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Abstract 
We present Cathexis, a distributed, computational model 
which offers an alternative approach to model the dynamic 
nature of different affective phenomena, such as emotions, 
moods and temperaments, and provides a flexible way of 
modeling their influence on the behavior of synthetic autono- 
mous agents. The model has been implemented as part of an 
extensible, object-oriented framework which provides 
enough functionality for agent developers to design emo- 
tional agents that can be used in a variety of applications 
including entertainment (e.g. synthetic agents for interactive 
drama, video games, etc.), education (e.g. Intelligent Tutor- 
ing Systems), and human-computer interfaces. 

Introduction 
Emotions are an essential part of our lives, they influence 
how we think and behave, and how we communicate with 
others. Several researchers have acknowledged their impor- 
tance in human thinking [Minsky 1986; Toda 19931, and 
recent neurological evidence seems to support these ideas 
[LeDoux 1996; Damasio 19941. 

Recent developments in the areas of synthetic agents, 
[Maes 1995; Blumberg 1994; Bates 1994; Elliot 1992; 
Reilly 1996;] and affective computing [Picard 19951, have 
promoted the study of emotions and their influences in 
behavior and learning [Velasquez 1996; Kitano 19951. Nev- 
ertheless, up to date, relatively few computational models 
of emotion have been proposed. For a review of some of 
these models see [Pfeifer 19881. 

This paper describes a computational model that focuses 
on different aspects of the generation of emotions and their 
influence on the behavior of synthetic agents. 

The Cathexis Model 
We have developed a distributed model for the generation 
of emotions and their influence in the behavior of autono- 
mous agents. The model is called Cathexis (concentration 
of emotional energy on an object or idea) and has been 
inspired by work in different fields including among others, 
Psychology, Ethology and Neurobiology. Although its main 
objective is to model several aspects of the generation of 
emotions, the model also provides simple models for other 
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motivations and an algorithm for action-selection. 
Figure 1 provides a high level view of the model’s archi- 

tecture. 
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Figure 1 The Cathexis Architecture. 

Modeling Affect: The Emotion Generation System 
Emotions, moods, and temperaments are modeled in Cathe- 
xis as a network composed of special emotional systems 
comparable to Minsky’s “proto-specialist” agents [Minsky 
19861. Each of these proto-specialists represents a specific 
emotion family (See below) such as Fear or Disgust. Within 
each proto-specialist, different sensors are monitoring both 
external (e.g. events in the environment) and internal (e.g. 
drive levels, feedback from sensorimotor processes) stimuli 
for the existence of the appropriate conditions that would 
elicit the emotion represented by that particular proto-spe- 
cialist. These sensors are arranged into four different 
groups (Neural, Sensorimotor, Motivational, and Cogni- 
tive) that represent different kinds of both cognitive and 
noncognitive emotion activation systems as it will be 
described below. Input from these sensors either increases 
or decreases the intensity of the emotion proto-specialist to 
which they belong. Associated with each proto-specialist 
are two threshold values. The first threshold, a, controls the 
activation of the emotion. That is, once the intensity goes 
above this threshold, the emotion proto-specialist releases 
its output signal to other emotion proto-specialists, and to 
the Behavior System which in turn selects an appropriate 
behavior according to the state of these emotional systems. 
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The second threshold, a specifies the level of saturation for 
that emotion proto-specialist. This is consistent with real 
life emotional systems in which levels of arousal will not 
exceed certain limits. Another important element associated 
with an emotion proto-specialist is a decay function, “I!(), 
which controls the duration of the emotion episode as it will 
be explained below. Figure 2 illustrates some of these ideas. 

r 
To Emotional 

Stimuli affect the 
intensity of the 
proto-specialists 

Figure 2 Emotion Proto-Specialists. 

All of these emotion proto-specialists run in parallel and 
are constantly updating their intensities. No particular 
proto-specialist is in control of the system. In fact, more 
than one may be active (i.e. have intensity values above 
zero) at the same time. Nonetheless, when their intensity 
value goes above the a threshold they may inhibit or excite 
other proto-specialists. This type of interaction is consistent 
with real life emotional systems, in which high arousals in 
one or more systems will tend to inhibit or excite other 
emotional systems (e.g Fear inhibits Happiness, Happiness 
and Sadness inhibit each other, etc.). 

