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Social Mechanisms to Support Long-term Interactions between
Users and Robots
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I design, implement and evaluate socially intelligent robots that interact naturally
and efficiently with users over weeks and months. Most social robots and virtual
agents are unable to keep users engaged over repeated interactions. This happens
because they lack affective, social and, more importantly, adaptive capabilities that fa-
cilitate human-robot interaction once the novelty effect fades away [Leite et al. 2013d].
I take inspiration from human theories of emotion and social relations to develop com-
putational models that support the complex dynamics of long-term Human-Robot In-
teractions (HRI).

Empathic Robots that Learn and Adapt to the User
Empathy facilitates the creation and development of human social relationships, as it
increases similarity, fondness and affiliation. However, the reasons for studying com-
putational empathy were not only the extensive literature highlighting the role of em-
pathy in social relations, but also an exploratory study suggesting that perceptual and
empathic capabilities are important for long-term HRI [Leite et al. 2009]. In a follow-
up study, I showed that through the manipulation of simple empathic behaviours in a
social robot, people perceive their relationship with the robot differently [Leite et al.
2013].

To further investigate the role of empathy in long-term HRI, I proposed and im-
plemented a generic computational model of empathy for robots that interact with
users in real-world settings [Leite et al. 2012b]. This model includes the multimodal
perception of naturalistic affective states from the user [Castellano et al. 2013], the
implementation and validation of generic empathic behaviours in the robot, and the
development of a decision-making mechanism that allows the robot to select the most
appropriate empathic behaviour considering the context of the interaction. The em-
pathic model was empirically evaluated in a study where the same group of children
interacted with the robot once a week, over five consecutive weeks [Leite et al. 2012a;
2014], while previous research studying the effects of computational empathy had only
considered short-term interactions. The developed model had a positive impact in long-
term interaction between children and the robot in terms of perceived social presence,
engagement, help and self-validation.

Most of the existing adaptive robots are based either on pre-scripted rules or on
machine learning techniques that determine the “optimal” intervention for each case.
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Thus, the robot will display the same behavior for a particular situation, without know-
ing if such response is actually effective for the particular user, or if it is just making
the user feel more frustrated. As part of the proposed empathic model, I developed
a non-intrusive adaptive approach based on Reinforcement Learning that allows in-
teractive robots to learn the best supportive strategies for keeping a particular user
in a positive affective state [Leite et al. 2014]. Results from a longitudinal study with
children suggest that affective expressions can serve as an informative feedback mech-
anism for personalizing Human-Robot Interactions, especially for extrovert children.

Social Primitives that Support Long-term Interaction
In addition to empathy, there are other social primitives that can play a very impor-
tant role in natural long-term Human-Robot Interactions. For example, turn-taking
or eye gaze seem largely unconscious and effortless for humans, despite relying on a
mix of contextual, verbal and gestural cues. I hypothesize that if robots are endowed
with these social mechanisms, more natural, effective and personalized interactions
will emerge over time. Due to their multimodality, endowing robots with these social
primitives poses extremely challenging computational problems, particularly in non-
laboratory conditions. Despite the remarkable efforts in this area, there are still sev-
eral challenges that need to be addressed, especially in atypical research conditions,
for example, when users are children or in multiparty settings (with adults or chil-
dren). My post-doctoral research activities have been focused on the development and
evaluation of social perception and action mechanisms necessary for robots and virtual
characters to interact autonomously with users over long periods of time.

I have been working in turn-taking in multiparty interactions between an interac-
tive character and groups of children. To decide when an interactive character should
take the turn in game play with small groups using multimodal features including
visual, audio and interaction context, I developed and investigated three distinct turn-
taking models: a baseline model grounded in established turn-taking rules for adults
and two machine learning models (using Support Vector Machines), one trained with
data collected in situ and the other trained with data collected in more controlled con-
ditions [Leite et al. 2013b]. An exploratory user evaluation focusing on the decision
points where these models differ showed clear preference for the machine learning
models over the baseline model. The results indicate that the rules for language in-
teractions with small groups of children are not simply an extension of the rules for
interacting with groups of adults [Leite et al. 2013a].

