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Abstract
When building conversational agents that are to take part in social interaction with humans,
an important question is whether psychological concepts like emotions or personality of the
agents need to be incorporated. In this chapter we argue for the integration of an emotion system into a conversational agent to enable the simulation of having “own emotions”. We first
clarify the concept of emotions and we discuss different approaches to modeling emotions
and personality in artificial systems. Drawing on our work on the multimodal conversational
agent Max, we present motives for the integration of emotions as integral parts of an agent’s
cognitive architecture. Our approach combines different psychological emotion theories and
distinguishes between primary and secondary emotions as originating from different levels
of this architecture. Exemplary application scenarios are described to show how the agent’s
believability can be increased by the integration of emotions. In a cooperative setting, Max
is employed as a virtual interactive guide in a public computer museum, where his emotion
module enhances his acceptance as a coequal conversational partner. We further quote an
empirical study that yields evidence that the same emotion module supports the believability
and lifelikeness of the agent in a competitive gaming scenario.
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1.1

Introduction and motivation
Sonny: I did not murder him.
Detective Spooner: You were emotional... I don’t want my vacuum cleaner, or
my toaster appearing emotional...
Sonny: [angry] I did not murder him!
Detective Spooner: That one’s called “anger”.
From the movie “I, Robot”, Fox Entertainment 2004

Researchers in the field of Artificial Intelligence try to gain a deeper understanding of the
mechanisms underlying human cognition. Traditionally pure rational reasoning has been the
main focus of research in AI, started with the conceptualization of the General Problem
Solver (GPS) (Ernst and Newell 1969). However, such heuristic approaches to modeling
human problem solving could only be applied to a limited set of well-defined problems,
which soon turned out to be insufficient with regard to the wide range of problem spaces a
human is naturally confronted with. Consequently, for the next two decades, research focused
on so-called expert systems that were used as advice-giving tools for the trained human expert
in limited domains such as medical diagnosis (Shortliffe et al. 1975). The final diagnosis, still,
always lied in the responsibility of the human expert not only to avoid legal issues but also
due to 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-specific
advice as soon as a certain amount of expert knowledge has been successfully encoded into
their rules and knowledge bases (Giarratano and Riley 2005).
The user interfaces of expert systems are often designed in a dialogue-based fashion. The
system consecutively 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. Similarly, dialoguebased routines have been used in the famous computer program ELIZA (Weizenbaum 1976)
to create the illusion of speaking to a non-directive psychotherapist. Despite the similarities
of the dialogue-based interfaces, Weizenbaum (1976) 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 when
interacting with machines.
Even if ELIZA successfully created “the most remarkable illusion of 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 intelligence when the question “Can machines think?” became reasonable to ask.
After a five 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 machine achieved so far. During the Turing-test conversation the human
interrogator is free to choose whatever topic comes to her mind. Therefore, Picard (1997)
argues for the integration of humor (cf. Nijholt (2007)) and more general emotions into artificially intelligent systems that are to pass the Turing test. Even recognizing the limitations
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of the available communication channels during the Turing test, Picard (1997) concludes:
“A machine, even limited to text communication, will communicate more effectively with
humans if it can perceive and express emotions.”
How 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 followed by researchers in the field of Embodied Conversational Agents
(Cassell et al. 2000). They are motivated by the idea that computer systems might one day
interact naturally with humans, comprehending and using the same communicative means.
Consequently, they 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 along
with an increase in their expressive abilities, Cassell et al. (2000) propose an extended, faceto-face Turing test. In this vein, researchers in the field of Affective Computing (Picard 1997)
not only discuss the possibilities to derive human affective states from a variety of intrusive
or non-intrusive sensors. They specifically argue for increasing the expressive capabilities of
their artificial agents by modeling the influence of simulated emotions on bodily expressions
including, e.g., facial expression, body posture and voice inflection. All of these must be
modulated in concert to synthesize 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, up to questions of whether social robots may be integrated members of a future society (recall e.g. the movies I, Robot or The Bicentennial Man). Indeed in recent research in
humanoid agents the view that humans are “users” of a certain “tool” is shifting to that of a
“partnership” with artificial, autonomous agents (Negrotti 2005). As such agents are to take
part in full-fledged social interaction with humans, the integration of psychological concepts
like emotions and personality into their architectures has become one major goal. Despite the
ongoing debate about the formal definition of such concepts, many computational models
have up to now been proposed to simulate emotions for conversational agents.
In the following section we will review the general psychological background that underlies the concepts of emotion and personality. We will distinguish two major approaches
toward emotion simulation, emphasizing their similarities and particular advantages. In Section
1.3 we discuss motives for the inclusion of emotions and we relate them to our own work on
the multimodal conversational agent Max. We describe in detail how Max was made emotional in Section 1.4. Considering a scenario where Max is employed as a virtual interactive
guide to a public computer museum, we will discuss how Max’s emotion system increases
his acceptance as a coequal conversational partner. We will further quote an empirical study
that yields evidence that his emotion system also supports the believability and lifelikeness
of the agent in a non-conversational scenario of gaming.

1.2

How to conceptualize emotions

Within the field of psychology two major strands of theories can be distinguished. The cognitive emotion theories are focusing on the cognitive appraisal processes necessary to elicit the
full range of emotions in adult humans (Ortony et al. 1988). Dimensional emotion theories
(Gehm and Scherer 1988) are based on the idea of classifying emotions along an arbitrary
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amount of dimensions of connotative meaning (Osgood et al. 1957). In the following we will
present these strands of theories in more detail.

