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ABSTRACT

This works is studying two emotion theories using category theory. It studies these theory

using the notion of Appraisal, a central concept in these theories. To implement the notions

of category theory it is used some mathematical algorithms called: Pearson Coefficient, Prin-

cipal Component Analysis and K-means clustering. Pearson Coefficient is used to observe if

there is a linear relation between emotions. Principal Component Analysis is used to reduce

the dimensionality of vectors (representing emotions) to observe similar variation in emo-

tions. Finally, k-means provides clustering between emotions with similar variation. Once

the clusters are formed it is used category theory to provide the connection between emotions

conserving the structure of the theories. One theory of emotions is The Cognitive Structure

of Emotions of Andrew Ortony, Gerard L. Clore and Allan Collins; the other one is Klaus

Scherer’s theory of emotion Sequential check theory of emotion differentiation. Due to the

complexity of the theories it is proposed a category theory model for specific parts of each

theory. It is proposed category theory as an option to establish connections between theories

conserving the structure of them because in the state of the art there is not a development to

provide connections between emotion theories.

Keyworks: Appraisal - Emotion Theories, Category Theory, Principal Component Analysis
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1 INTRODUCTION

Emotion study has more than 2500 years of history, from Greek philosophers as Aristotle

(thinking emotions as reaction (can be pleasure or pain) to people actions (Plamper, 2015),

passing through thinkers as Descartes, Spinoza, Hobbes, Hume, Rousseau, kant, just to men-

tion a few and a rapid exposition of their thinking about emotions. Descartes positions with

respect to emotions is actually discussed, however, one point of view is that he considers

emotions like been part just of the body and not been part of the mind (Plamper, 2015). So,

this point of view inspire to the artist from century XVII Charles Le Brun to capture the

emotions in the body, in the face, then, Charles Le Brun can be consider the forerunner of

image recognition of emotions (Plamper, 2015) (see Figure 1.1).

Figure 1.1: Emotions: Admiration and Fear by Charles le Brun (le Brun, 1732)

Spinoza’s point of view is that emotions are in body and mind because he considers that

body and mind are two faces of the same reality. Spinoza thought is study in neuroscience

(Plamper, 2015). Hobbes view about emotion considers that there is a natural state that is a

living-out of passion and it is regulated in the society through fear, balance between passions

and fear regulate human being and let think (reflect) (Plamper, 2015). Hume considers that

passions control reason, but he introduce the notion of sympathy, currently, a notion used

and study. Rousseau considers that the human being is full of passion and culture corrupt

his nature that defines all humans as equals. With the beginning of Enlightenment reason

and emotion are divided, this view is supported by Kant who considers emotion as opossed

to reason (Plamper, 2015).

Emotion study is divided in two groups: Social Constructivism and Universalism. The first

one is study by Anthropology and considers emotions as a social construction and not univer-

sal to all human as the view of universalism that is study by life science: psychology, neuro-

science, biology, lately by computer science. Social Constructivism and Universalism begins a

controversy about what standpoint has the truth with respect to emotion, this argument be-

gins with Darwin’s book The Expression of the Emotions in Man and Animals. Paul Ekman

was a defensor of the universalism position, in his studies about face manifestations of emo-

tions he considers that emotion does not depend of culture and it is manifested in the face.
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Subsequent studies refute Ekman conclusions arguing that it is not possible to reproduce his

studies and they have a high level of subjectivity interpreting Darwin’s ideas to justify his

position (Plamper, 2015).

Other important author is William James because he considers that emotions are tied in a

strong way to the body, specifically to the brain (Plamper, 2015). In the same line of James

appears Dane Carl Georg Lange considering that emotions are bounded to the body, to the

brain in a special way, that is, the body receive the stimulus, that stimulus is a signal to the

brain and the brain responds with another signal to the body, it is really important because

this was before the exact knowledge of the nerves functions. With the focus of emotion study

in the body the first psychological laboratory was founded in 1879 by Wilhelm Wundt, a psy-

chologist that created his own theory of sense and considers emotions to be processed in the

brain. Psychological laboratories give the introduction to a modern research, thinking in the

possibility to recreate the experiments (crucial in modern research), but, the problem with

respect to emotion was that it is not possible to capture the objectivity of it, for example,

if scientist try to measure the increase of the blood pleasure trying to relate it to emotion

study, how scientist know if an increased blood pleasure is related with emotion and not with

some illness in a person? (Plamper, 2015).

In this way, the study of emotion through the body, through the brain takes another way due

to an accident, the Phineas Gage accident in which a bar entered his head. This accident and

others enable to study of the emotions via brain injuries. In the case of Phineas Gage that

damaged his prefrontal cortex and scientist associated this damage to the alteration of his

behaviour (more violent, easily angry) (Plamper, 2015) (see Figure 1.2).

Figure 1.2: Phineas Gage and his accident

Posterior studies in beginnings of the twentieth century around the brain-emotions developed

by Canon-Bar, Papez and MacLean are of huge importance (Plamper, 2015). Walter Canon,

and later Philip Bar, found the thalamus region was with respect to emotions building a cir-
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cuit between cortical part of the brain and subcortical regions of thalamus. The next impor-

tant study by Papez circuit considers that the thalamus is linked to a cognitive path and to

an emotional path, the cognitive path goes to the Cortex region’s and it is composed of the

cingulum, the hippocampus, the fornix and the mamillary bodies. The emotion path goes di-

rectly to the mamillary bodies, activating them and prompting the expression of emotions

(Plamper, 2015). James Papez can be seen as the pioneer in neuroscience. Besides he also

changes the view about the functionallity of the brain considering brain activity as an inter-

action of the whole brain. The last important study developed by Paul D. MacLean considers

that emotions produced in the brain are an interaction between three parts of the brain in-

cluding the Papez Circuit and he added another regions. The union of the three regions is

called the Lymbic system (see Figure 1.3).

Figure 1.3: Limbic system as a result of Papez and MacLean studies

In 1950 the studies of emotion take a huge relevance in scientific studies. However, it is not

clear why it takes so great importance. Part of the explanation (besides of science develop-

ments) is the relevance of philosophy of existentialism, rise of women’s movement, influence

of therapeutization, self-help groups, and New Age talk about one’s own feelings (Plamper,

2015).

In this way, at the end of 1950, it comes the development of Appraisal theories with the hand
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of Magda Arnold. The next chapter gives an extended overview of the appraisal theories of

emotions.

Nowadays, the development of study of emotions increases in the applications of these stud-

ies, some will be mentioned in the following:

• History, as a social science, studies emotions to capture the emotional essence of some

century, time, a social class, or try to compare societies from different times, for ex-

ample, in Stearns and Stearns (1985), the authors create a new concept, emotionol-

ogy, to capture in a better the emotions of a society at some period of human history.

In (Stearns and Stearns, 1985), historians consider that an emotional approach to the

study of history gives a better understand of the behaviour of the past people. For ex-

ample, Stearns and Stearns (1985) is a study about the history of emotions developed

by the historian express:

No longer can we assume without proof, as in a recent study of nineteenth-

century grief, that people in the past shared our emotional experience, that

we can use contemporary psychology to elucidate past behavior, or that we

can use past data, without careful analysis, to bolster contemporary psycho-

logical theory. Linkages may be possible, but they require evaluation and evi-

dence. They cannot be taken for granted as premises for research.

• Appraisal notion is used to help to characterize emotional disorders as Anxiety, De-

pression, Guilt - Shame syndromes, Pride and disorders of the self, Anger disorders

(Scherer et al., 2001), using the notion of Appraisal that define emotions:

Some of the most succesfull psychological interventions now used to treat

emotion disorders are guided by or are quite consistent with hypotheses in

particular appraisal models (Scherer et al., 2001).

• Psychoanalysis is joined with neuroscience to redefine Freud’s ideas around emotion

and trauma (Plamper, 2015).

The aim of this research is to explore Appraisal theories of emotion, to study two theories

that have a computational implementation. Those are Scherer’s theory: The Sequential Check

Theory of Emotion Differentiation (Scherer et al., 2001) and The Cognitive Structure of

Emotions (Ortony et al., 1990). These theories have their own notion about emotion (it will

be explained in next chapter), to give an introduction about emotion in Appraisal theories it

is used the notion of emotion given by Magda Arnold and Richard Lazarus, first persons to

formalize this concept in Appraisal theories:

Emotions are elicited and differentiated as a function of an individual’s subjec-

tive interpretation or evaluation of important events or situations (Scherer et al.,

2001)
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In this way, Emotion is the result of to Evaluate a situation presented to a subject. This eval-

uation is defined as Appraisal. Arnold defines Appraisal as:

Appraisal is an “intuitive” assessment of the “here and now” aspects of situations

and not a deliberative rational process (Scherer et al., 2001)

To give a better idea about emotion in Appraisal theories is showed in Figure 1.4. With re-

spect to Figure 1.4, Situation is what enters the perception of a subject, it is then evaluated

(appraisal) for the “machine” and then result the emotion. This is an intuition with respect

to emotion and appraisal in appraisal theories. For that reason, in this work emotion it is

written as appraisal-emotion to keep in mind that emotion is the result of an evaluated pro-

cess in Appraisal theories.

Figure 1.4: Intuition about Emotion in Appraisal Theories

In the computational field, there are also advances with respect to emotions. Those are man-

ifested in the Human Computer Interaction (HCI) trying to make a more friendly this inter-

action or computational implementations are used to improves the theories itself (Marsella

et al., 2010).

An important question in this area is: Why is it important to have computational models of

emotions? There are two important reason: one reason is to understand the human emotion

itself to help in emotional disorders (Scherer et al., 2001) and the second one reason is to im-

prove the HCI (Marsella et al., 2010).

