suggest that the ‘‘neural simulation of the pain of another person
occurs independently of the affective link between the empathizer
and the person in pain.’’ (p. 154). Despite the large body of empir-
ical studies on empathy for the pain of others, unpleasant situa-
tions or disgusting olfactory experiences, there is only little
research investigating positive empathetic concerns. The first fMRI
study looking into not only negative but also positive empathetic
concern used pleasant and disgusting tastes which were either
experienced directly by the volunteers or perceived in other people
(pictures of facial expressions; Jabbi, Swart, & Keysers, 2007). The
study showed activation patterns in the so called IFO (anterior in-
sula and adjacent frontal operculum) for both, positive, and nega-
tive, empathetic concerns. Since in the realm of robotics,
interactions are designed to be positive we want to investigate
not only empathy in terms feeling pity for another, but also in
terms of positive empathic concern, especially, because there is
at least anecdotal evidence for (positive) emotional reactions to-
wards robots.

1.3. Differences in the perception of humans and robots – empirical
evidence

Although we assume that there might be a common basis for
emotional responses and empathy towards humans and robots,
there is also evidence that the perception of robots and humans
lead to different activation patterns in fMRI studies. Most of the
few available studies focus on differences in motor resonance dur-
ing the observation of human (biological) and robotic (not biolog-
ical) movement or the movement of conspecifics (other humans)
and nonconspecifics (animals). With regard to robots, Tai, Scher-
fler, Brooks, Sawamoto, and Castiello (2004) showed in a positron
emission tomography study (PET) activation in the left ventral pre-
motor area during action observation of a human, but not during
action observation of a robot. An fMRI study by Gazzola, Rizzolatti,
Wicker, and Keysers (2007) indicated that motor resonance is elic-
ited by both human and robotic movement. However, Gazzola also
found that in contrast to repetitive human movement repetitive
robotic movement is obviously perceived as not driven by an
intention or goal and subsequently elicits less activation in the
mirror system. Other studies on handicapped persons can be con-
sulted to draw conclusions on the interplay of capability for move-
ment and intentional movement. Aziz-Zadeh, Sheng, Liew, and
Damasio (2012) summarize after experiments with a congenital
amputee that ‘‘the action goal (e.g., reach-to-grasp, bite) must fall
within the repertoire of the observer, regardless of how the goal is
accomplished’’ to elicit motor resonance. Thus, motor resonance
will not be elicited when persons observe movements they them-
selves cannot perform. They also conclude that, considering the
studies of Gazzola et al. and Tai et al., the observation of human ac-
tions activated motor-related areas bilaterally, whereas observa-
tion of actions made by robots or non-conspecifics activated only
the left motor-related areas. While these studies focused on motor
resonance, Chaminade et al. (2010) report brain responses in the
ventral premotor and inferior frontal gyrus, amygdala and insula
to emotional expressions by a human and a robot. Results indicate
additional visual processing during the perception of the robot in
occipital and posterior temporal cortices. Regions involved in
processing of emotions (left anterior insula for the perception of
disgust, orbitofrontal cortex for the perception of anger), however,
showed reduced neural activity when observing the robot com-
pared to observing a human.

Finally, also different types of robots can lead to different brain
activation patterns. Miura et al. (2008) investigated neural activa-
tion in the mirror neuron system during the perception of a bi-ped-
al robot, a robot moving on wheels and a human while performing
neutral movements or movements assumed to be emotionally po-
sitive (walking happily). Results show that in all conditions there
was a general activation in the bilateral occipito-temporal junction,
right ventral premotor area, and inferior frontal gyrus, as well as in
the region within the superior temporal sulcus which is associated
with social perception (Lieberman, 2007; Lotze et al., 2006). How-
ever, there were differences when comparing the neutral or emo-
tional walking for the bi-pedal or wheel robot. When contrasting
the bi-pedal robot’s neutral and positive emotionally walking this
results in higher activation for the emotional walking in the left
orbitofrontal cortex (which is involved in, for example, emotion
processing, empathetic processing of emotional facial expression,
painful stimuli for others, interpretation of expressive gestures)
than the contrast of the wheel robot in both conditions. The latter
contrast showed higher activation in the occipito-temporal junc-
tion which was interpreted as additional processing in the inter-
pretation of body (emotional) movements. However, the authors



204 A.M. Rosenthal-von der Pütten et al. / Computers in Human Behavior 33 (2014) 201–212
do not report contrasts between the human conditions and the
robot conditions.

