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Resumo
Com o crescente aumento de convivência entre humanos e máquinas, o desenvolvimento de
personagens socialmente credíveis, tanto robóticas como virtuais, que possam colaborar com o
homem em diversos domínios aplicacionais e tarefas tem sido o alvo de pesquisa de muitos
investigadores. Um destes domínios de aplicação é a educação, onde personagens sintéticas de
carácter pedagógico cooperam com os utilizadores, comportando-se como assistentes, dando
pistas ou feedback sobre uma determinada tarefa. Estes ambientes de aprendizagem muitas
vezes são compostos por jogos educativos e o objectivo destas personagens é ajudar os
utilizadores a terem uma melhor performance no jogo. Ao dotar estas personagens de
comportamento emocional, a interacção com os utilizadores torna-se mais credível, natural e
envolvente.
Esta dissertação foca-se no papel das emoções e do comportamento expressivo de personagens
sintéticas em jogos educacionais, mais especificamente em como este tipo de comportamento
pode ajudar os utilizadores nos processos de aprendizagem. Para tal, foi desenvolvido um
modelo emocional para personagens sintéticas imersas neste tipo de jogos. O modelo baseia-se
num mecanismo afecto-anticipatório – o emotivector – e é influenciado directamente pelo estado
do jogo num dado momento. Uma das vantagens deste modelo prende-se com o facto de poder
ser aplicado a qualquer jogo ou tarefa que utilize funções de avaliação. Posteriormente, o modelo
emocional pode ser reflectido no corpo de uma personagem sintética. Os utilizadores poderão
então interpretar esse comportamento, e assim adquirirem informação adicional para melhor
compreenderem o estado do jogo.
O modelo desenvolvido foi implementado no robô iCat, usando o xadrez como o cenário de jogo.
Foram realizados testes preliminares, onde o iCat actuou como companheiro/oponente, jogando
xadrez com o utilizador e reagindo emocionalmente a cada jogada. Os resultados da avaliação
sugeriram que o comportamento emocional do iCat ajudou os utilizadores a terem uma melhor
percepção do jogo de xadrez, levando-os a melhorar as suas aptidões para esse jogo.
Palavras-chave: Personagens Sintéticas, Robôs Sociais, Jogos Educacionais, Anticipação,
Emoção, Comportamento Emocional.

ii

iii

Abstract
As the co-existence between humans and machines increases, many researchers are attempting
to create believable socially interactive characters, robotic or virtual, that can collaborate with
humans in a variety of domains and tasks. One of the application domains where these
characters have been employed is education, where a large number of pedagogical synthetic
characters cooperate with users behaving as assistants, giving clues or immediate feedback to
the learning experience. These learning environments many times comprise educational games
and the pedagogical character’s purpose is to help learners to perform better in the game. By
endowing these characters with emotional behaviour, the interaction becomes more meaningful,
natural and engaging for the user.
This dissertation focuses on the role of emotions and expressive behaviour in socially interactive
characters employed in educational turn-based games, more specifically on how can we use the
character’s emotional behaviour to help users in the learning situations. We developed an
emotion model for synthetic pedagogical characters, which is influenced by the current state of
the game. This emotion model is based on an anticipatory mechanism called emotivector and it
can be broadly applicable to any game or task that uses evaluation functions. The developed
model can be reflected in a synthetic character’s embodiment. Users may then interpret that
emotional behaviour and by doing so acquire additional information to better understand the
game.
We have implemented the described emotion model in a social robot named iCat, using chess as
the game scenario. A preliminary evaluation was performed, where the robot behaved as a game
buddy, playing chess with the user and reacting emotionally to the moves played in the
chessboard. The results of that evaluation suggested that the emotional behaviour indeed helps
the users to have a better perception about the chess game, which will eventually lead them to
improve their chess skills.
Keywords: Synthetic Characters, Social Robots, Turn-based Educational Games, Emotion,
Anticipation, Emotional Behaviour.
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Chapter 1

Introduction
“The emotionless character is lifeless, as a machine.”
Joseph Bates, April 1994

1.1 Motivation
Robots are becoming part of our daily lives. Most of the common work done by autonomous
robots used to be to explore mine fields, inspect oil wells or work on production lines. However,
there is a new emerging field for autonomous robots: social robots [12]. Social robots are
especially designed to interact with people, helping them to perform tasks in several
environments. We believe that in the near future, the amount applications for social robots will
increase and they will cooperate in joint activities with humans as partners, rather than as tools.
To do so, the architectures of social robots have to be carefully projected so that they can meet
the expectations of people. The more robots can socially interact with humans, the more people
will accept them in their homes, workplaces and public spaces.
With the emergence of social robots, many researchers have focused their attention on ways to
improve the interaction between humans and these machines, and by that increase the number of
applications where they may be useful. Social robots belong to the wider category of synthetic
characters, which also includes the agents with virtual embodiments. Although much work
remains undone, there is already a common understanding about the importance of emotion and
expressive behaviour in such robots and other synthetic characters, as they lead to more natural
and believable interactions with humans [11].
Emotional information exchanges play an important role in human social interaction and
communication. People, particularly children, can interpret happy and angry expressions very
naturally [19]. This is especially true when characters have an anthropomorphic or zoomorphic
embodiment. Social robots and virtual characters must have the ability of expressing emotions, so
interactions with humans will be more believable, natural and enjoyable.
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Moreover, emotional expression has been considered one of the primary means to achieve
believability in synthetic characters, because it helps to know that characters really care about
what happens in the world. According to Bates [7], “if a character does not react emotionally to
events, if they don’t care, neither will we”. This statement assumes special importance when
socially interactive characters are immersed in tutoring situations, where the interaction must be
motivating and appealing under the risk of losing the user engagement [67]. These tutoring
situations are very often composed by interactive games and are directed to children. In these
games, the main role of the synthetic character (also named pedagogical character) is to play with
the child so she can improve a certain skill while playing the game. The non-verbal
communication, such as gaze, locomotion or gestures, is frequently employed by these
characters, for being considered less intrusive than verbal communication. One of the main roles
of the non-verbal communication is to convey feedback or responses to the learning situations.
Since humans, and particularly children, can develop social relationships with robots, these can
also be very useful in learning scenarios.
There are currently a large number of computer tutorials and interactive games for children in
many different areas [30] [45] [63]. The introduction of embodied characters in these
environments positively affects the way that students perceive the learning experience, especially
if those characters convey emotional responses to the tutorial situation. However, such emotional
responses have been left for secondary role in these systems, being just confined to a couple of
predefined animations played in the end of the interaction, which vary depending on the user
success or failure in the task. In most part of the systems, the character’s emotive responses
dependent strongly on the learning situation itself and cannot be detached from it, which means
that they could not be employed in other educational games or learning environments.

1.2 Objective
The work presented in this document proposes to solve the challenge of creating the emotional
state and consequent behaviour of a synthetic character immersed in an educational game
scenario. The main question addressed by this thesis is:
How character’s emotional behaviour can help users to better understand a
learning situation?
Given this, and since we are going to focus our research in educational games, the hypothesis to
be proven is the following:
If the synthetic character acts as a tutor/game companion to the user who is
interacting with it, and its emotional behaviour reflects what is happening in the
game, users will be able to better perceive the game state and their
performance will increase.
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The character’s emotional model will be based on anticipatory mechanisms. The developed
model will then be employed in the embodiment of a social robot that will be part of an
educational game scenario. A preliminarily evaluation will be performed in order to determine the
impact of such emotional behaviour on the way the users perceive the game.

1.3 Outline
This document is organized in six different chapters.
Chapter 2 (Related Work) presents a brief literature review on the fields of social robots, affective
computing and pedagogical characters. In the end of this chapter, the relation between these
three areas is discussed.
In Chapter 3 (Conceptual Model) the conceptual model for the proposed emotional system is
presented and discussed. Here, the concept of anticipatory mechanism is introduced and their
relation to the proposed model is explained.
Chapter 4 (Implementation) shows how the previously defined model can be implemented in a
social robot, using chess as the learning scenario. The implementation details about how the
character’s mind communicates with the robot’s animation engine in order to convey the
emotional state, as well as the integration with the chess game, are described.
Chapter 5 (Evaluation) describes a preliminary experiment conducted to evaluate the
implemented scenario presented in Chapter 4.
Finally, in Chapter 6 (Conclusion), we provide a brief summary of the developed work, from the
initial problem to the proposed solution. After that, we discuss some possible extensions to our
work.
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Chapter 2

Related Work
As stated before, this dissertation addresses the viability of developing emotional characters,
particularly robotic ones, for learning environments. In this chapter, we present a brief state-ofthe-art regarding to the fields of social robots, affective computing and pedagogical agents.
This chapter is organized as follows. In section 2.1 we introduce social robots and describe the
most common application domains for these robots. Section 2.2 provides a brief definition of
affective computing, emphasizing the relationship between this field and social robots, and
addressing the challenges of creating emotional characters. In section 2.3 we present the term
affective pedagogical character and give some examples, both virtual and robotic. The last
subsection discusses the prominent connections between the fields of social robots, affective
computing and pedagogical agents.

2.1 Social Robots
Social robots will soon play an important role in our world, working in cooperation with humans in
domains such as health-care and therapy, or serving as tour guides. They will entertain us, but
also help us to understand human evolution, development and culture [12].
In this section the term social robot is defined and the field of research is presented. After that,
some practical examples, organized by its application domains, are portrayed.
2.1.1

Definition of Social Robots

In spite of being a recent field, there are already several definitions for the term social robot. One
broad definition that combines the most relevant topics from the remaining definitions is proposed
by Bartneck and Forlizzi [5]:
“A social robot is an autonomous or semi-autonomous robot that interacts and communicates with
humans by following the behavioral norms expected by the people with whom the robot is
intended to interact.“
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From the diverse and growing number of applications for social robots, a few distinct modes of
interaction are beginning to emerge. Breazeal distinguishes four subclasses for social robots with
regard its mode of interaction: socially evocative, social interface, socially receptive and sociable
[10].
A socially evocative robot is designed to encourage people to anthropomorphize technology in
order to interact with it and it is quite common in toys, robotic “pets” and other entertainment
applications. The subclass of social interface robots uses human-like social cues in order to make
the interaction with people more natural and familiar. This subclass of robots tends to value social
behavior only at the interface level, so the robot’s social models tends to be shallow, being often
pre-canned or reflexive. Socially receptive robots frequently learn from interacting with people
through imitation scenarios, allowing people to shape their behaviors in richer ways. Finally, a
sociable robot has its own goals and motivations and “is able to communicate and interact with
us, understand and even relate to us, in a personal way” [9]. In sociable robots, social interactions
with people are valued not just at the interface level, but at a functional level as well.
The term socially interactive robot is proposed by Fong et al. [36] not to introduce another class of
social robot, but to distinguish these robots from other robots that involve “conventional” humanrobot interaction, such as those in teleoperation scenarios. Particularly, socially interactive robots
are robots that exhibit the following “human social” characteristics:
• Express and/or perceive emotions;
• Communicate with high-level dialogue;
• Learn/recognize models of other agents;
• Establish/maintain social relationships;
• Use natural cues (e. g. gaze gestures);
• Exhibit distinctive personality and character;
• May learn/develop social competencies.
2.1.2

Application Domains

The presence of human-style social characteristics varies with the role or function the robot plays
in society. The work of Dautenhahn [24] discusses the application domains of robots and
requirements on social skills. The functionality of a robot can vary from robots whose sole
purpose is to engage people, to robots that can fulfill a set of tasks in different environments.
There are application domains where the presence of social skills is more significant, such as
entertainment, health care, tour guides, research and education. Following we present examples
for these application domains, except for the education one, that will be developed separately in
section 2.3.2 due to its relevance for our future work.
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2.1.2.1

Entertainment

Nowadays robot technology applied to entertainment is the most explored area on social robots.
The decrease of costs in electronics enabled the appearance of a miscellany of robotic toys for
children, from cheap dolls like Hasbro’s Baby Alive [39] or Furby [40], to more expensive toys
such as LEGO Mindstorms [50] or pets like Sony’s robotic dog AIBO [73].
In Japanese, the word Aibo means “companion”. AIBO (Figure 2.1) can see, hear, and
understand commands. In addition, he has the ability to learn, to adapt to its environment, and to
express six different emotions. These capabilities are possible due to its agent architecture and
other technologies [38].
The features described above have made AIBO extraordinarily attractive to researchers of
computer science and robotics. There are a large number of studies involving this robot. For
example, Kahn, Friedman and Hagman [46] analyzed people’s conceptions of AIBO through their
spontaneous postings in its online discussion forums, to infer about how humans conceptualize
their relationship with a robotic pet. One of the categories in analysis was social standing,
referring to ways in which AIBO does or does not engage in social interactions such as
communication, emotional connection and companionship. From 182 participants, more than half
made affirmative references to this category, suggesting that interactions with robotic pets are
similar to interactions with real pets. These results pose some challenges in traditional patterns of
social moral and reasoning. The authors of the study show concern particularly for children,
because they may fall prey to accepting robotic companionship without the moral responsibilities
that real, reciprocal companionship involves. However, the incremental input of social skills into
these robotic pets may attenuate this concern.