In this way, appraisal theories have a great number of computational implementations, espe-

cially two of them are of interest, OCC and Scherer’s theory. OCC is of interest maybe by

its internal coherence that facilitates computational implementation (Adam et al., 2009) and

Scherer’s theory is of interest because it has more than fifty years of study testing his theory

with diverse experiments, comparing with neuroscience and making computational implemen-

tations (Scherer et al., 2001).
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OCC was constructed in a way in which each emotion is perfectly differentiated from the oth-

ers. For that reason it is possible to think of each emotion as a category 1. Category theory is

a field of mathematics that establishes comparisons between objects. By this, it is possible to

establish comparison between emotions (propose of this work) and possible between theories

of emotions.

SIn some studies, Scherer (1993) retakes a semantic approximation to study emotion, study-

ing the mechanism of emotion. The propose of this Thesis is to use its semantic approxima-

tion (Scherer, 1993) and to make a data analysis of it to provide a relationship between dif-

ferent emotions and so, provide the categories (in a mathematical senses) in Scherer’s theory.

For this the proposed model of Hartmann et al. (2012) is used,which is suggested the usage

of categories.

In that way, the final propose of this thesis is to provide OCC and Scherer’s theory of a cat-

egorical structure, and, in future works a comparison is possible which is a great importance

for the main diverses theories of emotions and its actual lack of comparison between them

(Marsella et al., 2010).

1.1 Objectives

The research question of this work is: How can category theory help to understand

the study of emotions?

In (Marsella et al., 2010) is explained the confusion that it is generated around the concepts

Appraisal and Emotion. Appraisal in some theories is a cause of emotion, as in OCC, in oth-

ers it is cause, part of the emotion experience, even part of the consequence of an emotion

experience (Scherer et al., 2001).

The same happens with the concept of emotion, in some theories it is a valence reaction to

types of situations, as in OCC (Ortony et al., 1990), in others it is a respond to an internal

or external event involving process of information and types of behaviour as in Scherer’s the-

ory (Scherer et al., 2001). In OCC, there are 22 emotion types (discrete model of emotion)

and in Scherer’s theory there is a continuum space of emotions, in which each point of the

space is an emotion (dimensional model of emotion). The quantity of concepts and its lack of

precision in appraisal theories, the differences in theories with respect to structure does not

allow an easy briedging between them. But as shown in (Marsella et al., 2010) it is necessary

to establish this bridge to improve computational implementations of emotion theories and to

improve emotion theories itself.

For these reasons, category theory allows to provide a mathematical relation of objects, where

the objects can be seen as emotions. Hence, the general objective of this research is to pro-

pose categorical models of (part) of each theory using techniques of data analysis and cate-

gory theory. It is mentioned “part” because the model is not proposed by the whole theory

but by part of them.

1category in a mathematical sense which it is explained in section 2.5.
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Figure 1.5: Map of the Research

Figure 1.5 shows each step of the research, it begins with the general propose of the research

To establish a brigde between Appraisal Theories of emotions, it continues with a particular

case developed in the research to achieve the general propose: Propose a categorical model for

OCC and Scherer’s Theory. After that, it follows with the develop of the categorical model

for each theory, that is, for Scherer’s theory is develop a data analysis based in his data from

previews studies: Using data, Data Analysis. To realize the data analysis it is used differ-

ent methods: Linear Regression, PCA (Principal Component Analysis), K-Means. Finally it

is proposed the categorical model for Scherer theory.

With respect to OCC theory it is proposed directly the categorical model because OCC the-

ory is a theory with a great internal coherence as it is showed through the research.

This general objective is divided in subobjectives:
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• To study OCC and Scherer’s appraisal theories of emotion;

• To develop a data analysis for a data from a Scherer’s study

• To define a categorical models for each emotion theory;

• As a future work to propose a categorical relationship of those two emotion theories.

1.2 Struture of Work

This work is organized in the following way: section 2 gives an approach to Appraisal theo-

ries; section 3 exposes the empirical study develop by Scherer in 1993 to make a data analysis

of it and establish the categories; section 4 shows the data analysis elaborated using Principal

Component Analysis (PCA) and the data from 1993 Scherer’s study to provide the categories

emotions; Section 2.5 expose the basic notions of category theory and develop the categories

for Scherer and OCC theories; finally section 6 are the conclusions of this work as well as ex-

pose future works, those are a possible comparison of these theories using category theory

that can be usefull for computational models.
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2 APPRAISAL APPROACH TO EMOTIONS

Appraisal approach to emotions begins as a respond to the behaviorist approach to emotions,

as, it responds to some particular questions and assume particular standpoints. The Ap-

praisal theories of emotions try to respond to the following questions (Scherer et al., 2001):

• How can we account for the differentiated nature of emotional response?

• How can we explain individual and temporal differences in emotional response to the

same event?

• How can we account for the range of situations that evoke the same emotion?

• What starts the process of emotional response?

• How can we explain the appropriateness of emotional responses to the situations in

which they occur?

• What accounts for irrational aspects of emotions?

• How can developmentally and clinically induced changes in emotion be explained?

Also, appraisal theories of emotions adopt some assumptions that address these questions

(Scherer et al., 2001):

• Emotions are differentiated by appraisals;

• Differences in appraisal can account for individual and temporal differences in emo-

tional response;

• All situations to which the same appraisal pattern is assigned will evoke the same emo-

tion;

• Appraisals precede and elicit emotions;

• The appraisal process makes it likely that emotions will be appropriate responses to the

situations in which they occur;

• Conflicting, involuntary, or inappropriate appraisal may account for irrational aspects

of emotions.

2.1 Some history of appraisal theories of emotions

Appraisal theories of emotions are based on the concept Appraisal developed by Magda Arnold

in her Cognitive Theory in 1960 (Scherer et al., 2001). This theory was, according to (Scherer
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et al., 2001) based on the hypothesis that the first step in emotion is an appraisal (evalua-

tion) of the situation. The initial appraisals, according to Arnold, start the emotional se-

quence and arouse both the appropriate actions and the emotional experience itself, so that

the physiological changes, recognized as important, accompany the actions and experiences.

About Appraisal Magda says “Appraisal is an intuitive assessment of the ‘here and now’ as-

pects of situations and not a deliberative rational process” (Scherer et al., 2001).

In 1980, behaviorism considers emotions were not analysed with internal causes (Scherer

et al., 2001). Thus, emotions are exposed in the behaviour, in facial expression of subjects

like Charles le Brun in seventeenth century and Paul Eckman twentieth century like it was

explained in the introduction of this work.

Richard Lazarus is other important researcher in the study of Appraisal Emotions and he

based his model of emotions on Magda work (Scherer et al., 2001). Lazarus, in 1970, presents

in a symposium his “cognitive perspective in emotion psychology”. He considers emotions in

a continuous flux and postulated two principal appraisals:

1. Primary appraisal : directed at the establishment of the significance or meaning of the

event to the organism (Lazarus et al., 1970);

2. Secondary appraisal: directed at the assessment of the ability of the organism to cope

with the consequences of the event (Lazarus et al., 1970).

In this way, Magda proposes her ideas in 1960, Lazarus in 1970, but behaviorism does not

pay attention to appraisal theories, even in 1980.

There was a path between behaviorism and appraisal theories. “Two factor theory of emo-

tions” by Schachter is the theory that could be consider as the representative theory of emo-

tions for more than 20 years (Scherer et al., 2001).

Schachter’s theory claims “that the quality of emotional experience is determined by a cog-

nitive interpretation of situational cues brought about by the self-perception of an unusually

high level of sympathetic arousal” (Scherer et al., 2001). Schachter continues the behavior-

ist line of investigation, he claims: “individuals in a state of physiological arousal would show

an emotional reaction and would describe the feelings they experienced as emotions” (Scherer

et al., 2001).

Thus, it is possible to think Schachter as the forerunner of Appraisals theories. Another fore-

runner of Appraisals theories were Phoebe Ellsworth, Ira Roseman and Craig Smith. Ira

Roseman was a student in Yale and he works with Phoebe Ellsworth and Robert Abelson

(Scherer et al., 2001). Ira Roseman presented in 1979 a manuscript about emotion scripts

for a conference at the 87th Annual Convention of the American Psychological Association -

APA (founded by Klaus Scherer).

Phoebe Ellsworth has a student in Stanford, Craig Smith, with him developed “some of the

milestones of appraisal research and developed their own brand of appraisal theory” (Scherer

et al., 2001). After he works with Phoebe Ellsworth he works with Richard Lazarus at Berke-

ley (Scherer et al., 2001).
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Klaus Scherer and Nico Frijda are precursors of Appraisal theories. Klaus Scherer is a so-

cial psychologist. “He started develop a theory of emotion in order to provide a theoretical

grounding for his empirical work on emotional expression. A preliminary version of the the-

ory was published in 1979” (Scherer et al., 2001). He is looking for to differentiate emotion,

so, he proposed in 1980 his “stimulus evaluation checks”. This work was the beginning of

component process model of emotion “that Scherer continuously updates and submits to em-

pirical testing” (Scherer et al., 2001). Other effort do it by Scherer is the need to do a com-

parison between appraisals of different models of emotions and to comment their convergence

(Scherer et al., 2001).

Nico Frijda is other precursor of appraisal theories. He develop his theory based in the re-

searchers mentioned above. In 1986 he published his book The emotions and in 1988 he pub-

lished the book The laws of emotions, “for decades, nobody had dared to postulate laws

in psychology” (Scherer et al., 2001). Frijda defines emotion as “states of action readiness”

Scherer et al. (2001), that is, as “emotional states that underlie emotional behavior” (Scherer

et al., 2001).

