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Abstract

We describe a computational framework for emotions and
feelings that combines biological, cognitive, and socia
influences. The framework, Soar-Emote, combines ideas from
Damasio and Gratch & Marsdla. From Damasio we include
physiological influences, ideas about the differences between
emotions and feelings, and the direction of causality. From
Gratch we include cognitive and social influences, appraisal
theory and coping. We give results that show that these
systems influence agent behavior for a simple interactive
game

I ntroduction

If onething is clear in the field of computational models of
affective reasoning, it is that the exact phenomena and
behavior that falls under the rubric of “emotion” or
“affective reasoning” is very murky. Some theories of
emotion attempt to model low-level physiological effects of
specific emotions in isolation, whereas others attempt to
model the interaction between of emotion and cognition,
while others attempt to model the impact of emotional
responses on socia interactions, typically without
attempting to model any of the underlying physiological
processes. An analysis by Biddle et al. (2003) of a sampling
of current computational models showed that severa
systems attempt to model affective behavior in one or two
of these areas, but no systems attempts to model behavior
across all. Our hypothesis is that affective reasoning is not
an isolated phenomenon and that to understand it we need to
build computational models that have impact across all of
these areas. Further, such models must be intertwined with a
theory of cognition — emotion is not a separate “chip” (as
often portrayed in science fiction Al systems) but is integral
to cognitive processing.

This paper describes a computational framework for
affective reasoning. We chose two theories that together
cover biological, cognitive and social influences on
emotions and feelings. Damasio (1994, 2003) describes the
role of the body in emotions and feelings as well as the
high-level architecture of the human affective system.
Damasio also makes an important distinction between
emotions and feelings, but only touches on the role that
cognition plays in processing and responding to emotions.
Furthermore, Damasio’s models are descriptive, without the
accompanying precision of computational implementations.
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Gratch & Marsella (2004) on the other hand, focus on a
computational model of the interaction of affect with
cognition and the socia level, including how feelings are
represented in ageneral cognitive architecture, Soar (Newell
1990), and how coping is used to respond to emations.

Our framework refines a subset of the Gratch model,
adding components to model the concepts of Damasio.
Moreover, our model, which is an instantiation of the
framework, involves architectural changesto Soar, so that
affective reasoning is directly incorporated into Soar, in
contrast to the Gratch implementation where affective
reasoning was implemented as knowledge (encoded as
rules) in the cognitive system. The research is not mature
enough to make precise predictions concerning the
generation of specific emotions and feelings in humans.
Instead, our goal is to demonstrate that the framework
captures important interactions between physiology,
cognition, and socia interaction. We do this by embedding
the model in agents that play a simple cooperative game
where emotions can arise. We introduce “lesions’ in the
agents that disable different aspects of the framework, and
confirm that each aspect of our framework contributes to the
system’ s overall behavior.

Prior Work

Gratch's work is notable because it is a model of how
emotions and feelings impact cognition and how cognition
responds to feelings. Gratch’'s system, called EMA, uses
appraisal theory' to describe how an agent evaluates a
situation, and how the resulting feeling is represented to the
agent. Thus, emotional responses are not hardwired into
inputs from the perceptual system, but instead are based on
the agent’ s interpretation (appraisal) of the current situation,
which can include arbitrary cognitive processing or even the
recall of prior situations from memory. He also describes
various coping mechanisms that involve cognitive
processing. These mechanisms are strategies (once again,
not hardwired responses) that the agent can selectively
employ to respond to feelings and include both problem-
focused coping strategies, in which an agent takes action in

IAppraisal theory is widely studied and many versions exist; for a
survey, see Ellsworth & Scherer (2003). In this work we are
primarily concerned with the verson in EMA.
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the world, and emotion-focused strategies, in which an
agent reevaluates a situation cognitively.

EMA consists of two basic steps that cycle repeatedly.
The agent appraises the current situation, which resultsin an
“emotion.” The agent then copes with the “emotion,” either
by altering its appraisals (emotion-focused) or by altering its
situation (problem-focused).

EMA defines several appraisal variables, including
Desirability, Likelihood, and Attribution. Desirability is a
measure of how much the agent wants to be in the situation.
Likelihood, which is the probability of a situation being
true, is useful when an agent is considering situations that
may have been or might be (either now or in the future).
Attribution is the thing that caused the situation, although
there may not aways be an object for attribution.
Combinations of these variables in different ranges give rise
to different feelings, as shown in Table 1. Furthermore, the
intensity of the feeling is the absolute value of the
Desirability multiplied by the Likelihood.

Table 1: "Emotions' (feelings) defined by EMA.