Figure 2.1: Sony’s robotic pet AIBO
AIBO, like almost all other social robots in entertainment domain, belongs to the subclass of
socially evocative robots defined by Cynthia Breazeal.
2.1.2.2

Health Care

Robots have a high potential in health care domain, particularly the ones with social skills. As the
population gets older, the need for medical self-care increases, and a robot as a personal
7

assistant might help. These robots take advantage of human-like social cues in order to make
interactions with people more natural and familiar. Therefore, they can be included in Breazeal’s
social interface subclass.
Several universities are developing robots that provide assistance to the elderly. One example is
“Nursebot” Pearl [60] (Figure 2.2), a social robot designed to aid the elderly, reminding them of
events (e.g., medical appointments) and guiding them through their environments. Care-O-bot
[71] is another prototype of a robot assistant for housekeeping and home care, to be used by
elderly in order to live independently for a longer time.

Figure 2.2: Peal, the “Nursebot”
A rising field inside health care robots is robot pet therapy. An example of a pet therapy robot is
PARO [64], a robot shaped as a harp seal intended to have a calming and motivating effect on
patients of hospitals and nursing homes, by eliciting social emotional responses among the
patients.
2.1.2.3

Tour Guides

Tour guides are an example of social robots that can interact with people in public spaces.
Usually those robots are located in museums, notifying people about the exhibits and informing
about the elements displayed in the museum. The presence of social skills in this type of robots is
clearly important, since they interact with many different people and in environments where
people are expecting a human figure. Thus, their interaction mode approaches to the subclass of
social interface.
The first robotic tour guides came along in mid 1990s. One of the pioneers was Rhino [18],
designed at University of Bonn in Germany. Some members who had worked in Rhino project
and researchers from Carnegie Mellon University have developed Minerva [75] (Figure 2.3), a
“second-generation museum tour-guide robot”. Minerva’s purpose is to guide people through a
museum, explaining what they see along the way. This robot was installed in the Smithsonian’s
National Museum of American History.
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Figure 2.5: The iCat
Breazeal and the Sociable Machines Project have built a sociable robot called Kismet [49] (Figure
2.6), a robot that engages people in face-to-face interactions. Inspired by infant social
development, psychology and evolution, this work integrates theories and concepts from these
diverse viewpoints to enable Kismet to enter into natural and intuitive social interaction with a
human caregiver. The robot is able to perceive social cues from its visual and auditory channels,
and deliver social signals to the human who is interacting with through gaze direction, facial
expression, body posture and vocal babbles. Detecting emotional signals from a human enables
Kismet to return appropriate emotional responses, resulting in rich and engaging interactions with
people.
A study using Kismet [10] demonstrates that endowing robots with social skills has benefits far
beyond the interface value for the person who interacts with him. The ability for robots to interact
with people and learn in complex environments leads them to perform tasks better and to improve
their general behaviour.

Figure 2.6: Kismet
Another two social robots used for research purposes are Feelix [34] and eMuu [32] that we
portray more deeply in next section.

10

2.2 Affective Computing
Emotion plays a key role on routine tasks such as learning, communication, and even rational
decision-making [23]. Even so, the incorporation of emotion in machines has been left aside for a
long time. Only on the past decade started to appear significant studies on this field, triggered by
Picard’s book “Affective Computing” [66].
This section begins with a brief definition of affective computing. After providing adequate ground
for the incorporation of emotions in synthetic characters, and social robots in particular, we
highlight the importance of embodiment in emotional characters. Finally, some emotion models
are presented.
2.2.1

Definition of Affective Computing

“Affective Computing is computing that relates to, arises from, or deliberately influences emotions”
[66].
The term affective computing refers not only to the ability of a device to detect emotional
information from the human who is interacting with it, but also to the ability of expressing an
emotional state [66]. Recognizing emotional information requires the extraction of meaningful
patterns from the gathered data. This is done by parsing the data through various processes such
as speech recognition and natural language processing [26] or facial expression detection [33].
Expressing emotional state can follow multiple ways. If the device is a robot or a synthetic
character with human-like features, the most common ways to express emotions are through
speech, facial expression and/or body gesture. However, when machines do not have the humanlike features required to express the emotion, there must be alternative directions. The remaining
of this section will be dedicated to the domain of affective computing which refers to the
expression of emotional state by an embodied character.
2.2.2

Can robots have emotions?

Steven Spielberg’s 2001 movie “AI: Artificial Intelligence” [44] inspires us with a vision of future
relationships between robots and humans. The main character, David (Figure 2.7), is an
advanced robotic boy with the potential for establishing emotional relationships with human
beings. In the movie, David strives to become a real boy so that he can win back the affection of
the human mother who abandoned him.
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Figure 2.7: David, character from “AI: Artificial Intelligence”
Emotions can be expressed without really having them, like an actor playing a role. So robots, like
any other machine, can “have” emotions. We say that a robot “has emotions” when it comprises
some internal model that allows the simulation of the feeling of emotion and the capability to
express that emotion to humans. Even though, there are cases where the internal model is
missing and only the ability to express emotion is present (emotions are chosen randomly). The
absence of emotions on a social robot can be interpreted as indifference or coldness towards the
user. To achieve natural and believable interactions, social robots must “have” emotions.
Endowing social robots with emotions can be very useful for a whole variety of reasons. Fong et
al. [36] enumerates three main benefits in the incorporation of emotions on socially interactive
robots:
• Facilitates human-robot interaction;
• Can provide feedback to the user, such as indicating the robot’s internal state, goals and
intentions;
• Can act as a control mechanism, driving behavior and reflecting how the robot is affected
by, and adapts to, different factors over time.
The research on emotional social robots/characters follows two main directions: emotion
expression and emotion models. Emotion expression includes the research on how well humans
can recognize emotions displayed by robots and which attributes of the emotional expression are
relevant to user’s perception. The other direction relates to the conception of internal emotion
models that determine the emotional state of the robot/virtual character.
2.2.3

Relevance of Embodiment on Expressing Emotions

Much of emotion is physiological and depends on embodiment. Hence, there are design issues
that must be reasoned in order to characters express believable and understandable emotions.
Nico Frijda [37] describes in his book the combinations of body movements for several emotions.
There is a global understanding that facial expression has particular importance for humans to
identify emotions. For instance, eyebrows and lips have different poses according to the desired
expression.
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Fong et al. [36] classify social robots as being embodied in four broad categories:
anthropomorphic, the ones endowed with human characteristics; zoomorphic, inspired on
household animals, such as dogs; caricatured, that create desired interaction biases to focus
attention on, or distract attention from, specific robot features and functional, when the
embodiment reflects the tasks it must perform.
Several researchers support the idea that emotional expressions of machines are abstractions of
human expressions and therefore robots must be as human-like as possible [28]. Bruce et al. [17]
suggests that if a robot has an expressive face, then it is more compelling to interact with. On the
other hand, there are studies proving that anthropomorphism is not always necessary, and might
have the negative consequences of users’ frustrated expectations and lack of credibility [25].
2.2.3.1

eMuu

eMuu [32] is an emotional robot that fits on the caricatured category proposed by Fong et al. due
to his big head, big eyes and round shapes (Figure 2.8). This robot was designed to be the
interface between the environment of an intelligent home and its inhabitants.
Moving his only one lip and one eyebrow, eMuu is able to express emotions such as happiness,
sadness and anger. In fact, the first studies involving eMuu [4] were performed to evaluate how
convincing, trustworthy and intense these emotional expressions were viewed towards the user
and if the expressions were appropriate to a certain situation. The results of the experiment
suggest that emotional expressions of eMuu were perceived as convincing as emotional
expressions of humans and also that the interaction with such a robot is more enjoyable than nonexpressive characters.

Figure 2.8: eMuu, the emotional robot

2.2.3.2

Feelix

Feelix (Figure 2.9) is a social robot built from commercial LEGO Mindstorms to explore believable
emotional exchanges to achieve credibility on human-robot interaction [34].
Feelix reacts to tactile stimulations expressing emotions through his face. The degrees of freedom
that his face supports are very limited: there is only one degree of freedom on the eyebrows and
three degrees on the lips. Like eMuu, he is a caricatured robot by Fong’s categorization. Feelix’s
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facial expressions are based on approximations, due to the restrictions in degrees of freedom, of
Action Units from Facial Action Coding System (FACS) developed by Ekman and Friesen [29].
FACS is the most widely used method for measuring and describing facial behaviours. In FACS,
expressions are defined in terms of Action Units (Aus), which are descriptions of contraction or
relaxation of one or more muscles.
Cañamero and Friesland [19] performed a study to evaluate how well humans can recognize
facial expressions displayed by Feelix. They encountered good results, especially on recognizing
expressions such as anger, happiness and sadness. The study also revealed that humans tend to
empathize with the robot in a natural way on spontaneous interactions.

Figure 2.9: Feelix, the LEGO robot

2.2.3.3

Kismet

Kismet is an anthropomorphic robot. His face has 15 degrees of freedom (Figure 2.10) that
enable him to display a wide assortment of facial expressions to mirror its emotional state, as well
as to serve other communicative purposes [9]. Each ear has two degrees of freedom. Each
eyebrow can lower and furrow in frustration, elevate upwards for surprise, or slant the inner
corner of the brow upwards for sadness. Each eyelid can open and close independently, allowing
the robot to wink or blink both. Kismet also has four lip actuators, one at each corner of the
mouth, which can be curled upwards for a smile or downwards for a frown. There is also a single
degree of freedom jaw. Kismet’s facial expressions are generated using an interpolation-based
technique over a three dimensional space. The three dimensions correspond to arousal, valence
and stance.
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Figure 2.10: Robot Kismet and some details of his face
To evaluate Kismet’s expressive behaviour, some questionnaires containing pictures of Kismet
displaying several expressions were filled by subjects. Subjects also viewed seven video clips. In
each clip Kismet performs a coordinated expression using face and body posture. In both cases,
they were asked to select a word that best described the robot’s expression. The gathered data
suggest that people with no familiarity to the robot are able to interpret his facial expressions and
affective posturing. Moreover, the data from the video studies suggest that witnessing the
movement of the robot’s face and body strengthens the recognition of the expression [9]. People
can easily map the expression displayed by Kismet to the corresponding human facial expression
for a certain emotion.
2.2.3.4

iCat

Regarding Fong’s categorization of embodiment, iCat can be considered anthropomorphic or
zoomorphic. The cat appearance is familiar to humans that have been accustomed for centuries
to accept these creatures as domestic animals. The robot is 38 cm tall and is equipped with
eleven RC servos and two DC motors that control different parts of the face such as the
eyebrows, eyes, eyelids, mouth and head position (Figure 2.11). In addition, he has a web-cam
installed in the nose that can be used to recognize people and a stereo microphone to determine
the direction of the sound. A speaker and a soundcard are installed to play sounds and speech.
Finally, he has multi-color LEDs and touch sensors in both pawns and ears [15]. With this setup
iCat can generate several different facial expressions such as happiness, sadness, surprise or
disgust.
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Figure 2.11: Hardware setup of the iCat
Several studies with iCat were performed by Philips Research in a test facility called HomeLab
[13] [15]. During these studies, iCat displayed different personalities when behaving as a TVassistant or playing tic-tac-toe with users. The studies show measurable differences in
effectiveness and enjoyability of the tasks the users had to perform for different personalities of
the iCat. Extrovert personalities, with higher level of collaboration and partnership to users, were
preferable to introverted personalities. These studies evidence the relevance of the embodiment
on the user’s perception of robots. Different personalities can be generated simply by changing
iCat’s facial expressions and head gestures.
2.2.4

Emotion Models

“One critical component for a socially intelligent robot is an emotional model that understands and
manipulates its environment.” [2]
The existence of an emotion model in a character enables it to show the correct emotion, at the
right time and with the proper intensity. Moreover, emotion models can determine the entire
behavior of a character. Although computational models of emotion can often be viewed as of
secondary importance, they are critical when interacting socially with humans as Breazeal
demonstrates on her work with robot Kismet [11]. Therefore, these models are present in social
robots as well as in virtual characters that interact with humans.
In this subsection, emotion models employed in the robots referred in last subsection are
described. Except for iCat, since he does not have any predefined emotion model. The robot is
just an interface for the OPPR software environment and consequently each researcher can
develop different modules, creating distinct models of emotion and behaviors.
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2.2.4.1

eMuu

In 1988, Ortony, Clore and Collins developed a computational model of cognitive appraisal for
emotions that has come to be called as “OCC Model” [62]. The model specifies 22 emotion types
based on valence reactions to situations consisting of events, agents and objects. The processes
to determine the emotion type is decomposed in five main phases [3]: classification,
quantification, interaction, mapping and expressing.
In the classification phase the character identifies the emotional categories affected by the event,
action or object. In the quantification phase intensities for the affected emotional categories are
calculated. The interaction level refers to the interaction between the emotional value and the
current emotional categories of the character. The mapping phase selects one of the 22 emotion
types. The last phase concerns with the expression of emotion chosen in the previous step.
eMuu’s emotional model is based on a simplification of the OCC Model. Before eMuu, several
studies already had applied the OCC Model as a starting point to generate emotions for their
characters, such as the work of Bates, Loyall and Reilly in the Oz Project [8] and the Mind Module
of the architecture for building believable emotional agents in virtual environments developed by
Martinho and Paiva [56].
Despite being a very good, controlled and easy to use model for endowing a character with
emotions, the OCC model falls short on suggestions on what to do with the emotional state. For
instance, the mapping of the character’s emotional state to its behaviour remains the
responsibility of the developer of the character, as well as the body movements and facial
expressions.
2.2.4.2