As a related work to the precursors it is possible to consider The Cognitive Structure of Emo-

tions of Andrew Ortony, Gerald Clore and Allen Collins. They took the concept ”cognitive

appraisal” for their theory, this theory will be explain in detail later because it is a central

subject in this job.

In 1980 comes a famous debate “Lazarus - Zajonc” or “cognition - emotion debate”. Zajonc

thinks that affect and cognition are not interrelated in part because for him they have dif-

ferent neural systems. Lazarus thinks that cognition is necessary and sufficient as a causal

antecedent of emotion. For Lazarus (1982) emotions is “a result of an anticipated, experi-

enced or imagined outcome of an adaptationally relevant transition between organism and

environment” (Scherer et al., 2001).

Scherer and Leventhal try to close the debate explaining that the debate was a semantic

problem around if something is a cognitive process or not. Nico Frijda retakes the debate

saying that it is necessary distinguish between cognition antecedents of emotions and cog-

nitive structure of emotions. For Frijda emotional experience is not a linear problem with

inputs and outputs, for him it is a recursive process (Scherer et al., 2001).

Lazarus-Zajonc debate was not have a definite conclusion, but it shows the importance of

emotions in psychology research, shows the importance of cognition in the study of emotions

and it gives pass to the study of appraisal theories of emotions (Scherer et al., 2001), begin-

ning by Magda and continue by the precursors (in some cases, some of them continue until

these days).
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2.2 Scherer’s and The Cognitive Structure of Emotion Appraisal

theories of emotion

Appraisal theories are the most influential in computational modeling according to (Marsella

et al., 2010). Figure 2.3 shows computational models based in these theories.

Scherer Appraisal Theory or The Sequential Check Theory of Emo-

tion Differentiation

Scherers Appraisal theory is continously evolving. He focus on testing his theoretical theory.

Scherer describes emotions as a “theoretical construct that consists of five components corre-

sponding to five distinctive functions” (Scherer et al., 2001). Table 1 shows the five compo-

nents:

Function Emotion Component Organismic Subsystem

Evaluation of objects and

events
Cognitive component

Information processing

(CNS)

System regulation
Peripheral efference

component
Support (CNS, NES, ANS)

Preparation and direction

of action
Motivational component Executive (CNS)

Communication of reaction

and behavioral intention

Motor expression com-

ponent
Action (SNS)

Monitoring of intertnal

state and organism envi-

ronment interaction

Subjective feeling com-

ponent
Monitor (CNS)

Table 1: Relationship between the functions and components of emotion and the organismic

subsystems that subserve them.

CNS: Central Nevous System, NES: Neuro-Endocrine System, ANS: Autonomic Nervous

System, SNS: Somatic Nervous System. Above acronyms represent brain systems

This components are interrelated in a sequence of Appraisal that he named as Stimulus Eval-

uation Checks (SECs). This work is focus in the study of SECs.

As define Scherer, Appraisals are determined by the Stimulus Evaluation Checks (SECs).

In this way, the type of emotion and its intensity is determined by the “profile of results of

the appraisal process based on these SECs” (Scherer et al., 2001). The SECs or principal ap-

praisals are:

1. Relevance: “How relevant is this event for me? Does it directly affect me or my social

reference group?” (Scherer et al., 2001)
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This SEC is composed of the following features taken from the event:

• Novelty Check: is guided by the grade of predictability in the event, also by the

grade of familiarity of the subject experience the emotion with the event. Also,

Suddenness is the most primitive level of novelty, the lowest level of novelty detec-

tion (Scherer et al., 2001).

• Intrinsic Pleasantness Check : “The evaluation of whether a stimulus event is likely

to result in pleasure or pain (in the widest sense)” (Scherer et al., 2001).

• Goal Relevance Check :“This check established the relevance, pertinence, or im-

portance of a stimulus or situation for the momentary hierarchy of goals/needs”

(Scherer et al., 2001).

2. Implication Assessment : If the consequences of the event put in danger or not the or-

ganism or its adaptation to the given environment.

This appraisal is composed of the following feature checks:

• Causal Attribution Check: To define the causes of an event, if it is an organism the

cause of the events, its intentions.

• Outcome probability Check : The probability that certain consequences are materi-

alized.

• Discrepancy from Expectation Check: “The situation created by the event can be

consistent or discrepant with the individual’s expectation concerning that point in

time or position in the action sequence leading up to a goal” (Scherer et al., 2001).

• Goal/Need Conduciveness Check: “The organism needs to check the conducive-

ness of a stimulus event to help attain one or several of the current goals/needs”

(Scherer et al., 2001).

• Urgency check: “Adaptative action in response to an event is particularly urgent

when high-priority goals/needs are endangered and the organism has to resort to

fight or flight and/or when it is likely that delaying a response will make matters

worse. Urgency is also evaluated on a continuous scale: the more important the

goals/needs and the greater the time pressure, the more urgent immediate action

becomes” (Scherer et al., 2001).

3. Coping Potential Determination: “The coping potential check determines which types

of responses to an event are available to the organism and which consequences will af-

fect the organism under each option. The net result of the evaluation on this check is

the estimated degree of coping potential for the most promising response option avail-

able to the individual in this situation” (Scherer et al., 2001). This SEC is composed of

the following features or checks:
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• Control Check: “to what extent an event or its outcomes can be influenced or con-

trolled by natural agents” (Scherer et al., 2001).

• Power Check: “If control is possible, coping potential depends on the power of the

organism to exert control or recruit others to help” (Scherer et al., 2001).

• Adjustment Check: “Organisms can adjust, adapt to, or live with the consequences

of an event more or less well after all possible means of intervention have been

used” (Scherer et al., 2001).

4. Normative significance Evaluation: This appraisal takes into account the evaluation

do it by the person experiences the emotion about other persons, what other people

think about the actions performed by the person experience the emotion (Scherer et al.,

2001). This appraisal is composed of two features or checks:

• Internal Standards Checks: “This check evaluates the extent to which an action

falls short of or exceeds internal standards such as one’s personal self-ideal (desir-

able attributes) or internalized moral code (obligatory conduct).” (Scherer et al.,

2001).

• External Standards Checks: “Social organization in groups implies shared values

and rules (norms) concerning status hierarchies, prerogatives, desirable outcomes,

and acceptable and unacceptable behaviors” (Scherer et al., 2001). This check is

about external norms, that is, what others think about the consequence of an ac-

tion.

The process of appraisal in Scherer’s Theory is a unique sequential process, where relevance

is the first appraisal in the sequence. Also, it left the possibility of a parallel process of ap-

praisals, as in artificial intelligence or in the process of babies where their firsts appraisals,

with Relevance and Implications Assessment (Scherer et al., 2001).

In Scherer’s theory, appraisals are observed in a sequence process that are in accordance

with Levels of Processing in Appraisal : sensory-motor, schematic and conceptual level. In

this way, appraisals first occur in the lowest level: sensory-motor detecting the event with

“natural reflex and innate feature detections” (Scherer et al., 2001). The schematic level is

composed of information learning history of the individual “which can be conceptualized as

abstract representations of learned responses to specific stimulus patterns” (Scherer et al.,

2001). On the conceptual level information is undertaken as criteria of evaluation, as a reflex-

ive process (Scherer et al., 2001). Conceptual level is related with the capacity to reappraise

the event in a conscious way, because also, it is possible to appraise in an unconscious way

(Scherer et al., 2001), as the way in which we response with a fear emotion.
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Figure 2.1: Structure of appraisals in Scherer’s theory, adapted from (Scherer et al., 2001).

Figure 2.1 shows the structure of appraisal process. First of all is the appraisal register of in-

formation (yellow color and explained in paragraphs before figure 2.1), after that comes the

evaluation process in the sequence of appraisals showed in four appraisals mentioned (blue

color) (Scherer et al., 2001). Acronyms NES, ANS, SNS were explain in table 1. These sys-

tems are affected by the appraisal and help to generate Actions Tendencies (red color), these

actions can be of behaviour, changes in breathing, physical changes. In this work, it is ex-

plore just Appraisal Objectives (blue colore) and Appraisal Registers (yellow color), it is be-

cause to establish future comparison between Appraisal theories, Appraisal notions are the

basic concepts shared by all appraisal theories, for example, OCC does not study brain sys-

tems implications in its theory, so, it is not possible to compare this part with Scherer’s the-

ory which it explore it.

2.3 Cognitive Structure of Emotions: The OCC Theory

OCC theory is an appraisal theory of emotions, in which each emotion is discrete, totally dif-

ferentiated one from another. Here, emotions are “valenced reactions to events, agents, or

objects with their particular nature being determined by the way in which the eliciting situ-

ation is constructed” (Ortony et al., 1990). In this theory, a subject perceives his world in

three ways Events, Agents and Objects according to (Ortony et al., 1990):

1. Events refers to its consequences, that is, a subject construct a situation as an answer
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to the consequences of the event.

2. Agents refers to its actions, that is, a subject construct a situation as a respond to

agent actions

3. Objects refers to its properties like object (physical, abstract), that means: a subject

construct a situation in accordance with the properties perceive of the object, for exam-

ple: color, smell, taste, ...

A reaction to each of the situations constructed by the subject is associated to different emo-

tions, it is to say, there are specific emotions related to the perception of the world by: Events,

Actions, Agents, for example: Happy-for corresponds as reaction to Events and Love is per-

ceive as a reaction to Objects (can be: a person, ideas, material objects, animals) as shows

figure 2.2. The intensity of these emotions are determined by the eliciting conditions, they

are variables taken from the situation constructed by the subject. Eliciting conditions will

active or not some respective emotion (Ortony et al., 1990).