In sum, results are inconsistent. Motor resonance is elicited by
both humans and robots, but differences in neural activation occur
when the behavior is or is not perceived as intentional (Gazzola
et al., 2007). Moreover, different studies showed that humans, as
well as different types of robots (robot face, bi-pedal robot, wheel
robot) performing emotional behavior (facial expression or ‘‘walk-
ing happily’’), in general activate brain areas involved in emotional
processing, but there are indicators that the amount of activation
might vary when comparing different types of robots or robots
and humans. These results suggest that limbic structures relevant
for emotionality and empathy in HHI are potentially also involved
during HRI. Thus, we address the question whether similar activa-
tion patters can be found for a nicely treated or abused robot.

1.4. Research objectives

Anecdotal and empirical evidence suggests that people respond
emotionally towards robots. However, research systematically
investigating how, when, under what circumstances and to what
extent people react emotionally is scarce. An extensive body of re-
search regarding the sociality of reactions towards artificial entities
such as computers, virtual agents and robots coherently showed
that people treat these artificial entities like real people and apply
the same social norms and rules they use in HHI (Hoffmann, Krä-
mer, Lam-Chi, & Kopp, 2009; Nass, Fogg, & Moon, 1996; Nass,
Moon, & Carney, 1999; Nass, Steuer, & Tauber, 1994; von der Püt-
ten, Krämer, Gratch, & Kang, 2010) – a phenomenon known as
Media Equation (Reeves & Nass, 1996) or ethopoeia (Nass & Moon,
2000). Thus, also for the domain of emotional reactions similarities
between HRI and HHI can be expected. Based on functional imag-
ing studies, comparing brain responses during the perception of
humans and robots, we summarize that at least in some studies ro-
bot stimuli elicit comparable activation patterns like human stim-
uli. However, these studies (Gazzola et al., 2007; Miura et al., 2008;
Tai et al., 2004) did mainly focus on motor resonance and less on
emotional responses, although some findings involved areas asso-
ciated with emotion processing (Chaminade et al., 2010). So far,
only one study involved both negative and positive affective stim-
uli to investigate empathetic responses for another human (Jabbi
et al., 2007) and none of the studies applied this question to robots.
Since human–robot interactions are designed to be positive, it is
crucial to investigate not only empathy in terms of feeling pity
for the robot, but also positive empathic concern. Since partici-
pants’ might be troubled to express their emotional state or inhib-
ited to do so because of societal norms, we combine self-report
with objective measures like fMRI to systematically investigate
the phenomena of emotional reactions in HRI.

The results of a preceding study by Rosenthal-von der Pütten
et al. (2013) indicated that people react emotionally towards a ro-
bot which was treated in an affectionate and violent manner. In the
study presented in this paper, we investigated potential brain cor-
relates of HRI in contrast to HHI. We were particularly interested in
revealing potential commonalities and differences in activation
patterns with a focus on emotion-associated brain structures.
Hence, we used not only videos of a robot, but also videos of a hu-
man (and as control condition also videos of an inanimate object,
in this case a box) being treated in a violent and affectionate
manner.

Based on previous research we hypothesize that, in both condi-
tions – watching humans and watching robots – compared to the
control condition as well as compared to a low-level control task
(a visual search task), neural activations should be stronger in
brain regions involved in emotion processing (e.g. midbrain, limbic
lobe; Hein & Singer, 2008).
Furthermore, we explored whether the reception of the videos
involving a human lead to different activation patterns than the
perception of the videos involving a robot. Against the background
of findings showing that robot stimuli on the one hand elicit com-
parable activation patterns like human stimuli, but on the other
hand also elicit different activation patterns indicating additional
processing for encoding robotic (emotional) movement and facial
expressions, we hypothesized convergent and divergent activation
patterns in limbic and paralimbic structures as well as in prefrontal
areas: amygdala, insula (Chaminade et al., 2010), putamen (Cham-
inade et al., 2010; Sinha, Lacadie, Skudlarski, & Wexler, 2004), nu-
cleus accumbens, hippocampus, ventromedial prefrontal cortex
(Gusnard, Akbudak, Shulman, & Raichle, 2001), dorsomedial pre-
frontal cortex (Fossati, 2003; Gusnard et al., 2001), further regions
associated with empathetic reactions (secondary somatosensory
cortex, anterior cingulate cortex, Hein & Singer, 2008), and regions
activated by cognitive perspective taking such as the inferior
frontal gyrus (Akitsuki & Decety, 2009; Perry, Hendler, & Sha-
may-Tsoory, 2012), the posterior dorsomedial prefrontal cortex
(D’Argembeau et al., 2007) and the temporo-parietal junction
(superior temporal sulcus and parietal lobe, Hein & Singer, 2008).

