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6 S O C I A L R O B OT S :
EFFECTS OF EMPATHIC ACCURACY AND VALENCE

ABOUT THIS CHAPTER This chapter is an extension of the work presented in a ‘late
breaking abstract’ at HRI’10:

H. Cramer, J. Goddijn, B. Wielinga, V. Evers. Effects of (in)accurate empa-
thy and situational valence on attitudes towards robots. In Proceedings of
the International Conference on Human-Robot Interaction (HRI’10), 141–142,
Osaka, Japan, 2010.

ABSTRACT Robots (and other autonomous agents) are increasingly designed to
display social behaviours, including empathy. Expressing empathy requires an
appraisal of the user’s affect. However, making an ‘correct’ inference on users’ emo-
tional state is challenging and mistakes are likely, due to the challenge of having
to appraise a deeply personal, individual experience. Systems thus are bound to
make errors in affect recognition, making it very important to understand how
people respond to empathic capabilities if a robot displays empathic behaviours
incongruent with the users’ emotional state. In this study, we sought to clarify the
effects of accurate and inaccurate emphatic robot behaviours on human responses
by investigating participants’ attitudes toward a robot team mate in a game playing
scenario. A 3x2 between-subject video-based survey experiment was conducted
with empathic robot behaviour (empathically accurate vs. neutral vs. empathically
inaccurate) and valence of the situation (positive vs. negative) as dimensions. Par-
ticipants (N=133) reported decreased trust and credibility of the robot when the
robot’s empathic responses were incongruent with the affective state of the user.
However, in the negative valence condition (losing the game) participants found
the robot that responded positive (and incongruent with the emotional state of the
user) to have the highest empathic abilities. These findings indicate that inaccurate
empathic behaviour indeed negatively influences participants’ attitudes toward
the robot and suggest that in negative circumstances, accurate empathic robot
behaviour should to be positive rather than honest to increase perceptions of social
ability. The incongruent results on perceived empathic ability and trust show the
influence of the conceptualisation of social ability and illustrate the importance of
not only assessing whether attempts at social behaviour are recognised, but also
which effects behaviours have on for example user trust. These results also indicate
the importance of showing restraint when implementing explicit social behaviours
considering their potential negative impact when mistakes are made.
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6.1 INTRODUCTION
Over the years, many agents and robots have taken the form of relatively sophis-
ticated, autonomous interactive characters that interact socially with their users.
The world robotics study by the IFR Statistical Department (2009) identified 7.2
million service robots sold for domestic, entertainment and leisure use in 2008. Their
projections for 2009-2012 are that 11.6 million service robots for personal use will be
sold. This expansive use of personal service robots is an indication that many people
worldwide will come into contact with robots for personal use. These will include
social robots that are embodied, animated and anthropomorphic and are able to
interact with users via multiple modalities, using for instance speech, gesture, gaze,
posture, intonation, and other verbal and non-verbal behaviours (social agents,
Bickmore and Casse, 2004). The behaviours of social robots are modeled on human
social behaviours in the expectation that they evoke a more natural interaction (Bick-
more, 2003; Duffy, 2003, see also Chapter 4). An important pillar of effective human
social interaction is empathy. Empathy can have profound positive effects on users’
attitudes towards social robots (Klein et al., 2002; Brave et al., 2005; Hone, 2006).
Responding to the user’s (affective) experience in a socially appropriate manner,
is considered key in achieving user trust and satisfaction, as well as compliance
and for example willingness to provide information to an agent (Brave et al., 2005;
Bickmore and Schulman, 2007). Expressing empathy for a user’s emotions has
been shown to reduce frustration (Hone, 2006) and is thought to compensate for
a system’s interruptive behaviours (Picard and Liu, 2007). These studies however,
mostly focus on the effects of empathic systems that accurately determine the user’s
affective state and respond accordingly. As is the case for humans, it is likely that
social robots will make mistakes when assessing users’ affective state. Even though
accurate empathic robot behaviour appears beneficial, research has yet to fully
uncover the effects of inaccurate empathic robot behaviour. If autonomous social
robots are going to share our homes and interact with us in a social manner, we
need to understand what the effects will be of inaccurate social behaviours on user
responses. What happens when a robot makes a mistake in assessing the user’s
affective state? How will users respond to a robot’s inaccurate empathic behaviour?
Does it matter if the user is in a positive or negative affective state? Could the effects
of these mistakes even be so detrimental to human-robot interaction that it is better
to avoid empathy in robot behaviour and explicit references to the user’s emotion
at all? A deeper understanding of these issues will lead to better design of social
aspects of human-robot interactions. The video scenario-based experiment reported
here further investigates the effects of empathic accuracy and emotional valence
of the context of use on users’ perceptions and their trust in physically embodied
robots.
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6.2 BACKGROUND AND HYPOTHESES
Social behaviours are incorporated in robot interaction design to make the inter-
action appear more natural and increase acceptance from users (Bickmore and
Schulman, 2007) as social conventions and processes are familiar to users (Fong
et al., 2003) and people anthropomorphise technology (Duffy, 2003). Reeves and
Nass (1996) argue that many principles found in human interaction also apply
to human-computer interaction. A growing body of research suggests that many
principles indeed do apply. One example is the similarity-attraction hypothesis
(Byrne et al., 1986). This hypothesis states that humans prefer to interact with other
humans who share the same personality. Given that a social robot is designed
to have a personality, humans prefer interaction with a social robot that matches
their own personality (Nass et al., 1995). However, we cannot be sure that all socio-
psychological principles and strategies can be directly applied to human-robot
interaction (Evers et al., 2008; Goldstein et al., 2002). In the context of interpersonal
distance, Walters et al. (2005) for example found that some users keep a smaller
physical distance from robots than would be expected from humans’ interpersonal
interaction.