Emotions are discrete and are organized in sets called Emotion types, for example (continue

with example before): Happy-for and Love are emotion types. Emotions types are sets of

similar emotions, each emotion types keeps all the words that are similar to Happy-for or

Love (continuing with the example).
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Valence Reaction to

Consequence of events Actions of agents Aspects of objets

Pleased
Displeased

Approving
Disapproving

Liking
Disliking

Happy-for Gloating
Resentment Pity
FORTUNES-OF-OTHERS

JOY
Distress

WELL-BEING

Pride
Shame

Admiration
Reproach

ATTRIBUTION

CONFIRMED DISCONFIRMED
Satisfaction

Fears-Confirmed
Relief

Disappointment
PROSPECT-BASED

Gratification
Remorse

Gratitude
Anger

WELL-BEING/ATTRIBUTION
COMPOUNDS

Love
Hate

ATTRACTION

Sense of Reality Proximity Unexpectedness Arousal

Desirability

Desirability
for other

Deservingness
Liking

Likehood

Effort Realization

Hope          Fear

Praiseworthiness

Strength
of unit

Expectation
deviation

Appealingness

Familiarity

Figure 2.2: Structure of Appraisals in OCC, adapted from (Ortony et al., 1990)

Figure 2.2 shows in red color global variables that affect all the type of emotions; in blue

color the variables that affect just type of emotions elicited by reactions to events ; in green

color the variables that affect just type of emotions that are reactions to agent actions ; and

finally in yellow color the variables that affect just type of emotions that are reactions ob-

jects or aspect of them. Boxes of gray color represents sets of emotion types. An Emotion

type is a set of words that represents similar emotions that can be group in a representative

word, for example, type of emotion Joy represents the set of words: contented, cheerful, de-

lighted, ecstasies, elated, euphoric, feeling good, glad, happy, joyful, jubilant, pleasantly sur-

prised, pleased, etc (Ortony et al., 1990), it will happen for each type of emotion in OCC.

Also, OCC proposes set of type of emotions which in Figure 2.2 are grouped by boxes of gray

color. Emotion types grouped in a same box means that are elicited by the same variables
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but with difference intensity.

This organization does not mean that there are basic emotions that form the others emotions

in which some few emotions are mixtured to form the whole quantity of emotions. This or-

ganization means that there is a successive differentiation in the sense that the eliciting con-

ditions of certain emotions always appear before or at the same time that the eliciting condi-

tions of other emotion, for example, the eliciting conditions of reproach appears before that

the eliciting conditions of Anger (Ortony et al., 1990).

To describe the cause of human emotions it is necessary to describe the appraisal structure,

this structure can be described thinking in the action of a person. The action of a person

requires motivation and this motivation needs goals, standards (beliefs) and attitudes (inter-

ests).

Goals refers to objectives that have a subject. Standards are the state of affairs that one

believes ought to obtain (Ortony et al., 1990). Standards are beliefs and moral judgemental

evaluation. Attitudes are dispositional liking (or disliking) one has for certain objects, or at-

tributes of objects (Ortony et al., 1990).

Int this way, Events are linked with goals, Agents with Standards and Objects with Attitudes.

So, Goals, Standards and Attitudes are linked to the cause of emotions, this linked is give it

by the Eliciting Condition (determine the intensity of an emotion) described as Global Vari-

ables and Local Variables. Global variables affect the intensity of all emotions. These vari-

ables are Sense of reality (SR), Proximity (PR) and Unexpectedness (UN) (Ortony et al.,

1990) (in red color in figure 2.2).

SR explains situations as: emotions in a dream or emotions seeing a movie or emotions read-

ing a book. When a person has emotions in this case, it is because of sense of reality is high.

This variable affects the intensity of all emotions and if its values is low then the intensity of

emotions is low also (Ortony et al., 1990).

PR measures the proximity of emotions, that is, if a subject constructs a situation that arises

an emotion several times and he creates again this situation in a short time then the inten-

sity emotion is high because the same emotion arises in a short time. OCC consider that

there are empirical registers that justified the existence of this global variable and there are

concrete registers about fear emotion (Ortony et al., 1990), for example, in persons with anx-

iety in which fear is continually arised and the proximity in time of the arise increase the in-

tensity of the emotion.

PR has a relation with SR: if SR is low, that is, if the situation has an low level sense of re-

ality, then PR has no much influence in the intensity of emotions, but if SR has a high level

sense of reality, then if PR also has a high level of proximity then PR and it has a high influ-

ence in the intensity of emotions.

UN evaluate the degree of surprise of some Event, Action Agent of Aspect of an Object, if

this variable is high so the intensity of the emotion experience is high, the same happens if

this variable is low (Ortony et al., 1990).

The last global variable is Arousal (Ar), this is a physiological variable but it is a variable
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that affect cognitive process and for this, that affect emotions. Ar measures the alteration of

the person before the situation. Increases in theses variables intensify the experienced emo-

tion (Ortony et al., 1990).

In addition to this Global Variables, there are Local Variables that measure specific emotions

groups. Emotions are divided in three big groups, each one determined by the perception of

the world: Events, Agents Actions, Objects, inside of each big group there are Local Variables

that affect each particular group of emotion. Desirability (D), Praiseworthiness (P) and Ap-

pealingness(Ap) are Local Variables (blue, green and yellow color respectively in figure 2.2),

D affects just all the emotions elicited by Events, P affects all the emotions elicited by Agent

Actions and Ap affect all the emotions elicited by Objects.

Other local variable are Likelihood (L) which is a local variable that measures the intensity

of emotions as hope, fear, relief, these emotions have part of the Prospect Based Emotions

affected just by Events. L has to do with anticipated events and it is forward-looking. L is

different from UN because UN is assessed after an event and it backward-looking (Ortony

et al., 1990). An example to show the difference between these variables: a person runs ev-

ery day for a park during one month, the last day he meets with an old friend and he is sur-

prised. Here, it is the UN variable that measures the intensity of the emotion. An example

for L is the following: the same person running for the park during one month. In this case,

he observes a car that come in his direction, he is surprised and thinks that it is not probably

that the car run over him. In this case the emotions is measure by L.

Other local variable that affects emotions about events is Effort (E). This variable is related

with the implementation of plans. That is, the possibility of increase D (desirability) of a

goal can increase as a result of E (effort) expended in the implementation of plans to achieve

it. Sometimes, E is related with L. For example: a person can increase L following a plan

and making effort E to do it. Other local variable is Realization (Re) affected by Events, that

takes into account the intensity of positive emotions related to goals.

Other local variable is Desirability-for-other (Dfo), that concerns with the set of Type of emo-

tions (remember : a type of emotions is a set of emotions): Fortunes-of-others. Dfo affects the

intensity of the emotion felt by the person reacting to another’s fortunes or misfortunes. The

degree of this variable is evaluating the other person with his own cognitive structure and

suppose an state in the other person.

Liking (Lk) is other local variable, that measures the degree of like or dislike that feel the

person that experience the emotion for the other, it is a measure of affect that feel a person

for another.

Another local variable affected by Events is Deservingness (Ds), that tends to capture if

some event was fair for a person or not, if the person experiencing the emotion consider that

it is fair, then the intensity of desirability for positive emotions increase (Ortony et al., 1990).

Now, local variables that affect just emotions affected by Actions of agents are: Strength of

cognitive unit (SCU), that stablishes the possibility of to have a bond with someone else or

something else in the sense that can cause emotions like Pride or shame. When SCU is high,
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the person experiencing the emotion (formal agent) has a strong bond with himself or with

other person or group of persons. For example, when a person has shame of the politicians

of his country, that happen because the person has a strong bond with his country (Ortony

et al., 1990). Other local variable is Expectation-deviation (ED), that is a type of Unexpect-

edness (The global variable) but only influence the set of type of emotion: Attribution emo-

tions. Its unexpectedness refers to a role of person that occupied in a society, for example: a

shoemaker that save the life of a person in the sea, this is unexpectedness in the role that oc-

cupied a shoemaker, then the intensity of the emotion associated to the person that observe

the action of a shoemaker is more high than the intensity of the emotion that emerge in the

case of a lifeguard because its role is expected (Ortony et al., 1990).

Finally, local variables affected by Objects are: Familiarity (Fa) which expresses that if a per-

son is related with an object for a period of time it is possible that the intensity of attraction

emotions change (Ortony et al., 1990).

These are the variables that elicite the emotions in OCC. Now, with respect to the emotions,

as it was explain earlier, there are type of emotions that are set of emotions, each type of

emotions represents similar emotions affected by the global and local variables, like shows

figure 2.2. The type of emotions are organized in sets as shows figure 2.2 (in purple color):

1. Fortunes of others is composed of the set of type of emotions: Happy-for, Gloating, Re-

sentment, Pity.

2. Prospect Based is composed of the set of type of emotions: Hope, Fear, Fears confirmed,

Relief and Disappointment.

3. Well-Being is composed of the type of emotions: Joy and Distress.

4. Attribution is composed of the set of type of emotions: Pride, Admiration, Shame and

Reproach.

5. Compound of Well-Being/Attribution is composed of the type of emotions: Gratifica-

tion, Gratitude, Remorse and Anger.

6. Attraction is composed of the set of type of emotions: Love and Hate.

So, emotions are elements of a type of emotions and type of emotions are grouped in these

six sets (exposed above). Global and Local variables affects emotions depending on the per-

ception of the world by: Events, Actions of agents and Objects

2.3.1 Relations between Groups of type of emotions in OCC

There is a relationship between the groups of type of emotions WELL-BEING and PROSPECT-

BASED emotions in the following way: PROSPECT-BASED emotions has two subsets of

type of emotions, one subset is Confirmation Emotions and the other is Disconfirmation

Emotions, like shows the figure 2.2.
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Confirmation Emotions is the set of type of emotions represented by the words Satisfaction

and Fears-Confirmed and disconfirmation emotions are represented by the words Dissapoint-

ment and Relief. It is possible that when one emotion of Satisfaction or of Fears-Confirmed

emerges is followed by one emotion of the group WELL-BEING EMOTIONS, as Joy or Dis-

tress (Ortony et al., 1990). For example, if emerges an emotions of satisfaction, it is possible

that emerges an emotion of joy, and if emerges an emotion of fears-confirmed, it is possible

that emerges an emotion of Distress.