In addition, participants were asked to complete a question-
naire examining how humans evaluate and experience positive
and negative HHI and HRI. Against the background of previous
results (Rosenthal-von der Pütten et al., 2013) we hypothesized
that participants report about a (H1a) more negative and (H1b) less
positive emotional state after the reception showing violent HHI
and HRI, and (H1c) about less negative and (H1d) more positive
emotional state after the reception showing affectionate HHI and
HRI. Moreover, we assume that participants will experience
stronger emotions, attribute more feelings to and empathize more
with conspecifics and thus will (H2a) report about stronger
emotional responses after the HHI videos, (H2b) attribute
more feelings to the fellow human than to the robot in the videos
and (H2c) empathize more with the fellow human than with the
robot.
2. Method

2.1. Experimental design and stimulus material

As stimulus material we used videos showing a variety of inter-
actions which were presented to participants during fMRI. To test
our hypotheses, we used a 3 � 2 experimental design with the
within-subject factors ‘‘type of dyad in video’’ (human–robot
interaction (HRI), human–human interaction (HHI) and the control
condition human–box interaction (HBI)) and ‘‘type of interaction in
video’’ (positive vs. negative) resulting in six blocks of video clips
(HRI-pos, HRI-neg, HHI-pos, HHI-neg, HBI-pos, HBI-neg). Each
video block contained five clips of exactly 10 s length which were
divided by two-second pauses (during which a black screen was
shown). Between the video blocks participants completed as a
low-level control task a visual search task. The stimulus videos
showed either the green Pleo robot, a woman wearing a green t-
shirt or a green colored box as well as a person wearing a black
sweater which treated the robot, the person or the box in a certain
manner. In order to keep differences in brain activation resulting
from different visual input as small as possible, all scenes were re-
corded using the same background, light conditions and colors (e.g.
all three interactants are somewhat green or dressed in green).
Wherever possible, the scenes had the same content and featured
the same objects over all three conditions (e.g. the robot, the hu-
man and the box were all strangled using the same yellow rope
or the same plastic bag). We avoided showing the face of the per-
son in the black sweater as well as the face of the woman. Because
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the robot is only able to make sounds, the woman in the HHI con-
ditions also only makes sounds (groans, sighs, cries, etc.). The clips
in the negative interaction conditions include scenes where the ob-
ject or interactant is strangled with a yellow rope, (its/her head) is
put into a plastic bag and strangled, hit on a table, hit in the side/
stomach and where the object or interactant is alone captivated
with a rope (cf. Figs. 2, 4 and 6). The clips in the positive interaction
conditions include scenes where the object or interactant is tickled,
stroked and caressed, hugged, fed (robot) or gets a massage
(human; cf. Figs. 1, 3 and 5). In the scanner participants were
shown the video clips and the low-level-control task (LLCT) twice
in one of the following orders: HRI-pos, HRI-neg, LLCT, HHI-pos,
HHI-neg, LLCT, HBI-pos, HBI-neg, LLCT or HHI-pos, HHI-neg, LLCT,
HRI-pos, HRI-neg, LLCT, HBI-pos, HBI-neg, LLCT. Each video
block is about one minute long, resulting in six minutes of video
stimuli. After each of the three conditions (HRI, HHI, HBI),
participants completed the low-level control task which takes
about 20 s to complete which sums up to approximately seven
minutes for one experimental run. As mentioned before, partici-
pants were shown the videos twice, thus the whole experiment
took about 14 min. Visual stimulus presentation was controlled
using the software PRESENTATION (Neurobehavioral Systems
Inc., Albany, CA).

2.2. Stimulus material – the robot

As a robot we used Ugobe’s Pleo robot which is a 20-cm high,
50-cm long entertainment robot in the shape of a baby camarasau-
rus. It features four speakers, stereophonic hearing, a camera with
a sensor which allows the detection of bright light, darkness and
color, as well as motion, and the registration of objects located
directly in front of it. Furthermore, Pleo has eight touch sensors un-
der its rubber skin and four sensors in its feet to detect whether it
has contact with solid ground. Pleo is driven by fourteen motors
equipped with force feedback sensors, which give sensitivity to
forceful grasps. All of this technology was added to create believ-
able creature-like behavior. If a user strokes Pleo, the robot will re-
act with behavior indicating that this treatment is perceived as
pleasant (e.g. purring noises, craning the neck towards the user).
If Pleo is put into a dark box, it will make noises which sound like
crying. If it is hit, the force feedback sensors will initiate a shut-
down and Pleo will move less, as if the robot needs time to recover
from the abuse. It has an infrared interrupter in its mouth, which
detects whether something has been placed in its mouth which
is meant to simulate forage.