“Emotion” Aggregated Appraisals
(Fedling)
Joy Desirability > 0 Likelihood = 1
Hope Desirability > 0 Likelihood< 1
Fear Desirability <0 Likelihood < 1
Dismay Desirability <0 Likelihood = 1
Anger Desirability < 0 Object

An example of an appraisal might involve the agent
getting dirty because another agent spilled coffee on it. The
Situation gets a negative desirability, and the likelihood is
1.0 since it actually happened. If the agent views it as an
accident, the feeling will come out as dismay. However, if
he blames the other agent, he may fedl angry. In fact, if he
merely suspects that the other agent did it on purpose, then
he may feel fear.

A problem-focused coping strategy may involve getting
cleaned up. An emotion-focused coping strategy reappraises
the situation in a different light. For example, an emotion-
focused coping in this situation may involve thoughts along
thelines of, “ It was going to get dirty eventually anyway.”

EMA has some drawbacks for modeling emotions and
feelings. Itsmodel of emotion is implemented as knowledge
about how to feel in light of various appraisals instead of
having an independent emotion system that interacts with
knowledge processing. Furthermore, EMA does not
incorporate any notion of the non-cognitive effects the body

may have on the agent’s affective state. Even if the system
were to include the physiologica state of the body, this
would only influence the agent’s affective state through
cognitive appraisal.

Damasio, on the other hand, describes the role of the body
in determining affect. He also provides the distinction
between emotions and feelings, as well as a high-level
description of how bodily notions of emotions and feelings
interact with cognition. Figure 1 gives a high-level
overview. An emotionally competent stimulus affects the
body. For our purposes, an emotionally competent stimulus
is a stimulus that impacts the emotions of the agent. This
stimulus is appraised, both cognitively and bodily. This
appraisal causes a change in the state of the body (i.e. the
physiology) — this is what Damasio calls the emotion. It is
the perception of this emotion that is the feeling. This
feeling impacts the decisions made by the agent, which then
leads to actions that can affect the environment (and hence
the perceived stimulus). Damasio aso reports that humans
can have non-cognitive emotional responses, even when
they are unaware of the emotionally competent stimulus.

There is not complete agreement between Damasio’s
model and Gratch’s. First, there is a vocabulary difference.
Gratch uses emotions and feelings interchangeably, whereas
Damasio provides a clear distinction. In particular, Damasio
distinguishes between the physical state of the body (the
emotion) and the perception of that emation (the fedling).
Thisdistinction is not useful for Gratch since EMA does not
include a model of physiology. Even so, what Gratch calls
an “emotion”, Damasio would consider feeling. EMA deals
with cognitive interaction, and in order to do this the
“emotion” must be represented in working memory — that is,
the agent must be aware of it. This awarenessis a perception
of the emotion, and hence, by Damasio’s terminology
(which we adopt), it is a feding. Furthermore, in EMA,
feelings come first, and then the emotions. That is, once an
agent determines that it feels bad, it generates the
appropriate body language to display that — Damasio claims
the order is actualy reversed, based on several brain
imaging and case studies he reviews. Additionally, EMA
generates feelings via rule firings that are part of the
cognitive system and could be open to the influence of other
knowledge as well as cognitive learning, as opposed to a
more fixed and architectural mechanism involving the body
as suggested by Damasio.

Our framework combines these models to produce one
that takes into account both physiological and cognitive
effects on emations and feelings. We use Damasio’s theory
regarding the overall system architecture and physiological

Appraisal (cognitive and body) ]—»[ Emotion ]

{ Environment

Figure 1: Basic order of eventsin Damasio's model.
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details, but rely on Gratch’'s approach for modeling
appraisal and coping. The challenge is to determine how the
body and cognition interact to produce emotions and
feelings. Furthermore, we need to reverse the direction of
causality in EMA for feelings and physiological effects.

A Simple Cooper ative Game

To demonstrate our framework, we have implemented a
simple simulated water balloon toss game between two
players. In this game, two players toss water balloons back
and forth, attempting to score points by successfully
catching the balloons (this is cooperative and not
competitive); however, things can go awry so that a balloon
is missed and one player gets wet or one player might have
to dive into bushes (and experience pain) to catch the water
balloon. These interactions with the environment and the
agents perception of the body state of each other can give
rise to emotions and feelings that impact the game play and
lead the agents to remark about each other’ s performance.