Basic Emotions.Addressing the issue of what emotions to 
include in the model we have drawn on ideas from Ekman, 
Izard, and several other theorists [Ekman 1992; Izard 199 1; 
Johnson-Laird and Oatley 19921, and have provided 
explicit models for the so-called basic or primary emotions. 
The expression basic emotions has been used by research- 
ers in many different ways. In this model the term basic, as 
in [Ekman 19921, is used to claim that there are a number of 
separate discrete emotions which differ from one another in 
important ways, and which have evolved to prepare us to 
deal with fundamental life tasks, such as falling in love, 
fighting, avoiding danger, adjusting to losses, and so on. 

Within Cathexis, each basic emotion is not a single affec- 
tive state but rather a family of related affective states (e.g. 
Fear, Fright, Terror, Panic, etc.). Each member of an emo- 
tion family shares certain characteristics, such as similari- 
ties in antecedent events, expression, likely behavioral 
response, physiological activity, etc. These characteristics 
differ between emotion families, distinguishing one from 
another. Cathexis includes an emotion proto-specialist for 
each of the following basic emotions: Anger, Fear, Distress/ 
Sadness, Enjoyment/Happiness, Disgust, and Surprise. 

Emotion Blends and Mixed Emotions. Certainly, some 
affective states considered by many to be emotions are not 

included in the list defined above. The concept of emotion 
families would include some of these states as variations (in 
intensity, expression, etc.) of a basic emotion, but some 
other affective states do not seem to fit within these catego- 
ries. Although some theorists claim that all emotions are 
basic, there is some evidence that suggests the existence of 
blends, a term which describes the co-occurrence of two or 
more basic emotions at a time. Examples of blends might 
be emotions such as Grief and Jealousy. Grief, for example, 
is certainly more specific than Sadness. Besides a variation 
of Sadness, people who experience Grief are also likely to 
feeli Anger and Fear, and perhaps even Surprise depending 
on the situation. 

As mentioned before, more than one emotion proto-spe- 
cialist can be active at the same time, which means that two 
or more basic emotions may co-occur, representing, as a 
whole, emotion blends and mixed emotions. The intensity 
level and the influences (both in expression and in experi- 
ence) of each of the active emotions, give rise to these sec- 
ondary emotions. 

Cognitive arnd Noncognitive Elicitors of Emotion. Sev- 
eral models or taxonomies for analyzing the conditions 
leading to emotions have been proposed. Appraisal theo- 
rists, such as [Frijda 1986; Ortony, Clore, & Collins 1998; 
Roseman, Spindel, and Jose 19901, claim that what deter- 
mines whether an emotion will be felt and what emotion it 
will be, depends on the evaluation and interpretation of 
events, rather than on the events per se. Although only a 
few of these authors take an extreme position in which cog- 
nition is the exclusive determinant of the emotions, most 
theories on the generation of emotion are concerned only 
with cognitive elicitors. 

In contrast, and with a strong influence from Izard’s 
multi-system for emotion activation [Izard 19931, and also 
drawing on ideas from Tomkins [Tomkins 19621, Cathexis 
takes into account the existence of both cognitive and non- 
cognitive elicitors of emotions. These elicitors are arranged 
into four categories as described by Izard: 

e Neural: Includes the effects of neurotransmitters, 
brain temperature, and other neuroactive agents that can 
lead to emotion and which can be mediated by hormones, 
sleep, diet, environmental conditions, etc. 

e Sensorimotor: This system covers sensorimotor 
processes, such as facial expressions, body posture, muscle 
action potentials, and central efferent activity, that not only 
regulate ongoing emotion experiences but can also elicit 
emotion. 

* Motivational: This system includes all motivations 
that lead to emotion. In this model, motivations include 
drives (e.g. Thirst and Hunger), emotions (e.g. Anger, and 
Happiness), and pain regulation. Some examples of elici- 
tors in this system include the innate response to foul odors 
or tastes producing disgust, pain or aversive stimulation 
causing anger, and emotions like sadness eliciting others 
like anger, and vice versa. 

e Cognitive: This system includes all type of cogni- 
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&ions that activate emotion, such as appraisal and interpreta- 
tion of events, comparisons, attributions, beliefs and 
desires, memory, and so on. In Cathexis, cognitive elicitors 
for the different basic emotions are based on an adapted 
version of Roseman’s revised theory [Roseman, Spindel, 
and Jose 19901. Several reasons influenced the decision for 
choosing Roseman’s theory and not one of the others. First, 
Roseman’s theory is broad enough in scope. That is, it 
attempts to address all emotion-eliciting stimuli that people 
normally face. Second, it presents clear testable predictions 
for the relationships between specific appraisal configura- 
tions and the emotional states they produce. Furthermore, 
these predictions are supported by empirical research as can 
be seen in [Roseman, Spindel, and Jose 19901. And third, it 
fits well within the multi-system activation model described 
here since Roseman assumes that all emotions have a moti- 
vational basis, and that in some cases these motivations 
may be noncognitive. 