Feelix

Feelix can display five different emotions plus a neutral state. The emotions are: anger, fear,
happiness, sadness and surprise. Feelix’s emotions are activated by tactile stimulations on his
feet. The stimulus is measured by duration and frequency. The selected emotion is determined by
the rules presented on Table 2.1 blended with the concrete value of the stimulus. There is only
one active emotion at any given moment [19].
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Table 2.1. Feelix’s stimuli and consequent types (positive or negative) and possible emotions

2.2.4.3

Kismet

Kismet’s emotional model determines his complete behaviour. It was designed to be “a flexible
system that mediates between both environmental and internal stimulation to elicit an adaptive
behavioral response that serves either social or self-maintenance functions” [11]. It motivates the
robot to come into contact with things that promote its “well being” and to avoid those that don’t.
The behaviour system consists of task-based goals and is inspired by ethological models for
perception, motivation and behaviour proposed by Tinbergen [76] and Lorenz [55].
As one can observe in Table 2.2, Kismet’s emotions (anger, joy, surprise…) are triggered by
antecedent conditions which are evaluated as being of significance to the “well being” of the
robot. The result is a set of behavior that denotes the observable response that becomes active
with the emotion. Some behaviors correspond to changes only on facial expression; others are
more complex such as “escape” behaviour. The last column of the table describes the function
each emotive response serves Kismet. Each emotion serves a particular set of functions to
establish a desired relation between the robot and its environment.
Although Kismet’s emotion model appears to be complete, some improvements could be
performed. Jointly with antecedent conditions, anticipatory mechanisms could influence the
emotional state. Anticipatory mechanisms would enable Kismet to predict the outcome of his
actions by building a model of expected future stimuli. The emotive response would be calculated
also by considering the deviation between the expected and the actual stimulus.
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Table 2.2: Summary of antecedents and behaviour responses that comprises Kismet’s emotive
responses [11]

2.3 Affective Pedagogical Characters
Affective pedagogical characters arose from two main areas: tutoring systems and animated
agents. With the rapid development of tutoring systems, educational software simply based on
question-answer was not enough. Sample characters behaving as assistants, giving clues and
stimulating the user to execute certain actions started to appear in tutoring systems. These
characters strive to achieve the delicate balance of the best aspects of a human tutor,
encouraging and motivating the student, caring about his progress, with the best aspects of a
computer-based intelligent tutoring system such as immediate feedback, hints along the way, high
number of similar questions/problems, learning subjects adjusted to a particular user, etc.
According to Picard, as the learning task increases in difficulty, one may experience anxiety,
frustration and confusion [66]. These negative feelings can lead the learner to abandon the
learning task. A good tutor must be able to detect affective cues in order to avoid negative
emotions, reward the progress of the student when she accomplishes a task and respond
differently given the emotional state of the student.
Elliot, Rickel and Lester [31] argue that pedagogical agents would be more effective teachers if
they:
• Care about the students;
• Be sensitive to student’s emotions;
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• Convey enthusiasm for the subject matter, in order to foster similar enthusiasm in the
student;
• Have a rich and interesting personality, making learning more fun.
In this section some studies that demonstrate the value of pedagogical characters in learning
environments are presented, and the benefits of incorporating emotions in these characters are
discussed. First we introduce some pedagogical characters that represent the current state of the
art in computer-based learning scenarios and then we examine a new emerging area: social
robots as peer tutors, which are robots that collaborate alongside with humans in equal standing,
helping them to accomplish tasks.
2.3.1

Virtual Characters

Conventional pedagogical agents focus on verbal interactions. One of the subjects that an
affective pedagogical agent explores is nonverbal communication such as locomotion, gaze and
gestures to focus the student’s attention. The agent may also give emotional responses to the
tutorial situation. Next, we portray some studies that evaluate if affective pedagogical characters
can establish a social collaboration with learners, facilitate learning, and replicate the instructional
mannerisms of a human tutor.
2.3.1.1

Steve and Herman the Bug

One important research group in this area is Center for Advanced Research in Technology for
Education (CARTE) from University of Southern California [20]. This group has developed Steve
(Soar Training Expert for Virtual Environments), a pedagogical agent for virtual environments
(Figure 2.12). Steve’s objective is to help students learn to perform physical, procedural tasks,
such as operating or repairing complex devices. Students manipulate a character immersed in a
3D computer simulation of their work environment. They can improve their skills through practice
on realistic tasks. Steve cohabits the virtual environment with them, continually monitoring the
state of the environment and periodically controlling it through virtual motor actions. Steve helps
students in various ways: he can demonstrate tasks, answer questions about the rationale behind
task steps, and monitor students while they practice tasks, providing help when requested [30].
The use of nonverbal communication is really important in this type of agents, because it is
considered less obtrusive than a verbal comment [45]. For example, Steve uses a nod of approval
to show agreement with a student’s actions and shakes his head to indicate disapproval.
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2.3.1.2

Vincent

The work of Paiva and Machado [63] extended the assertions produced by the Herman the Bug
study also to adults. They created Vincent, a pedagogical agent/companion whose purpose is to
interact with factory workers in learning environment that covers the subject of “Time and
Procedures in Manufacturing”.
Vincent’s personality was carefully thought, in order to meet the expectations of adults that work
in factories and had almost no background in computers. The anthropomorphic figure of Vincent
motivates the trainee by showing expressions such as sad, happy, disappointed or impatient
depending on the trainee’s performance. When the trainee succeeds at his task, the agent gets
enthusiastic. Figure 2.14 shows a diagram of Vincent’s possible behaviours.

Figure 2.14: Vincent’s partial behaviour
The results obtained with this study indicate that including the pedagogical agent to interact with
factory workers was a valuable choice, since Vincent was the major attractive feature of the
system.
2.3.1.3

Cosmo

Enabling lifelike pedagogical agents to communicate their affective state poses serious
challenges. Agents’ full-body emotive behaviors must support expressive movements and visually
complement the advices they deliver. Furthermore, these behaviors must be planned and
coordinated in real time. To create the illusion of emotional life, Lester and his colleagues from
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IntelliMedia Initiative have developed two frameworks [53]: spatial deixis and emotive-kinesthetic
behavior sequencing. The first framework is used for achieving deictic believability. Deictic is
related to the spatial location of the agent, regarding to its environment from the perspective of
the user. The second framework is employed for dynamically sequencing lifelike pedagogical
agents’ full-body emotive expression.

Figure 2.15: Cosmo
These frameworks have been implemented on Cosmo (Figure 2.15), a lifelike pedagogical agent
with full-body emotive expression. Cosmo inhabits the Internet Advisor, a learning environment for
the domain of Internet packet routing, helping students in forwarding packets through the network
to specified destinations. He has a head with movable antennas, blinking eyes and a body with
various articulations. The Internet Protocol learning environment was evaluated by students, with
and without the presence of Cosmo. Regarding to what they have learned, students did not notice
significant differences between the scenario with and without Cosmo. Even so, in general
students revealed preference by the learning environment incorporating Cosmo, justifying this
choice by the fun, engaging and charismatic personality of the character.
2.3.2

Physical Characters: Robots as Peer Tutors

As mentioned before on section 2.2, one of the main application domains for social robots is
education. Social robots for the education domain are usually designed to interact with children.
Their social skills, in particular emotions, serve to capture children’s attention and play a critical
motivational role in keeping them deeply engaged in the learning environment’s activities.
Although many researchers bring up the idea of social robot as a learning companion that interact
with the human learner as a supportive peer or as a tutor [12] [48], there are few practical
applications on this domain. This might happen because the whole social robots area is still in an
early stage of development. Nevertheless, some efforts are being done, such as the foundation of
the Institute for Personal Robots in Education [43] and the work of Kanda et al. from Osaka
University with Robovie [47].

23

2.3.2.1

Robovie

The research made by Kanda et al. [47] crosses the fields of social robots, emotion and
interactive education. They performed a field trial evaluation for two weeks with first and sixth
grade elementary school Japanese students and two English-speaking interactive humanoid
robots called Robovie (Figure 2.16). Robovie is a social robot capable of human-like expressions
and recognizing individuals by using visual, auditory and tactile sensors. Its body possesses
highly articulated arms, eyes, and a head designed to produce sufficient gestures to communicate
effectively and affectively with humans. In addition, the robot was developed using wireless ID tag
information, which he uses to, for example, call a child’s name and initiate an interaction after
detecting the child from his or her ID tag.

Figure 2.16: Robovie interacting with a child
In the study, the robot behaved as an English peer tutor for Japanese students, playing and
communicating with them in English. The results indicate that the robot did encourage some
children to improve their English, and that he was more successful near children who already
knew a bit of English. Even so, the results are valid only for the children who continued to interact
with Robovie through the second week – those who formed a relationship with the robot. The
study also revealed that robot failed to keep most of the children’s interest after the first week,
mostly because the robot’s first impact created unreasonably high expectations in the children,
and that his behaviour could not address such enthusiasm. This suggests that, to justify their
practical application, robots should acquire more sophisticated social abilities to maintain
relationships with humans, especially in long-term interactions.

2.4 Concluding Remarks
In this chapter we have presented a short literature review about social robots, affective
computing and pedagogical agents. In each section, several practical applications were
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presented. Most of the examples could be inserted in any section, since these are closely related
fields.
The field of social robots is yet in the early stage of development. All the referred social robots
can be considered socially interactive robots. In particular, all of them are able to express
emotions, establish social relationships and exhibit a distinct personality. Still, there are some
human social characteristics that are neglected. For example, none of them can communicate
with a high-level dialogue. This may happen because natural language processing mechanisms
and the quality of synthesized speech are far from being good. Therefore, the design of social
robots focuses more on forms of communication such as facial expression and body language.
The most explored application domain for social robots is entertainment, which also is the only
application domain that already has commercial robots. Robots from the remaining three
application domains are used mostly for research purposes.
Developments in the past decade have accentuated the relevance of the role of emotions in
machines. Emotions are particularly important on social robots since they facilitate human-robot
interaction. Robots that have more degrees of freedom in their embodiment, especially in the
face, can display a larger number of emotions. For instance, robot Kismet can express several
emotions because his face has controllable eyes, eyeballs, eyelids, eyebrows, ears, lips and
neck. With fewer degrees of freedom there is eMuu that can only move one eyebrow and one lip
and therefore only can express happiness, anger and sadness. In robotics pets, such as Sony’s
Aibo, facial emotional expressiveness sometimes is limited to flashing LEDs. Nevertheless, the
studies involving these robots show that, in general, humans can recognize the emotions they
intend to express quite well. The need of additional features for expressing emotions is justified by
the poor recognition of more uncommon expressions, such as anxiety or surprise.
The field of affective pedagogical characters has progressed more in virtual characters rather
than in robotic ones, possibly because these characters evolved naturally from computer-based
tutoring systems. Several studies suggest that pedagogical characters can effectively support the
learning process of students. Furthermore, integrating emotional traits into these characters result
in more effective and motivating teaching. However, these studies do not present concrete results
on how such emotional traits were relevant (or not) to an increased perception of the learning
subject. Still, researchers argue that since motivation is a critical ingredient in learning, and
emotions play an important role in motivation, the incorporation of emotions in pedagogical
characters should improve student’s learning experience. Nevertheless, we believe that emotions
can bring much more than just motivation to these scenarios. In fact, this is what we are trying to
prove with this dissertation.
The work presented in this chapter encouraged our research on social robots with emotions for
learning scenarios. Social robots with the ability to express emotions have proved to be more
engaging and easy to interact than virtual characters with the same capabilities, mostly because
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they share physical space with the user. Therefore, students may learn from social robots as they
learn from their professors and/or computers.
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Chapter 3

Conceptual Model
This chapter describes the overall idea behind the conception of a pedagogical agent with
emotional anticipatory behaviour.
We start by introducing the type of applications in which the agent can be immersed. After that,
the agent’s overall architecture is depicted. Then, we describe in more detail the emotion module,
responsible for the representation of the agent’s affective state. In this module, the two key
concepts are instant reactions, generated by anticipatory mechanisms, and mood. Finally, we
describe how the agent’s affective state is properly displayed, through facial expressions played
in the agent’s embodiment. This last procedure is handled by the animation module.