About Compound Emotions, this set is a result of a mixture of type of emotions: WELL-

BEING and ATTRIBUTION type of emotions, as shows figure 2.2.

2.4 Computational Models of Emotion

Computational models of emotion begin as a response to different fields of investigation (Marsella

et al., 2010), as Human Computer Interaction, Enhance general models of intelligence, Un-

derstanding human behaviour. These models are based in emotions theories showed with its

respective computational models in Figure 2.3. Appraisal theories consider Appraisals to be

the cause of emotions. Most of the computational models are developed based on these theo-

ries, by its internal coherence (Adam et al., 2009) or the simplicity of the appraisal model of

emotions (Scherer et al., 2001) or by its emphasis on emotions as computable artifacts (Lin

et al., 2012).

Advantage of computational models are to improve, to question emotions theories, to reduce

conceptual confusion between theories (Marsella et al., 2010). For example, using EMA, a

computational model based on appraisal theories and showed in Figure 2.3:

EMA was used to generate specific predictions about how human subjects will

apraise and cope with emotional situations and argue that empirical tests of these

predictions have implications for psychological appraisal theory (Marsella et al.,

2010).

Computational models have more than fifty years of research (Marsella et al., 2010).
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Figure 2.3: Computational models of emotions (Marsella et al., 2010)

Appraisal computational models are based in the assumption that emotion follows an evalua-

tion process of a situation that elicit the emotion (Marsella et al., 2010).

Dimensional computational models observe emotions in a dimensional space in which each

emotion is a point in the space (Marsella et al., 2010).

Anatomical computational models try to reconstruct the neural links that underlie organism

emotional reactions and based on this to think emotions as neural circuits (Marsella et al.,

2010).

Rational computational models conceive emotions as adaptational functions to the environ-

ment, and each emotion is an adaptative behaviour that it is implemented in a model intelli-

gence (Marsella et al., 2010).

According to Lin et al. (2012), Dimensional and Appraisal theories of emotion are similar

in a way that both map emotion-evoking events to emotional states. The difference is that

appraisal theories maps discrete events in discrete emotions and dimensional theories maps

discretes events in a continous of ortogonal dimensions.

It is important to note how computational models of emotions share emotion theories, for

example, ALMA and FLAME adopt OCC appraisal variables and EMA model are inspired in

Lazarus theory (Marsella et al., 2010).

2.5 Category Theory

Category Theory (CT) was introduced by Samuel Eilenberg and Saunders Mac Lane in 1945

and according to Krömer (2007): ”During the 1950s and 1960s, CT became an important

conceptual framework in many areas of mathematical research, especially in algebraic topol-
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ogy and algebraic geometry is consider a functional language in mathematics”.

CT began in 1960s, but its applications are recent, for example: Massachusetts Institute of

Technology (MIT) began in January of 2019 an online course (Spivak and Fong, 2019) about

Applied Category Theory given by professors Brendan Fong and David Spivak who wrote the

book (Fong and Spivak, 2019), explaining some of the possibilities to applied CT in computer

science, robotics, even explains how develops of professor David Spivak were the base for a

programming language based in CT called Categorical Query Language (CQL) (develop by

Ryan Wisnesky) generalizing concepts of Structured Query Language (SQL) as it is explain

in the website of CQL (Wisnesky, 2015).

In this way, this section introduces the basics notions of CT (following definitions from (Mac Lane,

2013)) to a next step implement this CT notions in OCC and Scherer’s theories.

To define a Category, it is necessary to define a Graph because the notion of Category is a

constructive notion and the first notion in the construction is a graph. A Graph is a set O of

objects, a set A of arrows, and two functions Domain (dom) and Codomain (cod):

Domain := (dom : A→ O) (2.1)

which assigns to each arrow f ∈ A an object a ∈ O ⇒ It is define a := domf

Codomain := (cod : A→ O) (2.2)

which assigns to each arrow f ∈ A an object b ∈ O ⇒ It is define b := cod f .

Or in a simple notation for both definitions: a
f−→ b. This notation was used in Figure 2.4.

In this graph, the set of composable pairs of arrows is the set:

AxO A = {〈f, g〉 | g, f ∈ A ∧ domg = cod f} (2.3)

called the “Product over O”.

The above set is the set of all possible composition of arrows, that is, if 〈f, g〉 ∈ AxO A then

exist g ◦ f which it is the composition arrow of f and g as shows Figure 2.4.

Next step is to define a category. A category is a graph with two additional functions and two

additional axioms hold:

Functions:

1. Identity function which assigns to each object c an arrow idc:
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O
id−→ A (2.4)

c→ idc (2.5)

where idc = 1c : c→ c is an arrow from an object c to itself, that is: dom(idc) = c = cod(idc),

idc is called identity arrow.

2. Composition function which assigns to each pair of arrows 〈g, f〉 an arrow g ◦ f , that is:

A xO A
◦−−→ A (2.6)

〈g, f〉 −→ g ◦ f (2.7)

Where dom(g◦f) = domf , cod(g◦f) = codg. Figure 2.4 illustrates the idea of the composition

function:

Figure 2.4: Illustration of composition function

It is necessary to define Axioms to complete the definition of a category.

Axioms:

1. Associativity. For given objects and arrows in the configuration:

a
f−→ b

g−→ c
h−→ d

it always has the equality:

h ◦ (g ◦ f) = (h ◦ g) ◦ f (2.8)

2. Unit law. For all arrows f : a → b and g : b → c composition with the identity arrow 1b

gives:
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1b ◦ f = f and g ◦ 1b = g (2.9)

Next step is to define the notion of Functor to establish the relationship between Categories.

Functor :

According to Mac Lane (2013):

A functor is a morphism of categories. In details, for categories C and B a func-

tor T : C → B with domain C and codomain B consists of two suitably related

functions: The object function T, which assigns to each object c of C an object

Tc of B and the arrow function (also written T) which assigns to each arrow

f : c→ c′ of C an arrow Tf : Tc→ Tc′ of B, in such a way that:

T (1c) = 1Tc , T (g ◦ f) = Tg ◦ Tf (2.10)

The latter whenever the composite g ◦ f is defined in C. A functor, like a Cat-

egory, can be described in the “arrow-only” fashion: it is a function T from ar-

rows f of C to arrows Tf of B, carrying each identity of C to an identity of B

and each composable pair of 〈g, f〉 in C to a composable pair 〈Tg, Tf〉 in B, with

Tg ◦ Tf = T (g ◦ f).

Figure 2.5 shows the intuition of a Category and a Functor. A Category exhibits the rela-

tion between objects in it through arrows (functions, relations, ...) that preserve properties

(composition between objects, associativity between arrows, ...). In Figure 2.5 arrows are ex-

hibit with letters: f,g. A Functor preserves relation between categories sending an image of

the category objects and an image of the arrows. In Figure 2.5 is showed through letter F.
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Figure 2.5: Intuition of a Category and a Functor



35

3 SCHERER’S EMPIRICAL STUDY TESTING HIS

THEORY

Scherer and colleagues developed some studies to support his theory: The Sequential Check

Theory of Emotion Differentiation. One of them is (Scherer, 1993), here, it is developed a

testing in which 256 persons participated. The idea of the study is to predict the emotions

experienced by people. They have to remember a situation in which they experienced an

emotion and this situation is reconstructed responding 15 questions, each one (or a few) is

related to one SECs (see section 2.2 to remember what are SECs) . The order of the ques-

tions is presented in a way that follow the sequence process of appraisals (SECs) in Scherer’s

theory Scherer (1993). Figures 3.1 and 3.2 show the questions:

Figure 3.1: Questions associated to SECs (Scherer, 1993)
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Figure 3.2: Questions associated to SECs (Scherer, 1993)

Each answer of a question has a numerical value associated, at the end, for each situation

given by a person, it is obtained a vector represented by each numerical value associated to

each answer of the question.

In this study, the total quantity of emotions to have into account is 14, and for each emo-

tion it is associated a vector and its values were taken from preview studies (Scherer, 1988).

In this way, the prediction is perfomed associating the vector given by a person to some of

the 14 vectors represented emotions. In that way, the emotion associated as predicted is the

emotion that has the smaller euclidean distance to some of the 14 vectors, as shows figure

3.3, which the point V represents the emotion associated to the person with the questionnaire

and the 14 points represents the vector emotions taken from previous Scherer study (Scherer,

1988). In this example, the point (from the 14 points) with smaller distance to the point V is

the point 8 with distance d1, and it is associated the vector emotion 8 to the person.
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Figure 3.3: Example of emotion prediction in Scherer study

The values obtained of the 256 people are presented in Figures 3.4, 3.5 and 3.6. It is neces-

sary to clarify that next results are a mean (in a mathematical sense) of the 256 predictions,

that is, subjects with the same predicted emotion are taken a mean of the vector associated

to them through the questions and this mean represent the vector emotion of the subjects

that later it is compare with the vector of prediction developed by Scherer in (Scherer, 1988).

