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ABSTRACT

Modelling emotion has become a challenge nowadays.
Therefore, several models have been produced in order
to express human emotional activity. However, only a
few of them are currently able to express the close re-
lationship existing between emotion and cognition. An
appraisal-coping model is presented here, with the aim
to simulate the emotional impact caused by the eval-
uation of a particular situation (appraisal), along with
the consequent cognitive reaction intended to face the
situation (coping). This model is applied to the “Cas-
cades” problem, a small arithmetical exercice designed
for ten-year-old pupils. The goal is to create a model
corresponding to a child’s behaviour when solving the
problem using his own strategies.

Keywords: emotion modelling, decision making,
appraisal-coping model.

INTRODUCTION

As the study of emotion is becoming crucial today, in
several fields of study such as neurology or psychology,
computer science is getting more and more involved in
the process of finding new models for representing emo-
tions. Since the middle of the 19th century, psychol-
ogists, biologists, but also neurologists have tried to
produce models designed to unravel the emotional pro-
cesses. Scientists like Bechara and Damasio [3] have
even proved that human emotional activity has an in-
dispensable impact on decision making.

The aim of this article is to globally draw the picture of
the latest models of emotion in computer science, start-
ing from a psychologist point of view. The appraisal-
coping model will be presented more precisely, as well
as an existing application example. Afterwards, we will
present a small toy problem illustrating a decision mak-
ing problem, using the appraisal-coping strategy. Even-
tually, a small conclusion will introduce future aspects

to be developped and other prospects.
STATE OF THE ART

From the most recent approaches of emotion modelling,
two major cognitive types of research models have been
developed: hierarchical and componential models (see
Baudic & Duchamp, 2006 [1]).

According to the hierarchical approach, emotions have
their origin from early stages of development. Indeed,
emotions are hierarchically organised with numerous
discrete emotions at a basic level and emotional dimen-
sions at a higher level. Fundamental emotions like thirst
or fear are elements intended to build more sophisticated
emotions, ending up with very complex feelings such as
jealousy or pride [7]. Emotions at the basic level have
an important adaptive function and are directly linked
to the body stimuli and effectors.

In componential models, emotions have qualitatively
different facets [23]. The so-called "emotional response
triad" is composed of the three main components for the
emotion production: subjective experience, peripheral
physiological responses and motor expression, to which
some theorists include two other components, cognitive
and motivational. The componential approach deals
with the relative role assigned to each of these compo-
nents. Then, emotions are created by stepping through
all parts of the process, from the cognitive perception,
until the actual response. Lazarus [13] and Scherer [20]
are usually associated with this approach.

APPRAISAL THEORIES

Appraisal theories suggest that emotion is the result of
underlying mechanisms including the subjective evalu-
ation of the significance of a situation and its organ-
ism circumstances (appraisal), and the coping mecha-
nisms that guide and provide adaptive responses (Frijda,
1986 [9]; Lazarus, 1991 [14]; Scherer, 1984 [20]; Scherer,



Schorr & Johnstone, 2001 [24]; Smith & Lazarus, 1990
[26], 1993 [27]). As noted by Gratch and Marsella [10]:
"Appraisal theories posit that events do not have sig-
nificance in of themselves, but only by virtue of their
interpretation in the context of an individual’s beliefs,
desires, intentions and abilities" (Gratch & Marsella,
2004, p. 273). The significance of an event is supposed
to be evaluated on a number of criteria such as its rel-
evance for one’s well-being, its conduciveness for one’s
plans and goals, and the ability to cope with such con-
sequences.

In the framework of the Scherer’s Component Process
Model (Scherer 1984 [20], 2001 [24]), Sander, Grandjean
& Scherer (2005 [19]) describe emotion “as an episode of
interrelated, synchronized changes in the states of all or
most of the five organismic subsystems' in response to
the evaluation of an external or internal stimulus event
as relevant to major concerns of the organism.", (p.318).
From this point of view, rather than static and basic
states of the organism (e.g. Ekman, 1984 [8]; Izard,
1971 [11]), emotions are a dynamic process whose com-
ponents are the cognitive component which function is
the evaluation of objects and events, the peripheral effer-
ence component which regulates the system, the motiva-
tional component which prepares and guides the actions,
the motor expression component which steadies commu-
nication of reaction and behavioural intention, and the
subjective feeling component which monitors the inter-
nal state and environment interaction. In other respects,
this model postulates that changes in one subsystem will
tend to elicit related changes in other subsystems.

APPRAISAL-COPING EXAMPLE

Based on the appraisal-coping approach, several new
models have been conceived (see figure 1). Gratch
& Marsella [10] have produced a domain independent
model using cognitive maps. This model is intended
to manipulate appraisal variables to analyse the present
and past situations, and to design the future decisions
to make and the coping strategies to adopt. Generally
speaking, the appraisal-coping approach offers a very
precise model of cognitive and emotional processes in
decision making (previous works have been carried out
on this subject, see [16]).