3.1 Affective Pedagogical Characters in Turn-based Educational
Games
In the previous chapter, a range of applications including affective pedagogical characters were
presented. Those characters inhabit learning environments where they help users to accomplish
several tasks, usually by nonverbal communication such as gaze gestures or facial expressions.
One important and popular type of applications that many times employs affective pedagogical
characters is educational games [53, 54]. They have been an important part of student’s
educational experiences because they encourage learning outside the school duties. It has been
hypothesized by many researchers that educational games have the potential to make learning
more fun and effective, since they highly increase student’s engagement [41].
Our system will be composed by a synthetic character that acts as the opponent of a user –
usually a child – in an educational game. The goal is to enable children to play against the
character, in a scenario in which the character’s emotive behaviour is influenced by the game
state. Children may then interpret the characters affective behaviour and by that acquire
additional information to better understand the game.
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This system is conceived primarily for turn-based games, where the flow is portioned into well
defined turns or rounds. In this type of games, each player has a period of analysis and thinking
before committing to an action. Most board games are turn-based, such as Chess [21], Risk [68]
or Monopoly [59].
An encompassing cycle of the game scenario is depicted in Figure 3.1. In the first stage of the
interaction, the synthetic character introduces itself and the game. Following, it invites the user to
play. The user can take the time he wants to think before actually plays her turn. After the user’s
turn, it is the characters turn. Here, there is a preliminary phase to appraise the changes in the
game, followed by the adjustment of the emotional state as a consequence of those changes.
Finally, the character expresses its emotional state and plays its turn. Although, in some cases,
the emotional state can influence the decision process, we are going to separate those two
stages (emotion and game decision) to simplify the model. Note that the user may not always be
the first one to play. In that case, the steps corresponding to the character’s turn take place before
the user’s turn. The cyclic game flow continues until one of the players (user or synthetic
character) wins the game.

Figure 3.1: Game Flow
To carry out the steps described above, an intelligent agent with affective behaviour must be
conceived. In fact, the conceptual model will be focused on the synthetic character’s internal state
and behaviour rather than in a specific educational game.
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has no influence in the actions taken by the agent during the game. Since this module is not
directly influenced by emotion, this allows for a simpler integration of the conceptual model in a
broad range of applications.
The three modules will be described in more detail in the next subsections. However, the
remaining of the document will devote special attention to the emotion and animation modules.
3.2.1

Game Module

The game module represents the interactive game played by both the user and the agent. It
contains the whole logic of the game, such as the rules and the tree search algorithms that
evaluate the game state through the use of heuristic functions. Broadly speaking, this module
perceives the game events and decides the moves of the agent.
Moreover, the game module also works as the main input for the emotion module, as the
character’s affective state is determined by the game score. To properly communicate with the
emotion module, the game module needs to be in line with a set of requirements. After each
user’s turn, information about the game must be sent to the emotion model. This information
estimates, after the game evaluation, the value of the agent’s position. The game evaluation can
be calculated only by looking to the current state of the board or, using a depth-first search
algorithm, by estimating some moves ahead. In both cases, if the agent is in a better situation
than its opponent, the resultant values should be positive, otherwise they should be negative.
Moreover, higher values may indicate a greater advantage relatively to the opponent than values
close to zero, and the same for negative values. To each value that goes out from the game
module to enter in the emotion module, we will name board value.
Suppose that the game is chess. If so, the game module would incorporate an internal chess
board representation that would be altered when one of the players makes a move, as well as an
algorithm responsible for the evaluation of the board, which would return the best move for the
character to play at a certain time. Every time the user makes a move, the result of the evaluation
of the board, i.e., the board value, is sent to the emotion module. For example, it might be used a
function with values ranging from -1000 to +1000. -1000 means that the agent is certainly going to
lose, whereas +1000 means victory. An application that matches this example is detailed in [65].
3.2.2

Emotion Module

The emotion module receives the board values from the game module and after processing those
values the affective state of the character is updated. As mentioned above, the emotion module is
triggered after the user plays his turn. The affective state will then be reflected in the character’s
behaviour, which is handled by the animation module.
To properly represent the character’s affective state, the emotion module is separated in two main
parts or systems: instant reactions and mood. As the name suggests, an instant reaction is
released immediately after a change in the emotional component. Although being a prompt
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reaction, it is of short duration. On the other hand, mood is a much more subtle emotional state,
but it persists for a longer time in the agent’s affective state and consequent behaviour. Mood is
always present in the character’s emotional state, except when it is being surpassed by an instant
reaction.
Returning to the chess example, imagine that our agent is in advantage in the game, i.e., has
more pieces than its opponent and they are in better position. In this situation, the agent’s mood is
positive. However, if the opponent takes a very important piece, the emotional reaction to that turn
would be unpleasant. After that immediate reaction, if the game stills better for the agent, the
mood will remain positive. Instant reactions and mood will be deeply described in section 3.3.
3.2.3

Animation Module

The part responsible for conveying the emotions existing in the emotion module, as well as the
game actions taken by the agent, is the animation module. The main purpose of this module is to
receive information from the other two modules, and perform upon it. This means that the agent’s
affective state is mapped into expressions that will be shown to the user through its embodiment.
In addition, animation module receives requests from the game module and performs the
animations that correspond to the agent’s turn in the game. In the case of the chess game,
animation module is responsible for performing speech acts containing the agent’s move (e.g.
“queen h7”).
The animation module manages all aspects related to playing predetermined animations and
controls directly some values from different parts of the character’s embodiment (e.g. eyebrows),
as well as the decay of expressions.
Continuing with the example of the previous subsection, it is the animation module that will map
the agent’s mood into the corresponding facial expression. In that case, and since the mood is
positive, the embodiment will show a happy face, by manipulating some face parameters such as
eyebrows and lips. When the instant reaction is triggered, the animation module plays the
animation corresponding to the selected unpleasant emotion.

3.3 Emotion Conceptual Model
In this subsection we present a detailed description of the emotion conceptual model, which is the
module that comprises the agent’s affective state. In Figure 3.3, we portray the emotion module,
as well as its integration with the remaining components of the agent’s mind (game and
animation).
As mentioned earlier, the game module passes information to the emotion module. In the agent’s
mind, this information is a percept containing the board value, i.e., the belief of the game state in
the perspective of the agent. Every time one of those percepts is sent, the internal affective state
of the agent is updated.
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This update takes effect in the two main components of the agent’s affective state: instant
reactions, represented in blue in Figure 3.3, and mood, represented in green. Our model is
inspired by Scherer’ work [72], which divides the affective states in five categories: emotion,
mood, interpersonal stances, attitudes, and personality traits. Our agent’s affective state
incorporates the first two categories, emotion (corresponding to the instant reactions) and mood.
We decided not to include the remaining three categories because we do not have enough
information from the outside world of the agent that allows us to properly represent those states.
The next subsections are dedicated to the explanation of the details behind the instant reactions
(that will originate emotions) and mood.

Figure 3.3: Emotion Conceptual Model

3.3.1

Instant Reactions

Instant reactions are the immediate emotions experienced after the user’s turn in the game.
According to Scherer [72], emotions are relatively brief episodes of response to the evaluation of
an external or internal event as being of major significance. Although they have a short duration,
they are quite explicit.
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Instant reactions can be associated with previous expectations, particularly in turn-based games,
where we unintentionally and inevitably build an idea of our opponent’s performance. This idea
becomes clearer, for instance, when we play with the same opponent more than once. Likewise,
the more we think we “know” our opponent, the more we get surprised with her failure if we
consider her a great player. In other words, we tend to anticipate our opponent’s performance
during the game.
To endow our agent with this kind of behaviour, we used an anticipatory system named
emotivector. According to Rosen [70], an anticipatory system is a system containing a predictive
model of itself and/or of its environment that allows it to change state at an instant in accord with
the model’s predictions pertaining to a later instant. Figure 3.4 depicts the overall idea behind an
anticipatory system where the expected value, which is the result of the predictive model, is
confronted with the sensed value (what was actually perceived). From the mismatch between
what was expected and what was actually perceived, information can be retrieved. This is the
main idea behind the emotivector system. Next, we provide a brief description of the emotivector
system and how we incorporate it in our architecture.

Figure 3.4: Anticipatory systems
Emotivector is an anticipatory mechanism, coupled with a sensor, that: (1) uses the history of the
sensor to anticipate the next sensor state (expected value); (2) interprets the mismatch between
the prediction and the sensed value, by computing its attention grabbing potential and associating
a basic qualitative sensation with the signal; (3) sends its interpretation along with the signal [57].
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Figure 3.5: Emotivector system
Figure 3.5 establishes an analogy between the emotivector definition and our conceptual model.
Sensed value stands for the belief about the board value, whereas the expected value is the
anticipated board value. When a new belief is perceived, emotivector system catches this value
and performs the following set of actions:
1. Using the history of beliefs, the next expected value of the sensor is computed, that is,
the anticipated board value. This computation requires an estimator for the prediction of
the next state. Diverse estimators can be used, depending on the precision that we want
in the predictor. Examples of estimators are Kalman filter or moving averages algorithm.
For simpler approaches, we can for instance assume that the value for the next state is
equal to the previous sensed value. Evidently, this type of prediction leads to larger
mismatches between the estimated and the sensed value.
2. By confronting the expectation computed in the previous step with the actual sensed
value (i.e., the board value), and using a model inspired in the psychology of attention,
the emotivector computes a sensation for the percept.
Four primary sensations can be elicited from this computation:
• S+ (positive increase): If reward is anticipated and the effective reward is stronger than
the expected, an S+ sensation is thrown.
• $+ (positive reduction): If reward is anticipated but the effective reward is weaker than
the expected, a $+ sensation is thrown.
• S- (negative increase): If punishment is anticipated and the effective punishment is
stronger than expected, an S- sensation is thrown.
• $- (negative reduction): If punishment is anticipated but the effective punishment is
weaker than expected, a $- sensation is thrown.
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There is a more complex version of emotivector model that generates nine basic sensations
instead of four. This approach uses meta anticipation and demands for an additional predictor that
receives prediction errors. While the other predictors receive percepts, prediction error works with
the mismatches between the prediction and the sensed value. Based on the history of prediction
errors, this meta-predictor computes the next expected error, using the same mechanism the
other predictor uses to compute its next state. Meta predictor enables the addition of an “as
expected” parameter to the model of sensation, which provides an error of margin for the
estimation that indicates how trustworthy the prediction is.

Figure 3.6: Emotivector: nine sensation model
The nine possible sensations resultant from the emotivector model using a meta predictor are
presented in Figure 3.6. The central column comprises the “as expected” sensations, triggered
when the estimated value suits the error prediction. When the sensed value exceeds the error
threshold, one of the remaining “unexpected” sensations, that can be rewards or punishments, is
elicited. For instance, the meaning of the “expected R” is “this sensations is as good as I was
expecting”, whereas the “stronger R” means “this is better than I was expecting”.
Meta-predictor has the advantage of not requiring fine-tuning, which is fundamental for our model,
since the signals picked up by the emotivector can vary depending on the educational game that
is being used. Thus, the only adjustment that needs to be done when implementing this module is
on defining the negligible variation for the nine sensation model.
Different sensations can be elicited and therefore different instant reactions are sparked.
However, at this level, we only have sensations. The selected sensations will then pass to the
animation module, where they are directly mapped to an affective expression that reflects a
certain emotion.
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3.3.2

Mood

Mood is a relatively lasting affective state. It is less specific, often less intense and thus less likely
to be triggered by a particular stimulus or event. Moods generally have either a positive or
negative valence effect and are longer lasting [74]. Valence refers to the emotional value
associated with a stimulus. Mood works like a background emotional state, when other emotions
(in our case, the instant reactions) are not occurring.
Based on the above definition, we will represent mood as a valence variable V that ranges
between [-100; 100]. The magnitude of V represents its intensity. Positive values are associated
to good things (happiness), whereas negative are related to bad things (unhappiness), as
symbolized in Figure 3.7. After its calculation, valence will be handled by the animation module,
which will turn the value into the corresponding embodiment expression.

Figure 3.7: Valence space
The belief of the board value is also the main stimulus for the valence variable. However, to
accomplish that, some pre-processing is required. Firstly, because the limits of the belief values
may not lie between the [-100;100] interval. Secondly, even if the previous statement is true, this
mapping only leads to linear correspondences, which cannot be desirable in some cases.
Suppose that the values sent from the game module correspond to an evaluation function that
ranges from -100 to 100, where -100 means that the agent is going to lose in the next turn and
+100 means the agent is certainly going to win. In this type of functions, these boundary values
only come up in the endgame. Thus, most part of the signals will belong to [-30; 30], especially in
the beginning of the game. Directly mapping these values would lead us to low intensity valence
at the most part of the game.
To overcome this kind of situations, we introduce an intermediate filter function F(x), which will
filter the values received directly from the game module before they reach the valence variable. In
that function, x corresponds to the values received from the game module. Hence, F(x) is the
value that, after the correct mapping to the [-100; 100] range (if needed), will correspond to the
current valence. For example, if F(x) is a logarithmic function, we can obtain more frequently
values far from zero (neutral state), since this function starts growing faster than a linear function.
Summarizing the mood computation steps (Figure 3.8), when a new belief is perceived by the
emotion module, this value gets into a filter function. After that, a valence value (between -100
and 100) is ready to be sent to the animation module.
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Figure 3.8: Mood computation
Although mood is defined as a lasting affective state, it does not last forever. Over the time and in
the absence of new stimuli (i.e., new game module signals), valence will decay and towards zero
again. A decay rate, which indicates how fast the valence decays over time, as well as the
number of seconds before the decay starts since the last stimuli must be defined.