For example, 3 persons have the same predicted emotion of Joy, and it is taken the vector of

each one product of the 15 questions, then, it is taken a mean of each component of the vec-

tors to obtain a final vector representing these 3 persons with the same emotion associated of

Joy.
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Figure 3.4: Vector (Row) of: subject emotion, emotion predicted, difference of the first two

vectors and standard deviation of empirical values given by the subject in the questions

(Scherer, 1993)
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Figure 3.5: Vector (Row) of: subject emotion, emotion predicted, difference of the first two

vectors and standard deviation of empirical values given by the subject in the questions

(Scherer, 1993)
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Figure 3.6: Vector (Row) of: subject emotion, emotion predicted, difference of the first two

vectors and standard deviation of empirical values given by the subject in the questions

(Scherer, 1993)

It is possible that the vector of prediction with the smaller distance to the vector of the sub-

ject not be the emotion experienced by the person. In this case, it is assigned the vector emo-

tion with the next smaller distance to the vector subject, and, again if the vector emotion

does not correspond to the emotion experienced the person choose the emotion between the

14 emotions and it is assigned to the vector given by the person. If the emotion experience
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by the subject is out of the 14 emotions, the person label the emotion experienced and it is

assigned the vector subject to the label given by him/her (Scherer, 1993). It is possible that

there are emotions misses in prediction and also emotions with dubious prediction, each set

of emotions goes to the categories of Total Misses and Dubious Misses.

The final results of this study is presented in Figure 3.7. In this figure, where each columns

represents:

• Total Situat : represents the total of situations presented in each emotion;

• 1st Hit : represents the total of situations that match in the first try of prediction;

• 2nd Hit : Represents the situation that match in the second try;

• Total Misses : represents the total of situations that were not possible to associate an

emotion in the first two Hits ;

• Dubious Misses : there are cases that consider as isolated points and it is not possible of

a classification with certainty;

• % Correct : represents the percentage of total hits (first plus second) minus the Dubious

Misses.

It is possible to observe that the emotions Anxiety/Worry, Fear/Terror have a good num-

ber a situations, but they do not have a good prediction. This study takes into account this

result to improve the method, as takes into account others possible appraisals and the no-

tion of time: past, present or future of the situation (Scherer, 1993). Emotions as Indiffer-

ence/Boredom, Embarrassment/shame, Guilt feelings have been a few of situation, and the

study can not conclude about its precision. Emotions as Anxiety/Worry, Fear/Terror have a

low quantity of match, maybe because the complexity of the emotions and it is not possible

to capture its estructure in the study (Scherer, 1993).

Figure 3.7: Final results of Scherer (1993)
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4 DATA ANALYSIS OF SCHERER’S STUDY FROM

1993 USING (PCA) PRINCIPAL COMPONENT

ANALYSIS

Principal Component Analysis (PCA) is a mathematical algorithm that study the variation

of a data set reducing the dimensionality of the data (Ringnér, 2008). In this work, PCA is

used because it enables to reduce dimensionality of Scherer’s data, to reduce dimensionality

allows to obtain a representation in a plane of two dimension, also to use PCA because it is a

first step to establish a cluster of Scherer’s data, that is to establish a cluster of the emotions.

PCA has a great variaty of implementation in different fields from mathematical education

(Alves et al., 2015) (Machado and Pereira, 2012) to generic studies.

PCA accomplishes the process of decrease dimensionality finding directions, called princi-

pal components, in which the variation of the data is maximal in these directions (Ringnér,

2008). Data in the context of PCA are organized as vectors in a vector space (Rn, n ∈ N). In

this way, the principal components are new vectors that are organized according to how much

of the variation present in the data they contain (Ringnér, 2008). In this way, the first prin-

cipal component contains the greater variation of the data, the second principal component

contains the second greater variation of the information, and so on.

It is important to stand out that PCA is designed to identify directions with the largest vari-

ations of information in data and not directions to identify clusters of data. Ringnér (2008)

gives an example in which data of gens has two classes of receptors, but PCA does not sepa-

rated these two classes of data. Also, Ringnér (2008) recommends that PCA is used as a first

step before a clustering of information.

4.1 PCA algorithm

It is necessary to define some mathematical objects to begin with the algorithm. Let x be a

vector of p components (variables), these components are taken as random.

According to Jolliffe (2002):

The first step is to look for a linear function α′1x of the elements of x having max-

imum variance, where α1 is a vector of p constants α11, α12, ..., α1p, and ’ denotes

transpose, so that

α′1x = α11x1 + α12x2 + ...+ α1pxp =

p∑
j=1

α1jxj (4.1)

Same happens with α2 with the property that α2 is uncorrelated to α1 in the sense that are

perpendicular, that is, its inner product is zero: α′2 · α1 = 0. The idea is to look for αi until

a kth αk that is uncorrelated to the above α1, α2, ..., αk−1. The kth α′kx is the kth Principal
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Component. The maximum of Principal Components is p (the number of the components of

the vectors x and αi) (Jolliffe, 2002).

According to Jolliffe (2002):

Having defined Principal Components, we need to know how to find them. Con-

sider, for the moment, the case where the vector of random variables x has a

know covariance matrix
∑

. This is the matrix whose (i,j )th element is the (known)

covariance between the ith and j th elements of x when i 6= j, and the variance

of j th element of x when i = j. The more realistic case, where
∑

is unknown,

follows by replacing
∑

by a sample covariance matrix S. It turns out that for

k = 1, 2, ..., p, the kth Principal Component is given by zk = α′kx where αk is

an eigenvector of
∑

corresponding to its kth largest eigenvalue λk. Furthermore,

if αk is chosen to have unit length (α′α = 1), then var(zk) = λk, where var(zk)

denotes the variance of zk.

To find the form of the Principal Component it is necessary to maximize the variance of the

eigenvectors αi in the following way: var[α′1x] = α′1
∑
α1 = λ. After, to maximize the vari-

ance of the eigenvectors is to find the eigenvalue with maximum value. For that reason, for

α1 correspond the eigenvalue with the maximum value λ1, for α2 correspond the eigenvalue

with the second largest eigenvalue λ2, and so on, for αk correspond the kth largest eigenvalue

(Jolliffe, 2002).

4.2 Correlation Analysis using SPSS

In this work, PCA was used in the data of the study described in chapter 3. To this propose

is used the software SPSS2 to analysis the results.

First of all, it is showed the emotion vectors taken from the study (Scherer, 1993), in Figures

4.1 and 4.2.

2Statistical Analysis Software: www.ibm.com/SPSS/demo.
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Figure 4.1: Emotion vectors taken from the study (Scherer, 1993)

Figure 4.2: Emotion vectors taken from the study (Scherer, 1993)

As showed the chapter 3, there are 14 emotions and the values in Figures 4.1 and 4.2 rep-

resent the expected values that each check has to have to elicit the emotion, according to

(Scherer, 1993).

After the emotion vectors, it is showed the correlation matrix, in which it is possible to see

some correlation between emotions (Figure 4.3).
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Figure 4.3: Correlation matrix obtained from software SPSS

Each value in the correlation matrix represents the cos(θ), where θ is the angle between the

vectors (emotions) (Machado and Pereira, 2012). For example, that explain why the matrix

is symmetric (symmetric is a concept from linear algebra) and the principal diagonal has

value 1 in all the components of it.

After the correlation matrix, it is established the principal components vectors, in this case

was obtained three vectors, but software SPSS does not show these vectors. It shows the

emotion components in the space formed by principal component vectors and their coordi-

nates (Figure 4.4).

Figure 4.4: Emotions vectors in the space of principal components

In this study was produced a rotation of the space of principal components. This rotation is

called Normalized Varimax Rotation, and it consists in rotate each principal component vec-

tor in a constant angle, with the propose to maximize the variation in data. Then, software

SPSS shows the components of each emotion vector in the new space of principal components
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rotated (Figure 4.6).

Figure 4.5: Vector emotions rotated by the Varimax normalized method

Figure 4.6: Principal component vectors rotated by Normalized Varimax method

The last step expressed in the software SPSS is to show the graph of the emotion vectors in

the space rotated (Figure 4.7).
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Figure 4.7: Graph of emotion vectors in the space of principal components rotated

Unfortunately, Figure 4.7 does not show a good perspective to show tendency of variance

in emotion vectors. Also, software SPSS has a limited quantity of functions with respect to

PCA. For these reasons it is used the software R to study Scherer’s data with the propose to

get results more clear.

4.3 Pearson Correlation and PCA analysis using R

Software R offers difference ways to study data, besides of this, it is well known that R is a

free software improved by the contributions around the world. In this way, it is study the

vector emotions using Correlation Pearson Coefficient as a first approximation to Scherer’s

data. In this first approximation it is used a scatter plot to compare the vectors correspond-

ing to the emotions as show Figure 4.8. This scatter plot expose a Correlation Coefficient

Pearson (r) to show the correlation between vector emotions. It is used Correlation Coeffi-

cient Pearson because it explains if the vector emotions has a linear relationship (Hall, 2015),

that is, if a coefficient is close to 1 (r ≈ 1) it means that two emotions has similar values in

each component, it can be interpreted as: it is possible to classify the emotions in the same

group. If (r ≈ 0) that means that vector emotions do not have a linear relationship, it is pos-

sible to interpreted this as: those vector emotions are not in the same group.

Diagonal of Figure 4.8 shows the histogram corresponding to each vector emotion, that is, it

shows the frequency of a value of each component vector, for example: vector emotion Joy

has 5 components of value 1, 1 component of value 2, and so on. The line over the histogram

is a density plot that shows the distribution of the data. Graphs below diagonal of the Figure

4.8 show the relation between vector emotions, and the red line in these graphs is a linear
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regression which shows the tendecy of the graphs. If the points are close to the red line then

the emotions involved have a linear regression determined by the Pearson Coefficient (Hall,

2015).