1.2.1

Cognitive emotion theories

The emotion model proposed by Ortony, Clore and Collins (Ortony et al. 1988, OCC) has
often been the basis for the integration of emotions into cognitive architectures of embodied characters, e.g. (Elliott 1992) and (Reilly 1996), as it was designed as a computational
model of emotions. In subsequent research many extensions have been proposed to circumvent or solve the well-known drawbacks of this cognitive theory, e.g. Bartneck (2002). Later
Ortony (2003) has proposed that it might be sufficient to integrate only ten emotion categories, five positive and five negative ones, into an agents architecture when focusing on
believability and consistency of an agent’s behavior. When focusing on facial expressions of
emotions this number can be further reduced to six “basic emotions” as cross-culturally evaluated by (Ekman et al. 1980). Ortony (2003) distinguishes between three “emotion response
tendencies” by which the effect of an emotion on the agent’s cognition can be characterized.
Facial display is one indicator of an “expressive response tendency”, which also may figure in
other involuntary bodily expressions such as “flushing”, “clenching one’s fist” or “swearing”.
Another major response tendency type is labeled “information-processing”. It is responsible
for the diversion of attention that can lead to an “all-consuming obsessive focus” on the
emotion eliciting situation and it may explain the observation that humans learn by emotional experience, which can be modeled by updating the beliefs, attitudes and evaluations
of an agent with respect to the experienced emotion. The last response tendency is labeled
“coping” and deals with the fact that humans are able to cope with their own emotions in a
problem-focused or emotion-focused way by either trying to change the situational context
(problem-focused) or by trying to reappraise the emotion eliciting situation to manage their
own emotions internally (emotion-focused).
Another possibility to conceptualize emotions cognitively was proposed by Damasio
(1994). Based on neurophysiological findings Damasio distinguishes “primary” and “secondary” emotions. Primary emotions are elicited as an immediate response to a stimulus,
whereas secondary emotions are the product of cognitive processing. Primary emotions are
understood as ontogenetically earlier types of emotions and they lead to basic behavioral
response tendencies, which are closely related to “flight-or-fight” behaviors. In contrast, secondary emotions like “relief” or “hope” involve higher level cognitive processing based on
memory and the ability to evaluate preferences over outcomes and expectations.

1.2.2

Dimensional emotion theories

Initially Wundt (1922) has claimed that any emotion can be characterized as a continuous progression in a three-dimensional space of connotative meaning. Several researchers,
e.g. Gehm and Scherer (1988), Mehrabian (1995), have later provided statistical evidence
for this assumption. Using principle component analysis they found that three dimensions
are sufficient to represent the connotative meaning of emotion categories. These dimensions
are commonly labeled Pleasure/Valence (P), representing the overall valence information,
Arousal (A), accounting for the degree of activeness of an emotion, and Dominance/Power
(D), describing the experienced “control” over the emotion itself or the situational context
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it originated from. The three-dimensional abstract space spanned by these dimensions is
referred to as PAD-space (see also Figure 1.4).
Recently, the two sub-dimensions Pleasure/Valence and Arousal have been used to drive
an agent’s facial expression based on statistically derived activation patterns (Grammer and
Oberzaucher 2006). The same two dimensions are used for bio-metrical emotion recognition,
e.g., by Prendinger et al. (2004) assuming that skin conductance is positively correlated with
arousal and that muscle tension is an indicator of negative valence. After combining sensory values with context information using a decision network, the two-dimensional emotion
space is used to classify the derived valence and arousal values according to Lang (1995).
The restriction to two dimensions in bio-metrical emotion recognition is mainly due to the
fact that Dominance cannot be derived from such sensor data, as it depends on an actor’s subjective feeling of control over a situation. However, the third dimension of Dominance has
been proven to be necessary to distinguish between certain emotions such as anger and fear or
annoyance and sadness. This dimension can further be seen as a general aspect of an agent’s
personality trait. Given the same negative Pleasure and medium Arousal, dominant individuals have a much stronger tendency to shout whereas individuals with a submissive personality
are more likely to cry in the same situational context. Along these lines, the emotion systems
of the sociable robots like “Kismet” (Breazeal 2002) are based on similar three-dimensional
emotion spaces.

1.3

Why to integrate emotions into conversational agents

According to Burghouts et al. (2003), researchers in the field of human-computer interaction
follow three types of motivations for the integration of emotions into cognitive architectures.
When following the Control-engineering motive, simulated emotional processes are solely
used to let an agent generate appropriate and fast reactive responses in a resource-constrained
competitive environment, where deliberative reasoning is inappropriate. The Believable-agentmotive is based on the assumption that the simulation of emotions increases the believability
of an agent. Researchers that are guided by the Experimental-theoretical motive are primarily aiming at a deeper understanding of human emotions and human emotional behavior, and
they use simulated humanoid agents to verify their theories.
Not in the scope of this article, the Control-engineering motive is broadly used in the
field of Multiagent systems and Socionics; cf. (von Scheve and von Lüde 2005) for a comprehensive introduction. Concerning the integration of emotions into a believable agent, we
will first take the more general perspective of modeling social interaction in Section 1.3.1.
Following the experimental-theoretical motive we will concentrate on the internal effects of
emotion modeling by taking the cognitive modeling perspective in Section 1.3.2.