Figure 3.9: Example of the valence evolution
Figure 3.9 shows a graphic with a possible evolution of the valence values. One of the axes
represents time (t) and the other comprises the valence values (V). When a new stimuli is
received from the game (instant t0), the valence gradually evolves until it reaches the desired
value, which in this case happens at the t1 instant. After that, for a certain period of time, the
valence remains with the same value, since no other stimuli come from the game module. At the
instant t2, the valence starts decaying at a predefined decay rate. However, at the instant t3, a
new stimulus occurs. For this reason, instead of keeping on with the decay, the value will
increasingly raise until it achieves the new valence value.

3.4 Animation Conceptual Model
The main role of the animation module is to display the internal affective state of the agent to the
user, by the manipulation of the agent’s body. The affective state itself is not enough to produce a
believable behaviour. In order to increase the overall believability, this module also performs other
animations in the character’s embodiment, such as blinking.
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The animation module is associated to an embodiment, composed by a set of variables. Each
variable represents a different part of that embodiment (e.g. left_eyebrow). Variables have a
name and a range value. The current value of each variable will then be reflected in the
embodiment of the character. There are two different ways of manipulate these variables: direct
manipulation or predefined animations.
• Direct manipulation sets the value of a single variable, in real time. This approach is
used when we want to control a single variable independently.
• Predefined animations are scripts containing a temporal sequence of variables and their
values (i.e. several direct manipulations), which result into movements of those body
parts. These animations can be used to represent emotional behaviours such as happy,
sad or surprise, but also broader animations like blinking, looking down or looking up.
This module manages three main groups of data. Each one fits into one of the two categories
defined above:
•

Emotions
As mentioned earlier, each one of the nine sensations generated by the emotivector
system will outcome into a predefined animation that properly reflects a sensation.
This module is responsible for keeping the mapping between the sensations and the
corresponding animations. Since the meaning of the sensations (and consequent
emotions) may depend on the game context, the choosing of the nine animations is left to
the implementation.

•

Mood
While emotivector system deals with predefined animations, mood follows the approach
of direct manipulation. There are two different sets of variable parameterizations, “happy”
and “sad”, each one corresponding to a limit of the valence space (-100 and valence =
100). The embodiment position is determined as an interpolation from one of those two
parameterizations. If valence is positive, the values will be computed using the “happy”
parameterization and if negative, by the “sad”. For example, suppose that the happy
parameterization contains a definition for a variable named eyebrow with the value 80. If
valence equals 50, the variables must be half of the maximum value, which for eyebrow it
means 40. With this mechanism, we can display the same expression, but with different
intensities.
According to the earlier mood definition, mood’s velocity of change is low. Thus,
animation module is responsible for smoothing the valence changes. For example, if
valence value received from the emotion module is 80, when the current value that
animation module contains is 50, animation module is responsible for extend that change
for several cycles to avoid a big jump in the body variables, by incrementally increasing
the value.
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•

Other animations
Like emotivector animations, idle animations also belong to the predetermined type. The
amount of such animations may vary, but a large variety will certainly lead to a more
diverse, and therefore believable, behaviour.
This category also incorporates the animations sent by the game module, which
correspond to the actions taken by the agent during the game. Since the agent’s body is
independent of the game, usually these actions are restrained to speech acts.

The inputs for the animation module (Figure 3.10) are the sensations triggered by the emotivector
system and the valence variable computed by mood component, both from the emotion module.
The following set of actions is performed continuously by this module:
1. If a new sensation is thrown by the emotivector system, the corresponding emotion is
played through a predefined animation.
2. Variables associated with the mood parameterizations are updated, according to the
current valence value.
3. If the embodiment is not playing any predefined animation from the step 1, a random “idle
animation” is performed.

Figure 3.10: Animation Module
After the three steps, it may happen that some variables are being used concurrently, which may
lead to conflicts. To solve this problem, a priority was established to the access the variables. In
the presence of overlapping values, the most priority values are the ones set up by instant
reactions, followed by the mood and finally the other animations.
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3.5 Concluding Remarks
In this chapter, the conceptual model for a pedagogical agent’s affective state and possible
behaviour was presented. Since the purpose of this agent is to help children in a game situation,
such affective state is mainly influenced by the game score.
When the agent’s opponent plays her turn and consequently changes the game state, the agent
evaluates that new state (game module) and recalculates its affective state (emotion module). An
immediate reaction to that event is performed and the agent’s mood is also updated. The affective
state is then reflected in the agent’s embodiment (handled by the animation module).
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Chapter 4

Implementation
The architecture described in the previous chapter allows the development of the emotional
internal state and behaviour of a pedagogical agent, apart from the game and the agent’s
embodiment.
This chapter depicts how the model can be implemented with the embodiment of the iCat robot
presented in section 2.3.3, using a chess game as the scenario, as displayed in Figure 4.1. We
start by a brief description of the chess game implementation and its relation with the emotional
component. Then, we formulate the implementation choices for the emotion module. Finally, an
explanation regarding how the animation module is integrated with the iCat control software is
given.

Figure 4.1: Implementation Scenario
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4.1 Integration with a Chess Game
Chess is a turn-based game that matches the game flow described earlier in section 3.1. In this
chapter, we are going to call “chess module” to the game module defined in the conceptual model
chapter, since now we assume that the scenario will be a chess game.
The employed chess module [65], like most of the computerized chess applications, is composed
by two main parts: a user interface and a chess engine. The interface enables users to visualize
the chess board and interact with it, for example, to play their moves. In this case, the user
interface is a physical electronic chessboard provided from DGT Projects [27], which is connected
to the computer through a USB interface, and the iCat robot, responsible for communicating with
the user to indicate the moves chosen by the chess module, as depicted in Figure 4.1. The chess
engine is the “thinking” part of the chess application. It comprises an internal board representation
and a set of search techniques and evaluation methods that measure the value of a board
position and return a move (which the engine considers as the “best one”, given the evaluation)
for the character to play. The chess engine implementation is based on Tom Kerrigan's work [77].
The chess module works as a state machine that represents the game flow (Figure 4.2). This
module was primarily designed to admit a synthetic character that acts as the interface between
the engine and the chessboard. For instance, to communicate the engine’s elected move to the
user, the chess module uses the animation module as an intermediate to control the iCat robot. It
is possible to include our emotional component in such agent, which in this case is the iCat.

Figure 4.2: Chess game state machine
This module contains a method named vDoAction() that is called every 300 milliseconds. The
method contains the main cycle of the game, which is composed by the state machine depicted in
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the above figure. The states are represented in the iCat’s perspective. To simplify the description
of the game cycle, we will assume that the user (i.e., the iCat’s opponent), is always the first one
to play.
When the game starts (“begin” state) the iCat invites the user to play and after that it waits for the
user’s upcoming move on the electronic chessboard (“waiting for user’s move” state). When the
opponent makes a valid move, the chess engine evaluates that move and computes its best
move (“thinking” state). The incorporation of the emotion module in this scenario takes place after
the board evaluation, in the “reacting state”, represented in the figure with a different color. This
state uses a method from the chess engine, the getBoardValue() method, which returns a value
between -9999 and 9999 that estimates the value of iCat’s position in the game, to update the
agent’s emotional state. This state will be better described in the next subsection. After the
reacting phase, the engine’s elected move will be communicated to the user through a speech act
sent to the animation module (that will perform that action in the iCat’s embodiment). Due to the
limitations of the iCat’s “body”, the robot asks the user to play its move on the chessboard. When
the user plays its move, iCat thanks the user by a speech utterance or by a “confirm animation”
(e.g., a nod). After that, the game evolves to the “waiting for user to play my move” state. When
the user plays iCat’s move, the flow returns to the “waiting for user’s move”. This cycle continues
until one of the players checkmates the other or draws the game. In that case, the game ends
(“game over” state).

4.2 Emotion Module Implementation
The emotional component of the agent is updated when the game is in the “react to move” state,
that is, after the user plays a move. In the conceptual model, it was mentioned that this module’s
input must be a value that reflects the evaluation of the board state regarding to the agent, which
in this case is the iCat. In our implementation, this value can be retrieved from the
getBoardValue() method that belongs to the chess engine. Every time the emotion module is
triggered, the getBoardValue() method is called. Using the conceptual model terminology, these
values represent the history of beliefs (or sensed values) of the agent. With this new belief, the
emotion module is going to compute a sensation (using the emotivector system) and update the
valence mood variable.
In the next two subsections, we describe the implementation details for the iCat’s affective state.
We start by describing the selected predictor for the emotivector system, followed by the
explanation of the filter function used in the mood component.
4.2.1

Emotivector Implementation

To calculate the expected belief for the emotivector system referred in section 3.2.1., we need to
apply a predictor to the history of the resulting values of the getBoardValue() method. We have
used the moving averages algorithm [61]. Moving averages’ underlying purpose is to smooth a
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data series and make it easier to spot trends. This algorithm is commonly used in the stock
market.
The two most popular types of moving averages are the simple moving average (SMA) and the
exponential moving average (EMA). We have applied the exponential moving averages, also
called weighted moving averages, which reduces the lag by applying more weight to recent
values relative to older values. The formula for the EMA is:
Ŝ (n) = (1 – α) . Ŝ (n – 1) + S (n)
2
α=
1+N
For a certain move n, Ŝ represents the expected value, Ŝ (n - 1) is the previous expected value
and S(n) is the current sensed value. α is a smoothing factor and N is usually the specified
number of periods.
When using the formula to calculate the first point of the EMA, there is no available value to use
as the previous EMA. This small problem can be solved by starting the calculation with a simple
moving average and continue on with the above formula from there. A simple moving average is
formed by computing an arithmetic mean over a specified number of periods.
After calculating the expected belief using moving averages, the getBoardValue() is employed as
the actual sensed value and the emotivector system computes the proper sensation. In Table 4.1,
we show an example of how the sensations are computed, using the sensed values of a real
chess game.

Emotivector
Expected
Value

Sensed
Value

Delta

Mismatch

Threshold

Resultant Sensation

0,0

‐30

0

30

15,0

UNEXPECTED_P

‐20,0

‐55

‐20

35

28,3

STRONGER_P

‐43,3

‐33

‐23

10

16,3

EXPECTED_P

‐36,4

30

7

66

49,7

STRONGER_R

7,9

25

44

17

28,0

EXPECTED_R

19,3

17

11

2

10,9

EXPECTED_R

Table 4.1. Emotivector Computation
In the table, the expected value is computed using the moving averages algorithm with N = 2 (i.e.,
with a smoothing factor of 0.67) and the sensed value is the belief obtained from the
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getBoardValue() method. The following three columns present some supplementary values for
the emotivector processing. Delta represents the difference between the current and the previous
expected values. For the chess game, we consider a negligible variation when delta lies between
-3 and 3. When delta is up to 3, we expect a “reward” sensation and when it is less than -3 a
“punishment” sensation is expected. Mismatch refers to the difference between the current
sensed and expected values and it is calculated to determine the threshold. The threshold value
is predicted also using the moving averages algorithm, employing the mismatch values. This
value is important because it determines if a sensation is “as expected” (if the sensed value lies
between the current threshold) or, in the other hand, if it is a reward or punishment (if the sensed
value surpasses the threshold limits). Notice that in the beginning of the game, the threshold is
calculated as a normal average between zero and the first mismatch (in this case is 30). Besides,
in the beginning of the game, we have no expectations about our opponent and therefore the first
expected value is zero.
For example, looking to the third line of the table, we were expecting the value -43.3, but the
sensed value was -33. Taking into account the supplementary values from the emotivector
calculation, we will show how we obtained the “expected punishment” sensation. Attending to the
delta value, we realize that the expected value decreased 23 points relatively to the previous
computation and for this reason a punishment sensation will be triggered. To discover if the
punishment sensation will be stronger, expected or unexpected we need to look at the sensed
value and the threshold. At this time, the reckoned threshold is 16.3, which means that if the
sensed value lies between [-43.3 - 16.3; -43.3 + 16], the sensation will be “as expected”, because
it would fit into the threshold interval. Actually, that is what happens in this calculation (the sensed
value was -33) and consequently the resultant sensation is an “expected punishment”.
4.2.2

Mood’s Filter Function

The outcome of the getBoardValue() will also serve as the input for the mood’s filter function, F(x).
For the chess scenario, this function is defined as follows:

Log (x + 1) * 25, x > 0
F (x)

0, x = 0
– Log (-x + 1) * 25, x < 0

The choice of this particular function for the chess scenario was due to two main reasons. The
first reason lays in the fact that the getBoardValue() limits are -9999 and 9999. Thus, for x = 9999,
F(x) = 100, and for x = -9999, F(x) = -99,99 • -100, which means that this function enables the
mapping between the values sent by the chess evaluation function and the valence variable. The
second reason is that the board values very rarely reach the boundary values. During almost the
entire game, sensed values do not stand out from the [-3000; 3000] interval, unless there is a very
large difference between the two players performance. The boundary values only came along by
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the end of the game. Thus, we needed a function that would emphasize the “close to zero” values
(both positive and negative) and by doing so be able to have high intensity valence values during
the entire game and not only in the endgame. The implemented filter function is plotted in Figure
4.3.

Figure 4.3: Mood’s Filter Function
The range of the filter function belongs to the [-100; 100] interval, which means that the outcome
values of the function can be directly mapped into valence values. In the table below we present
some values obtained from the getBoardValue() and the corresponding valence value, after
applying the filter function.