Taking into account the affective experience of users is increasingly regarded as
an essential part of system design (Picard, 1997). Taking into account the user’s
emotions and reacting in an empathic manner can potentially be a very useful and
powerful aspect of interaction. Indeed, very positive results have been found (Klein
et al., 2002; Brave et al., 2005; Hone, 2006). Brave et al. (2005) found that when
an agent responded empathically (in the context of a card game), the agent was
seen as more caring, trustworthy and likeable than the neutral agent. In a study
that investigated the positive effects of a caring co-learner social robot versus a
non-caring co-learner on memory recall, Lee et al. (2007) found that a caring social
robot was seen as more trustworthy and supportive. When comparing pedagogical
agents (or learning companions) that were either empathetically responsive or
non-responsive, Kim (2005) also found that students who worked with a virtual
peer who responded with empathy to the learners’ emotions showed significantly
higher interest and self-efficacy than students with a non-responsive virtual peer.
Prendinger et al. (2006) evaluated the effects of affective and empathic behaviour of a
3D virtual humanoid agent on users’ physiological response (skin conductance and
electromyography) while playing a 3D card game. Four conditions were compared, a
non-emotional agent, a self-centred agent, a negative-empathic agent and a positive-
empathic agent. They found that the absence of negative emotions in an agent within
a competitive card game is stress-inducing and, secondly, that the valence of the
participant’s emotion were congruent with the valence of the emotion expressed by
the agent. Expressing empathy to user’s emotions also has been shown to improve
users’ moods (Nguyen and Masthoff, 2009).

In most of these studies the social agent had a high level of competence (for
instance, effectively supported a student) and when the robot responded with
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empathy, participants found the robot more likeable, social, warm, supportive and
trustworthy. This suggests that empathic behaviour can improve interaction.

