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Foreword

Arti�cial agents that look and act like people are a prominen t research �eld in embodied
communication and human-machine interaction. In his dissertation project, Christian Becker-
Asano set himself the ambitious aim to develop a computational architecture for an emotion-
ally believable agent that is based on established constructs and empirical evidence from the
affective sciences. This claim has been made in a similar fashion by other authors and groups
in the �eld, but with much less success. In these efforts, the researchers generally use an ex-
tremely simpli�ed version of one particular theory, such as basic emotion theory or OCC, and
try to construct exemplars that give the illusion that the agent reacts in the speci�ed manner
(generally on simple, pre-scripted sets of rules). So far, such architectures cannot produce
emergent results that allow evaluating their generativity nor are they truly dynamic, in the
sense of integrating different inputs and state changes over time.

The WASABI architecture that Becker-Asano has developed begins to do exactly that and
is thus particularly interesting for affective sciences at large. Most importantly, Becker-Asano
does not shy away from introducing the complexities that emotion researchers continue to
grapple with � the role of cognition and appraisal in elicita tion, complexity of the underlying
processes, the role of consciousness, issues of phylogenetic and ontogenetic determination, a
hierarchical ordering of different types of emotion, etc.

By taking great care to consider all of these aspects in computational modelling, Becker-
Asano achieves a result that is not only more believable for interactants with an agent but also
for theorists from other disciplines concerned with emotion. It is quite certain that this impor-
tant work will have a major impact on the �eld.

Bielefeld/Geneva, July 2008 Ipke Wachsmuth and Klaus Scherer
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1 Introduction

Researchers in the �eld of Arti�cial Intelligence (AI) try t o gain a deeper understanding of
some of the mechanisms underlying human cognition. Traditionally pure rational reasoning
has been the main focus of research in AI, starting with the conceptualization of the General
Problem Solver (GPS) (Ernst & Newell 1969). However, the proposed heuristics could only
be applied to a limited set of well-de�ned problem spaces and Newell & Simon (1972) al-
ready mentioned the necessity to �begin to search for the neu rophysiological counterparts of
the elementary information processes that are postulated in the theories.� (Newell & Simon
1972, p. 146) The GPS-approach on modeling human problem solving turned out to be insuf-
�cient with regard to a wide range of problems a human is natur ally confronted with. Thus,
for the next two decades AI-research focused on so-called expert systems that were used as
advice-giving tools for the trained human expert in a limited domain such as medical diagno-
sis (Shortliffe, Rhame, Axline, Cohen, Buchanan, Davis, Scott, Chavez-Pardo & van Melle
1975). The �nal diagnosis, however, always lied in the respo nsibility of the human expert not
only to avoid legal issues but also to take into account the complexity of human physiology.
Nowadays rule-based expert systems are used in diverse types of applications and they can
help to save money by providing domain-speci�c advice as soo n as a certain amount of expert
knowledge has been successfully encoded into their rules and knowledge bases (Giarratano &
Riley 2005).

User interfaces of expert systems are designed in a dialog-based fashion. The system con-
secutively asks for more detailed information to be provided by the human expert, to come
up with a set of possible solutions to the initially stated problem. Similar dialog-based rou-
tines have been used in a famous computer program named ELIZA (Weizenbaum 1976) to
create the illusion of speaking to a caring psychotherapist. Despite the similarities of the
dialog-based interfaces, Weizenbaum did not intend to build an expert system in the domain
of psychotherapy. To his own surprise even professional psychotherapists expected his simple
program to be of great help in counselling human patients. This might be due to the fact,
that humans are prone to ascribe meaning to another’s responses, even for machines. Even if
ELIZA successfully created �the most remarkable illusion o f having understood in the minds
of the many people who conversed with it� (Weizenbaum 1976, p . 189), it did not pass the
Turing test (Turing 1950) as proposed by the early pioneer of computer science, Alan Turing
(Hodges 2000). The Turing test was an attempt to provide a suitable test for machine intel-
ligence when the question �Can machines think?� became reas onable to ask. After a �ve
minute conversation�without direct physical contact, e.g . using a type writer machine�with
both a human and a machine, a human tester has to decide, which one of the conversational
partners is the machine and which one the human respectively. If in at least 30% of the cases
the machine is falsely judged as the human, it has passed the test successfully, which no ma-
chine has achieved so far. During the conversation the human interrogator is free to choose
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1 Introduction