Table 4.2: Valence Calculation

4.3 Animating the iCat
After describing the implementation choices for the emotion module, we will now explain how
these choices are reflected in the iCat’s embodiment. The animation module is the part of the
agent’s mind responsible for communicating with the iCat control software by controlling the facial
expressions of the iCat robot that recreate and convey the agent’s affective state to the user.
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4.3.1

Integration with iCat Control Software

As mentioned in the related work chapter, the iCat Research Platform comprises the iCat robot,
the Open Platform for Personal Robotics (OPPR) software and a web-site for supporting the iCat
research community.
The iCat’s OPPR platform provides an animation engine which makes it possible to combine
multiple robot animations at runtime execution. The animation engine supports the rendering of
animations in the iCat hardware at a rate of ten frames per second. In the iCat’s terminology, the
term animation does not only refer to the movement of mechanical parts, but also to changes in
light, sound and speech [15]. Besides the animations, this engine also renders behaviours, which
are “dynamic” animations written in Lua Programming Language [42] that also change the values
of the iCat’s body parts. The combination of multiple animations and behaviours increases the
believability of the character. This combination is possible due to the existence of ten animation
channels with different priorities. Each channel controls the execution of a single robot animation.
Figure 4.4 illustrates how the animation module communicates with the animation engine of the
iCat software. In the agent’s mind, the animation module generates high level commands that will
be carried through the iCat’s animation engine. This communication is possible because the
agent’s mind is programmed under a framework named Dynamic Module Library (DML), which is
also the framework behind the iCat software. The commands are sent through the CommandInput
port and contain messages with requests for loading, playing or stopping animations and
behaviours in the animation channels. Besides, the commands may contain utterances for the
iCat to say, for instance, to inform the user about iCat’s move in the game. The StatusOutput port
provides feedback about the status of the animations (started or stopped), as well as if such
animations were successfully added or removed from the channels. The EventOutput port sends
data describing an occurring event in one of the iCat’s sensors (e.g. touch or proximity sensors).
However, we do not use any of the iCat’s sensors and thus this port is not connected to our
agent’s animation module.
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Figure 4.4: Integration with iCat control software

4.3.2

Parameterizations for the iCat robot

As mentioned in Chapter 3, the animation module receives sensations from the emotivector
system and valence values from the mood system. Each sensation must be associated to a
predefined animation that represents an emotion, whereas the valence value directly changes
variable values in the agent’s embodiment.
In the implementation with the iCat robot, for the emotions and other animations (such as
blinking), we will use the robot predefined animations from the animation library of the OPPR
software. For the mood, we will use a behaviour that allows us to directly manipulate the value of
some variables in the robot’s embodiment. There is a set of variables defined in the iCat’s
embodiment, each one corresponding to one of the robot’s body parts. The variables have their
own type (integer, boolean or string) and a range value. They can be set at system runtime and
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are defined by a name. For example, the variable with the name “iCat.Head.LeftEyebrow”, is an
integer variable with values is ranging from 0 to 100 that manipulates the robot’s left eyebrow.
The iCat software also offers a lip synchronization mechanism that works as a regular animation
and thereby it must be loaded and started into one of the animation channels. This particular
animation plays an important role in the character’s believability because it ensures the
synchronization between mouth movements and acoustic speech.
Taking advantage of the multiple animations channels and adopting the priorities defined in the
conceptual model for the animation components, we will use the animation channels in the
following order (from highest to lowest priority):
1. Lip synchronization animations
2. Emotional animations
3. Mood behaviour
4. Other animations
When several animations are running in more than one channel and an iCat variable is used
concurrently, the chosen value will be the one set by the channel with highest priority. This means
that the lip synchronization outranks the remaining animations in terms of priority in accessing
variables (i.e., setting the value of a certain variable). The second channel belongs to the
emotional animations that correspond to the instant reactions about the game state, followed by
the mood behaviour and finally the “other” animations.
4.3.2.1

Instant Reactions

Instant reactions are animations containing the emotive response to the state of the game. Those
are played in the second channel. The iCat software comes with a library of animations, including
emotional animations (e.g. happy, sad and surprised) that were previously submitted to tests
which verify that users perceive those emotional expressions on iCat’s embodiment [6]. We have
made a correspondence between these animations and the nine emotivector sensations.
Sensation

Animation

stronger R

excited

expected R

confirm*

weaker R

happy

unexpected R arrogant
negligible

think*

unexpected P shocked
weaker P

apologize*

expected P

angry

stronger P

scared

Table 4.3. Mapping the sensations into iCat animations
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In table 5, we point out the selected iCat animation for each one of the nine sensations resultant
from the emotivector system. The emotional animations were not enough to map all the
sensations. Thus, we adapted other animations (such as apologize or confirm) to some
sensations. The animations marked with “*” were the ones that were slightly modified in order to
recreate an emotion. The choices for the sensation-animation mapping were based on the
meaning of the sensations. For example, the “stronger reward” sensation means that we
experienced a reward much better than we were expecting and therefore the correspondent
emotion is “excitement”. The “expected reward sensation” means that what we experienced was
as good as we were expecting. Thus, the emotional reaction corresponds to a soft smile with a
nod (adapted from the existing “confirm” animation).
4.3.2.2

Mood

Unlike instant reactions, that only occur after the user plays a move, the iCat’s facial expression
resulting from the mood affective state is implemented as an iCat behaviour that is constantly
running. To properly run in the animation engine, such behaviour must contain a method named
onProduceNextFrame(), which is called every 10 frames per second by the engine.
The animation module contains two sets of parameterizations of the iCat’s embodiment variables,
one corresponding to a happy face and the other one to a sad face. These parameterizations
influence the iCat’s eyebrows, eyelids and lips. The values for the parameterizations were
obtained from the happy and sad iCat animations. The resultant faces are depicted in Figure 4.5.

Figure 4.5: iCat’s mood expression for valence = 100 and valence = -100
Depending on the valence value, the animation module communicates with the iCat’s animation
engine to inform the “mood” behaviour about the values for the iCat’s body parts. This is done by
the use of four global variables: eyebrows, upper_lip, bottom_lip and eyelids. Animation module
declares these variables in the animation engine through the CommandInput port. Thus, the
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behaviour has constant access to them. We scripted the “mood behaviour” to read the values
from the global variables and set the iCat’s corresponding body parts to these values.
The animation module is responsible for not letting the valence change abruptly. The mood
behaviour does the same for the iCat variables. Although the iCat variables do not suddenly
change in the mood channel, it may happen that the most priority channels do change such
values. For example, the lip synchronization may have changed the value for the upper lip to 100,
when according to the mood it must be at 50. Hence, the script decreases this value 3 points
each time the onProduceNextFrame() method is called, until it reach the desired 50.
Although most of the computation is performed after the user plays her turn, the emotion module
is constantly running. There are calculations that need to be executed at each cycle of the game
application, such as the decay of the valence value. In this case, the decay starts after 20 cycles
of being at the same value. Afterwards, the decay rate is 1 point in each cycle. If the valence is
positive, it will decay by -1 and if it is negative it will increment by +1, until it reaches the neutral
valence, that is, the zero value.

4.4 Concluding Remarks
In this chapter, we started by presenting a brief description of the chess game in which we have
embedded our agent. We have implemented the agent’s mind as part of that game application.
The moving averages algorithm employed by the predictor of the emotivector was formulated, as
well as the filter function used to calculate the valence of the mood system. Finally, we described
how the animation module in the agent’s mind communicates with the iCat’s animation engine to
convey the affective state to the user using the robot’s embodiment.
Despite the attempts to make the agent’s emotion module as independent as possible from the
game and the embodiment, when it comes to the implementation this is not an easy task,
especially regarding the association between the mind and the agent’s embodiment. There were
some implementation issues, such as the compatibility with the DML framework, required to be
able to animate the iCat robot. Moreover, and since the conceptual model does not imply a
particular embodiment, there were parameterizations that needed to be defined, such as the nine
animations corresponding to the instant reactions and the definition of the values for the iCat’s
happy and sad faces in the mood system.
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Chapter 5

Evaluation
This chapter describes a preliminary experiment that we have conducted to evaluate the
implemented scenario of the previous chapter. First, we focus on the research question and on
describing the methodology behind the evaluation scenario. The remaining of the chapter is
dedicated to the analysis, evaluation and discussion of the obtained results.

5.1 Research Question
The scenario delineated in the previous chapter comprises the iCat robot as an opponent of a
human player in a chess match played on a physical electronic chessboard. The scenario was
conducted to children that already have some background in chess. iCat does not intend to teach
children about the chess rules. The goal is to enable them to play against the character, in a
scenario in which the character’s emotive behaviour is influenced by the game state. Children
may then interpret the characters emotional behaviour and by doing so acquire additional
information to better understand the game. More precisely, we try to answer the following
question:
What is the effect of the iCat’s emotional behaviour on the user’s perception about the game?
The hypothesis is that the users will be able to understand the iCat’s emotional behaviour, and by
that:
• They will have a larger perception about what is happening on the game, and thus be able
to improve their chess skills;
• The overall gaming experience will be perceived as more enjoyable and motivating than
with, for instance, a computer chess program, since they realize that their actions in the
game affect the character’s affective behaviour.
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5.2 Methodology
To validate the hypothesis referred above, some preliminary tests were performed. The
participants had the opportunity to play three different chess problems with the iCat. In each one
of the three exercises, we tested a different emotional behaviour in the robot, as we will explain in
the next subsections.
5.2.1

Measurements

According to the challenge posed in the research question, the presented experiment attempts to
measure two aspects. So, our dependent variables are the following:
1. User perception about the game;
2. User enjoyment of the gaming experience.
The user’s perception about the game cannot be measured on an absolute scale. The first way
one might consider for this measure could be, for instance, to write down the users who had
positively accomplished some exercise (i.e., the ones who checkmated the iCat) and the ones
that were checkmated. Nevertheless, this would be a naive approach, due to the several levels of
chess knowledge that players can have. At the same chess exercise, some players may commit
more mistakes than others (for having less chess skills) but yet win the game. We have opted to
consider that the perception about the game is related to the way the users perceive the chess
board at a certain moment. Therefore, the criteria that we adopted for measuring the success of
the user perception of the game was to compare what the user “thinks” about the game at a
certain moment, with the value obtained from the chess module’s evaluation function. As such, at
a certain board position, if these two variables match with each other (e.g., if the user thinks that
iCat is losing and the chess evaluation function also indicates that iCat is in disadvantage), we
say that the user could successfully perceive the game state.
The user enjoyment of the experience is a simpler aspect to measure. We want to find out if the
game scenario (with the iCat included) motivates the users in such a way that they prefer to play
with iCat rather than, for instance, a computerized chess application without an embodied
opponent.
The next subsections are dedicated to the description of the adopted procedures in the
experiment that lead us to evaluate these two measures.
5.2.2

Participants

A total of 9 participants (7 males and 2 females) between 7 and 31 years old took part in the
experiment. All of them were native Portuguese. There were two criteria used when selecting the
participants. First, none of the participants had prior experience interacting with the iCat. The
second criterion was that the players must know all the rules of the game and at least have some
prior experience on playing chess. The percentage of male chess players in the world is higher
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than female chess players. In the top 100 players of the World Chess Federation, there is only
one woman (Judit Polgar) [35]. We could confirm that, given our difficulties in finding feminine
participants for our experiment.
Four of the nine participants (the youngest) were members of the “Clube de Xadrez de Sintra”, a
chess club that promotes chess for the youth living in Sintra village and its outskirts. The club has
an instructor that teaches the younger members two times a week, training them for playing in
local tournaments. When the experiment was performed, it was holiday season for children, and
thus we could not gather more users from the chess club. So, the remaining participants were
older than 14 years old, and were not members of the chess club. We divided the experiment in
two different sessions. The first session was conducted in the chess club facilities with the
children, and the second session was in the IST – Technical University of Lisbon facilities with the
remaining subjects.
5.2.3

Setting

The experiment was conducted with three different control conditions regarding to the iCat’s
emotional behaviour. Thus, our independent variable could take one of the following “values”:
1. The behaviour in agreement with the implemented emotional model;
2. “Incoherent” random emotional behaviour. In this case, the instant reactions to the user’s
move are randomly chosen between eight possible animations. This means that the only
animation that cannot be chosen is the one that would be selected in the “coherent”
emotional behaviour. Besides, the valence value computed after each user’s move is also
a random value;
3. Without expressing the emotional state, that is, a neutral/idle, behaviour.
The experiment was composed by three different chess problems, with several levels of difficulty
(easy, medium and hard). The three exercises were suggested by the chess instructor from the
chess club where some of the tests were performed. The initial position of each one of the
exercises is displayed in the Appendix A.
Participants interacted with the three versions of iCat, each one in one of the different chess
exercises. The first exercise they were asked to solve was the easy one, followed by the medium
and finally the hard. The control conditions of the iCat’s behaviour were incorporated in a
balanced order. This means that one of the participants played the easy problem with the
condition number one, the medium with the second condition and the hard with the third. Then,
the next participant played the easy problem with the second condition, the medium with the third
and the hard with the first, and so on.
The non-affective animations, i.e., the ones that iCat uses to communicate its moves to the
opponent, as well as the “idle” animations (e.g. blinking, turn the neck and look around) are
exhibited in the three interactions, apart from the control condition.
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The entire experiment was done in Portuguese, including the interaction with the iCat and the
questionnaires. We have used a Portuguese female voice for the iCat’s speech utterances. The
voice, named “Celia”, is a text-to-speech technology from Acapela Group [1].
5.2.4

Procedure

The participants were seated at a table in front of both the chessboard and the iCat. On the table,
there was also a laptop, connected to the chessboard and to the iCat robot. The experimenter
was seated next to the participant. Each participant completed the evaluation session in
approximately 45 minutes.
First, the experimenter welcomed the participant and explained how to use the chessboard. Since
the board has sensors in all the squares, when moving the pieces, these should be lifted up
instead of dragged. Next, the experimenter explained to the user that, due to the iCat’s
embodiment limitations, she must play the robot’s move, when asked.