However, in most of these studies the empathic responses made by the social
robot were based on self-reports of the participant’s affective state or were scripted
responses to likely emotional reactions to predefined situations. Both Klein et al.
(2002) and Brave et al. (2005) for example used strict mappings from predefined
situations or expected self-reported emotions to certain empathic responses. Both
pre-scripting all possible situations an agent might encounter and self-reports are
not always possible. It is also likely that users cannot always accurately and fully
describe their affective state; it can be hard to explain how one feels. In order to
express empathy, social robots are expected to be able to infer the mental state of the
user unobtrusively. Various techniques are available to infer users’ mental state, such
as face recognition, speech analysis, measurements of heart rate, skin conductance,
and electromyography (Prendinger and Ishizuka, 2005; Partala and Surakka, 2004;
Picard and Liu, 2007). However, all of these methods have their limitations, such
as requiring sensors to be in physical contact with the user, masking of emotional
expression by users and difficulties in interpreting sensor data (Puri et al., 2005).
Additionally, authors such as Boehner et al. (2007) warn that using overly ‘objective’
measures of affect may not fully capture the user’s subjective affective experience.
Bickmore and Schulman (2007) did find that accurate empathic system reactions are
more important in comforting the user than sophisticated, detailed affect recognition.
However, reacting in an accurate empathic manner does require recognising the
user’s emotional state; this might not require an extreme level of detail, but it
does have to be in line with the user’s experience. However, mistakes in emotion
recognition are likely to occur and a robot’s empathic responses will at times be
incongruent with the user’s feelings.

6.2.1 Empathic accuracy

System empathy can be seen as actively acknowledging the user’s affective experi-
ence while interacting with a system; understanding this experience and reacting
in a way that supports the user. As such, system empathy combines the social and
affective aspects of interaction (McQuiggan and Lester, 2007), and can be viewed as
addressing the affective elements of common ground between the user and agent.
Perceived empathy has been linked to trust and satisfaction in human relationships
(Feng et al., 2004). It is likely these positive effects of empathy also occur when
making systems more empathetic to the user’s experience. Empathy is important
in determining which responses and behaviour are appropriate in social situations
(Hoffman, 2004). Interactions with individuals rated high in empathy are rated
as more satisfactory (Kim, 2005; Ickes, 1993). Rogers (1980) defines empathy as a
process, not just as a state of mind. It is a process in which the empathiser must
sense the emotional state of the target and the causes of this state from the point
of view of the target him- or herself. If someone infers the thoughts and feelings
incorrectly, the other person is left with feelings of misunderstanding (Rogers, 1980;
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Myers, 2000). Feeling misunderstood can lead to anger and increased arousal (Oat-
ley, 1998). Empathy encompasses two elements (Feng et al., 2004); first, empathy
entails the ability to accurately infer the content of other people’s thoughts and
feelings. Secondly, empathy entails providing a supportive and compassionate
response to this inference. According to Ickes, empathic accuracy is constituted by
empathic understanding and expression and involves ‘the ability to accurately infer
the thoughts and feelings of another person’.

Previous research has shown that when virtual characters express emotions
incongruent to the situation, they are less appreciated by users than those expressing
no emotion at all (Ochs et al., 2008) and (Becker et al., 2005). We expect that when
social robots make mistakes in inferring the user’s affective state and display
incorrect, unsuitable empathic behaviour, people will have more negative attitudes
toward the robot. Therefore the first hypothesis is:

H1: People will have more negative attitudes toward a robot that re-
sponds with inaccurate empathic behaviour as compared to accurate
empathic behaviour or no empathic behaviour.

Previous research, for example Ochs et al. (2008), supports the claim that in-
accurate emotional responses have negative consequences on user ratings of an
agent. However, these studies do not compare the need for empathy in negative
or positive affective situations. For humans, the need for empathy can be more
vital in negative than in positive contexts (Killen and Smetana, 2006). Partala and
Surakka (2004) investigated the effects of a system’s empathic reactions to irri-
tating (simulated) computer malfunctions. They found that while both positively
and negatively worded reactions provided better results than ignoring the user,
statements that focused on positive aspects of the situation had the most positive
effect (for instance: ‘The functions of the computer were suspended. Great that the
computer will soon work again’, in contrast to ‘The execution of the program was
interrupted. This is frustrating’). Simpson et al. (1999) conclude that depending
on the context, empathic inaccurate behaviour in human relationships can have
either negative or positive consequences. Negative consequences, like a decrease in
perceived closeness of a relationship, can occur when thoughts that might threaten
a relationship are accurately inferred. On the other hand, if those thoughts were
inferred inaccurately the potential threat can fade unnoticed, causing no harm to the
relationship. Although these findings are confined to adult relationships it still gives
rise to the idea that there is a difference in the effects of empathic accuracy on users’
perception of social robots in negative or positive contexts. We therefore predict that
when the user is in a negative situation, the impact of inaccurate empathic robot
behaviours will be even more detrimental to the user’s attitudes toward the robot.
Our second hypothesis is:

H2: In a negative context of use compared with a positive context of
use, people will have more negative attitudes toward the robot when the
robot communicates inaccurate empathic behaviour instead of accurate
empathic behaviour.
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6.3 METHOD
To test the above stated hypotheses, we conducted a 2x3, between-subject video-
based online survey experiment with valence of the situation (negative vs. positive)
and empathic accuracy (an empathically accurate agent, an empathically neutral
agent and an empathically inaccurate agent) as between-subject variables. Partici-
pants were randomly assigned to one of the six conditions. We presented a video
scenario of a human-robot team collaboration and asked subjects to respond to this
video. While it might appear more ideal for participants to interact with a robot in a
live setting and some might critique the use of scripted videos in investigating user
attitudes towards embodied agents, previous researchers (MacDorman, 2006; Lohse
et al., 2007; Woods et al., 2006) found few differences in participants’ ratings of
robots when viewing a video as compared to interacting directly with a robot. See
section 5.3 in Chapter 5, section 5.3, for a similar discussion on why a video-based
approach is deemed suitable for this type of study.

6.3.1 Participants

In total, 140 participants completed the online survey, seven were excluded because
of technical problems or because they indicated that they did not understand the
game or the robot’s role. Data of 133 participants were analysed. Their average age
was 30.5 (SD=13). 53% were male, 47% where female. 88% were higher educated
(Bachelor’s or higher). The majority (80%) reported using a computer for more than
25 hours per week. No significant differences were found between the conditions
on participants’ age, gender, education level or computer experience.

6.3.2 Procedure, scenario and manipulations

The survey started with a brief demographic survey. After a brief explanation,
participants then watched a four-minute video of a male user and a robot, playing
an online collaborative game together. After the video participants were asked a
series of questions about their attitudes toward the robot team player.

The video showed a human and robot playing a game as a team against a similar
opponent team. The opponent team was not shown in the video. The robot and
actor played an image tagging game, similar to the Google image labeller game
(images.google.com/imagelabeler). The robot and actor both, independently from
each other, tagged or labelled the image with keywords describing the scene in
the image. They would earn a point as a team whenever they would both enter
the same keyword (the robot was suggested to have image recognition skills in
the introduction). The team had to label 10 images. This game setting was chosen
because the robot and human user could collaborate and were co-dependent. A
total of six videos were made, one for each condition.

The game screen was simultaneously shown on the right (Figure 14). The robot
used in this study was the Philips iCat. Head, neck, eye, eyelid, upper and bottom
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Figure 14: Video interaction between human and robot (positive condition). Human-robot
team left, game right. Adapted for printing purposes.

lip movements were pre-programmed and remote controlled during taping of the
videos. A text-to-speech generator was used to generate the robot’s voice, resulting
in a synthetic-sounding female voice. The videos were first taped, after which
the voice recordings for the user and robot were added to the video. The actor’s
own voice was used for the user in the video. A short loop (about 30 seconds) of
environmental sound, consisting of keystrokes and background noise, was merged
with the speech of the iCat to make the video appear more natural.

6.3.2.1 Negative vs. positive valence manipulation

The game scenario enabled manipulation of the emotional valence of the situation
by having the team do well on the collaborative game and win or not do well
together and lose the game. In the positive scenario the team had a higher score
throughout the whole game and eventually won the game. The actor responded
positively toward each expression by the social robot, i.e. by smiling and looking
satisfied. In the negative scenario, the team was behind in scores throughout the
game, and eventually lost the game. In this scenario, the actor responded subdued
and seemed frustrated or bored.