1.3.1

Social interaction perspective

The empirical research of Reeves and Nass (1998) provides profound evidence for the assumption that humans treat computers as social actors. Their study on flattery, for example, 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 first point to neurophysiological
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evidence supporting the basic assumption that every emotion has an inherent positive or negative quality, i.e. a “valence” dimension. In combination with their studies on “arousal” 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. Rather, the different social and emotional aspects of the computer’s responses were only encoded on the textual level but even
this very limited communication channel was efficient enough to support their hypotheses.
With respect to embodied conversational agents such as REA, Bickmore and Cassell
(2005) argue for the integration of non-verbal cues, whenever such agents are to take part
in social dialogues. In their discussion of the relationship between social dialogue and trust
they follow the multi-dimensional model of interpersonal relationship based on (Svennevig
1999); see (Svennevig and Xie 2002) for a review. This model distinguishes three dimensions
namely familiarity, solidarity and affect, the last of which can be understood as representing
“the degree of liking the interactants have for each other” (Bickmore and Cassell 2005, p.
8). In their implementation they couple this dynamic parameter with the social ability of
coordination, which in turn is seen as an outcome of fluent and natural small talk interaction. Coordination is understood as a means to synchronize short units of talk and nonverbal
acknowledgement leading to increased liking and positive affect. Once again it is notable that
the additional usage of non-verbal communicative means is sufficient to generate this kind
of undifferentiated positive affect in humans. In other words, there is no need to simulate an
embodied agent’s internal emotional state to affect a human interlocutor positively.
Taking the step from the virtual to the real world Breazeal (2004b) compares the fields
of human-computer interaction (HCI) and human-robot interaction (HRI) finding similarities
and significant differences. In essence she advocates to also take the robot’s point of view into
account when examining and evaluating the relationship of robots and humans in a future
society rather than only taking the human’s perspective as mainly done in HCI. However,
the further argumentation seems to neglect the recent endeavors in HCI to follow a cognitive modeling approach in designing virtual humanoid agents instead of strictly focusing on
dedicated application scenarios. Nevertheless the integration of socio-emotional intelligence
into architectures of robots is advocated, if we want such robots to fulfill an adequate role in
human society; cf. Breazeal (2004a) for details.

1.3.2

Cognitive modeling perspective

Cognitive science research is highly interdisciplinary combining philosophy, psychology,
artificial intelligence, neuroscience, linguistics, and anthropology. Scientists in this field attempt
to build computational models of human cognitive behavior in order to combine and verify
the findings of the different disciplines. Emotions are increasingly seen as an important component of cognitive systems of humans as well as humanoids. Arbib and Fellous (2004)
present a comprehensive overview of the attempts to improve human-computer-interaction
through the simulation and expression of emotions. In their discussion of cognitive architectures they give a brief summary of recent attempts to describe the influence of emotions in
layered architectures such as (Ortony et al. 2005) and (Sloman et al. 2005).
Gratch and Marsella (2004) present a domain-independent framework for modeling emotions that combines insights from emotion psychology with the methodologies of cognitive
science in a promising way. Based on the Belief-Desire-Intention (BDI) approach to model
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rational behavior by Rao and Georgeff (1991), they describe their efforts to integrate appraisal
and coping processes that are central to emotion elicitation and social interaction. Central to
their idea are “appraisal frames and variables” by which the emotional value of external and
internal processes and events are captured in concrete data structures. By making use of the
agent’s BDI-based reasoning power based on concepts such as likelihood and desirability,
emotions are first generated and then aggregated into a current emotional state and an overall
mood. The mood is seen to be beneficial because it has been shown to impact “a range of cognitive, perceptual and behavioral processes, such as memory recall (mood-congruent recall),
learning, psychological disorders (depression) and decision-making” (Gratch and Marsella
2004, p. 18). Furthermore this mood value is used as an addend in the calculation of otherwise equally activated emotional states (such as fear and hope at the same time) following
the idea of mood-congruent emotions. Remarkably, their framework for modeling emotions
is the first fully implemented, domain-independent architecture for emotional conversational
agents.

1.3.3

Relation to our own work

The virtual human Max (see Figure 1.1) developed at Bielefeld University’s Artificial Intelligence Laboratory has been employed in a number of increasingly challenging scenarios in
which Max’s conversational capabilities have been (and are being) steadily extended. In a
museum application, Max is conducting multimodal smalltalk conversations with visitors to
a public computer museum (cf. Section 1.5). In this setting, where he has to follow the basic
rules of social dialogue, we have not modeled emotional behavior by devising explicit rules
how to influence the interlocutors emotional state, as e.g. proposed by Bickmore and Cassell (2005). Rather, we opted for integration of an emotion simulation module—enabling our
agent to “experience emotions of his own”—for the following reasons. The emotion module
has an internal dynamics that leads to a greater variety of often unpredictable, yet coherent
emotion-colored responses. These responses add to the impression that the agent has a unique
personality, and the parameters of the emotion system reflect such aspects of an agent’s personality trait. Furthermore, this way of modeling emotions is largely domain-independent, as
has been shown by a successful application in a gaming scenario as well as by the combination of an independent simulation of emotion dynamics with a BDI-based reasoning module
in order to model the mood-congruent elicitation of secondary emotions. Finally, by integrating a specialized module for the simulation of psychological emotion theories, we can
use its high-level parameters to generate and falsify predictions on how to model different
personalities following the experimental-theoretical motive.
In the next section we will give a brief overview of our agent’s cognitive architecture. It
will be followed by a detailed explanation of the emotion dynamics simulation module that
provides the so-called awareness likelihoods for primary and secondary emotions. Further,
the question of how cognitive processes can give rise to emotions is addressed.