whatever topic comes to her mind and therefore Picard argues for the integration of humor and
more general emotions into arti�cially intelligent system s that are designed to pass the Turing
test. With regard to the limitation concerning the available communication channels during
the Turing test, Picard concludes: �A machine, even limited to text communication, will com-
municate more effectively with humans if it can perceive and express emotions.� (Picard 1997,
p. 13) But how exactly can we endow machines with emotions such that they communicate
more effectively with humans?

One approach to achieve the effectiveness of natural face-to-face communication of humans
is the �eld of Embodied Conversational Agents (Cassell, Sul livan, Prevost & Churchill 2000).
It is motivated by the idea that computer systems might one day interact naturally with humans,
comprehending and using the same communicative means. Consequently, researchers in this
�eld have started to build anthropomorphic systems , either in the form of virtual characters
using advanced 3D computer graphics or in the form of physical humanoid robots. As these
agents comprise an increasing number of sensors as well as actuators together with an increase
in expressive capabilities, Cassell et al. (2000) propose an extended, face-to-face Turing Test.

Therefore researchers in the growing �eld of Affective Comp uting (Picard 1997) discuss
ways to derive human affective states from all kinds of intrusive and non-intrusive sensors.
With regard to the expressive capabilities of these agents the integration of the in�uence of
emotion on bodily expression into an agent’s architecture is argued for. These bodily expres-
sions include, e.g., facial expression, body posture and voice in�ection and all of them must
be modulated in concert to synthesize a coherent emotional behavior.

With the beginning of the new millennium the interest in affective computing has increased
even more. Also the public has shown a renewed interest in the possible future achievements
of AI, for example, a series of recent movies tackling the question of �emotional robots� ( I,
Robot and Bicentennial Man) as integrated members of a future society. In the near future,
humanoid agents are to take part in social interaction with humans and therefore the integration
of psychological concepts like emotions and personality into rational agents seems inevitable.
Despite the ongoing debate about the formal de�nition of suc h concepts, many computational
models have been proposed to simulate emotions for humanoid agents.

1.1 Motivation

The Three Laws of Robotics:

1. A robot may not injure a human being, or, through inaction, allow a human
being to come to harm

2. A robot must obey the orders given by human beings except where such
orders would con�ict with the First Law

3. A robot must protect its own existence as long as such protection does not
con�ict with the First or Second Law

Established in the short story �Runaround� by Isaac Asimov ( 1942)

With computerized machines becoming increasingly powerful�both in the computational
as well as the physical sense�the fear that such machines mig ht one day supersede our human
society is naturally evolving (Sloman 2000). As mentioned above such an hypothetical future
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1.1 Motivation

gained high attention in the general public, because of a series of movies such as �Bicentennial
Man� (Asimov, Silverberg & Kazan 1999), �A.I.� (Spielberg 2 001) and �I, Robot� (Sietz 2004)
that outline a future society, in which humanoid robots or androids live among us. In order to
make these robots safe, their designers and programmers are assumed to have taken necessary
and (hopefully) suf�cient precautions.

Although the robots in the movie �I, Robot� are explicitly pr ogrammed to follow the three
laws of robotics, they are far from being judged as perfect members of human society. The
protagonist reports on a decisive occasion in his life, when he was being rescued instead of
a much younger girl. The humanoid robot calculated that she had slightly less chances of
survival and this led to a feeling of guilt in the survivor. During the course of the movie,
however, a special robot is introduced that seems to be capable of �having� emotions 1. This
robot, named �Sonny�, is also able to deliberately break the three laws of robotics as to him
the �nal logic they imply (in the movie)�that humanity is to b e saved by means of captivity
from harming itself��just seems too heartless�.