To verify our valence manipulation, we measured the perceived valence of the
scenario by asking participants to rate Lang and Bradley’s self-assessment valence
manikin (Bradley and Lang, 1994). The valence manikin is a five-point image-
oriented Likert-type scale, ranging from happy to sad characters. Two items were
developed: ‘Please select the figure that most represents how you think that the
person in the movie feels.’ and ‘Please select the figure that most represents how you
would feel if you where the person in the movie.’(α=.72, M=3.2, SD=1.0, Mdn=3.0,
range=1.0-5.0). The emotional valence in the positive (winning) condition was
indeed perceived as more positive (M=4.0, SD=.59, Mdn=4.0) than in the losing
condition (M=2.4, SD=.78, Mdn=2.5; U=330.500, p<.001). The manipulation was
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Valence Empathic Example statement
accuracy

Positive

Accurate ‘We’re doing superb! You look happy!’
Non-empathic ‘Two points received.’
Inaccurate ‘We won the game! You look sad

about that.’

Negative

Accurate ‘We lost this round, you seem frustrated.’
Non-empathic ‘We are behind.’
Inaccurate ‘We lost this round, you seem happy

about that’

Table 14: Conditions and examples of robot statements.

successful and perceived valence of the situation was not dependent on empathic
accuracy.

6.3.2.2 Empathic accuracy manipulation

The conditions varied in empathic accuracy of the robot’s responses and the facial
expressions of the robot. In the empathically accurate condition, the robot made
comments after each round of tagging and displayed corresponding facial expres-
sions. The verbal and facial expressions in the empathically accurate condition were
congruent to the situation (positive when the team was winning and negative when
the team was losing), In the neutral condition the social robot made no statements
about the mental state of the person. See Table 14 for example expressions in each
condition.

A seven-point Likert-type item ‘The statements made by the agent were in
line with the feelings of the person in the movie’ was used to check perceived
empathic accuracy of the conditions. A significant difference was found between
the conditions (H(2)=41.065, p<.001). The accurate empathic robot scored highest
(Mdn=5.0), higher than the neutral condition (Mdn=4.0; U=408.000, p(1-tailed)=.010),
which in its turn scored higher than the inaccurate empathic robot (Mdn=2.0;
U=345.000, p(1-tailed)<.001). The manipulation was successful.

Interestingly enough, for the neutral and accurate robot, perceived empathic
accuracy was affected by the emotional valence of the situation. In the positive
(winning) situation, the robot was seen as more empathically accurate than in
the negative (losing) situation. This was not the case for the inaccurate robot,
which was considered as inaccurate to the same extent in both the positive and
negative condition. It has to be noted that in the positive (winning) condition
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Figure 15: Interaction effect empathic accuracy and situational valence on perceived em-
pathic accuracy.

the difference between the neutral and accurate condition was not significant
(U=116.500, p(1-tailed)=.12). This difference was significant in the negative (losing)
condition (U=90.500, p(1-tailed)=.031). See Figure 15.

6.3.3 Measures

Dependent variables included perceived empathic ability of the robot, perceived
closeness between human and robot and trust in the robot (focused on dependability
and credibility). Perceived empathic accuracy of the robot and valence of the
situation as discussed above were measured as manipulation checks. All items were
Likert-type scales. Table 15 provides the final scales for this study, Appendix E lists
all items.

6.3.3.1 Perceived empathic ability

Four items were used to measure the perceived empathic ability of the robot,
adapted from Wampler and Powell (1982) and Kim (2005). The seven-point (1-7)
items included ‘The robot is patient with the person in the movie’ and ‘The robot
tried to keep the person in the movie from worrying’.

6.3.3.2 Trust

Trust of the robot was addressed from both the standpoint of perceived depend-
ability of the robot in its current context and the perceived credibility of the robot
and its character as a whole. Perceived dependability of the robot was measured using
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MEASURE α M SD range

Perceived empathic accuracy 3.8 1.8 1.0-7.0
1 item, The statements made by the agent where in line
with the feelings of the person in the movie.

Perceived emotional valence .72 3.2 1.0 1.0-5.0
1 item, self-assessment valence manikin scale.

(Negative) attitude toward robots in general .78 3.9 1.1 1.1-6.3
7 items, I would feel uneasy if I was given a job where I
had to use robots.

Perceived empathic ability .84 3.4 1.3 1.0-7.0
4 items, e.g. The robot tried to keep the person in the
movie from worrying.

Trust: perceived dependability .92 4.3 1.2 1.0-6.1
7 items, e.g. The robot was reliable.

