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Children perceive robots as more helpful when the robot reacts to emotion by displaying empathic behaviour.
In recent years robots have increasingly been viewed as social entities to be integrated in our daily lives.1 Research has
shown that robots used in applications requiring direct interaction with human users—for example robot companions—benefit
from the integration of socially intelligent behaviour.2, 3 Current
prototypes of robot companions lack important capabilities that
impede human users’ efforts to bond with them. The ability to
display social, affective behaviour is one of the main requirements for an artificial companion to engage in a natural interaction with humans. Robotic companions can represent a valuable
resource in many different contexts: they can participate directly
in therapy for the elderly or disabled, or assist caregivers.4 Additionally, robots can be used as personal assistants, employed
to entertain and motivate users (‘edutainment’ purposes) or in
the entertainment industry.
Robots need social perception abilities, which include affect
sensitivity (i.e., the ability to recognize people’s emotions and
affective states5 ), to behave in a socially intelligent manner.6
Affect-sensitive robots are more likely to engage with human
users and maintain a believable interaction with them over extended periods of time. An affect-sensitive companion robot, for
example, would try to ensure that the user is interested in maintaining the interaction and act empathically towards them if they
are sad or not willing to engage. However, such a robot would
not disturb the person by trying to engage them in some activity
not approached.
In the LIving with Robots and intEractive Companions
(LIREC) project, we study companions that interact with people over extended periods. The goal of LIREC is not to build robot companions that replace human contact, but rather to design
companions that fulfil their tasks and interact with people in a
socially and emotionally acceptable manner. For example, one

Figure 1. User interacting with the iCat robot.

of the interaction scenarios we investigated includes a robot acting as a game companion for young children. This social robot,
the Philips iCat, plays educational games (such as chess) with
children using an electronic chessboard and helps them improve
their skills (see Figure 1). While playing with the iCat, children
receive feedback about their moves on the chessboard through
the robot’s facial expressions, which are generated by a system
influenced by the state of the game.7
Previous user studies conducted in the iCat scenario have
suggested the need for integrating empathic behaviours in the
robot.8 Previous work also showed that children’s behaviour
can be used to predict their affective state.9, 10 Taking these
findings into account, we developed an empathic robot model
that contains two main parts: an affect detection system that
recognizes whether the children are experiencing a positive or
negative feeling, and an action selection mechanism that chooses
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Figure 2. Affect sensitivity and empathic reactions as components of
the affective loop.
the best empathic response to display at a certain moment.11 The
main idea behind the empathic model is to allow the robot to
establish an affective loop with the children, by recognizing
their emotions and responding to them in an empathic way (see
Figure 2). The robot’s affect detector, based on Support Vector
Machines (SVMs), processes real-time behavioural and contextual features—such as smile and eye gaze—as well as the state
of the game and the game evolution. SVMs use a specific learning process to automatically analyse and classify data. The affect
detector generates a probability value for each of the following
valence conditions: positive, neutral and negative. When the
user is not experiencing a positive feeling, the iCat employs an
empathic strategy to increase the user’s enjoyment (e.g., it provides encouraging comments or offers help).
Initial experiments with primary school children showed that
children perceived the robot as more engaging and helpful when
it reacted to their emotions by displaying empathic behaviour.
Our future work will include long-term studies where other affective states such as interest and engagement are detected by
the robot. The empathic model will be further developed to include personalized empathic strategies.
In summary, we claim that social perceptive abilities are a
necessary requirement for allowing a robot to behave in a socially intelligent manner. Models for empathic behaviour under
development can build on some of these abilities, such as affect
sensitivity, to create personalized companions that are capable
of establishing a successful interaction with users over extended
periods of time.
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