1.4

Making the virtual agent Max emotional

Max (see Figure 1.1) has been developed to study how the natural conversational behavior
of humans can be modeled and made available, for example, in Virtual Reality face-to-face
encounters. Max rests upon an architecture that realizes and tightly integrates the faculties

8 WHY EMOTIONS SHOULD BE INTEGRATED INTO CONVERSATIONAL AGENTS
of perception, action, and cognition required to engage in such interactions (Leßmann et al.
2006). While at large the underlying model employs the classical perceive-reason-act triad,
it was conceived such that all processes of perception, reasoning, and action are running
concurrently.

Figure 1.1 Anthropomorphic appearance and outline of the architectural framework of Max
(Leßmann et al. 2006)

Perception and action are directly connected through a reactive connection, affording
reflexes and immediate responses to situation events or moves performed by a human interlocutor. Such fast-running stimulus-response loops are utilized to react to internal events.
Reactive behaviors include gaze tracking and focusing the current interaction partner in
response to prompting signals. In addition, continuous secondary behaviors reside in this
layer, which can be triggered or modulated by deliberative processes as well as by the emotional state of the agent. These behaviors make the agent appear more lifelike and include
eye blink, breathing, and sway.
Perceptions are also fed into deliberative processes taking place on the reasoning layer.
These processes are responsible for interaction management by interpreting input, deciding
which action to take next, and composing behaviors to realize it. This is implemented following the BDI approach (Rao and Georgeff 1991) to modeling rational behavior and makes
use of an extensible set of self-contained planners. The architecture further comprises a cognitive, inner loop, which feeds internal feedback information upon possible actions to take,
e.g., originating from the body model of the agent, back to deliberation.
With regard to the integration of emotions, it is under debate how modular the human
emotion system in the brain is. However, with respect to the emotion system of an artificial agent we decided to conceive of it as a single module that is highly interconnected,
and runs concurrently, with the agent’s other “mental” faculties. This module is based on a
dimensional emotion theory as introduced in Section 1.2 to realize the internal dynamics and
mutual interactions of primary and secondary emotions. With regard to the complex appraisal

WHY EMOTIONS SHOULD BE INTEGRATED INTO CONVERSATIONAL AGENTS 9
processes giving rise to secondary emotions it seems justified to extend the architecture by
further exploiting the reasoning power of the Cognition module (described in Section 1.4.2).

Figure 1.2 The emotion module consists of two components: The dynamics/mood component is used for calculation of the emotion dynamics, and its values are subsequently mapped
into PAD-space

1.4.1

The emotion module

Two major assumptions supported by psychology literature, e.g., (Oatley and Johnson-Laird
1987), are underlying our realization of a concurrent emotion dynamics simulation module
(Becker et al. 2004):
1. An emotion is a short-lived phenomenon and its valence component has a fortifying or
alleviating effect on the mood of an individual. A mood, in contrast, is a longer lasting, valenced state. The predisposition to experience emotions changes together with
the mood, e.g. humans in a positive mood are more susceptible to positive than negative emotions, and vice versa; see (Neumann et al. 2001). This “emotion dynamics”
is realized in the first component of the emotion module labeled dynamics/mood in
Figure 1.2.
2. Every primary emotion can be positioned in the PAD emotion space with respect to
its inherent degree of Pleasure, Arousal and Dominance. This assumption underlies
the second component of the emotion module labeled PAD-space in Figure 1.2. Likewise, parts of the connotative meaning of secondary emotions can be represented as
regions in PAD space, as demonstrated in Figure 1.4 by the two regions “relief” and
“frustration”.
Simulation of dynamics: Emotions and moods and their mutual interaction
The concept of emotions is linked to the concept of moods using a two-dimensional space
defined by an x-axis of emotional valence and an orthogonal y-axis that represents the valence
of moods (see Figure 1.3(a)). The system tends to hold both valences in zero because this
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point constitutes the default state of emotional balance. Therefore two independent spiral
springs are simulated, one for each axis, which create two reset forces Fx and Fy whenever
the point of reference is displaced from the origin.

(a) Emotions and moods and their courses (b) The epsilon neighborhood for the simulaover time
tion of boredom

Figure 1.3 Internals of the dynamics/mood component

The exerted forces are proportional to the value of the corresponding valences x and y
just as if the simulated spiral springs were anchored in the origin and attached to the point
of reference. The mass-spring model was chosen based on the heuristics that it better mimics
the time course of emotions than linear and exponential decreasing models. This assumption
is supported by (Reisenzein 1994) who showed that in most cases the intensity of emotions in
the two dimensional Pleasure-Arousal theory is not decreasing linearly but more according
to a sinoid function.
By adjusting the two spring constants dx and dy and the simulated inertial mass m of the
point of reference, the dynamics of both concepts can be biased intuitively. These parameters
can also be construed as an aspect of the agent’s personality trait.
In order to simulate the alleviating and fortifying effects of emotions on moods, the
emotional valence is interpreted as a gradient for changing the valence of moods at every
∆y
simulation step according to the equation ∆x
= a · x. The independent parameter a, again,
models an aspect of the agent’s personality, with smaller values of a resulting in a more
“sluggish” agent and greater values of a leading to a more “moody” agent.
The concept of boredom
In addition to the emotion dynamics described above, a concept of boredom is added to the
dynamic component as a third, orthogonal z-axis. Assuming that the absence of stimuli is
responsible for the emergence of boredom (as proposed by Mikulas and Vodanovich (1993)),
the degree of boredom starts to increase linearly over time if the point of reference lies within
an epsilon neighborhood of absolute zero (as given by x and y , see Figure 1.3(b)). Outside
of this neighborhood the value of boredom is reset to zero per default. The co-domain of the
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boredom parameter is given by the interval [-1, 0], so the agent is most bored if the value
of negative one is reached. The linear increase of boredom can be described by the equation
z(t + 1) = z(t) − b, where the parameter b is another aspect of the agent’s personality trait.
Categorization: Mapping into PAD-space
The dynamic component provides the following triple at any time step t:
D(t) = (xt , yt , zt ),

with

xt = [−1, 1], yt = [−1, 1], zt = [−1, 0]