In this way, each graph under diagonal correspond to a Pearson coefficient over the diagonal,

for example, observing Figure 4.8 as a matrix, graph in position (2,1) (line, column) involv-

ing vector emotions “Enjoy, Joy” correspond to the Correlation Pearson Coefficient (1,2)

with value 0.60. As this value is relative close to one, it is possible to say that these vector

emotions have a “good” correlation. It is possible to observe this correlation between others

emotions, as:

• Happiness-Joy ;

• Contempt, Irritation, Sadness, Fear, Grief, Anxiety, Anger, Pride ;

• Shame-Guilt ;
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Figure 4.8: Scatter plot of the vector emotions (Scherer’s data)

Until now, it is used a first approximation of the relation between vector emotions. Now, it is

established another way to understand this “good” correlation between vector emotions using
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PCA. Algorithms of R to implement PCA techniques are taken from (Kassambara, 2017).

Figure 4.9 explains percentage variation of each Principal Component by the lines Proportion

of Variance and Cumulative Proportion. In Proportion of Variance is observed percentage

variation for each component, for example: for the first component PC1 0.3886 (38.86%) of

the variation information goes in that direction.

In general, it is used the first 2,3 or 4 Principal Components that contain almost all the in-

formation variation (Jolliffe, 2002). In this case, in the line Cumulative Proportion is ob-

served that for the fourth component has a Cumulative Proportion of 0.81803, that number

is the sum of the Cumulative Proportion of the above Principal Components. For that rea-

son, in this study, it will be taken 4 Principal Components with a cumulative proportion of

0.81803 equivalent to 81.80 % of the information variation preserved by these 4 Principal

Components.

Figure 4.9: Principal Components with percentage variation

To choose the quantity of Principal Components is adressed by different methods. The prob-

lem with these methods is that its accuracy depends on what is looking for in using PCA,

that is, there is not an only truth about how to calculate the quantity of

( Principal Component Analysis (PCA) is a mathematical algorithm that study the variation

of a data set reducing the dimensionality of the data (Ringnér, 2008). ) components, for ex-

ample, in some cases it is needed a cumulative proportion of 99.99% to capture data variance,

in some cases it is needed 70% because it is important just the visualization of data (Bro and

Smilde, 2014). For that reason, here it is explained two of the most popular methods accord-

ing to (Bro and Smilde, 2014):

• Scree Test;

• Eigenvalue below one or Kaiser - Guttmans’ Rule

Scree Test is a visual test and the idea is to take components until there is no variation of

one component with respect to the next component (Bro and Smilde, 2014). For example,

Figure 4.10 shows how the difference between fifth and sixth components are low (5.4% -

4.5% = 0.9), but the same is possible to say with respect to Components 7 and 8 in which

its difference is (2.9% - 2.5% = 0.4%). In this way, it is possible to guess that it is necessary

just 5 or 7 Principal Components.
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Figure 4.10: Variation of data with respect to each principal component

Eigenvalue below one is a method in which consider just the Principal Components such that

its eigenvalues associated are below one (Bro and Smilde, 2014). For example, Figure 4.11

shows that fifth eigenvalue is below one, then, with respect to this test, it is necessary just to

take 4 Principal Components.

Figure 4.11: Values of a few eigenvalues associated to its respective Principal Components

In this way, it is chosen 4 Principal Components according to the Eigenvalue below one test,

which is more accurate with respect to Scree Test, in this case. 4 Principal Components have

a Cumulative Proportion of 81.80% preserving data variance. This study will use 4 Principal

Components, it is not possible to represent a space of 4 dimensions, for that reason it will be

presented the relation between principal components by pairs, as presented in Figures 4.12,

4.13, 4.14, 4.15, 4.16 and 4.17.



52

Figure 4.12: Principal Components 1 vs 2

It is possible to observe in Figure 4.12 how positive emotions as Joy, Happiness are separated

from negative emotions. Also, it is possible to observe how an emotion as Pride is isolated by

these two principal components.

Figure 4.13: Principal Components 1 vs 3

Figure 4.13 shows how positive emotions are influences by different Principal Components.
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Figure 4.14: Principal Components 1 vs 4

Figure 4.14 shows how positive emotions as Joy has proximity with emotions as Disgust,

given by principal Component 1.

Figure 4.15: Principal Components 2 vs 3

Figure 4.15 shows how Principal Components 2 and 3 separate positive emotions from nega-

tive emotions and again Pride as a isolated point.
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Figure 4.16: Principal Components 2 vs 4

Figure 4.16 shows how Principal Componentes 2 and 4 separate positive emotions from nega-

tive emotions with the difference that Pride emotion is close to Anger emotion.

Figure 4.17: Principal Components 3 vs 4

Figure 4.17 shows a proximity between positive emotion Happiness with Irritation emotion

consider as negative.

It is possible to observe in Figures 4.13, 4.14 and 4.17 how some vector emotions are not ex-

pected to have proximity between them as the case of vector emotion Joy in Figures 4.13

and 4.14, and the case of the vector emotion Hapinnes in Figure 4.17 that are close to vector

emotions consider as negative emotions. Also, it is possible to observe in Figures 4.12, 4.15,

4.16 how positive emotions (Joy, Happiness) are separated from negative emotions given by
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pairs of Principal Components (1,2), (2,3) and (2,4). Proximity between emotions and sep-

aration between them can be explain by the influence of certain variables associate to each

emotion, that is, it is possible that certain positive emotions share some variable that elicit

negative emotions also.

For that reason it is established a Cluster using the algorithm K-means. This cluster is com-

pared with Pearson Coefficient showed in Figure 4.8 to establish definite groups of emotions.

4.3.1 Data Clustering Analysis

In this study data is very small, and it is possible to study with a few tools as K-means al-

gorithm, which is the most popular algorithm for classification of data, but also it is a sim-

ple method (Kodinariya and Makwana, 2013). In this research It is chosen k-means because

the algorithm establishes groups based on a metric, in this case the euclidean metric. Vector

emotions with less euclidean distance are more close to each other.

K-means Algorithm

According to (Kodinariya and Makwana, 2013):

The main idea is to define N centroids, one for each cluster. These centroids should

be placed in a cunning way because of different location causes different result.

So, the better choice is to place them as much as possible far away from each

other. The next step is to take each point belonging to a given data set and as-

sociate it to the nearest centroid. When no point is pending, the first step is com-

pleted and an early group is done. At this point, it is needed to re-calculate N

new centroids as centers of the clusters resulting from the previous step. After

these N new centroids, a new binding has to be done between the same data points

and the nearest new centroid. A loop has been generated. As a result of this loop

it may notice that the N centroids change their location step by step until no

more changes are done. In other words centroids do not move any more.

K-means responds to an objective function which it is necessary to minimize showed in equa-

tion 4.3. In equation 4.2, C represents Sum of distances from a set of points yi to a centroid

ck. Each point yi is in a cluster Sk. C represents proximity of points of a cluster to its cen-

troid.

In equation 4.3, W(C) represents Sum of the distance C for each cluster Sk. N represents

the total quantity of cluster.

C =
∑

i∈Sk

‖yi − ck‖2 (4.2)

W (C) =
N∑
k=1

∑
i∈Sk

‖yi − ck‖2 (4.3)
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The first step is to find the ideal quantity of cluster N such that minimize W(C). For that,

there are a variety of methods to find this ideal quantity. In this work it is explore a few

methods (more popular and simple) because as in PCA there is not just one method to find

the ideal quantity of clusters. It is chosen the most popular and simple because data Scherer

is small, so, it is not necessary a sophisticated algorithm to find a relation in Scherer’s data.

These methods are taken from (Kodinariya and Makwana, 2013):

• Rule of thumb;

• Elbow method;

• Silhouette Method.

By rule of thumb method is a simple calculation (Kodinariya and Makwana, 2013). In this

case, n is the number of data points, that is 14 (emotions):

N ≈
√
n

2
(4.4)

N ≈
√

14

2
(4.5)

N ≈ 2.65 (4.6)

N = 3. (4.7)

In this way, to rule of thumb method it is necessary 3 clusters.

In the moment of implement k-means in software R with a quantity of clusters N = 3 it is

obtained the results exposed in Figure 4.18. In this figure, it is observed how Pride Emotion

is consider as a negative emotion against Scherer’s point of view in (Scherer et al., 2001). For

that reason it is not consider N = 3 as the number of clusters.
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Figure 4.18: Clusters with N = 3 - Pride as a negative emotion

Elbow method is a visual method, similar to Scree test from PCA, because the idea is to

make a plot of the quantity of cluster N vs the value of W(C) (see Figure 4.19) and choose

a quantity N of clusters observing if the variation of the W(C) with respect to next value of

W(C) is low. In Figure 4.19 is possible to observe that in N = 8 the variation of W(C) value

with respect to next one is low. Then, in this case, it is said that the quantity of cluster is 8,

according to Elbow method.

Figure 4.19: Quantity of Clusters N vs W(C) values

In the moment of implement in software R using clusters N = 8 it is obtained next results

showed in Figure 4.20. It is observed that Fear emotion is isolated from Anxiety, Anger Emo-

tion. In Scherer et al. (2001), Anxiety and Fear have a strong bond because the multiple per-
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ception of the future are tied to Fear, for that reason it is not consider N = 8 as a good num-

ber of clusters.

Figure 4.20: Clusters with N = 8 - Fear not related to Anxiety emotion

Silhouette Method is a method that measures distance between clusters depending of the se-

lection of Cluster quantity N. The optimal quantity of clusters N depends of this distance be-

tween cluster, that is, highest distance between clusters corresponds to the optimal quantity

of clusters N. Results are obtained in Figure 4.21 showing that optimal quantity of clusters is

N = 4.