The development of robust and accurate social perception systems requires repre-
sentative data. For this reason, most data-driven perceptual systems for social robots
rely on data collected in the same type of interaction where future interactions are
likely to occur. However, even in the same context, conditions may change (e.g., depend-
ing on the number of users around the robot). So far, little is known about how machine
learning based models perform when they are tested in a group size different than the
one they were trained on, yet this feature is critical for some perception problems. The
way the robot should interpret a glance to the side is different if the user is alone
or in a group. I provided a first investigation into the effects of changing group size
in data-driven perception models by analyzing how a machine learning based model
trained with data collected from participants interacting alone with robots performs
in test data collected from group interactions, and vice-versa. These experiments have
been carried out in the context of predicting disengagement behaviors in children in-
teracting with social robots. My results showed that a model trained with group data
generalizes better to individual participants than the other way around. The mixed
model combining data from individual and group interactions is a good compromise,
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but it does not achieve the performance levels of the models trained for a specific type
of interaction [Leite et al. 2015b].

While better perception and action mechanisms are extremely important, it is also
crucial to understand in which contexts robots can be effective in assisting users. One
of the research questions that remains unanswered in this domain is whether the ad-
vantages of one-to-one tutoring can also apply to one-to-many instruction, and under
what costs. There are numerous reasons why having multiple children instead of one
child interact with a robot at a time is favorable, including limitations of cost, time and
space. In collaboration with the Yale Center for Emotional Intelligence, I developed a
scenario where two robotic characters play out stories around words that contribute to
expanding children’s emotional vocabulary. I conducted a repeated interaction study
where a single child or a group of three children interacted with these robots. Re-
sults show that although the individual interactions increased participants’ story re-
call abilities compared to the group condition, the emotional interpretation of the story
seemed more dependent on the difficulty level rather than the study condition [Leite
et al. 2015a].

Towards Socially Perceptive, Interactive Companions
The long-term goal of my research is to design autonomous robots that can capture,
learn from and respond more appropriately taking into account the user’s affective and
motivational states, allowing for truly efficient and engaging long-term interactions. To
accomplish this, I plan to focus my research in the following areas:

Long-term Human-Robot Interaction in the Real-World. Laboratory environments are ex-
tremely valuable for controlled HRI experiments. However, I have noticed through the
course of my research that the way people behave in laboratory conditions is substan-
tially different from that of real-word settings. To fully capture the needs of end-users,
I believe that robots must be placed in the environments where they are supposed to
operate since the early stages of development even if, at first, some behavioral modules
need to be replaced by a human in a Wizard of Oz manner. To this end, I will start by
first tackling the research problems in building robots that can run continuously with-
out human assistance. One unique challenge in deploying social robots in real-world
environments has to do with fault detection and recovery. Failure recovery research
in robotics has typically been applied to industrial tasks or remote settings such as
space exploration. I intend to leverage from years of research in this field by introduc-
ing the novel concept of social failure recovery, in which robots should recover from
failures in social settings in a way that minimizes negative effects in user experience.
One potential way of dealing with failures in settings with humans in the loop may
involve the robot asking the user for help. This is a rather unexplored area that will
have a large research impact in the near future, as robotic technology is reaching the
consumer market.

Multiparty Perception Systems. Most of the existing interactive technology, and in par-
ticular perception systems, is not robust enough to be deployed in real-world environ-
ments because it was trained using data collected in non-naturalistic conditions (e.g.,
posed expressions, perfect lighting) and, in many cases, with data from one single user
at a time. However, for robots to be successfully deployed in social settings and in-
teract appropriately with users over extended periods of time, they need to be aware
of their surrounding environment and social context. I plan to continue my research
on multimodal perception focusing on social phenomena where the number of people
around the robot may affect the way robots should perceive the environment, such
as engagement or social dominance. With the goal of developing multiparty percep-
tion mechanisms that will perform well outside laboratory conditions, I intend to
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collaborate with other researchers at University of Washington who are experts on
established user perception modalities, such as computer vision or natural language
processing, but also explore modalities that are receiving increasing attention by the
community but are still largely unexplored such as physiological signals [Leite et al.
2013c], contextual information [Castellano et al. 2012] or thermal infra-red imaging.
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