(1.1)

The variable xt denotes the emotional valence, the variable yt stands for the actual valence
of the mood, and zt represents the degree of boredom. Given this triple, the mapping into
PAD space for categorization (see Figure 1.4) is implemented according to the function
P AD(xt , yt , zt ) as shown in Equation (1.2). This mapping results in a triple consisting of
the functions p(xt , yt ) for the calculation of Pleasure, a(xt , zt ) for Arousal and d(t) for
Dominance.
P AD(xt , yt , zt ) = (p(xt , yt ), a(xt , zt ), d(t)), with
p(xt , yt ) =

1
· (xt , yt ) and a(xt , zt ) = |xt | + zt
2

(1.2)

Pleasure is assumed to be the overall valence information in PAD space and therefore
calculated as the standardized sum of both the actual emotional valence as represented by xt
and the valence ofmood as given by yt . That way, the agent will feel a maximum of joy when
his emotion as well as his mood is most positive and a maximum of reluctance in the contrary
case. The agent’s arousal ranges from “sleepiness” to a maximum of “mental awareness” and
“physiological exertion”. As it is assumed that any kind of emotion is characterized by high
arousal, only the absolute value of emotional valence is considered in the function a(xt , zt ).
The addition of the (negatively signed) value of boredom reflects its relation to the mental
state of inactivity. The independent parameter of dominance (or, in the other extreme, submissiveness) cannot be derived from the dynamic component of the emotion module itself.
As explained in Section 1.2.2, this parameter describes the agent’s “feelings” of control and
influence over situations and events versus “feelings” of being controlled and influenced by
external circumstances (Mehrabian 1995). By introducing this parameter it is possible to distinguish between anger and fear as well as between sadness and annoyance. Angriness and
annoyance come along with the feeling of control over the situation whereas fear and sadness
are characterized by a feeling of being controlled by external circumstances; Lerner and Keltner (2000) give a theoretical foundation. Therefore, it is in principle not possible to derive
such information from the dynamic component. The BDI interpreter within the cognitive
module of Max, however, is capable of controlling the state of dominance. In Section 1.5.2
we will present one heuristics to control this state of dominance within a cards game scenario.
Several primary emotions that have prototypical facial expressions have been anchored
in PAD space by defining adequate PAD triples (see Figure 1.4). Some of these emotions
are represented more than once because it is assumed unnecessary to distinguish between a
dominant and a submissive case for these primary emotions. Furthermore, in case of high
pleasure Ekman’s set of “basic emotions” only contains one obviously positive emotion,
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Figure 1.4 Nine primary and two secondary emotions represented in PAD space. Note that
some categorized emotions (e.g., happy) may comprise a variety of PAD-values; further
explanation see text.
namely happiness (Ekman et al. 1980). Thus, in our implementation this primary emotion
covers the whole area of positive pleasure regardless of arousal or dominance as it is located
in PAD-space four times altogether.
In principle, the awareness likelihood (see Figure 1.6) of a primary emotion increases the
closer the point of reference gets to that emotion. If the point of reference is getting closer
than Φ units to that particular emotion (see Figure 1.5), the calculation of the awareness
likelihood w for that emotion is started according to Equation 1.3 until the distance d gets
below ∆ units.
d−∆
w =1−
(1.3)
Φ−∆
The likelihood w is set to 1, if the distance gets below ∆. In Equation (1.3), Φ can be interpreted as the activation threshold and ∆ as the saturation threshold, which are both global
constants of the emotion system and, thus, valid for every primary emotion.
With respect to the simulation of secondary emotions we propose to represent parts of
their connotative meaning in PAD-space as well, which readily enables the calculation of
their awareness likelihood. But as secondary emotions are understood as resulting from a
process of conscious appraisal based on experiences and expectations, it is insufficient for
them to be represented in terms of PAD values alone. Furthermore, we believe that one characteristic of secondary emotions is a certain fuzziness when described in terms of these three
basic dimensions. Due to this assumption secondary emotions are represented in PAD-space
as regions in contrast to points as in the case of primary emotions (see Figure 1.4). For
example, we associate the secondary emotion “frustration” with negative pleasure and high
dominance and “relief” with positive pleasure and medium arousal.
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Figure 1.5 Thresholds Φ and ∆ for the awareness likelihood of primary emotions.

1.4.2

Connecting feelings and thoughts

The emotion module explained above needs so-called valenced emotional impulses together
with the actual degree of Dominance as input signals to drive its internal dynamics. In return
it provides descriptions of the agent’s emotional state on two different levels of abstraction,
first, in terms of raw but continuous Pleasure, Arousal and Dominance values and, second,
in terms of awareness likelihoods of a number of primary and secondary emotions.
In the following we will first explain how conscious and non-conscious appraisal lead to
the elicitation of primary and secondary emotions, respectively. Especially the interplay of
conscious reasoning and non-conscious reactive processes together with the emotion dynamics will be explained.
Conscious vs. non-conscious appraisal
In the context of emotion simulation it is helpful to divide the Cognition module in Figure
1.6 into two layers (based on the ideas of Ortony et al. (2005) and Damasio (1994), see also
Section 1.2.1):
1. Our agent’s “conscious”, BDI-based deliberation resides in the Reasoning Layer. As
the ability to reason about the eliciting factors of one’s own emotional state is a mandatory prerequisite for the emergence of secondary emotions, conscious appraisal, taking
place on this layer, will lead to secondary emotions. This appraisal process generally
includes aspects of the past and the future, making use of different kinds of memories
also present on this layer.
2. The Reactive Layer can be understood as resembling ontogenetically earlier processes,
which are executed on a more or less “non-conscious”, automatized level. These reactive processes include simple evaluations of positive or negative valence and are implemented as hard-wired reactions to basic patterns of incoming sensor information (e.g.
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Figure 1.6 The mutual interaction of cognition and emotion. A stimulus is appraised leading
to the elicitation of both primary and secondary emotions. Emotional valence and dominance
values drive the emotion module to continuously update an emotion awareness likelihood,
which is used to filter the elicited emotions. Finally, resulting aware emotions are reappraised
in the social context.