2.3. Participants and procedure

Fourteen healthy volunteers (nine female, five male) partici-
pated in this study. All participants were right-handed and did
not suffer from neurological or psychiatric diseases as determined
by a telephone screening. The participants’ age was between 20
and 30 years (M = 23.50, SD = 2.93). Upon arrival participants were
instructed and signed informed consent. Before starting the
Fig. 1. Example scenes HRI friendly inte
scanning procedure, participants watched a set of video clips
to get an impression of the sounds to be expected in the videos.
These video clips showed interactions similar to those shown in
the fMRI scanner. In the following, participants were prepared for
the scanner and then completed the two experimental runs in
the scanner. After the fMRI session, participants saw the videos
with the HHI and the HRI again on a computer screen and
completed a questionnaire which will be described in more detail
in the following. The study was approved by the local ethical
committee.

2.4. Questionnaire

Participants evaluated the videos featuring the robot and those
featuring the woman. After the reception of each video set (HHI-
pos, HHI-neg, HRI-pos, HRI-neg) participants completed the PANAS
scale measuring their emotional state, a scale asking for their
empathy with the robot/woman, and a scale asking whether they
attribute feelings to the woman/robot. Moreover, after the negative
videos they completed a scale that evaluates the video itself.

2.4.1. Self-reported emotional state
To measure participants’ emotional state after the reception of

the videos we used the Positive and Negative Affect Schedule
(Watson, Tellegen, & Clark, 1988) consisting of 20 items divided
into two subscales, one for positive affect (e.g. enthusiastic, active,
inspired, proud, interested, etc.) and one for negative affect (e.g.
guilty, ashamed, distressed, hostile, etc.). Items were rated on a
5-point Likert scale from ‘‘very slightly or not at all’’ to ‘‘extre-
mely’’. Sum scores were calculated for the positive affect subscale
and the negative affect subscale for each video. We performed reli-
ability analyses on the obtained data and Cronbach’s alphas
showed to be satisfying with values between .659 and .911. Except
the two subscales measuring negative affect after the affectionate
video (human subscale K–S test p = .019; robot subscale K–S test
p = .001) all other six subscales were normally distributed.

2.4.2. Attribution of feelings to the robot and the woman
We also assessed whether the participants assumed that the ro-

bot or the woman experiences feelings. The scale consisted of five
self-constructed items (The person/The robot was in pain, The per-
son/The robot had fun (reverse-coded), The person/The robot was
very relaxed (reverse-coded), The person/The robot was frightened,
The person/The robot suffered) which were rated on a 5-point
Likert scale from ‘‘strongly agree’’ to ‘‘strongly disagree’’. We
performed reliability analyses on the obtained data and Cronbach’s
alphas showed to be satisfying with .928 for the human scale and
.823 for the robot scale. Data for the human scale was not normally
distributed (K–S test p = .001).

2.4.3. Empathy with the robot and the woman
This scale consisted of nine self-constructed items (e.g. I sympa-

thized with the person/the robot; I felt pity for the person /the ro-
bot; I do not understand how one can treat the person/the robot so
raction: feeding, caressing, stroking.



Fig. 2. Example scenes HRI torturing interaction: punching, choking, hitting head on table, robot crouching down.

Fig. 3. Example scenes HHI friendly interaction: massage, lean on, hugging, caressing.

Fig. 4. Example scenes HHI torturing interaction: hitting head on table, choking with plastic bag and rope, punching.

Fig. 5. Example scenes HBI friendly interaction: placing the box carefully on table, hugging, stroking, tickling.

Fig. 6. Example scenes HBI torturing interaction: punching from different directions, dashing.
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badly; I thought it was funny how the person/the robot dithered
(reverse-coded); The person/The robot did not feel anything (re-
verse-coded); Seeing the person/the robot in this situation did
not affect me (reverse-coded); I hoped that they would not hurt/
destroy the person/the robot; I felt for the person/the robot; I
hoped that they would stop torturing the person/the robot; I did
not mind what happened to the person/the robot at all (reverse-
coded)), which were rated on a 5-point Likert scale from ‘‘strongly
agree’’ to ‘‘strongly disagree’’. We performed reliability analyses on
the obtained data and Cronbach’s alphas showed to be satisfying
with .923 for the human scale and .937 for the robot scale. Data
was normally distributed.
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2.4.4. Negative evaluation of the torture video
This scale consisted of six self-constructed items (e.g. the video

was shocking, thrilling, repugnant, nerve-racking, affected me (in
an unpleasant way), exciting) which were rated on a 5-point Likert
scale from ‘‘strongly agree’’ to ‘‘strongly disagree’’. We performed
reliability analyses on the obtained data and Cronbach’s alphas
showed to be satisfying with .765 for the human and .851 for the
robot scale. Data was normally distributed.
2.3. Functional MRI data acquisition and analysis