In the game, the players stand in a field of grass and
bushes (thisis not afull 3D simulation, but a simple abstract
simulation of these two possible situations), with one of
them the thrower and the other the catcher. The thrower
tosses the balloon to the catcher, who then tries to catch it.
Following the attempted catch, the thrower gets to remark
on the situation. Once the thrower has remarked, the catcher
gets to remark. The thrower then gets to consider the
catcher’s remark, but does not get to take action. Then the
next round begins, with the thrower now being the catcher
and vice versa

When the thrower tosses the balloon, he can vary two
parameters: the speed (slow or fast) and the aim (near the
catcher or far away). Similarly, the catcher can vary two
parameters. whether he runs (true or false) and whether he
makes an attempt to catch the balloon (true or false). A
player can only move when he is the catcher, and then only
to the balloon’s landing location. There are also two
parameters for the remarks: subject (you or me) and type
(supportive or critical). A player can also choose silence.

While the thrower may intend to throw a particular way,
the result may come out differently (i.e. he may throw fast
and far when he meant to throw slow and near). The catcher
only sees the actual throw. If the balloon is caught, the
players get a point. Otherwise, the catcher may get wet.
They have an infinite supply of baloons, so the game can
continue even if the balloon is not caught.

Soar-Emote

Our framework has a simplified version of the basic
appraisal model used in EMA, but instead of a rule-based
implementation of the emotion generation, we introduce
architectural mechanisms that are fixed and are used for al
tasks. The main differences on the cognitive side consist of
an architectural mechanism caled the Appraisa
Summarizer that translates the appraisals into the cognitive
contribution that is then sent to the body. This cognitive
contribution is not an emotion, but instead represents the
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influence of cognition on the emotion. At the same time, the
body’s Internal Physiology creates an appraisal of the
current body state. The Emotion System combines this
information from Internal Physiology and the Appraisal
Summarizer to create the actual emotion of the system. The
agent can have norcognitive responses to the emotion, such
as automatic changes to body language. The perception of
this emotion is the feeling the agent gets, which it can then
cope with, as per EMA. Like Gratch, we use Soar for the
basisfor the cognitive system.

Figure 2 shows the overall architecture of a single agent
with the cognitive system being on right, and the physical
(i.e. non-cognitive) system on the left. The remainder of this
section describes the components of the framework and
their interactions within the context of the water balloon
toss game as told from the point of view of the catcher.
Each component is numbered according the descriptions
below. We assume that just prior to the beginning of the
example, the thrower tossed the balloon far and fast, and the
catcher ran and tried to get it and missed. Then the thrower
made a critical remark about the catcher. It is now the
catcher’s turn to remark. There are no specific critical
remarks in the program — the agents can just detect whether
aremark is critical or not; however, to bring the example to
life, you might imagine that the thrower just said, “Nice try
Crisco hands!”

(1) External stimuli from the environment arrive at the
agent’s body. Some stimuli are picked up by perception. In
this example, the agent sees that the thrower looks angry,
and also hears acritical remark about himself.

(2) External stimuli can also directly affect the agent’s
physiology, which in turn can be perceived. For example,
changes in body temperature that result from the external
temperature can be perceived. In this example, the agent is
not feeling pain but heistired since he just ran.

(3) Perception processes stimuli from both external and
internal sources and sends them to other systems, namely
Working Memory and possibly the Motor System (in the
case of reflexes).

(4) In some cases, a stimulus may lead directly to the
creation of a motor command. For this simulation, however,
reflexive actions were disabled.

(5) Percepts from Perception enter Working Memory.
These percepts include processed forms of external stimuli
and internal stimuli. Internal stimuli include perceptions of
the internal physiology and the current emotion (the
perception of which is a feeling). In this example, the
current feeling is one of dismay (this stemmed from the
immediately prior situation in which there was a bad throw).
The agent is also tired and hot but not in pain. The agent
becomes aware of these and other details about the situation.

(6) Working Memory contains the objects the agent is
currently “thinking” about. These include objects that
originated external from the agent's mind (i.e. from the
body or the environment) as well as objects it has created
internally (i.e. objectsit usesin the process of solving
problems or otherwise behaving).
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Figure 2: Overview of the Soar-Emote model.

(7) Long-term memory contains rules that encode the
agent’s knowledge. Thus, objects in working memory may
trigger arule. The kinds of rules present include rules about
how to perform actions, such as throwing the balloon and
how to evaluate a current situation. Rules to evaluate the
Situation may be triggered by numerous emotionally
competent stimuli; in this case, the evauations include the
current score, the failed catch, the other agent’s body
language, and the remark.