fast movement in the visual field). Consequently, non-conscious appraisal leads to primary emotions, which can directly give rise to “non-conscious” reactive behaviors such
as approach or avoidance.
As described in Section 1.4 every emotion includes a certain valence information, which
is either positive or negative. This “hedonic” (pleasurable) valence, cf. (Gehm and Scherer
1988), is derived from the results of appraisal on both layers and used as the main driving
force in the simulation of the agent’s emotion dynamics. If, for example, our agent believes
that winning the game is desirable (as in the gaming scenario explained in Section 1.5.2)
and suddenly comes to know that the game is over without him winning, non-conscious
appraisal might lead to the emergence of the primary emotion “anger” including highly negative valence1 . However, in our architecture the resulting negative impulse only increases the
1 One might object that the necessary reasoning capabilities to deduce this kind of “anger” can hardly be conceived as remaining non-conscious. In the current context, however, we only use such a distinction to separate fast
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likelihood of negative emotions such as anger. Thus, our emotional system does not follow a
direct perception-action link as present in many purely rule-based, cognitive architectures.
By further representing uncertainty of beliefs as well as memories on the reasoning layer,
secondary emotions such as “frustration” and “relief” are derived. For example, if the agent
did not achieve a very important goal (such as drawing a desired card from the redraw pile)
in several attempts, a general state of anger might turn into “cognitively elaborated” (Ortony
et al. 2005) frustration. When, however, after a series of unsuccessful attempts the agent
finally achieves his long desired goal, the possible state of undifferentiated friendliness might
be accompanied or even substituted by the secondary emotion relief (cf. Figure 1.4).
Elicitation, reappraisal and coping
After the Cognition module has generated “proposals” of cognitively plausible emotions on
the basis of conscious and non-conscious appraisal, the inherent valences of these emotions
will drive the dynamics/mood part of the Emotion module. As described in Section 1.4 the
values of the dynamics subcomponent will continually be mapped into PAD-space for categorization and combined with the actual state of Dominance. This Dominance is provided by
the Cognition module, which deduces its value from the actual social and situational context.
The output of the Emotion module in terms of awareness likelihoods for mood-congruent
emotions is then fed back to the Cognition module. It is combined with the initially generated “proposed emotions” to elicit a set of aware emotions. These aware emotions can be
guaranteed to bear a high degree of resemblance in terms of their respective hedonic valences.
Finally, reappraisal can take place to implement coping strategies as theoretically motivated
in Section 1.2.
The conscious appraisal process will be realized following the ideas of Reisenzein (2001)
and Scherer (2001). The basic idea is to integrate secondary emotions as “meta-representational states of mind” in our BDI-based approach. If only primary emotions are employed, Max
is directly expressing the emotion with the highest awareness likelihood without any kind
of reappraisal based on social context. The next section describes how the direct effects of
the emotion module on the believability and lifelikeness of our agent can be validated. This
involves expressing the agent’s internal emotional state as unambiguously as possible.

1.5

Examples and experiences

To validate a conversational agent’s architecture one has to decide for a suitable interaction scenario. Most researchers of the HCI community focus with their work on designated
interaction scenarios, which can be divided into competitive and cooperative ones. Virtual
anthropomorphic agents in cooperative scenarios are employed as sales assistants in a virtual
marketplace (Gebhard et al. 2004), pedagogical tutors in learning environments (Gratch and
Marsella 2004), story-telling agents (Bernsen et al. 2004), conversational guides (cf. Kopp
et al. (2005), Figure 1.7(a)), assembly assistants in construction tasks (Kopp et al. 2003), or
direction-giving agents (Kopp et al. 2004). We will first present a smalltalk scenario in which
Max is employed as a virtual guide to a public museum in Section 1.5.1. In competitive
reactive emotional appraisal from relatively slower, deliberative (re-)appraisal. Thus we don’t feel uncomfortable
using symbolic reasoning for the implementation of processes on a so-called non-conscious, reactive level.

16WHY EMOTIONS SHOULD BE INTEGRATED INTO CONVERSATIONAL AGENTS

(a) Max in a smalltalk conversation with a museum visitor

(b) Max playing cards against a human opponent

Figure 1.7 The two exemplary interaction scenarios

scenarios, e.g. (Rehm and André 2005), (Becker et al. 2005b), researchers are mainly concentrating on the effect that virtual opponents in computer games have when being presented
with a varying degree of naturalness and human-like behavior (see Figure 1.7(b)). In Section
1.5.2 we report on the results of an empirical study conducted in the context of a competitive
gaming scenario.