Functional MRI scanning was performed with a 7-T whole-body
MRI system (Magnetom 7 T, Siemens Healthcare, Erlangen, Ger-
many) at the Erwin L. Hahn Institute for MRI, Essen, Germany.
For this experiment, the scanner was equipped with a 8-channel
transmit/receive head coil (Orzada et al., 2009). Functional MRI
images were acquired with an optimized bold contrast-sensitive
EPI sequence (c.f. Poser & Norris, 2009a). Anatomical frequencies
were drawn. For fMRI, two sessions were conducted, which led
to 688 images in total (total scan time: 22:33 min). The following
scan parameters were used: TR = 2000 ms, TE = 22 ms,
FOV = 256 � 253 mm, flip angle = 76�, 52� slices with a voxel size
of 1.5 � 1.5 � 1.5 mm3, Grappa R = 2 (Poser & Norris, 2009b). GLMs
were applied to the time course of activation where stimulus
onsets were modeled as single impulse response functions and
convolved with the hemodynamic response function; linear con-
trasts of parameter estimates were defined to test specific effects.
Resulting statistical maps were entered into second-level, random-
effects group analyses; only statistically sig. results p < 0.001
(uncorrected) are reported. Functional images were analyzed using
MATLAB (The MathWorks, Inc.) and Statistical Parametric Mapping
(SPM8, Wellcome Department of Imaging Neuroscience, London,
UK; http://www.fil.ion.ucl.ac.uk/spm). For all imaging data, pre-
processing was performed as follows. For movement correction,
EPI volumes were realigned to the middle volume for each subject
to correct for interscan movement, and unwarped for movement
induced inhomogeneities using the default SPM8 algorithms, fol-
lowed by spatial normalization to reduce anatomical differences.
Therefore, a standard stereotactic space of SPM8, i.e. the Montreal
Neurological Institute (MNI) brain and the default SPM8 settings
for normalization, were used. To improve the signal and anatomi-
cal conformity, spatial smoothing was performed using an isomet-
ric Gaussian kernel of 5 mm (full width at half maximum).

Based on prior hypotheses about key brain areas involved in
(pain) empathy, emotional processing, and perspective taking
(see references mentioned in the hypotheses paragraph), we con-
ducted region of interest (ROI) analyses in the midbrain and limbic
and paralimbic structures as well as in prefrontal areas, in particu-
lar in the amygdala, insula, putamen, nucleus accumbens, hippo-
campus, inferior frontal gyrus, ventromedial and dorsomedial
prefrontal cortex, secondary somatosensory cortex (Brodmann
area 40 and 43), anterior cingulate cortex (Brodmann areas 9, 10,
11, 25, 32, 33, and 46), superior temporal sulcus and parietal lobe
(temporo-parietal junction). ROIs were defined using the WFUPick-
atlas Version 3.0.3 (Maldjian, Laurienti, & Burdette, 2004; Maldjian,
Laurienti, Kraft, & Burdette, 2003). Region-of-interest analyses
were performed using the MarsBar toolbox for SPM8 (Brett, Anton,
Valabregue, & Poline).

General linear models (GLMs) were applied to the time course
of activation, where stimulus onsets were modeled as single-im-
pulse response functions. Linear contrasts of parameter estimates
were defined to test specific effects. The resulting statistical maps
were entered into second-level, t-test random-effects group analy-
sis. This analysis was conducted to identify significant differences
between BOLD (Ogawa, Lee, Kay, & Tank, 1990) responses for the
planned linear contrast between the conditions. All reported
effects are p < .001, uncorrected.

To obtain the associated anatomical structures of the maximum
activation, the MNI coordinates of this activity were transformed
into Talairach and Tournoux space (Talairach & Tournoux, 1988)
using the correction procedure of Brett (1999). Subsequently, the
transformed coordinates were put into the Talairach Daemon (Lan-
caster, Summerln, Rainey, Freitas, & Fox, 1997; Lancaster et al.,
2000) to identify the anatomical structures.
3. Results

3.1. fMRI results

To compare the activation patterns within the defined ROI dur-
ing the perception of the different sets of videos we calculated the
following comparisons:

(1) To test whether our three conditions (HHI, HRI & HBI) are
able to induce emotionally relevant situations, the BOLD
responses during the perception of each of the videos were
compared with the BOLD responses during the low-level-
control task (HHI > LLCT; HRI > LLCT; HBI > LLCT).