The protagonist of the movie �Bicentennial Man� is a robot it self that�after two hundred
years of existence, just before it ‘dies’�is declared human , because it has proven to be capable
of creative thinking, moral judgement and even falling in love with a human. The same ex-
ceptional abilities, after some time, lead to full acceptance by the members of the family he is
at �rst only serving for. But as the story evolves the unpredi ctability that is assumed to come
together with creativity is rated too dangerous and, thus, the newer robots are programmed
more strictly and con�ning.

The role of androids as social partners in a future society is the main topic of the movie
�A.I.� (Spielberg 2001). It tackles the interesting possib ility of human-like robots, i.e. an-
droids, being used as ersatz-children and ersatz-lovers. Such androids as partners in intimate
relationships are also examined in the scienti�c community already (Levy 2007).

In summary, many questions arise in the context of machines as social partners some of
them serving as background for this thesis and can be stated as follows:

1. What is needed to build a robot one can fall in love with?

2. How can designers and programmers support a sustainable relationship with such arti�-
cial partners?

3. If we really succeed in building such complex, lovable and (presumably) autonomous
arti�cial partners, are they still to be treated as machines as soon as they are malfunc-
tioning?

Of course one can argue that for the sake of humanity nobody should ever even try to build such
arti�cial partners. For the sake of science, however, one mi ght have another motivation for
research on sociable robots, namely, the experimental-theoretical motive (Burghouts, op den
Akker, Heylen, Poel & Nijholt 2003). In trying to understand human psychology computer
simulations might help to systematically combine and investigate psychological theories with
interpretations of neurobiological �ndings.

This thesis describes an implemented Affect Simulation Architecture, which not only com-
bines different emotion theories and neurobiological �ndi ngs, but is also successfully inte-
grated it into an Embodied Virtual Agent and evaluated in two different interaction scenarios.

1The difference between �having� versus only �showing� emot ions is clari�ed in Chapter 2.
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In order to explain how the different theories and �ndings ca n be fused, the interdisciplinary
background is clari�ed in Chapter 2. In the following sectio n a brief overview of the author’s
main �eld of research �Arti�cial Intelligence� is given tog ether with an introduction to the
computational background, in which the Affect Simulation Architecture is integrated.

1.2 Arti�cial Intelligence background

Arti�cial Intelligence (AI) is a sub�eld of Computer Scienc e and the term itself was born in
1956 during the Dartmouth Conference in Hanover, New Hampshire (for a review of its history
see Buchanan 2005; Russell & Norvig 2003; Wachsmuth 2000). The initial enthusiasm about
possible achievements in this �eld soon started to fade away after researchers realized the
complexity of real world problems.

Nevertheless, the �eld still attracts many researchers wit h an interest in how the human
mind happens to fuel intelligence and many introductory textbooks have been written about
this fast changing �eld of research (for an overview see Russ ell & Norvig 2003, p. 2). The
following brief introduction to AI mainly follows the lines of Russel and Norvig’s in�uential
book �Arti�cial Intelligence A Modern Approach� (Russell & Norvig 2003).

1.2.1 Four approaches to AI

In their book’s introduction Russell & Norvig (2003) distinguish four approaches to AI that
have been followed in the past and are introduced here in an abbreviated fashion.

1. Systems that act like humans

The Turing test (described in the beginning of this chapter) was proposed as a means to eval-
uate an AI system’s human-likeness. The extended version�k nown as the total Turing test�
includes a video signal to allow for direct face-to-face communication and allows for passing
physical objects between the interactants. Russell & Norvig critically observe that AI re-
searchers so far �have devoted little effort to passing the T uring test, believing that it is more
important to study the underlying principles of intelligence than to duplicate an exemplar.�
(Russell & Norvig 2003, p. 3) Recently, however, an increasing number of researchers began
building human-like virtual or robotic agents aiming at an understanding of the complex in-
teraction of different channels of human expressivity, such as facial and bodily expressions in
verbal and nonverbal communication.