1.5.1

The smalltalk scenario

In the first scenario our agent Max is employed as a conversational guide in a public computer museum; see (Kopp et al. 2005). By means of a video camera Max can perceive the
presence of museum visitors and engages them in conversations, in which he provides background information about the museum, the exhibition, or other topics (see Figure 1.7(a)). As
the agent should be able to conduct natural language interactions, constraints on linguistic
content (in understanding as well as in producing utterances) should be as weak as possible. Thus, a keyboard was used as input device, avoiding problems that arise from speech
recognition in noisy environments.
The continuous stream of visual information provided by the video camera is first analyzed to detect the presence of skin-colored regions. A reactive, gaze following behavior is
triggered whenever a new person enters the visual field of Max. At the same moment a small
positive emotional impulse is sent to the emotion module such that Max’s mood increases
the more people are around. In the absence of interlocutors the emotion module is generating
the emotional state of boredom (cf. Section 1.4.1) and special secondary behaviors such as
leaning back and yawning are triggered. The corresponding physical exertion is modeled to
have an arousing effect by automatically setting the boredom value (and thus also the arousal
value) to zero. Concerning the Dominance value we decided to let Max never feel submissive
in this scenario (although a notion of initiative is accounted for by the dialogue system).
In Figure 1.8 two parts of an example dialogue together with corresponding traces of
emotions in Pleasure-Arousal-space are presented. In the beginning, Max’s is in a neutral
emotional state labeled concentrated until the visitor’s greeting is processed by the BDIbased Cognition module. In addition to the production of a multimodal utterance, a positive
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Human:
Max:
Human:
Max:

Human:
Max:

Hello Max.
(t1 , surprised) Hello. Let’s chat. Use the
keyboard to talk to me. What is your name?
Stefan.
Hello Stefan! (t2 , happy) Nice to meet you.
I can explain something to you or we just
have small talk.
How are you?
I’m fine at the moment and how are you?

..
.
Human:
Max:
Human:
Max:

You are amazing.
(t3 , very happy) Our conversation
gets better and better.
Pancake. (bad word for Max)
(t4 , happy) Why do you say that?

..
.
Max:
Human:
Max:
Human:
Max:

Human:
Max:
Human:
Max:

Human:
Max:

(a) The trace of emotions in PleasureArousal-Space during the first minute of dialogue: t1 = 0:10; t2 = 0:24; t3 = 1:00; t4 =
1:05 (all times in min.)

(t1 , very concentrated) Can you do so, too?
You pig.
(t2 , surprised) Have a look in the mirror
(t3 , annoyed).
Pancake.
(t4 , angry) Better think about what you
are saying. I start to feel unhappy.
(t5 , very angry) I’m fed up for now
(leaves the display).
(pause) Where are you?
(b) The trace of emotions until the end of the
(t6 , very annoyed) I will not come back
dialogue: t1 = 1:46; t2 = 1:50; t3 = 1:55; t4
until I calmed down.
= 2:02; t5 = 2:10; t6 = 2:25; t7 = 2:35 (all
Sorry.
times in min.)
(t7 , concentrated) After all you accept it.
Now I calmed down.
(reenters the display)
Bye.
Good bye, Stefan.

Figure 1.8 A dialogue example from the smalltalk scenario. The subfigures show the corresponding traces of Max’s emotions in the Pleasure-Arousal-plane during the first (a) and
second (b) part of the dialogue. Dominance is always positive and constant in this scenario.
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emotional impulse is sent to the emotion module. This impulse drives the internal dynamics
of the “dynamics / mood” component as described in Section 1.4 and the resulting values are constantly mapped on Pleasure and Arousal values as shown in Figure 1.8(a). The
first positive emotional impulse directly leads to the activation of the primary emotion surprised at time t1 , modulating Max’s facial expression and synthesized voice accordingly (see
Figure 1.4). During the next fourteen seconds no further impulses affect the emotion module. However, the internal dynamics leads to an increase in the agent’s mood together with a
decrease of the agent’s emotional valence. Hence, the agent’s Arousal is decreasing whereas
the agent’s Pleasure is increasing, such that at time t2 the reference point in Pleasure-Arousalspace moves to happy and this primary emotion gets activated.
After a series of positive emotional impulses due to praising statements by the human
dialogue partner, a very intense state of happiness is reached at time t3 . The word “pancake”
is specially implemented to produce a strong negative impulse (mimicking a very rude insult),
which leads to a decrease of arousal and pleasure at time t4 . Notably, the agent does not get
angry directly but only less happy, because he was in a very good mood shortly before.
That is, mood-congruent emotions are guaranteed as a result of the internal dynamics of the
emotion module.
To the end of the conversation, Max has become very concentrated–i.e. non-emotional–
again, just before the visitor insults him at time t1 (see Figure 1.8(b)) resulting in a strongly
negative impulse. Within an instant Max is surprised at time t2 and only five seconds later the
internal emotion dynamics let him feel annoyed at time t3 . The strongly negative emotional
valence caused the mood to become negative within the next five seconds. Thus, when the
human insults him again at time t4 , Max gets angry, which he becomes aware of himself.
This relatively mild form of anger lets Max say that he is starting “to feel unhappy”. When
he is becoming very angry at time t5 , a kind of situation focused coping behavior is triggered
by leaving the scene. As the visitor asks Max only one emotionally neutral question in the
following fifteen seconds, Max’s emotional state at first slowly shifts from hot to mild anger
ending in a state of annoyance at time t6 . When the visitor is finally apologizing, the resulting
positive impulse lets Max feel concentrated again at time t7 . In effect, he re-enters the display
ready to go on with the conversation.