Trust: perceived credibility (1-9 scale) .86 5.6 1.2 1.6-8.4
14 items, e.g. selfish - unselfish

Perceived closeness (1-6 scale) .73 2.6 1.1 1.0-6.0
2 items, pictorial closeness scales

Human-likeness .75 3.9 1.3 1.0-7.0
5 items, The robot has characteristics that you would
expect of a human.

Machine-likeness .63 5.2 1.0 2.0-7.0
2 items, The robot acts like a machine.

Table 15: Example items final scales, participant mean scores and standard deviations.
Cronbach’s α as reliability measure. Seven-point (1-7) Likert-type scales, unless
otherwise indicated.
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seven items we previously developed for Evers et al. (2008), similar to the items used
in the previous Chapters. Items included ‘The robot was reliable.’, ‘I felt confident
about the robot’s ability to perform its task’ and ‘I trusted the actions of the robot’
(1-7 scale). Perceived source credibility of the robot was measured using Berlo and
McCrosskey et al.’s fourteen-item bipolar source credibility scale (Rubin et al., 2004)
including items such as selfish - unselfish, competent - incompetent (1-9 scale).

6.3.3.3 Perceived closeness

Perceived closeness between the user and robot was measured using the six-point
(1-6) pictorial closeness scale adapted from Hinds et al. (2004), based on Aron et al.
(1992). The scale consists of pictorial representations of the relationship between the
user and robot. Both are represented by a circle; the more the circles overlap, the
closer the relationship is perceived to be. Participants were asked to select a figure
twice, corresponding to how they would feel themselves and how they thought the
person in the video felt.

6.3.3.4 Perceived human- and machine-likeness

As explained in chapter 5 we here also distinguish between human- and machine-
likeness. Human-likeness was measured using five seven-point (1-7) items adapted
from Evers et al. (2008). Example items included: ‘The robot acts like a person’, ‘The
robot has characteristics that you would expect of a human’. Machine-likeness was
measured using 2 items (Evers et al., 2008): ‘The robot has machine-like attributes’
and ‘The robot looks like a machine or a mechanical device’.

6.4 RESULTS
To test our hypotheses on the effects of empathic accuracy and situation valence, we
first conducted two-way ANOVAs with empathic accuracy and situational valence
as factors to check for interaction effects. One-way ANOVAs with planned contrasts
were used to test for main effects. For non-parametric data Kruskal-Wallis tests
were used, followed up by Mann-Whitney tests.

6.4.1 Interaction effects for empathic accuracy of the robot and valence of the
situation

An ANOVA with empathic accuracy and emotional valence of the situation as
factors showed a significant interaction effect for the perceived empathic ability of the
robot (F(2,112)=4.326, p=.015).

Simple effects analysis showed that there was a significant difference whether
empathy was shown in a positive or negative context. Participants rated the em-
pathically accurate robot as having greater empathic ability in the positive condition
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compared with the empathically inaccurate robot, but this effect of accuracy was
not significant (F=1.18, p=.31). However, when the team was losing (negative con-
text), participants found the empathically inaccurate robot to have better empathic
abilities compared with the empathically accurate robot (F=3.24, p=.043, Figure 16).
This is in direct opposite of our expectations in hypothesis 2.
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Figure 16: Interaction effect empathic accuracy and situational valence on perceived em-
pathic ability. 95% Confidence Interval

6.4.2 Effects of accuracy of empathic robot behaviour

A main effect was found for empathic accuracy of the robot on dependability
(F(2,106)=13.498, p<.001, Figure 17). Planned contrasts showed that the neutral
robot was perceived as more dependable (M=4.2, SD=.70) than the empathic inaccu-
rate robot (M=3.3, SD=1.0; p<.001). The accurately empathic robot (M=5.7, SD=1.2;
p=.002) was also perceived as more dependable than the inaccurately empathic
robot. The accurately empathic robot however was not perceived as significantly
more dependable than the neutral robot (p=.28).