By considering both cognitive and noncognitive elicitors 
of emotion, the proposed model is more robust and gives 
developers more flexibility in defining the agent’s affective 
characteristics. 

Moods and Other Affective Phenomena. A number of 
words considered to be emotion terms actually refer to 
moods rather than emotions (e.g. nervousness, irritation, 
euphoria). Sometimes, even the words emotion and mood 
are used interchangeably by some psychologists and lay- 
people alike, to refer to certain aspects of affect. IHowever, 
moods and emotions interact in important ways and may 
differ in several aspects including their function. 

Following a psychobiological perspective, Cathexis dif- 
ferentiates between moods and emotions in terms of levels 
of arousal. Emotions may consist of high arousal of specific 
types of brain systems. These systems, however, may be 
tonically activated at low levels by a variety of internal 
stimuli, as well as relatively weak perceptual inputs. Thus, 
moods may be explained as low tonic levels of arousal 
within emotional systems, which as we have mentioned are 
modeled in Cathexis as emotion proto-specialists, while 
emotions would be explained as high levels of arousal in 
these same systems [Panksepp 19941. 

Thus, while high arousal of emotion proto-specialists 
will tend to inhibit other proto-specialists, mild arousal may 
very well allow several systems to be concurrently active, 
leading to the chance of an enormous display of mood 
states compared to the limited number of basic emotional 
states. This representation is consistent with the enormous 
subtleties of human moods and feelings. It is also consistent 
with the common observation that moods seem to lower the 
threshold for arousing certain emotions because emotional 
systems that are aroused, as it happens in the representation 
of moods, are already providing some potential for the acti- 
vation of an emotion. Finally, it is consistent with the obser- 
vation that the duration of moods appears to be longer than 
that of the emotions, since at low levels of arousal, the 
intensity of the emotion proto-specialists will decay more 

slowly. 
Temperaments are modeled through the different values 

the activation and saturation thresholds can have for the dif- 
ferent proto-specialists. Thus, for instance, an individual 
who has propensities to be in fearful moods might have a 
lower threshold for the emotion of fear in comparison to 
other individuals who do not. 

Emotion Intensity.We mentioned the idea of thresholds 
and levels of arousal. But what determines the intensity of 
an emotion? This question has hardly been a subject of 
research. Besides the analyses by Ortony, Clore, and Gal- 
lins [Or-tony, Clore, and Collins 19881, Frijda [Frijda 19961, 
and Bower [Bower and Cohen 19821, emotion intensity as 
such, has not received a lot of attention. 

Understanding how the intensity of an emotion is 
affected amounts to specifying the precise nature of each of 
the factors that contribute to it. Thus, in Cathexis, the inten- 
sity of an emotion is affected by several factors, including 
the previous level of arousal for that emotion (which takes 
into account the mood), the contributions of each of the 
emotion elicitors for that particular emotion, and the inter- 
action with other emotions (inhibitory and excitatory 
inputs). All of this is modeled as described in equation (1): 

I et = x y’(zet- I )+CLke+~G,e.IIt-CHme.l,t (1) 
k 1 m I 

Where let is the value of the intensity for Emotion e at 
time t; Ieet-] is its value at the previous time step; ulo is the 
function that represents how Emotion e decays; Lke is the 
value of Emotion Elicitor k (See [Velasquez 19961 for more 
details on how these are computed), where k ranges over the 
Emotion Elicitors for Emotion e; Gl, is the Excitatory Gain 
that Emotion I applies to Emotion e; Ilr is the intensity of 
Emotion I at time t; Hme is the Inhibitory Gain that Emotion 
m applies to Emotion e; Zmt is the intensity of Emotion m at 
time t; and X0 is the function that constrains the intensity 
of Emotion e between 0 and its saturation value. 

Emotion Decay. If the concept of emotion intensity has 
received little attention, the concept of emotion decay has 
received much less. Perhaps this is why most previous mod- 
els of emotion, with the exception of that proposed by 
Reilly [Reilly, 19961, do not consider this issue. With the 
current evidence on this matter one can only speculate as to 
what causes emotions to decay and what are the mecha- 
nisms and the systems involved in this process. 