Figure 5.1: User playing with the iCat
The interaction begins with iCat “waking up” (an animation is performed) and inviting the user to
play. When an exercise terminates, i.e., when one of the players (iCat or the user) checkmates
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the other or the game draws, the iCat plays the corresponding animation to that event and then
falls asleep. After that, the board is set up with the new exercise and the iCat wakes up again.
Figure 5.1 contains a storyboard of the interaction between a user and the iCat during the
experiment.
The measurement of the user perception of the game was carried out during the exercises.
During each exercise, the experimenter asks the user three times (one in the beginning, other in
the middle and other near the endgame) the above questions:
• “According to the iCat’s expression, it is”…
Wining

Loosing

Neither winning nor loosing

• “By your analysis of the game, iCat is”…
Wining

Loosing

Neither winning nor loosing

As mentioned above, these answers will then be compared with the board evaluation from the
agent’s game module at the time the questions were made. Since that evaluation function returns
a value from -9999 to 9999, we needed to map them into “winning”, “loosing” or “neither winning
or losing” so they could be compared with the user’s answers. The evaluation function returns
positive values when the agent is “winning” and negative values when it is “losing”. However, the
values between -50 and 50 do not represent a significant advantage or disadvantage and
therefore we used such interval to represent the “neither winning nor losing” option.
Finally, the user fills a paper-and-pencil questionnaire in Portuguese language (Appendix B). The
questionnaire is divided in two main groups of questions.
The first group of questions inquires the user about which one of the three exercises she
preferred to play. It also contains an open-answer question for the user to indicate the main
differences in the iCat’s behaviour among the three exercises, if she did notice such differences.
The second group intends to measure the user enjoyment of the experience. Here, we decided
not to focus in the specific emotional behaviour implementation, but in the overall gaming
experience. We want to investigate if users accept iCat as a game companion and enjoyed
playing with it. We defined some items related to the ideas behind the definition of this variable.
As a result, we came up with a set of six assertions that are portrayed below. For each one, the
user must indicate if she agrees or disagrees.
1. I found this set-up very interesting.
2. iCat is a good opponent.
3. I felt comfortable playing with iCat.
4. Before playing, iCat seemed to think carefully about its upcoming move.
5. iCat’s behaviour was polite and friendly.
6. iCat noticed my presence.
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Although the vocabulary used in the questionnaire was quite simple, some of the younger
participants asked for help to fill it. For this reason, in the case of children with less than 10 years
old, the experimenter was near them while they were filling the questionnaire.

5.3 Results
In this section, we exhibit and comment the major tendencies that came out from the experiment.
We start with the analysis of the numerical data resultant from the questionnaires. After that,
some qualitative data collected from the observation of users interacting with iCat is presented.
5.3.1
5.3.1.1

Quantitative Data
User perception about the game

As mentioned in the previous section, the perception about the game is related to the way the
users perceive the chess board at a certain moment and the result of the chess evaluation
function for that same position. As such, at a certain board position, if these two variables match
with each other (e.g., if the user thinks that iCat is losing and the chess evaluation function also
indicates that iCat is in disadvantage), we say that the user could successfully perceive the game
state. Since we had conducted the tests with nine different subjects and asked them the
“perception about the game” questions three times during each exercise, we have a sample of 27
values for each one of the three control conditions.
Chess Experience
Independent
Variables

∑

neutral

Age

Beginner

Intermediate

<= 14

> 14

20

13

7

6

14

random

16

7

9

7

9

emotivector

23

12

11

11

12

N

27

15

12

12

15

Table 5.1. Success statistics of the perception about the game variable
Table 5.1 shows the number of success cases organized by iCat’s emotional behaviour and
subject groups. As we can see by the second column of the table, the success measure varied
among the three different control conditions. Although the sample is not very large, the results are
better when the iCat comprised the affective behaviour described (emotivector based). These
results may suggest that such behaviour helps the users to better understand the game. We
separated the subjects in groups based on their chess experience and regarding to their age.
Taking a deeper analysis between these groups, we did not find any abrupt divergence with the
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success distributions, which indicate that this success is independent from the subject group.
Nevertheless, these results are merely indicative, due to the limitation of the sample.
We performed a Spearman Correlation test with a Two-tailed test of significance for the samples
of each one of the three control conditions. The results are portrayed in the above tables (Table
5.2, Table 5.3 and Table 5.4). We had three different variables to correlate: the user’s perception
of the game based on the iCat’s expression (iCat_f), the user’s perception of the game based on
her overall analysis (own_an) and the “actual” game state, obtained from the chess evaluation
function (real_v). Next we portray the outcomes that were observed by performing this test.

Table 5.2. Correlation values when the control condition comprises our emotion model

Table 5.3. Correlation values when the control condition comprises the “incoherent” random
behaviour
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Table 5.4. Correlation values when the control condition comprises neutral behaviour
The first relevant aspect is that the correlation between the “user’s own analysis of the game” and
the “actual game state” variables is higher when the control condition comprises our emotional
system. In this case, the value of the correlation is 0.930 (p < 0.001). With the random emotional
behaviour samples, the correlation decreases to 0.485 (p = 0.010) and in the games that iCat did
not express any affective state the value is 0.680 (p < 0.001). Since the only aspect that changed
among the three sets of values was the iCat’s behaviour, these results suggest that the user’s
perception of the game increases when the iCat’s emotional behaviour is in agreement with the
actual state of the game, that is, when it is animated with the previously described emotional
system.
Regarding to the correlation between the perception of the game based on the iCat’s expression
and the user’s own analysis of the game, we found correlations between these two variables in
two of the three control conditions. The correlation tests using the values from our emotion
system, such correlation is really strong (0.958 for p < 0.001), whereas in the neutral emotional
behaviour the value decreases to 0.580 (p = 0.002). Despite the decrease in the value, the
variables still remain correlated with the neutral behaviour, which was quite unexpected for us.
One possible explanation for such correlation is that in the absence of emotive expressions, users
tend to interpret the iCat’s neutral behaviour taking into account their opinion in the game. Thus,
we cannot guarantee a total independence between the variables “user’s perception based on
iCat” and “user’s perception based on own analysis”. The exception in the correlation between
these two variables took place in the random control condition values, where the variables are
negatively correlated (-0.116), although with a poor significance (p = 0.564).
Finally, concerning to the relation between the perception based on iCat’s expression and the real
value of the game, it is important to refer that there is a strong correlation between these variables
when applying the test to the values retrieved when the iCat’s behaviour is in agreement with the
described emotional system (0.980 for p < 0.001). This result contributes for our belief that users
were able to correctly interpret the iCat’s emotional behaviour.
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5.3.1.2

User Enjoyment

In this subsection, the results of the user enjoyment measure are examined. These questions
were in the paper and pencil questionnaires that the participants filled in the end of the three
exercises. Thus, the sample is equal to the number of subjects that took part in the experiment,
that is, nine samples. The results are presented in Table 5.5.
Question

Options

Responses

"Easy"

1

"Medium"

7

"Hard"

1

I found this set-up very interesting.

Yes
No

9
0

iCat is a good opponent.

Yes
No

9
0

I felt comfortable playing with iCat.

Yes
No

9
0

Yes
No

7
2

iCat’s behaviour was polite and friendly.

Yes
No

9
0

iCat noticed my presence.

Yes
No

6
3

What was your favorite exercise?

Before playing, iCat seemed to carefully think about its upcoming
move.

Table 5.5. Answers given to the questions about user enjoyment
As the table shows, most part of the subjects preferred the “medium” difficulty exercise, a result
that was already being expected. During the games, we noticed that almost all the subjects
completed without big effort the “easy” exercise. On the other hand, the “hard” chess problem was
quite tricky, and a large part of the subjects were checkmate by iCat. Thus, it is no surprise that
the “medium” exercise was the more challenging in terms of difficulty and thus the most preferred
by the subjects.
The remaining questions of the table are related to the user enjoyment of the experiment. All the
participants found the experiment very interesting, considered iCat a good opponent, felt
comfortable playing with the robot and considered its behaviour polite and friendly. The divergent
opinions only came along in two assertions. Two of the nine subjects answered that iCat did not
seemed to carefully think about its upcoming move, and three of the nine subjects claimed that
iCat did not notice their presence. The negative responses were mainly answered by the older
participants. Although these results are not very concerning (especially because iCat is primarily
directed for children), we will further analyse the game interaction to understand the reasons of
these results.
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5.3.2
5.3.2.1

Qualitative Data
Differences between the iCat’s behaviour

The only open answer question in the questionnaire inquired the users about the differences in
the iCat’s behaviour during the three chess problems. The answers from this question should be
analyzed among the subject groups defined earlier, since there are general trends in the answers
of each group.
In the youngest group, the one that comprises subjects with less than 14 years old, only one of
them noticed differences in the iCat’s behaviour. From observation of the experiment, the
explanation that we encountered is that the younger players think that iCat is “mistaken”, when for
instance reacts happily to a bad move from the opponent. This type of behaviour is well accepted
for the kids, because even when they are very good chess players, they are used to play with
other children that many times commit mistakes in the game evaluations. Another possible cause
is the time that this group took to complete the exercises. The whole experience took
approximately 50 minutes in the subjects from this group. Thus, it is possible that at the time they
completed the last exercise, the iCat’s behaviour of the first problem was not quite fresh on their
minds.
In the other group, including subjects older than 14 years old, the differences were noticed by all
the members. However, some of the subjects that belong to the “beginners group”, regarding to
the chess experience, only distinguished two different types of behaviour in the iCat: a “neutral”
and “reactive” behaviour. Therefore, only in the more experienced chess players group from the
all the participants correctly distinguished the three different behaviours.
5.3.2.2

Overall Analysis

During the experiments, a significant amount of qualitative data was collected. Next, we
enumerate some of the most relevant observations and some common statements about the iCat
and the experiment in general:
•

Participants were quite polite when interacting with the character. For example, after they
play the iCat’s move, when iCat said “thank you”, they usually replied with a “you’re
welcome” sentence. Such attitudes evidence that users see iCat as a believable
character.

•

Two of the younger participants asked when the iCat would be available in stores so they
could buy it, which indicates that they enjoyed the experiment and wanted to keep
interacting with the iCat in their homes.

•

In general, children paid more attention to the iCat than grownups. Some of the older
participants were so concentrated in the game that they almost forgot to notice the iCat.
On the other hand, children expressed much more anxiety and enthusiasm about the
iCat, not only after the instant emotional reactions, but also during the entire game.
62

Nevertheless, it was the adults group that could better distinguish different iCat
behaviours.
•

The iCat can display red, blue or green lights in its “ears”, which we have employed in the
animations. The green lights were present in the animations that were supposed to
express positive emotions (e. g. “stronger reward”), whereas the red lights were
associated to sad emotions (e.g. “unexpected punishment”). In the “confirm” animations
displayed after the user played the character’s move, we used blue lights, the remaining
colour that iCat can display. However, the blue lights were not well understood as
confirmation lights by some of the participants. Instead, such animations were sometimes
misidentified as happy animations.

•

With the neutral behaviour as control condition, sometimes the iCat’s neutral behaviour
was mistakenly identified as happy. Especially when the game was actually in advantage
for the iCat, on certain occasions users claimed that iCat was “winning” when they were
questioned about the game state given the iCat’s emotional behaviour. This behaviour
was not verified, for instance, in the “random” behaviour.