On the one hand, the environment is appraised with
respect to one’s goals and beliefs. This evaluation is
realised through a certain number of variables defining
the different appraising dimensions to be taken into ac-
count, such as the relevance (Does the event require at-
tention or adaptive reaction?) or unexpectedness ( Was

10rganismic subsystem (and their major substata are the
following): Information processing (Central Nervous System —
CNS), Support (CNS, Neuro-Endocrine System, Autonomic Ner-
vous System), Executive (CNS), Action (Somatic Nervous Sys-
tem), Monitor (CNS), from Sander, Grandjean & Scherer (2005,

(19]).

the event predicted from past knowledge?).

On the other hand, one has to cope with the situation
appraised before by using coping strategies. These dif-
ferent strategies offer a great range of possibilities, from
the perfect control of the situation until the total resig-
nation, when facing the problem. The coping outcome
alters the person-environment relationship not only by
modifying the environment itself related to the prob-
lem, but also by changing the interpretation and willing
through emotional aspects.

In order to represent the information about the situa-
tion, Gratch & Marsella [10] use causal maps. In the
following scenario (figure 2), an oncologist, Dr. Tom, is
supposed to help an eleven-year-old boy, Jimmy, for his
stage 4 inoperable cancer, either by giving him morphine
(which relieves the pain but hastens death) or leaving
him suffer (and letting him prolong his life). A causal
map (see figure 2) represents the past and present sit-
uations, as well as the possible decisions to make and
their expected consequences.

This causal map can evolve with the modification of the
parameters. For example, U ;,, is how Dr. Tom appreci-
ates Jim’s desirability for the corresponding event. This
value can be updated after the coping process, dealing
with emotional aspects. Once Dr. Tom re-appraises the
consequences of his decision (by decreasing the prob-
ability parameter of the "Death hastened" event), he
accepts to give Jim morphine, following Jim’s mother
request.

However, the major problem when using this technique
is the storage of the information taken from the envi-
ronment. In fact, we have two options.

The first option is to put all the information we need ex-
plicitly on the object to be evaluated. For instance, if an
individual is watching a photograph of his wife and kids,
the variables indicating pleasantness or pride are to be
described on the photograph. With this method, each
object in the environment is clearly identified as pleas-
ant or mysterious or annoying, etc. The implementation
is therefore easier, and the possibility of interacting with
the emotional representation of the object is hence triv-
ial. The main problem is a lack of flexibility, especially
if more than one individual has to evaluate the same
object.

The second option is the internal storage of the objects
data, directly into the brain, using a memory strategy
(Tulving et al., 1972 [29]). With this technique, memory
is divided into several categories, each of which stores
different kind of information. On the one hand, the long-
term memory system is composed of the episodic mem-
ory (i.e. it refers to knowledge of episodes and facts that
can be consciously recalled and related) and the seman-
tic memory (underlying absolute knowledge and lan-
guage; semantic memory is context-independent). On
the other hand, the short-term memory, also known as
working memory stores the current context-related data.
For each of the above options, emotion is supposed to
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Figure 1: The cognitive-motivational-emotive system. Adapted from Smith an Lazarus (1990, [26]).

be triggered from the appraisal processes. Indeed, the
evaluation activity requires knowledge, and emotion is
part of the memory processes of encoding, storage and
retrieval (Tulving & Thomson, 1973 [30]). For modelling
purpose, we assume that memory is split into three cat-
egories :

e The semantic or factual memory which stores the
global knowledge of the world and the information
considered to be facts, like "Paris is the capital of
France”.

e The episodic or autobiographical memory which
contains the personal events that happened in an
individual’s life. This type of memory is strongly
linked with a spatio-temporal context.

e The working memory is the current dynamic rep-
resentation that an individual has in mind when
solving a particular problem.

Each time a memory element is encoded (i.e. added into
the brain), it is stored along with the current emotional
learning context e;,. Later on, when the information
is required and must be found in the memory, the cur-
rent emotional context e; will be compared to the for-
mer emotional learning context related to the required
memory item. If the old emotional context equals the
current one (i.e. if e;, = e;) the retrieval mechanism will
be facilitated. On the contrary, if the two values are dif-
ferent (es, # et), the retrieval process will be made more
difficult.

THE “CASCADES" PROBLEM

The “Cascades" problem is a puzzle-like situation in
which the goal is to fill up the grid with numbers ac-
cording to the following instruction: “Each box contains
the sum of the numbers situated above it. Look for the
missing numbers in the grid".

The initial state and the first solving step are presented
hereafter (figure 3).