1.5.2

The gaming scenario

As a competitive face-to-face interaction scenario between a human and Max we implemented a cards game called “Skip-Bo” (Becker et al. 2005b). In this game, both players have
the goal of getting rid of their cards either following an offensive or defensive strategy (see
Figure 1.7(b)). Max, again, always retains control over the game as he corrects the human
player in case of a false move (see Figure 1.9(b)). Max’s emotion module is initialized to
reflect this state of high Dominance, but whenever the human player is at least two cards
ahead to win the game, this value is changed to reflect a state of Submissiveness (i.e. nondominance). Consequently, when Max is highly aroused and in a state of negative pleasure,
he sometimes shows fear (see Figure 1.9(a)) instead of anger.
In such a playful interaction, the aim was to study the effects that affective and/or empathic
agent behavior has on human players. To let Max show positive or negative empathy, physiological indicators of the current emotions of the human players were measured. A galvanic
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(a) Max is afraid to loose the game

(b) Max corrects an opponent’s move

Figure 1.9 Two interaction examples from the Skip-Bo gaming scenario

skin response (GSR) sensor was attached to the index finger and the small finger of the nondominant hand and an electromyography (EMG) sensor was attached to the subject’s left
(mirror-oriented) cheek to measure the activity of the masseter muscle (see Figure 1.9(a)). By
evaluating this data as well as results from a questionnaire we could analyze for the observer’s
emotional experience, solely depending on Max’s emotional appraisal and display.
An empirical study was carried out within the gaming scenario. It comprised four conditions designed to assess the effects of simulated emotions and empathic feedback in the
context of such a competitive human–computer interaction (cf. (Brave 2003) for a similar set
of conditions):
1. Non-Emotional condition: Max does not display emotional behavior.
2. Self-Centered Emotional condition: Max appraises his own game play only, and displays e.g. (facial) happiness when he is able to move cards.
3. Negative Empathic condition: Max shows self-centered emotional behavior and responds
to those opponent actions that thwart his own goal of winning the game. Consequently,
he will e.g. display distress when the human player performs a good move or is detected
to be positively aroused. This condition implements a form of ‘negative’ empathy.
4. Positive Empathic condition: Here, Max is also self-centered emotional, but opponent
actions are appraised ‘positively’ such that he is “happy for” the human player’s game
progress. If the human player is assumed to be distressed, Max will display “sorriness”.
This condition implements ‘positive’ empathy.
Note that Max follows a competitive playing strategy in all conditions. The study included
14 male and 18 female subjects, who were told in advance that they would get an extra reward
if they won against Max. Subjects were randomly assigned to the four conditions (eight in
each condition). See (Becker et al. 2005a) for further details about the experimental setup.
To analyze the recorded physiological data (skin conductance and electromyography),
we focused on game situations where emotional reactions in the human player as well as
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Max were likely to occur. An analysis of the biometrical data revealed that – in this competitive game scenario – the absence of negative empathy in the agent is conceived as stressful
(derived from GSR) and irritating, as it might also be experienced when playing against
another human. A complementary result is that negatively emphatic agent behavior induces
negatively valenced emotions (derived from EMG) in the human player. A detailed discussion of the results can be found in (Prendinger et al. 2006). Overall, these results suggest
that the integration of emotions into an agent’s architecture can have an important bearing on
the agent’s overt behaviors, which in turn can have decisive effects on a human’s emotional
responses to it. If used in expedient ways, integrating emotions thus has the potential to serve
significantly supportive functions in human-machine-interaction.

1.6

Conclusion

The initially quoted dialogue from the movie “I, Robot” gave rise to the challenging question
“Should conversational agents be able to have emotions?”. Most people show a high degree
of acceptance concerning the practical outcomes of technological progress in everyday life.
When being asked how much further technology should or should not advance, few people
see a clear borderline of everyday concerns a machine should not interfere with. Thinking of
scenarios where artificial agents – be it in the form of virtual characters on a computer screen
or in the form of physical humanoid robots – take a role as conversational partners in a future
society even raises the issue of social acceptance. This issue has been widely recognized
by researchers in the field of human-computer interaction, resulting in the development of
knowledgeable embodied conversation agents rather than unembodied expert systems.
In this line, we have started to simulate human emotion in an embodied agent by combining various research streams in a highly interdisciplinary approach. Our studies and experiences reported in this chapter have shown that believability, lifelikeness and personality traits
of a conversational agent can be increased by the integration of primary and secondary emotions, and that these enhance the acceptance of the conversational agent. Consequently, we
understand the simulation of emotions to be one major property of humanoid conversational
agents if they are to be more acceptable as coequal social partners.
But should we also integrate negative emotions into conversational agents? Even if we
admit the necessity to integrate artificial emotions into an agent’s cognitive architecture, the
questions remain if every human emotion has to be present in that architecture, and if every
emotion has to be expressed in an interaction with a human. One might argue, for example,
that the occurrence of negative emotions is undesirable in an artificial system built to be
of help. However, we are following the experimental-theoretical motive as to gain a deeper
understanding of human emotions and human emotional behavior. As an adequate implementation of a model based on emotion psychology will automatically give rise to internal states
similar to, e.g., human anger or sadness, it seems inevitable to integrate means of expressing negative emotions. It would likely be irritating to the human interlocutor if the agent
was unable to express such an emotional state properly. Additionally, as we are also moving
toward simulating empathic behaviors, any limitation on the full spectrum of emotions simulated and expressed by an agent would seem inappropriate. A true human understanding of
another’s emotional state can only be ascribed to individuals that are believed to “feel” these
emotions themselves.
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Hence, while at present it is hard to foresee whether it will be appropriate to have agents
that “cry”, we argue that integrating emotions into conversational agents will make them
more believable as social partners.
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