5.4 Concluding Remarks
The main question of this experiment was whether the manipulation of the iCat’s emotive
behaviour results in an increased perception/enjoyment of the chess game for the participants. In
this chapter we started by elaborating the research question of the experiment. We then
described the experiment methodology, where the two aspects to measure were the user
perception of the game and the user enjoyment of the gaming experience. Finally, we described
and discussed the obtained preliminary results.
The analysis of the results was separated into quantitative and qualitative data. The quantitative
data provided us some interesting results. The first relevant remark is that the subjects succeeded
more times in the perception of the game measure when the iCat’s emotional behaviour was in
agreement with our emotional system. Furthermore, the correlation between the user’s analysis of
the game and the actual state of the game variables was substantially higher in this case.
Regarding to the second measure of the experiment (user enjoyment), the feedback about the
overall gaming experience was quite positive. Excluding some aspects regarding to the
believability of the character, all the participants agreed that the experience was very interesting
and felt comfortable playing with the robot.
From the qualitative data, we could reassert the finds about the user enjoyment and retrieve
information about how users perceived the iCat’s behaviour. While most of the subjects were able
to identify the idle affective behaviour, only a part of them could correctly distinguish the three
distinct behaviours. The problems on distinguishing the emotional random behaviour from the
“coherent” one can be justified by the fact that younger participants are used to play with players
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that commit mistakes. They did not find iCat’s behaviour incoherent, but instead they thought that
the robot was performing a bad evaluation from the game state. These results suggest that,
despite the disconnection between the character’s behaviour and the actual game state, it was
coherent in some way, and therefore it was acceptable for children.
Although preliminary, the outcome of this experiment indulge us to believe that we are in the right
direction to build the emotive behaviour of an artificial game-playing agent that can actually help
users to better understand the game, and by that help them to increase their performance in the
game.
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Chapter 6

Conclusion
The work presented in this dissertation intends to be a step towards the development of synthetic
characters with emotional behaviour that can act as companions to facilitate a child’s own efforts
at learning. Such synthetic characters shall not be compared to the traditional question-answer
based intelligent tutoring systems, neither with conventional human tutors. Instead, they must be
perceived as more experienced companions, which can help users to accomplish a task or
improve a particular skill. One of the reasons why the emotional expressiveness in synthetic
characters is so important, asides from the increased believability is that people typically assume
that emotions are spontaneous and therefore they are an honest way of communication between
them and the agent.
The research question covered by this dissertation was: How character’s emotional behaviour can
help users to better understand a learning situation? We focused our research on a particular field
of learning scenarios, the turn-based educational games. We started from the hypothesis that if
the character’s emotional behaviour reflects what is happening in the game, users will be able to
better perceive the game state and their performance will increase.
To answer the research question, we started by a literature review on the fields of social robots,
affective computing and affective pedagogical characters. After that, we formulated an emotional
model that can be applied to synthetic characters, with both robotic and virtual embodiments.
Such emotional model, based on psychological and emotional models provided in literature,
intends to represent the character’s affective state, and it is mainly influenced by the game state.
Thus, when a new event happens in the game (e.g. the user plays a move), the game state is reevaluated and the result of that evaluation is sent to the emotional model. This evaluation value
influences the two main components of the model: instant reactions and mood. Instant reactions
are the immediate emotions experienced by the character. They are selected based on an
anticipatory mechanism called emotivector. On the other hand, mood is a lasting, although much
more subtle, affective state. Both instant reactions and mood are reflected in the character’s
embodiment. One of the advantages we believe we have achieved with our model is the
independence between the emotional component in relation to the character’s embodiment and
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the learning scenario where the character is immersed. Thus, this model can be broadly
applicable to any game or task that uses evaluation functions, since all the signals needed to
compute the model can be predicted.
We have implemented our emotion model using the embodiment of a social robot named iCat and
a chess game as the learning situation. A preliminary evaluation of the model was performed,
using the chess scenario. The primary measure we wanted to evaluate was the user’s perception
about the game. When the iCat’s affective behaviour was in agreement with our emotional
system, the number of success cases (regarding to the perception of the game) was higher than
with the two other control conditions. The sample was limited, but still we could retrieve some
interesting results that we believe are relevant for the validation of our initial hypothesis. The
obtained results suggest that an affective game buddy can actually help users to have a better
perception of the game, leading to an increase of performance in their gaming experience.
With this thesis, we highlighted the significance of the affective behaviour in interactive synthetic
characters immersed in tutoring scenarios, particularly for turn-based educational games. Our
main contribution relies upon the preliminary conclusions resultant from the experiment, which
suggested that by conveying emotional responses to the gaming situations, synthetic characters
help users to perceive the game they are playing. We hope that, with this dissertation, we could
establish some ground for future work in a field that we believe to be extremely relevant for further
human machine interaction.

6.1 Future Work
Throughout this dissertation, an emotion model for interactive synthetic characters that can act as
companions/peer tutors in turn-based games was presented. The following items describe some
of the open issues that we believe are relevant for further research, as well as some possible
directions for the improvement of our model:
•

The proposed model reflects the mind of a competitive agent, which means that, for
instance, the agent “experiences” positive emotions if its performance in the game is
better than its opponent’s performance. We have adopted this approach instead of a
cooperative behaviour because we believe that these kinds of reactions are more
consistent with what a human might expect about an opponent of a turn-based game. We
believe that, for example, when the user makes a good move, in this kind of games it is
more natural to understand that the agent gets sad. However, the model can rapidly
become cooperative by reversing the signal of the values that game module sends to
emotion module. It would be interesting to carry out a research study to evaluate the
effects in the user performance when altering between these two approaches.

•

The model as it is now uses the emotivector anticipatory mechanism only in the instant
reactions computation. In future studies, we desire to extend the mechanisms that create
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anticipatory behaviour to other parts of the emotion model. For instance, when the agent
is waiting for the user to play a move, its mood could be a result of not only how the game
state is at that moment, but it could also consider an expectation about how the game will
be in the future.
•

Affective computing research field refers not only to the ability of endowing machines with
emotions, but also to the recognition of the emotions experienced by the users interacting
with those machines. As such, an interesting topic of research is related to the creation of
a user emotional model in the mind of the affective buddy. The user’s emotions could be
detected, for example, by the time the user takes before making a move, counting the
number of moves the user takes back, or by using much more complex mechanisms such
as facial expression and body posture recognition. From that, the character could seek for
signs of disengagement or frustration in the user that may precede quitting, or satisfaction
and enjoyment that suggest a successful gaming experience, and properly respond to
each one of the cases.

•

Recent findings in neuroscience highlight the role of emotions in human decision making.
In some extent, this aspect goes beyond the limits of our research. Nevertheless, a facet
that may prove of interest would be the influence of emotions in the moves played by the
character during the game.
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Appendix A

Chess Exercises
This appendix presents the three different chess exercises that users have played in the
experiment. During these exercises, iCat always played with the black pieces, and the white
pieces were always the first ones to move. The exercise ends when one of the opponents
checkmates the other.

A.1 Easy Exercise

Figure A.1: Easy difficulty exercise
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A.2 Medium Exercise

Figure A.2: Medium difficulty exercise

A.3 Hard Exercise

Figure A.3: Hard difficulty exercise
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Appendix B

User Questionnaire
This appendix contains the questions of the final user questionnaire. The questions are in
Portuguese.

B.1 Questions
1) Qual o exercício que gostaste mais de fazer?

2) Nos diferentes exercícios, notaste diferenças no comportamento do iCat?
Sim

Não

2.1) Se a tua resposta foi “Sim”, que tipo de diferenças notaste?
…………………………………………………………………………………………
…………………………………………………………………………………………
…………………………………………………………………………………………

3) Assinala com uma cruz uma das opções.
3.1) Achei esta experiência interessante.
Sim

Não

75

3.2) O iCat é um bom adversário.
Sim

Não

3.3) Senti-me confortável a jogar com o iCat.
Sim

Não

3.4) Antes de jogar, o iCat parecia pensar cuidadosamente a sua jogada.
Sim

Não

3.5) O comportamento do iCat foi educado e amistoso.
Sim

Não

3.6) O iCat notou a minha presença.
Sim

Não

Muito Obrigado!
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Abstract. This demo presents “iCat, the Affective Chess Player”, a social robot that
is capable of playing chess against a human opponent. The chess game is played on a
physical electronic chessboard that detects the board state and sends it to the
computer. The goal is to enable children to play with iCat, in a scenario in which the
character’s affective state is influenced by every move the player makes. Each move
is evaluated by a chess engine using the mini-max algorithm. After the value of the
evaluation function is returned, an emotion model based on the emotivector
anticipatory mechanism is used to determine iCat’s affective reaction. By looking at
iCat’s expressions, children experience in learning to play chess is enhanced, since
they know that when they make a good or a bad move iCat will respond accordingly.

1 Introduction
Social robots are robots especially designed to interact with people, helping them
to perform tasks in several environments. Social robots, as well as other virtual
characters, must have the ability of expressing emotions, so interactions with humans
will be more believable, natural and enjoyable.
Chess is an ancient social game in which two real opponents battle in a black and
white 64 square board. Computerized chess is primarily played on a computer screen
without any social interaction, discarding the social possibilities of the traditional
chess game, in which players are able to interact.
Since emotional information exchanges are very important in human social
interaction and communication, the aim of our work consists on creating the
behaviour of chess a player that can socially interact with a human opponent.

2 Content
2.1 Demonstration setup
iCat is the world’s first available plug-and-play robot capable of mechanically
rendering facial expressions [2]. It was designed to simulate Human-Robot interaction
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under the perspective of social robotics. The iCat research platform is a platform
developed by Philips that comprises both the iCat robot and a software platform
called Open Platform for Personal Robotics (OPPR) [3] that allows the development
of new applications for iCat.
In our demonstration, iCat will be the opponent of a human player in a chess match
played on an electronic chessboard provided from DGT Projects [4]. The goal is to
enable children to play against the character, in a scenario in which the character’s
emotive behaviour is influenced by the game state. Children may then interpret the
characters affective behaviour and by that acquire additional information to better
understand the game. In Fig. 1, the demonstration set-up is portrayed.

Fig. 1. The demo set-up

2.2 Technical content
An overview of the architecture is depicted in Fig. 2. We have created a module
that runs under the OPPR platform (iCat-Chess Module) which is composed by two
main parts: “chess” and “emotion”. The chess system contains the interface with the
electronic board and a chess engine [8] used to evaluate the board state and by that
return the iCat’s move. The emotion system is responsible for managing the
character’s emotional state and receives information from the chess system. The
animation module is an existing module of the OPPR platform that blends the prescripted animations and behaviours requested in the iCat-Chess module.
The electronic board and the iCat are connected to a computer through a USB
interface. The current state of the electronic board is interpreted by a chess evaluation
function. The outcome of that evaluation function is the main stimulus to iCat’s
emotional behaviour.
The character’s emotion system has two main components: emotional reactions
and mood.

iCat, the Affective Chess Player
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Fig. 2. System Architecture

Emotional reactions are triggered every time iCat’s opponent makes a move. They
are computed using the emotivector model, an anticipatory mechanism coupled with a
sensor, that: (1) uses the history of the sensor to anticipate the next sensor state; (2)
interprets the mismatch between the prediction and the sensed value, by computing its
attention grabbing potential and associating a basic qualitative sensation with the
signal; (3) sends its interpretation along with the signal [5]. The prediction of the next
sensor state is based on the moving averages algorithm [6], which purpose is to
smooth a data series and make it easier to spot trends. Depending on the values sent
by the chess system, different elicited sensations are selected. The selected sensations
will then pass to the animation module, where they are transformed into a predefined
animation that reflects an emotion (e.g. sad, happy, surprised…). We used the
animations provided form the OPPR platform because they have already been
submitted to tests which verify that users perceive those emotional expressions on
iCat’s embodiment [1]. For example, if iCat has a small advantage in the game (in
terms of material or position of the pieces) and suddenly its opponent commits a
mistake that allows the iCat to capture her queen, the triggered sensation will be a
“stronger reward”, which will lead to an emotion of surprise (the sensation is better
than we were expecting).
Mood is a relatively lasting affective state. It is less specific, often less intense and
thus less likely to be triggered by a particular stimulus or event. Moods generally have
either a positive or negative valence effect and are longer lasting [7]. We represent
iCat’s mood as a valence variable that ranges from -100 to 100. The value of this
variable depends on the outcome of the evaluation function of the board state and
therefore it also changes when the opponent makes a move. However, this change is
done progressively and without abrupt variations. If iCat is winning, valence values
are positive (100 means that iCat will soon checkmate its opponent), whereas negative
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values appear when iCat is in a least favorable position than its opponent (-100 means
that iCat is going to lose). Mood uses two predefined facial expressions, a “happy”
and a “sad” face, each one corresponding to one of the limits of the valence variable.
Again, these two parameterizations are based in the animations existing in the OPPR
platform. The “happy” face, as defined in the parameterization, is displayed when
valence is 100. The facial expressions for the remaining positive valence values are
computed by interpolation of that parameterization, resulting in happy faces with
smaller intensities. When the valence value is close to zero, the facial expression
tends to become neutral. The same happens to the negatives valence values, this time
employing the “sad” face parameterization.
While emotional reactions have duration of at least ten seconds, mood is always
present. Even though, in the absence of new stimuli, the facial resultant facial
expression tends to become neutral, due to the decay of the valence variable.

2.3 Storyboard
iCat can play an entire chess game from the beginning or start from a
predetermined position. Both scenarios are possible to present in this demo. Fig. 3
shows the main steps of an interaction with iCat.

Fig. 3. User playing with iCat

iCat, the Affective Chess Player
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3 Conclusions
This demo presents a social robot that plays chess and engages the user by
expressing its affective state during the game. One of the significant advantages of
our emotion model is that it can be applied to any other game or task that uses
evaluation functions, since all the signals needed to compute the model can be
predicted.
In the demo, we expect users to interact with iCat and interpret its emotional cues
to better understand the game and thus to improve their chess skills. The use of
anticipatory mechanisms increases character’s believability, allowing for a more
engaging experience for the user. This factor positively affects the likeability of the
character, increasing user’s attention to the game and motivation to interact with iCat.
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