In Cathexis, each emotion proto-specialist has been pro- 
vided with a built-in decay function that controls the dura- 
tion of the emotion once it has become active. This function 
is specific to each emotion proto-specialist which allows for 
different models of emotion decay. That is, the decay func- 
tion for an emotion can be implemented as a constant of 
time or as a more complex function of the different elicitors 
for that particular emotion (e.g. in terms of resolution of 
goal-centered issues). Regardless of their implementation, 
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in every update cycle the decay functions of the active emo- 
tions are evaluated, and unless there is some excitatory 
input for those emotions, their intensity is lowered and after 
a few cycles they become inactive. 

ehavisr System 
Researchers such as Frijda, suggest that emotional systems 
may elicit physiological changes, and they may elicit feel- 
ings, but unless they imply or involve changes in the readi- 
ness of specific behaviors they are of no consequence for 
either the individual or for others [Frijda 19961. These 
changes are modeled in the Behavior System, which 
decides what behavior is appropriate for the agent to dis- 
play, given its emotional state at some point in time. 

The Behavior system is a distributed system composed of 
a network of behaviors, such as “fight”, “kiss”, or “smile”. 
Each of these behaviors competes for the control of the 
agent. The decision of which behavior should be active is 
based on the value of each of the behaviors, which is recal- 
culated on every cycle as described below. Each behavior 
contains two major components: the Expressive or Motor 
Component and the Experiential Component. 

Expressive Component. Certainly, the expression of emo- 
tion is one of the most important aspects in emotional 
behavior. In Cathexis, the expressive component of a 
behavior contemplates the following aspects: 

e Prototypical facial expression: Motor commands 
to alter the facial expression accordingly. 

* Body posture: Series of motor commands to alter 
the agent’s body posture accordingly. 

. Vocal expression: May consist of non-language 
sounds such as laughing, yawning, grunting, etc., or it may 
include more complex elements to control speech, such as 
loudness, pitch, and temporal variability. 

Experiential Component. The experience of emotions and 
moods bias action and cognition. Several researchers agree 
that the experiential component of emotions and moods can 
be identified as motivational processes that manifest them- 
selves as action readiness, perceptual biases, selective filters 
for memory and learning, and a feeling state [Bower and 
Cohen 1982; Izard 19931. The main aspects considered in 
this model include: 

e Motivation: Motivations are specified as the main 
causes of activation or release of behaviors. They are also 
specified within the experiential component because a 
behavior, when active, may influence different motivational 
systems. Behaviors affect the levels of drives, but they may 
also affect emotions and moods as it was discussed with 
sensorimotor elicitors of emotion. 

* Action tendency: Changes in action readiness or 
action tendencies are a major, if not the major, aspect of the 
response to an event of emotional significance [Frijda 
19861. In Cathexis, action tendency and readiness are mod- 
eled by the behavior itself. Thus, a behavior, such as 
aggression, which may be represented as several different 

behaviors including perhaps fighting, insulting, biting, etc., 
is modeled as a direct response to the emotion of anger, or 
an irritable mood. 

Other influences of emotions and moods, such as percep- 
tual biases and selective Jiltering include complex interac- 
tions with cognitive systems and constitute by themselves 
whole fields of active research which are beyond the scope 
of this work. Nevertheless, we believe it is important to 
acknowledge their existence and we have tried to design 
Cathexis as an open model that allows incremental addi- 
tions of systems or components that model these influences. 

Selection of Behaviors. As mentioned before, behaviors 
compete with each other to obtain control of the agent. 
Competition is based on the values of each behavior. At 
some point in time, the behavior with the highest value 
becomes the active behavior. This value is updated every 
cycle and depends on several factors, called the releasers 
for that behavior, which may include motivations (emo- 
tions, moods, drives, pain), as well as a wide variety of 
external stimuli. The idea of releasers or releasing mecha- 
nisms is taken from the field of Ethology, primarily, from 
the work of Tinbergen [Tinbergen 19691 and it has already 
been successfully used in models of action-selection such 
as that proposed by Blumberg [Blumberg, 19941. 

The value of a behavior is modeled as the sum of the val- 
ues of each of all Behavior Releasers relevant to that partic- 
ular behavior. The value of each of these releasers depends 
on the specific nature of the releaser. For instance, if the 
releaser is an internal motivation, its value is calculated in 
terms of the intensity of that motivation. On the other hand, 
if the releaser consists of some sort of external stimuli, then 
its value depends on sensory input which determines if the 
stimulus of interest is present and matches some specific 
criteria. 

This model of behavior is certainly simple. A more com- 
plex model may include inhibitions between behaviors in a 
similar fashion to that of inhibitory inputs for emotional 
systems, and it may also include models of behavior deple- 
tion or fatigue as those described by Ludlow [Ludlow 
19801. It should be noted, however, that this part of the 
model has intentionally been made simple and general 
enough so that Cathexis can be integrated into several dif- 
ferent architectures of action-selection, such as those of 
Maes [Maes 19911, and Blumberg [Blumberg 19941. 