(8) When rules match and fire, they make changes to
Working Memory. In this example, rules fire that create
negative appraisas for the agent's body temperature,
exertion, failure to catch the balloon, the other agent’ s angry
body language, and the negative remark. In fact, the body
language contributes to two appraisas: it gets an appraisal
in and of itself, and it also provides context for the remark.
Thus, the agent realizes that this is not constructive
criticism. Furthermore, the agent attributes some of these,
such as the failure to catch the baloon and the negative
remark, to the other player.

(9) Appraisals are automatically transferred into the
Appraisal Summarizer, which in this case is an extension of
the Soar architecture.

(10) The Appraisa Summarizer summarizes these
cognitive apprasals and sends the result, which is the
cognitive contribution to the next emotion. The intensity of
a cognitive contribution is the product of the average
desirability and average likelihood. This approach is
inspired by EMA, although there are severa differences. In
EMA, this summary is the next “emotion,” whereas in Soar-
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Emote it is just a contribution. Also, in Soar-Emote, dl of
the numeric appraisal variables of a particular type are
averaged together, and the resulting values are used to
generate the cognitive contribution. Instead of this
averaging process to produce a single “emotion,” EMA
allows degrees of multiple emotions a once. The primary
reason for this difference at this point is simplicity. The
purpose of the framework at this stage is to show how the
physical and cognitive systems interact to alter feelings and
behavior; thus, the full complexity of EMA is unnecessary.

In this example, the overall desirability is negative and
the intensity of appraisals with attributions outweighs those
without attributions, so anger is generated for the cognitive
contribution.

(11) While all of this activity in the Cognitive System is
going on, Internal Physiology generates an appraisal of the
current body state based on the agent’s body temperature,
exertion, pain, and noise. In this example, the agent’'s
temperature is high and he is tired, but he is not in pain.
Thus, the body appraisal is negative; however in this case
we assume that the added noise is positive, lessening the
negative body appraisal.

(12) The contribution from the Cognitive System and the
body appraisal from Interna Physiology are combined by
the Emotion System into an emotion that the agent will
experience. The generation is biased towards the cognitive
contribution. In this example, the agent’s emotion is still
one of anger, but combination with the body appraisa
decreasesitsintensity.
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(13) The emotion generated from the Emotion System is
sent to External Physiology, which determines the agent’s
body language. Body language is an abstraction that
encompasses externally perceivable aspects of the agent’s
emotion, such as facial expression and tone of voice. In the
current framework, the agent does not have any direct
control over his own body language. In our example, the
agent isfeeling angry. However, it is not very intense, so the
body language becomes neutral.

(14) The emotion generated from the body’s emotion
system also feeds into perception where it becomes the
agent’s feeling (recall that feelings are the agent's
perception of its emotions).

(15) The fedling, dong with the latest percepts, are
transferred into Working Memory. The agent can appraise
the situation again and it can cope with its feelings. It can
also explore why it is feeling a certain way; for example, to
determine the primary source of anger. All of these are done
via the application of knowledge from Long-Term Memory.
In Soar-Emote, the agent may reappraise a situation
repeatedly until hisfeeling stabilizes.

In this example, the agent first engages in emotion-
focused coping by positively reinterpreting the fact that he
failed to catch the balloon. Thus, the cycle of generating a
new feeling must repeat. While this reduces the intensity of
his anger, he is still angry. He identifies the thrower as the
source of his anger, and then he decides to use problem-
focused coping by making a critical remark about the
thrower (in an attempt, perhaps, to let the thrower know he
isangry with the situation).

(16) Output commands are sent to the Motor System,
which generates actions in the world, which in this case is
consists of a negative remark being made by the agent.

Table 2: Systemsinvolved at each level.

Level Systems

Biologica | Internal and External Physiology, Emotion
System

Cognitive | Appraisal Rules, Appraisal Summarizer,
Emotion-focused coping

Socid Problem-focused coping (remarks),
Perception of External Physiology of others

I nfluences at Each L evel

It is easy to lose the forest for the trees in the previous
description of Soar-Emote. Recall that one of the goals for
our framework is to be comprehensive and cover the impact
of emotion and feelings at three levels: biological, cognitive,
and social. Table 2 summarizes how the framework
influences these aress.