Nonetheless, the following analogy is important to understand a basic principle of AI:

�The quest for ‘arti�cial �ying’ succeeded when the Wright b rothers and others
stopped imitating birds and learned about aerodynamics. Aerodynamical engi-
neering texts do not de�ne the goal of their �eld as making ‘ma chines that �y so
exactly like pigeons that they can fool even other pigeons.� (Russell & Norvig
2003, p. 3)

This example is often shortened to �Thats why planes don’t �a p their wings!� and it clar-
i�es that AI researchers do not aim at duplicating human’s co gnitive abilities as exactly as
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possible. But a decisive difference between aeronautics and AI is not to be missed: aeronau-
tics researchers deal with the well de�ned phenomenon of ��i ght� whereas AI researchers try
to simulate processes underlying the ill de�ned concept of ( human) �intelligence�. If we had a
better de�nition of what it means to be intelligent�compara ble to our understanding of what
it means to be �ying�we could probably also start ignoring it s biological roots. In this context
Wachsmuth (2000) highlights that �it is not the aim of AI to bu ild intelligent machines having
understood natural intelligence, but to understand natural intelligence by building intelligent
machines.� (Wachsmuth 2000, p. 45)

2. Systems that think like humans

In the attempt to build systems that think like humans, theories and �ndings of different dis-
ciplines are taken into account, but Wachsmuth (2000) follows Winston (1992) by pointing
out that �AI differs from most of psychology because of its gr eater emphasis on computation,
and it differs from most of computer science because of its greater emphasis on perception,
reasoning, and action.� The �eld of cognitive science de�ne s itself as an interdisciplinary
approach�combining philosophy, psychology, arti�cial in telligence, neuroscience, linguis-
tics, and anthropology�to understanding and modeling the p erformances of humans and
animals. Scientists in this �eld attempt to build computati onal models of human cognitive
behavior in order to combine and verify the �ndings of the dif ferent disciplines.

Research in AI has a slightly different scope, because computational models of human be-
havior are central to it rather than experimental investigations of actual humans or animals.
In effect, however, every computational solution has to perform similarly enough to the per-
formance of a human in the same situation. If a general match of performance is achieved,
AI researchers and cognitive scientists have to decide whether the underlying mechanisms are
similar as well or at least comparable to each other.

3. Systems that think rationally

The ability of humans to think rationally has led the way of early philosophers (cf. Becker-
mann 2001, for a review). AI researchers, who model their systems to copy this ability, follow
the �laws of thought� (Russell & Norvig 2003, p. 4) approach. Despite the general success of
this approach on small scale problem spaces, the problem known as �combinatorial explosion�
became obvious very soon. As of today, this sub�eld is highly active in the AI community
trying to solve or at least circumvent this and similar problems by inventing special purpose
solutions for different problem classes.

4. Systems that act rationally

The notion of a system capable of intelligent action in the real world brought up the term
�Intelligent Agent�. In short, an agent is believed to act ra tionally on the basis of factual
knowledge by following the Principle of Rationality:

�If an agent has knowledge that one of its actions will lead to one of its goals, then
the agent will select that action.� (Newell (1982), after Wa chsmuth 2000, p. 47)
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This �rational agent approach� (Russell & Norvig 2003, p. 4) involves the ability of an agent
to follow the �laws of thought� mentioned above, but it compl ements it with deliberative goal-
directed action. Furthermore, an intelligent agent’s internal processing can be captured by
the perceive-reason-act triade (cf. Figure 1.3, p. 11) and the intermediate process of reasoning
�involves internal processes that make a subject ‘think’ ab out what might be the best way of
acting before actually moving to act.� 2 (Wachsmuth 2000, p. 44)

Accordingly, for an agent able to perceive the world it has to be able to represent aspects of
the world in an internal knowledge base. Then reasoning is most often realized by means of
some kind of �rst- or second-order predicate logic based on r ules that transform the internal
representation deriving new facts and discarding the implausible ones. Finally, an agent is
assumed to act in the world causing an immediate or delayed goal-conducive effect.