The ABgorithm. Emotion generation and action-selection is 
done as described below. On each update cycle: 
1. Both the internal variables (i.e motivations) and the envi- 

ronment are sensed. 
2. The values for all of the agent’s motivations (both drives 

and emotions) are updated as described above. 
3. The values of all behaviors are updated based on the cur- 

rent sensory stimuli (external stimuli and internal moti- 
vations). 

4. The behavior with the highest value becomes the active 
behavior. Its expressive component is used to modify the 
agent’s expression, and its experiential component is 
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evaluated in order to update all appropriate motivations. such as altering the level of Simon’s neurotransmitters and 
hormones, to higher level actions, such as feeding him or 
changing the lighting and temperature of his room. These 
interactions provide stimuli to Simon, which, along with the 
internal stimuli generated by his motivational sy stems will 
cause him to react emotionally. For instance, when his 
desire to play is high, and there are toys available for him to 
play with, Simon becomes happy. Similarly, when the level 
of Hunger is high and there is no food around, his level of 
Distress increases and eventually becomes sad and angry. 
Once this need is satisfied, his level of Anger and Sadness 
decays, and he becomes happy. 

Sim6n the Toddler: A Testbed Environment 
Cathexis has been implemented in its totality as part of an 
object-oriented framework that allows agent developers to 
create emotional agents. This framework has been imple- 
mented in C++ on a Power Macintosh 8500 and has been 
used to build an environment in which the user interacts 
with “Simon”, a synthetic agent representing a young child. 
The main goal of creating Simon was not to create an emo- 
tional, believable agent, but rather to build an environment 
that would serve the purpose of a testbed in which we could 
experiment and test the internals of the Cathexis model, 
while at the same time, evaluate how useful is the frame- 
work as a tool to create models of emotional phenomena 
and emotional agents. 

Simh’s Motivations and Behaviors 
In order to test the relationships between motivations, 
Simon was designed to have several instances of different 
motivational systems: five drive proto-specialists (Hunger, 
Thirst, TemperatureRegulation, Fatigue, and Interest), and 
six emotion proto-specialists (Enjoyment/Happiness, Dis- 
tress/Sadness, Fear, Anger, Disgust, and Surprise). 

Similarly, Simon has a repertoire of approximately fif- 
teen behaviors, such as Sleep, PlayWithToy, Eat, Drink, 
Laugh, Cry, Hug, Kiss,” and so on, which correspond to 
action tendencies in response to the state of his motivational 
systems. Each of these behaviors have different expressive 
and experiential components as described above. The 
expressive component includes different facial expressions 
similar to those shown in Figure 3, and for some behaviors 
it also includes vocal expressions in the form of non-lan- 
guage sounds, such as a cry, or a giggle. The experiential 
component includes influences in Simon’s motivations, 
(e.g. modifying the intensity of particular drives), and spe- 
cific actions particular to each behavior (e.g. biting, waving 
hand, and so on). 

The user can also manipulate the different parameters 
within Simon’s proto-specialists (See Figure 2). Distinct 
configurations of these elements allow for the representa- 
tion of different emotional reactions, moods, and tempera- 
ments, all of which we refer to as the aflective style of the 
agent. Thus, playing with these values may give the user the 
impression that Simon is suffering from a severe case of 
multiple personality disorder! 

Figure 4 An Expression of Disgust 

Figure 4 shows a snapshot of the environment in a situa- 
tion where Simon is displaying Disgust right after eating 
not-so-tasty food. 

Issues and Future Work 
Several improvements and extensions can be made to the 
computational model presented in this paper. Some of the 
issues we are currently thinking and working on include 
extending the model to consider other influences of emo- 
tions in the agent’s behavior (e.g. perceptual biases), and 
also to include memory-based elicitors of emotion, which 
could be used not only to generate emotions, but also to 
explore some of the effects of emotions in memory and 
learning [Bower and Cohen 19821, as well as in decision 
making processes, [Damasio 19941. 
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Conclusions 
A computational model for the generation of emotions 

and their influence in the behavior of synthetic agents has 
been presented. By drawing on ideas from different fields, 
Cathexis offers an alternative approach to model different 
types of emotions, consider their dynamic nature, and dif- 
ferentiate them from other kinds of affective phenomena, 
such as moods. In contrast to other models proposed to 
date, it considers both cognitive and noncognitive elicitors 
of emotions, and it provides a flexible and extensible way of 
modeling the influence of emotion on the behavior of the 
agent, taking into account aspects of both the expressive 
and experiential components of emotion. 
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