Resaults

Our am is to answer the questions: Do each of the high-
level aspects of the system (biological, cognitive, social)
contribute to the agent’s emotions and feelings enough to
change its behavior? What are these differences? It is
premature to compare the model’s performance to human
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data; however, we can examine whether the framework
achieves our goal of incorporating influences from each of
the levels. The agent has a default action for each phase that
does not require afeeling (i.e. non-emotional behaviors); for
throwing this is the near/slow throw, for catching it is the
run/attempt catch, and for remarking it is silence. Other
action choices are motivated by emotions and feelings. To
demonstrate that the components of Soar-Emote influences
behavior across al levels (biological, cognitive, social), we
created five types of agents with various “lesions’, where
groups of components were disabled. Table 2 shows that
components correspond to each of the levels we modeled;
the non versions of these agents had most of these
components disabled. The exception was the Emotion
System — for the Non-Biological agent, the agent fill
experienced feglings, but they were based entirely on the
cognitive contribution. Additionally, we tested an Affective
agent that had all systems enabled, and a Non-Affective
agent that had all of these systems disabled. The Non-
Affective agent demonstrates what a Soar agent without any
of these augmentations would do. The test consisted of
pairing each agent with an agent of the same type for 100
games of 20 rounds each.

In genera, agents with different combinations of active
components showed different variations in behaviors,
stemming both directly and indirectly from differences in
the emotions and feelings the agents experienced. We show
the results for the remarking and catching behaviors because
they had the most variation. Throwing behaviors showed
much less variance primarily because the agents do not
remember history between rounds and emotions and
feelings in our system do not currently have any momentum
(they exist only aslong asthe stimuli that cause them).

The Non-Biological agent does the run/attempt catching
behavior significantly more often than the fully-affective
agent, and it never choose the attempt only catching action
(Figure 4). This suggests that the Non-Biological agent feels
better than the fully affective agent most of the time, since
not trying the run/attempt catch is indicative of negative
feelings (for example, the agent may be angry and refuse to
catch the balloon).

The Non-Cognitive agent chooses the silence remark
significantly less than the fully affective agent (Figure 3). It
also chooses the critical/me remark much more, but never
chooses critical/you. This is because without the cognitive
influence, the agent has no way of assigning blame, and
hence never feels angry at others. However, he can feel
dismay, and hence remark critically about himself.

The Non-Social agent always chooses silence, which is a
significant departure from the fully affective agent (Figure
3). The Non-Social agent also always chooses the default
throw (not shown). This is because, in the extra time
between the catch and the next throw, nothing happens, that
gives the emotions time to settle down.

In general, the throws (not shown) vary little. This is
because the agent lacks history — the remarks happen at the
end of the round, and so areimmediately forgotten when the
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Figure 3: Remarking behaviors by various agent types.

next round starts and hence have very limited impact. To
rectify this, we added basic history capabilities to the model,
and the variability in the throwing behaviors increased
significantly, especially for the Non-Social agent.

Overdl, we see that the biological parts of the system has
a fairly negative impact on the emotions and feelings,
whereas the cognitive parts has a more positive impact
which helped mediate the biological impact. In general this
is probably not true in humans, but given the task and the
parts of the agent we are modeling, it is plausible. The
socia impact was primarily seen in the remarking. The
reason the social impact was so limited everywhere else is
partially because of the lack of history — when we added
history, the non-social agent experienced the most changein
the throwing round. The other issue is that the agent’ s social
abilities are very limited, such as alack of knowledge about
what is socially acceptable behavior.

Conclusion

Our primary goa has been to drive towards a
comprehensive cognitive framework for emotions and
feelings by including biological, cognitive and social
influences. We modified the Soar architecture to include
ideas from Gratch, and then unified that system with
biological systemsinspired by Damasio. The full framework
includes direct biological and cognitive influences on
emotions and feelings. Social influences come in the form
decisions to make various remarks, and the appraisas of
those remarks and the body language of other agents, and
our results show that the influences of these areas had an
impact on the agents' behavior.

While we do address severa issues, there are many
phenomena that the framework does not address adequately
or a al. Soar-Emote is a starting point we plan to build on
and expand. Future work with Soar-Emote’ s includes work
a al of the levels. For example, biologically, Soar-Emote
lacks emotional momentum and non-cognitive modification
of the perception of emotionally competent stimuli (i.e. asin
the experience of sympathy). Cognitively, Soar-Emote lacks
the ability to cognitively moderate automatic emotional
responses (Fellous, 2004). We aso need to explore the

Figure 4: Catching behaviors by various agent types.

impact of emotions and feelings on the cognitive
architecture’'s processing, such as influencing long-term
memory retrieval (Hudlicka, 1997). Socially, our results
indicate that history will play an important role. Other
changes that impact multiple levels include a more complete
theory of appraisal (Smith, 2004), and an explanation of
individual differences that goes beyond differences in long-
term knowledge (Hudlicka, 1997).

We expect that changes to the framework to incorporate
these and other phenomena will involve the creation of new
and more complex subsystems, modification of the Soar
architecture, and new kinds of rules to take proper
advantage of these changes.
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