Summary

The four approaches to AI research are not to be understood as mutually exclusive, because
only the central aspect of investigation is to some extent different. In general, researchers
dealing with robotic agents also have to solve problems of natural language understanding,
planning, and human-like behavior as soon as their robots have a humanoid appearance and
are assumed to assist in social life contexts.

The members of the Arti�cial Intelligence group at Bielefel d University (the author be-
ing one of them) were traditionally interested in the last (acting rationally) approach to AI,
but with the advent of increasingly powerful computer systems the �rst (acting humanly) and
second (thinking humanly) approach became ever more important in their research on Human-
Computer Interaction (HCI). As outlined in the beginning of this chapter, HCI research has
led to the invention of Embodied Conversational Agents that combine human-like appearance
with human-like behavior. These agents are situated in a virtual environment and equipped
with a virtual body enabling them to use the same multimodal communicative means as hu-
mans in conversation.

Before our work on the development of ECAs is presented, the underlying concepts �Situ-
atedness� and �Embodiment� are brie�y discussed.

1.2.2 Situatedness and Embodiment

According to Russell & Norvig (2003), AI researchers concerned about intelligent agents
started in the late 1990s to gain interest in the �whole agent � problem again. In this view,
an agent’s cognitive abilities cannot be separated from its physical body (embodiment) and
situational context (situatedness).

Situatedness

Researches of the so-called �situated movement� (Russell & Norvig 2003, p. 27) focus on
�agents embedded in real environments with continuous sens or input� (cf. Lindblom & Ziemke
2003, for a critical discussion). Of course, situatedness most often refers to real world robots

2This idea can be traced back to Newell and Simon’s proposal of a �General Intelligent Agent� (Newell &
Simon 1972) as an early paradigm of AI; see beginning of this chapter.
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that are acting among us, but it also applies to software robots that are situated in the world
wide web, such as web-crawlers or auction bots in Russel and Norvig’s opinion.

With respect to the internal reasoning capabilities of Situated AI systems Wachsmuth states:

�[I]t is crucial for Situated AI to deal with embodied system s that are able to
modify their internal processing while they are coupled to their environment by
way of sensors and actuators.� (Wachsmuth 2000, p. 55)

With our group’s development of intelligent virtual agents, which are based on a strong com-
putational background in the �eld of AI, these requirements are met.

Embodiment

Situatedness mostly involves some kind of embodiment and in his review of Arti�cial Intelli-
gence Pfeifer (2001) emphasizes the need for �Embodiment� i n modern AI approaches. In his
view it is a promising challenge for AI �to build robots that c an mimic the processes of human
infant development.� (Pfeifer 2001, p. 306) The use of the te rm �embodiment� in Pfeifer’s
opinion entails two main types of implications. First, dealing with the physical implications
means to �nd solutions for the classical problems of robotic s, namely the handling of all kinds
of physical forces like inertia, friction, vibrations and energy dissipation. The second type of
implications is information theoretic and it is concerned with �the relation between sensory
signals, motor control, and neural substrate.� (Pfeifer 20 01, p. 297) To this respect Pfeifer
follows a general distinction between �a body and a mind� in t hat he ascribes information
theoretic processes to the brain (i.e. the �neural substrat e�) alone, without in�uence from the
body.

Recently, as Niedenthal, Barsalou, Winkielman, Krauth-Gruber & Ric (2005) point out, the
focus of embodiment has shifted from investigating the role of actual bodily states in cognition
to that of the simulation of experience in modality-speci�c systems in the brain. The latter
notion is also supported by neurobiological �ndings (cf. Da masio (1994), LeDoux (1996))
that will be discussed in Section 2.2. In everyday, face-to-face communication only using the
right words at the right time in response to another’s statements is not suf�cient to appear
intelligently. Our whole body is usually used for communication, including our tone of voice,
facial expressions, gestures and postures. In his proposal for a �design-based theory of affect�
Sloman (1992) highlights that facial expressions are also driven by involuntary mechanisms
that are not caused by deliberative processes.