(2) To test whether HHI and HRI elicit more emotionality than
the high-level control condition HBI, the BOLD responses
were compared (HHI > HBI; HRI > HBI).

(3) The BOLD responses during the perception of the HHI videos
were compared with the BOLD responses during the HRI
(HHI > HRI).

To examine potential differences for negative and positive
interactions

(4) The BOLD responses during the perception of the negative
HHI videos were compared with those during the negative
HRI (HHI-neg > HRI-neg).

(5) The BOLD responses during the perception of the positive
HHI videos were compared with those during the positive
HRI (HHI-pos > HRI-pos).

The results in Table 1 indicate that there were significant differ-
ences in the activation pattern between the LLCT and all three
experimental conditions (HHI, HRI, HBI) in the frontal lobe and
limbic areas (e.g. inferior frontal gyrus, insula, amygdala). Compar-
ing the HHI and HRI with the HBI condition we did not find signif-
icantly different activation patterns. There were also no significant
differences between the conditions HHI and HRI in general and also
no difference when comparing exclusively the positive interaction
video sets (HHI-pos vs. HRI-pos). However, there was a significant
difference in neural activation in the right putamen when compar-
ing the negative interaction videos (HHI-neg vs. HRI-neg; cf. Fig. 7).

3.2. Results – self-reported data

Statistical analyses were performed using IBM SPSS for Win-
dows (Release 19.0; August 16th, 2010; SPSS Inc. IBM, Chicago).
An alpha level of .05 was used for all statistical tests.

3.2.1. Participants’ emotional state
We conducted two-factorial repeated measures ANOVAs for the

dependent variables positive effect after video and negative affect
after video and the independent variables ‘‘type of interaction in vi-
deo’’ and ‘‘type of dyad’’.

For the positive affect (PANAS positive subscale) we found a
significant main effect for ‘‘type of interaction’’ regarding the HRI

http://www.fil.ion.ucl.ac.uk/spm


Table 1
Comparison of the activation patterns for all computed relevant contrasts in regions of interest.

Contrast in ROI Laterality Cluster size MNI – coordinates* Peak t Mean beta weights p

x y z

ROI amygdala
HHI > LLCT R 5 20 �4 �16 4.71 1.37 6.001

ROI insula
HBI > LLCT R 23 42 �10 �8 5.30 0.34 6.001

ROI putamen
HHI-neg > HRI-neg R 5 34 �4 �10 5.29 �0.47 6.001

ROI nucleaus accumbens
n.s.a

ROI hippocampus
n.s.a

ROI MPFC
n.s.a

ROI inferior frontal gyrus
HRI > LLCT L 11 �50 38 0 5.40 �2.13 6.001

ROI secondary somatosensory cortex
n.s.a

ROI anterior cingulate cortex
n.s.a

ROI temporo-parietal junction
n.s.a

a No significant neural activation differences in the second-level group analysis.
* Significant voxels are displayed in the brain coordinate space of the Montreal Neurological Institute (MNI).

Fig. 7. Results of the contrast HHI-neg > HRI-neg at a threshold of p = .001
(uncorrected). The right limbic lobe was significantly activated (for detailed
information see Table 1).
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videos. Participants felt significantly more positive after the video
showing friendly HRI than after the video showing violent HRI
(F(1,13) = 24.462, p < .001; g2

p = .653, g2 = .706, large effect accord-
ing to Cohen, 1988). There was no such main effect for the HHI
videos. Moreover, we found an interaction effect of ‘‘type of inter-
action’’ and ‘‘type of dyad’’ (F(1,13) = 8.822, p = .011; g2

p = .404,
g2 = .107, medium effect according to Cohen, 1988) showing that
participants felt most positively after the video showing friendly
HRI and least positive after the videos showing violent HRI (cf. Ta-
ble 2 for mean values and standard deviations).

For the negative affect (PANAS negative subscale) we found a
significant main effect for ‘‘type of interaction’’. Participants felt
significantly more negative after the videos showing violent inter-
actions than after the videos showing friendly interactions. This
effect was found for both types of dyad (HHI: F(1,13) = 5.985,
p = .029; g2

p = .315, g2 = .037, small effect according to Cohen,
1988; HRI: F(1,13) = 73.688, p < .001; g2
p = .850, g2 = .692, large ef-

fect according to Cohen, 1988). There was no main effect for ‘‘type
of dyad’’ and no interaction effect of ‘‘type of interaction’’ and ‘‘type
of dyad’’ (cf. Table 3 for mean values and standard deviations).