Empathic accuracy of the robot also had a direct effect that bordered on signifi-
cance (p=.050) on perceived source credibility (F(2,106)=3.076, Figure 18). Post-hoc
tests showed that that while the empathically accurate robot scores for credibility
(M=5.7, SD=1.2) appeared higher than for the inaccurately empathic robot (M=5.3,
SD=1.2), this difference was not significant (post-hoc LSD, p=.066). The neutral
robot however was found more credible (M=5.8, SD=1.0; post-hoc LSD, p=.023) than
the inaccurate robot.

Furthermore, empathic accuracy had a direct effect on perceived closeness between
the human and the robot (H(2)=12.046, p=.002, Figure 19). Participants perceived the
relation between the actor and the robot as less close for the inaccurate robot (M=2.2,
Mdn=2.5, SD=1.1) compared with the neutral robot (M=2.8, SD=1.0, Mdn=3.0;
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Figure 17: Main effect empathic accuracy on perceived dependability. 95% CI
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Figure 18: Main effect empathic accuracy on perceived source credibility. 95% CI

U=716.500, p=.015). They perceived the relationship as closest in the accurate
condition (M=3.0, SD=1.1, Mdn=3.0), also significantly higher than in the inaccurate
condition (U=695.000, p=.001) However, no significant difference was found between
scores on perceived closeness of the accurately empathic robot and the neutral robot
(U=675.000, p=.398).

No effects of empathic accuracy were found for perceived human- and machine-
likeness.



116 SOCIAL ROBOTS: EFFECTS OF EMPATHIC ACCURACY AND VALENCE

empathic accuracy

inaccurateneutralaccurate

M
 C

lo
s

e
n

e
s

s

6

5

4

3

2

1

Figure 19: Main effect empathic accuracy on perceived closeness. 95% CI

6.4.3 Effects of situational valence

Emotional valence was found to have a direct effect on perceived dependability
(F(1,106)=8.114, p=.005, Figure 20a); participants in the positive condition found
the robot significantly more dependable (M=4.0, SD=.98) than participants in the
negative condition (M=3.5, SD=1.0). A main effect was also found for emotional
valence on credibility (F(1,106)=6.532, p=.012, Figure 20b); participants in the positive
(winning) condition found the robot more credible (M=5.9, SD=1.2) than participants
in the negative (losing) condition (M=5.3, SD=1.1).

Emotional valence of the situation also had a direct effect on perceived closeness
(H(1)=4.047, p=.044, Figure 21); participants in the positive (winning) condition
rated the relationship of the robot and user as more close (M=2.8, SD=1.1, Mdn=3.0)
than participants in the negative (losing) condition (M=2.4, SD=1.0, Mdn=2.5).

Situational valence did not have an effect on perceived human- and machine-
likeness.

6.4.4 Effects of participants’ attitudes towards robots in general

Attitude towards robots in general directly affected perceived machine-likeness
F(1,95)=8.526, p=.004, human-likeness F(1,95)=18.690, p<.001 and perceived em-
pathic abilities of the robot (F(1,95)=8.374, p=.005). Participants with a more neg-
ative attitude towards robots perceived the robot as more machine-like and less
human-like. They also thought the robot had less empathic abilities. Participants
with a negative attitude towards robots also assessed the robot as less dependable
(F(1,95)=9.620, p=.003) and less credible (F(1,95)=7.735, p=.007) and the human-robot
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(b) Source credibility

Figure 20: Main effects situational valence on perceived dependability and source credibility.
95% CI
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Figure 21: Main effect of situational valence on perceived closeness. 95% CI

relationship as less close (F(1,95)=11.315, p=.001). Attitudes towards robots did not
interact with the effects of empathic accuracy and situational valence.

6.5 DISCUSSION AND CONCLUSIONS
In support of hypothesis 1, our findings confirm that inaccurate empathic robot
behaviour is detrimental to the attitudes participants have toward the social robot.
Participants found the robot whose empathic responses were incongruent to the
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actor’s emotional state less dependable and less credible. They also perceived the
relationship between the robot and human as least close in the inaccurate condition.