In this context Reeves & Nass (1998) point out that humans already treat disembodied com-
puter systems as social actors. Their study on �attery, for e xample, shows that humans have
a better opinion about computers that praise them than those that criticize them. This effect
remains stable even if the users are made aware of the fact that the computer has no means
to evaluate their responses and is simply producing random comments. Concerning the role
of emotions in the media the authors �rst point to neurophysi ological evidence supporting the
basic assumption that every emotion has an inherent positive or negative quality, i.e. a �va-
lence� dimension. In combination with their studies on �aro usal� they conclude, that people
confronted with media content do react with the same variety of emotional responses as in
face-to-face interaction between humans.

Notably, all of these studies did not involve any kind of anthropomorphic interface. The
different social and emotional aspects of the computer’s responses were only encoded on the
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textual level, but even this very limited communication channel was ef�cient enough to support
their hypotheses.

Summary

As explained before, with the Affect Simulation Architecture described in this thesis the author
aims to combine different emotion theories to not only implement affect for humanoid agents
but also to falsify the predictions of these theories. Therefore, the Affect Simulation Archi-
tecture must be well-grounded on some theoretical framework. The empirical data provided
by Reeves & Nass (1998) are important in so far as they have to be taken into account when
designing means to evaluate embodied emotional agents, as will be discussed in Section 5.2.

1.2.3 Embodied Conversational Agents

The term �Embodied Conversational Agents� (ECAs) was of�ci ally introduced by Cassell
et al. (2000) (see also the introduction to this chapter). The different contributors to this book
discuss the complexity of generating human-like virtual agents including the integration of
� emotion, personality, performatives, and conversational function� (Cassell et al. 2000, p. 2)
Pelachaud & Poggi (2002) provide a comprehensive discussion of these aspects together with
an overview of different implementations. Cassell argues for the development of human-like
interface agents in the following way:

�Because conversation is such a primary skill for humans and learned so early
in life (practiced, in fact, between infants and their mothers taking turns cooing
and burbling to one another), and because the human body is so nicely equipped
to support conversation, embodied conversational agents may turn out to be a
powerful way for humans to interact with computers. � (Casse ll 2000a, p. 71f)

With respect to the state of the art Cassell (2000b) admits that �the number of conversational
behaviors that we can realize in real time using animated bodies is still extremely limited.� She
also states that �[o]ur models of emotion, of personality, o f conversation are still rudimentary.�
(Cassell 2000b, p. 23). Focusing on our group’s own work the development of ECAs is brie�y
outlined next.3

The Virtual Interface Agent �Hamilton�

Starting in 1993 our group headed by Professor Wachsmuth continuously investigated the use
of agents in virtual reality contexts (cf. Wachsmuth & Cao 1995; Wachsmuth, Lenzmann,
J¤ording, Jung, Latoschik & Fr¤ohlich 1997).

In the VIENA Project (�Virtual Environments and Agents�) Wa chsmuth et al. (1997) intro-
duced a virtual interface agent (VIA) called �Hamilton� (cf . Figure 1.1), which assists the hu-
man user in a 3D virtual reality of�ce presented on a computer screen. Notably, in the VIENA
system the user interacts by means of speech and gesture in combination and Wachsmuth et al.

3The integration of �affective� qualities (such as emotions and personality) into ECAs is discussed in Chapter 3
after a clari�cation of these concepts in the following chap ter.
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Figure 1.1: The Virtual Interface Agent �Hamilton� �rst gre ets the human user, who then
points to an object on the screen, and �nally Hamilton explai ns the indicated object
together with a pointing gesture (Wachsmuth et al. 1997)

argue that �[i]n the presence of a human-like �gure, it is nat ural to include means of verbal in-
teraction, especially when gestural manipulation is impossible or unnatural [..].� (Wachsmuth
et al. 1997, p. 517)

Through the Hamilton agent the otherwise omnipresent AI is personi�ed and, thus, directly
addressable. It is situated in the virtual environment. The �situatedness� of interface agents is
of central interest to this thesis, because simulated affective states are visualized by means of
an embodied agent. Hamilton’s expressive abilities, however, were quite limited until Kopp
& Wachsmuth (2000) integrated a knowledge-based approach for lifelike gesture animation.
Even after this improvement Hamilton was still incapable of producing lip-sync facial anima-
tion or any other kind of facial expression. Together with the increasing quality of real-time
computer graphics the human interlocutors, however, expect an even more human-like virtual
interface agent.