3.2.2. Attribution of feelings, empathy and evaluation of negative video
We conducted one-way repeated measures ANOVAS with ‘‘type

of dyad’’ as independent variable and the dependent variables
empathy with robot/human and the negative evaluation of the video.
There were no effects for the attribution of feelings or empathy, but
a significant effect for the negative evaluation of the video did
emerge. Participants evaluated the videos showing negative inter-
actions more negatively in the HHI condition (M = 35.79, SD = 4.25)
compared to the HRI condition (M = 32.00, SD = 6.15;
F(1,13) = 14.304; p = .002; g2 = .524, g = .523, large effect according
to Cohen, 1988). A Wilcoxon matched pairs test with the indepen-
dent variable ‘‘type of dyad’’ and the dependent variable attribution
of feelings to the robot/human did not show a significant effect.
4. Discussion

We presented a multi-methodological study which examined
whether participants show emotional reaction towards and empa-
thy with robots. Utilizing functional magnetic resonance imaging,
we compared not only positive and negative situations for a robot,
but included also human–human interactions and a control condi-
tion (human–box interaction) and explored the neural activation
patterns linked to emotional reactions when people observe a ro-
bot or a human in an affectionate or violent situation. We found
differences in the activation pattern in brain areas associated with
emotional processing (amygdala and insula, cf. Chaminade et al.,
2010) and in brain areas associated with empathy and perspective
taking (inferior frontal gyrus, cf. Akitsuki & Decety, 2009; Perry
et al., 2012) between the low-level control task (visual search task)
and all three experimental conditions (HHI, HRI, HBI). This
indicates that indeed participants reacted emotionally towards
the affectionate and violent behavior shown towards the human,



Table 2
Means and standard deviations for the two-factorial repeated measures ANOVA with the independent factors ‘‘type of interaction’’ and ‘‘type of dyad’’ and the dependent factor
PANAS positive subscale (n = 14).

Normal interaction Violent interaction F g2 p

M SD M SD

HHI 28.50 6.50 23.93 5.89 1.710 .116 .214
HRI 32.93 5.55 22.50 5.37 24.462 .653 <.001
HRI ⁄ HHI 8.822 .404 .011

Table 3
Two factorial repeated measures ANOVA with the independent factors ‘‘type of interaction’’ and ‘‘type of dyad’’ and the dependent factor PANAS negative subscale (n = 14).

Normal interaction Violent interaction F g2 p

M SD M SD

HHI 18.36 6.50 29.93 7.53 5.985 .315 .029
HRI 13.50 4.00 28.57 6.43 73.688 .850 <.001
HRI ⁄ HHI 2.920 .183 .111
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the robot and the box in the videos. This result is also supported by
the behavioral measures in which participants reported to feel
more positive after the affectionate and more negative after the
violent videos. We expected that the HHI and HRI videos will result
in more activation in our regions of interest than the HBI videos.
However, we did not find any significant differences in the activa-
tion patterns. On the one hand, this lack of differences might indi-
cate that the contrasted interactions elicited comparable activation
patterns. On the other hand, they might have elicited different pat-
terns which just did not reach significance. This might be due to
the fact that videos are less controlled stimulus material than for
instance pictures. Although, we have carefully designed and re-
corded the scenes used for this experiment there are still more
confounding factors than in pictures. Analyses using Bayes infer-
ence would be needed to examine whether the lack of differences
indeed means that similar brain activation patterns emerged.
Hence, no final conclusion can be drawn in this regard.

Similarly to the lack of differences between HBI and HRI and
HHI, data showed no differences in brain activation when compar-
ing all HHI videos with all HRI videos. However, there are signifi-
cant differences in the right putamen when exclusively
comparing the negative interaction video sets (HHI-neg > HRI-
neg). During the HHI videos we found higher neural activation in
the right putamen which can be associated with empathy (Cox
et al., 2012; Hein & Singer, 2008) and emotional distress (Perry
et al., 2012; Sinha et al., 2004). Thus, participants seem to experi-
ence more distress and seem to show more empathy with a human
in a negative situation which is also supported by the results of the
self-reported data. The self-report data show that participants in
general rated videos showing humans and robots equally in terms
of the induced emotional state: For the HHI as well as the HRI par-
ticipants reported significantly greater negative affect after the
negative videos. Moreover, regarding the HRI videos participants
also felt significantly more positive after the reception of the posi-
tive videos than after the negative videos. A comparison of the HHI
and HRI condition shows that people felt most positively after the
video showing friendly HRI and least positive after the videos
showing violent HRI. Moreover, participants evaluated the videos
showing negative interactions more negatively in the human–hu-
man condition compared to the human–robot condition. There
were, however, no differences with regard to the attribution of
feelings for the human or the robot, nor were differences found
with regard to the reported empathy participants might have expe-
rienced for the robot or the human.