Hypothesis 1 can however not be simply confirmed with respect to perceived
empathic abilities, as illustrated by the difference between positive and negative
situations (related to hypothesis 2). A striking result of this study was that in the
negative (losing the game) situation, participants found the robot that responded
inaccurately, to have more empathic abilities. This robot responded with what can
be seen as blind optimistic behaviour, seemingly unsuitable in the context of losing
the game. This robot would acknowledge the situation, but would ‘lie’ to the human
about which emotional state he appeared to be in (the actor looked unhappy and
frustrated). It appears that in negative situations, participants may find a robot
more socially able if it remains positive, rather than ‘honestly’ acknowledging, and
explicitly referring to, the negative emotions the person is feeling. However, the
‘optimistic’, but inaccurate, robot was not trusted more.

This illustrates the importance of evaluating both the appraisal of social abilities
and trust. Recognisable social behaviours and a higher rating on perceived social
abilities is not necessarily accompanied by a higher level of trust overall. This also
points to the importance of a discussion on how to conceptualise social abilities
and empathy. The specific empathic ability scale used in this study for instance
emphasised particular aspects of social and empathic ability such as caring for the
user and being patient. The specific conceptualisation needs to fit the situation at
hand, especially considering the heterogeneous nature of available empathy models
and scales. This work suggests a need for more studies into the effects of inaccurate
assessments of user affective experience, but also shows that the perception of
social abilities does not only rely on how accurately a robot or system refers to the
affective experience of a user.

In this study, the empathically accurate robot did not fare better on the empathy
scale than the neutral robot. This is itself is actually an interesting result, as it shows
that making a robot more social, or having it explicitly address the user’s emotional
state, does not necessarily increase the perception the robot cares for the user. This
is in line with research on human-human interaction, which shows that empathic
accuracy and perceived empathic care or concern are not always related (see for
such a distinction for example Hodges et al., 2009). Certainly, the dialogue and
empathic behaviours of the robot in the scenarios could be improved. The empathic
behaviours in this study were limited to explicit, vocal statements. These statements
in addition could be viewed as rather blunt; in the negative condition the robot for
example was blindly optimistic and completely ignored any negative affect even
while the human-robot team was losing the game. Explicit, blunt statements on how
one feels will certainly not always be welcomed by users and perceived as caring.
It would be interesting to further explore whether more subtle behaviours, which
are more realistic about the current situation but not detrimental to users’ affective
state, could yield positive and appropriate results.

Using videos also has its limitations and it is important to follow this work
with behavioural studies on live interactions in various settings, with different
types of robots and other systems. In addition, Takayama (2009) argues that the
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reactions to social behaviours are different when users consciously reflect on a past
interaction or observe an interaction, compared to when people are ‘in-the-moment’
and interact with an agent themselves. In the latter situation people for example
might unconsciously show social reactions that might not be present when people
actively reflect on, or retrospectivly evaluate, an interaction. The effects of social
behaviours need to be evaluated in both situations to get a richer picture of their
effects.

Appropriate social responses are highly context dependent. Overall, in the nega-
tive (losing the game) condition, participants found the robot less credible and less
dependable. It appears that participants have more trouble to appreciate a robot
when it operates in contexts where negative emotions are likely and collaborative
task success may not be a given. As many robots are developed for health-care and
crisis response operations, robot designers and developers should keep in mind
that more effort may be needed before users find social robots credible in these
application areas. Further research is needed to investigate under what circum-
stances social system behaviours are effective and to what extent psychological
theories of human-human interaction apply. We also need to consider the form
of the system, synthetic character or robot showing the behaviour; it is very well
possible that certain social tendencies might be appreciated for one type of agent,
but are considered highly unacceptable for others. Despite the potential of social
behaviours such as empathy, the conceptualisation of what constitutes (helpful)
social behaviour, the effects it might have and how it can be incorporated in an
overall interaction design are hardly clear.

The findings above shed light on the complexity that is involved in adopting
appropriate social behaviours in autonomous agents such as robots. These results
indicate the importance of showing restraint when implementing social behaviours
in robots and other autonomous technology. The results provide some support
for the idea that a robot’s mistakes in assessing the affective state of the user and
consequent display of inaccurate empathy may have a profoundly negative effect on
user trust. Achieving social behaviour that increases trust and acceptance is quite a
challenge, while the risk of implementing behaviours that are actually detrimental is
relatively high. So much so that in certain contexts designers may need to reconsider
the introduction of social or empathic behaviours.
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