The Multimodal Assembly eXpert �MAX�

In the context of the Collaborative Research Center (SFB) 360, which was concerned with the
design of �Situated Arti�cial Communicators� that �integr ate multimodal conversational abili-
ties for task-oriented dialogs in dynamic environments� (K opp, Jung, Leßmann & Wachsmuth
2003, p. 11), the development of the embodied conversational agent �MAX��the �Multi-
modal Assembly eXpert�� was started (Kopp & Wachsmuth 2002) . Since then, our group’s
three-sided large-screen projection system together with sophisticated video-based sensor tech-
nology and speech recognition enables us to interact most naturally in virtual reality (VR) as
shown in Figure 1.2. With the positive experiences gained with �Hamilton� and based on the
increased computing power the development of an ECA with extended expressiveness was the
logical next step toward an even more natural interface.

In a student project the outer appearance of MAX was designed as to resemble an adult
human man (cf. Figure 1.2(a)). In his PhD-thesis, Kopp (2003) presents an implementation
of synchronous speech and gesture animation for MAX that is well-founded in the theoretical
context and has proven to produce natural and believable results (Kopp & Wachsmuth 2004).
MAX’s gestural expressivity enables him to imitate a human interlocutor’s gesture based on
a high-level abstract description of the gesture’s content instead of applying direct motion
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(a) MAX as a guide to our virtual lab �shaking hands�
with the human interlocutor

(b) MAX in the SFB 360 scenario imitating a human
interlocutor’s gesture

Figure 1.2: The Multimodal Assembly eXpert MAX in two different scenarios in our CAVE-
like three-sided large-screen projection system

capture techniques (cf. Figure 1.2(b)).
In her diploma thesis Leßmann (2002) started to conceptuali ze a cognitive architecture,

which is used for modeling the cognitive abilities of MAX (cf. Figure 1.3). It builds upon
the aforementioned perceive-reason-act triade and enables MAX to combine fast, reactive
behaviors with relatively slower, deliberative ones. The reasoning capabilities are realized by
means of a �cognitive loop� (Leßmann, Kranstedt & Wachsmuth 2004, p. 60), which is based
on the Belief-Desire-Intention (BDI) approach (cf. Bratman 1987; Rao & Georgeff 1991). The
internal reasoning capabilities of this cognitive architecture are detailed in Chapter 6.

With respect to the integration of emotions into our agent’s cognitive architecture a sepa-
rate emotion simulation system was devised in the author’s diploma thesis (Becker 2003). As
detailed in Chapter 4 it has proven to provide a believable emotion dynamics in a conversa-
tional museum guide scenario (Becker, Kopp & Wachsmuth 2004). Over the last four years
a number of extensions together with further empirical studies have been accomplished. The
rationale for these extensions together with �rst evaluati ons of their effects on humans are the
topic of this thesis.

1.3 Thesis scope and objectives

This thesis aims to provide a comprehensive, fully-implemented, and well-founded simulation
of affect for virtual as well as robotic humanoid agents. The conceptualized architecture is
called �Affect Simulation Architecture� or, alternativel y, WASABI architecture. It builds upon
the author’s existing implementation of emotion dynamics, which is integrated in the Affect
Simulation Architecture as a highly interconnected, though concurrent module.

The motivation to propose such an architecture is twofold, because the WASABI architec-
ture is (1) supposed to increase an agent’s believability in social interaction and (2) based
on highly interdisciplinary research in the hope to help establishing ties between cognitive
science, psychology, neurobiology, and computer science.
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