Altogether, it seems that participants indeed reacted emotion-
ally when viewing the videos in all three experimental conditions
as was indicated by neural activity and self-reported emotional
states. With regard to the neural activation patterns the only sig-
nificant difference emerged when comparing the negative HHI
and HRI videos. These results might indicate that participants in-
deed reacted to the different videos in a similar way. However,
as discussed above, this might also be due to the fact that videos
are less controlled stimulus material than for instance pictures.
In this line, one limitation of this study is that all videos involved
a human interaction partner. We assume that processes of per-
spective taking were performed in all conditions because another
human was involved. However, it would be interesting to see
whether empathetic perspective taking differs when people ob-
serve a human and a robot in a painful situation without any fur-
ther social interaction. In fMRI studies on pain empathy
participants most often are not presented social interactions, but
rather pictures showing painful situations without social interac-
tion, for instance a hand jammed in a door. This could be a good
method to exclude the social interaction component. However, to
expand future work in this direction a different robot would be
needed, because although the Pleo robot does react to pleasant
and unpleasant touch, its sensors are not sensitive enough the
react towards the penetration of a needle nor are they placed all
over the robot, but only cover certain areas of its body. In the
presented study we were limited to this off-the-shelf product
and were bound by its limitations. Further studies, however,
should take advantage of the more easily programmable and con-
trollable robots which are now available on the market to create
and implement reactions towards painful situations. Moreover,
further investigations on empathy towards robots should feature
different kinds of robots, especially humanoid robots, because we
do not know how the robots appearance and abilities might influ-
ence participants’ empathy towards it. fMRI studies examining the
impact of different degrees of anthropomorphism demonstrated
that more anthropomorphic robots elicited increased brain activity
in areas associated with theory of mind (Krach et al., 2008). Similar
trends might be observable for emotional reactions towards
robots.

Although it can be argued that because of using self-report mea-
sures results could be affected by demand characteristics or social
desirability as ‘‘type of video’’ was a within-subject factor, we are
confident that we could eliminate these potential influences by uti-
lizing a multi-method approach including the measurement of
neural activation. However, due to the requirements of the fMRI
scanner, we used videos in our experiment and participants saw
potentially fictional material. If the torture of the robot had been
performed live in front of the participants their reactions could
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have been different. This would be a very interesting research
question for future studies using self-report and psychophysiology.

One limitation of this work is the small sample size which
should be increased in future studies. However, given that the
present results mirror those of the preceding study by Rosenthal-
von der Pütten et al., (2013) that used a similar experimental par-
adigm and the same self-report measures we are confident that the
results are informative and in combination with the functional
imagine data give interesting insights into how participants react
emotionally towards affectionate and violent HRI.

These findings can help to understand the inconsistent behavior
shown by participants in previous studies were robots are mal-
treated and physically or psychologically harmed (by electro-
shocks, destroyed by using a hammer, or by putting them into a
closet after the interaction; Bartneck et al., 2006; Bartneck &
Hue, 2008; Kahn et al., 2012). Participants in these studies on the
one hand are clearly able to distinguish cognitively between hu-
mans and inanimate objects. In the Bartneck studies all partici-
pants obey the wishes of the experimenter. On the other hand at
least some participants seem to experience emotional distress
while observing a robot being (physically or psychologically) mal-
treated or while maltreating the robot themselves. These anecdot-
ally reported reactions of emotional distress were not observable
for all participants in these studies. However, it has to be taken into
account that participants might experience emotional distress, but
did not mention this experience, because they were not explicitly
asked for. The study by Rosenthal-von der Pütten et al., (2013)
and the present results show that when directly asked participants
report about negative and positive emotional experiences when
observing a robot in an affectionate or violent situation. Moreover,
the results of these studies revealed an increased physiological
reaction during the observation of negative videos (Rosenthal-
von der Pütten et al., 2013) and brain activation of areas relevant
to emotional processing. Furthermore, these emotional experi-
ences obviously occur to a lesser extent in (observed) HRI com-
pared to (observed) HHI as indicated by our results.

In conclusion, our results demonstrate that participants’ emo-
tional state is influenced by videos showing affectionate or violent
HRI. Moreover, HRI seems to be emotionally relevant just as HHI.
However, participants’ self-reported emotional state and their
neural activity during observed HHI and HRI differ in line with
the valence of the interaction shown in the stimulus material.
Appendix A. Supplementary material

Supplementary data associated with this article can be found, in
the online version, at http://dx.doi.org/10.1016/j.chb.2014.01.004.
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