Ten-year-old children will be invited to solve the prob-
lem. In order to study how the emotions are elicited
over the course of the problem, emotional manifesta-
tions will be recorded without interruption during the
problem-solving activity. In line with the work of Clé-
ment & Duvallet (2007 [6]), we will focus on two kinds
of response components: the physiological — electroder-
mal activity — and the expressive — facial expressions —
components.

Although the definition of emotions remains controver-
sial, some researchers distinguish emotions and other
related notions as mood or personality traits on the ba-
sis of their behavioural time course and intensity: emo-
tions are defined as short-lived behavioural dispositions,
moods are of longer duration and lower intensity, while
personality traits reflect relatively stable behavioural
tendencies.

Nevertheless, it is generally assumed that emotions may
be evaluated by three kinds of responses: the physio-
logical responses which the electrodermal activity and
the heart rate are the most widely used, the expressive
responses including facial, vocal, gestural and postural
expressions and the subjective responses based in part
on verbal report (see Bauer, 1998 [2]; Boehner, DePaula,



~ Present
/ Death Hastened \

UTom= 0. UJ imzo

K- Past

Future =

ﬂ)eath Hastene(ﬁ\

Probability: 0%

\7 Belief: False /

Approve =
Treatment Morphine Approved\
Intend-to: True _J Uro= =50, Ujj=0

Prob: 100% Probability: 100%

Responsibility: Belief: True /

Jimmy's Mom

e End Suffering
Upp= -20, Uy;,,=-100
Probability: 0%
N Belief: False

“Causal history Current world

| Intend-to: True

Give-Morphine

Probability: 90%
Responsibility: Tom

Uy =20
Probability: 90%

chud-lhm: Fulsc/

| Upgn=-100 ‘

/ End Suffering \

UTcun: 20
Uy = 100

Probability: 90%

Intend-that: True /

Task Network

Figure 2: Dr. Tom’s causal interpretation at the end of the scenario.

Figure 3: The “Cascades” initial grid and the first solving step.

Dourish, & Sengers, 2007 [4], for critical reviews).

Concerning the physiological component, and in par-
ticular the electrodermal activity, the study of Pecchi-
nenda and Smith (1996) provides psychological signifi-
cance of spontaneous skin conductance activity. In that
work, participants were given to solve a set of anagrams
which difficulty was manipulated by both the objective
difficulty (easy, moderately, difficult, extremely difficult)
and the amount of time available to solve the problems
(30 vs. 120 seconds). The authors demonstrate that
the skin conductance activity during problem solving is
correlated to the appraisals of coping potential: in a dif-
ficult problem, appraisals of coping potential based on
self-report are especially low and produce selective dis-
engagement of the task, yielding reduced skin conduc-
tance activity. The spontaneous electrodermal activ-
ity is interpreted as reflecting task engagement (Pecchi-
nenda, 2001 [17]).

Moreover, the results of Clément and Duvallet (2007
[6]) support the idea that skin conductance activity is
a convergent measure of appraisal-related processes and
that facial expressions reflect the appraisals of the events
according to their conduciveness for the goal (Kaiser &
Wehrle, 2001 [12]; Scherer, 1999 [21]; Smith, 1991 [25];
Smith & Scott, 1997 [28]).

THE APPRAISAL-COPING MODEL

The appraisal-coping model adaptation to the "Cas-
cades" problem (see figure 4) allows us to analyse in
a more accurate way the children’s cognitive emotional
activities. The appraisal step deals with the evaluation
and the prediction of the plan selected by the child in
order to solve the problem. According to this appraisal
step, the child will fill in a hexagon, following his selected
plan, or correct a previous result, or if the appraisal step
leads to a bad evaluation, he will change his plan (we
observe that the exercice instructions are interpreted in
many different ways, especially for children with school
difficulties).

The coping strategy is the actual decision a child will
take with respect to his previous choices. The coping
process is usually accompanied by an emotional reac-
tion which depends on the appraisal consequences. For
instance, if the child decides to reinforce his strategy,
his emotional state will be positive. On the contrary, if
he continually changes his plans, the situation will end
up with a progressive disengagement for the task.
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Figure 4: The appraisal-coping model applied to the "Cascades" problem.

CONCLUSION AND PROSPECTS

Contrary to the classical models which study cognition
in a "cold" way, independently from any emotional pro-
cess, we are now trying to unravel the mysteries un-
derlying the emotion-cognition interaction. This new
challenge makes researchers produce a new generation
of cognitive models, based on more accurate systems,
such as the appraisal-coping approach.

The multidisciplinary work carried out so far allows us a
better understanding of emotion mechanisms, by bring-
ing out two complementary approaches:

e The produced model aims to analyse the experi-
mental data.

e The experimental data come to strengthen or ques-
tion the existing model.

As a future work, the strategies selected in the coping
process are to be examined more precisely, in order to
extract cognitive-emotional individual profiles, and es-
pecially when it comes to help pupils with school diffi-
culties.
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