Figure 4.21: Silhouette Method for K-means

In the moment of implement k-means with a quantity of clusters N = 4 it is obtained a

reasonable result classifying emotions in Positive and Negative, Pride emotion is isolated,
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neither positive or negative, Anger emotion is associated with Fear emotion according to

(Scherer et al., 2001). Figure 4.22 shows the Clusters for N = 4.

Figure 4.22: Cluster with respect to Principal Components 1 vs 2

Based in these results, in this work it is used a quantity of Clusters N = 4. Having these

groups of emotions given by algorithm of clustering K-means:

a) Anger, Fear, Anxiety, Grief ;

b) Irritation, Contempt, Shame, Guilt, Boredom, Sadness, Disgust ;

c) Joy, Happiness ;

d) Pride.

These groups are similar to the groups found with Correlation Pearson Coeffient (see groups

(Figure 4.8).

K-means was develop with euclidean metric and it is contrasted with Correlation Pearson

Coefficient which is Pearson metric. So, from two different metrics it is obtained similar groups.

It means that some emotions are close to have a linear relation in the case of Correlation

Pearson Coefficient and some emotions have similar variation in the case of k-means using

PCA.

Now, with respect to PCA, the quantity of Principal Components is 4, then, it is not possible

to visualize emotion groups in 4 dimensions, for that reason it is visualised in pairs of Com-

ponents, as presented in Figures 4.23, 4.24, 4.25, 4.26 and 4.27.
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Figure 4.23: Cluster with respect to Principal Components 1 vs 3

Figure 4.24: Cluster with respect to Principal Components 1 vs 4
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Figure 4.25: Cluster with respect to Principal Components 2 vs 3

Figure 4.26: Cluster with respect to Principal Components 2 vs 4
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Figure 4.27: Cluster with respect to Principal Components 3 vs 4

It is possible to observe in Figures 4.23 and 4.24 the proximity of Positive Emotions to nega-

tive emotions with respect to some Principal Components. In Figures 4.25, 4.26 and 4.27 are

observed the proximity between groups of negative emotions (groups of blue and red color)

with respect to some Principal Components. A possible explanation of proximity is that

these emotions are elicited by similar variables (checks) and PCA record similar variation of

data.

About groups obtained in this classification, it is curious to observe that vector emotions:

Fear and Anxiety are in the same group, it is curious because in (Scherer et al., 2001) Fear

and Anxiety are highly correlated supported by clinical studies, considering Fear as the cen-

tral emotion in Anxiety. Besides, in Scherer’s study (Scherer, 1993), he uses the words sad-

ness and depression as synonymous. So, it is possible to have a tentative names for these

groups as:

a) Anxiety Group;

b) Depression Group.

In this way, it is possible to compare groups obtained from k-means and groups obtained

from Pearson Correlation:

Pearson Correlation Groups

• Contempt, Irritation, Sadness, Fear, Grief, Anxiety, Anger, Pride
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• Shame, Guilt

• Joy, Happiness

K-means Groups

• Anger, Fear, Anxiety, Grief

• Irritation, Contempt, Shame, Guilt, Boredom, Sadness, Disgust

• J oy, Happiness

• Pride.

K-means Groups is more related to Scherer views about emotions because he does not label

Pride emotion as a negative emotion. For that reason is choose k-means group as the definite

group to continue with the study.

Now, having groups emotions it is possible to establish a relation between groups using Cate-

gory Theory (CT) and Scherer’s theory of emotions explained in section 2.

In this way, next chapter explains basic notions of CT and it is implemented groups of emo-

tions (Scherer groups founded in this section and OCC groups of emotions given by the the-

ory itself) as categories (in a mathematical sense).
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5 CATEGORY THEORY AND APPRAISAL THEO-

RIES

In this chapter, the emotions model from Scherer (1993) and emotions from OCC are mod-

elled basing to categories.

5.1 Categories for Scherer Emotions

After presenting the intuition of a Category and a Functor, the Figure 5.1 illustrates the

structure of Appraisals in Scherer’s theory. Appraisals in Scherer’s theory works in a sequence.

When an emotion emerges to a subject, Relevance Appraisal is the first in to be activated,

after that, comes the appraisal Implication and so on. Those four Appraisals constitute an

Emotion, a category, for that reason in Figure 5.1 presented arrows as a composition of ar-

rows to satisfy the definition of a category. These objects are Relevance, Implication, Coping,

Normative Signifance and the arrows are f, g, h, f ◦ g, h ◦ g. These arrows establish the order

relation between the Appraisals Relevance, Implication, Coping Potential, Normative Signif-

icance, that is: f establishes the order relation between Relevance and Implication, g estab-

lishes the order relation between Implication and Coping Potential, h establishes the order

relation between Coping Potential and Normative Significance. The compositions g ◦ f, h ◦ g
are used just to satisfied the definition of a category. It is necessary to explain that the four

groups of emotions used are obtained by the K-means algorithm. It is chosen the groups of

K-means because with respect to the vector emotion Pride.
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Figure 5.1: Scherer’s sequences of Appraisals presented with composition between arrows

Figure 5.2 presents the elements of objects of the category, that is, the elements (Checks) of

the appraisals. For example, in the object (Appraisal) Relevance there are the elements: Nov-

elty, Intrinsic Pleasantness, Goal Relevance; and in the object (Appraisal) Implication As-

sessment there are the elements: Probability, Discrepancy from expectation, Goal/Need Con-

duciveness, Urgency.
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Figure 5.2: Scherer’s Emotion General Model as a Category, adding Checks for each Ap-

praisals

Finally, Figure 5.3 shows the relation between Categories (emotions) through a Functor. In

this figure there are the categories: Emotions 1, Emotion 2 (in red color) and the Functor

H (in brown color). It is necessary to remember that the functor H in Figure 5.3 carries im-

ages of each object of the category, in this case: Relevance, Implication Assessment, Coping

Potential, Normative Significance, each one of them has image through the Functor H, that

is:

H(Relevanceemotion 1) = Relevanceemotion 2 (5.1)

H(ImplicationAssessment)emotion 1 = ImplicationAssessmentemotion 2 (5.2)

H(Coping Potentialemotion 1) = Coping Potencialemotion 2 (5.3)

H(Normative Significance)emotions 1 = Normative Significanceemotion 2 (5.4)

Looking to Figure 2.5, it is possible to understand the general idea.

Functor in this case establish the relation obtained by k-means. For example, one of the groups

establish by k-means is Positive Emotions: Happiness and Joy. A Functor establish the rela-

tion between these emotions given by the k-means.
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Figure 5.3: Relation between categories (emotions) through a Functor

Once established emotions as categories and the relation between them through a Functor, it

is used the values from Figures 4.1, 4.2, and the results presented in Figures 4.22, 4.23, 4.24,

4.25, 4.26 and 4.27, to define quantitatively the categories (emotions) and the relation be-

tween them through a Functor 3.

3Probability Check has a value of “?”, because in data from (Scherer, 1993) it is not assigned any value
because Probability Check does not appear as a Check Appraisal, but in (Scherer et al., 2001) Probability
Check appear as a Appraisal Check, for that reason was included in this proposal.
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It is chosen 4 groups of vector emotions based on the Scherer’s theory taken from (Scherer

et al., 2001) and the differents way to choose the quantities of groups (k) that offers the algo-

rithm.

Figure 5.4: Anxiety values in its category
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Figure 5.5: Fear values in its category

Figure 5.6: Anger values in its category
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Figure 5.7: Grief values in its category

Figure 5.8: Contempt values in its category
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Figure 5.9: Disgust values in its category

Figure 5.10: Irritation values in its category
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Figure 5.11: Shame values in its category

Figure 5.12: Guilt values in its category
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Figure 5.13: Boredom values in its category

Figure 5.14: Sadness values in its category
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Figure 5.15: Joy values in its category

Figure 5.16: Hapiness values in its category



75

The last emotion observed as a category is Pride, as shows Figure 5.17. Also, this figure rep-

resents the first group of the clustering develop with the algorithm k-means. The next step is

to establish the connection between emotions of the same group with the notion of Functor.

In this way, Figure 5.18 represents the group of emotions composed of just one emotion.

Figure 5.17: Pride values in its category

Figure 5.18 exhibits the second group composed of four emotions named as the Anxiety Group

because of the relation between Anxiety and Fear expressed in (Scherer et al., 2001).

In Figures 5.18 and 5.19 it is not presented the names of the Checks to keep clarity in the

images, but names of each emotion is written. Arrows in brown: F1, G1, H1, J1 represents

the Functors that express the relation between Categories (Emotions).

Functors express the relation established by k-means, that is, each group in k-means is rep-

resented by the category of each emotion and the relations between categories given by the

Functors.

Definitions of Functors are like shows figure 5.3 taking into account that each object (Rele-

vance, Implication Assessment, Coping Potential, Normative Significance) is mapped in itself

as shows equations: 5.1, 5.2, 5.3, 5.4
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Figure 5.18: Relation between categories (Emotions) in the Anxiety group

In Figure 5.19 shows other group of emotions vector named as Depression group. It is not

represented all the arrows in brown color (Functor) between emotions (categories) because

the figure could result a little confused, but the idea is that all the emotions are related by an

arrow in brown color (Functor), that is to represent the relation of the emotions as a group

and to express the notion of a category.
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Figure 5.19: Relation between categories (Emotions) in the Depression
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Figure 5.20 shows the last group develop with the algorithm kmeans. This group can be named

as Positive emotions group.

Figure 5.20: Relation between categories (Emotions) in the Positive emotions group

5.2 Proposal of OCC model as Categories

To do a computational model of human emotions is to think emotions as a system, as Scherer

et al. (2001) says: “Human emotions is an organize set and it is possible to know what is its
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process. In this case emotions are thinking that have an appraisal processes”.

In this way, an emotion in a human emerges if there is a situation that is evaluated in an ap-

praisal process and then come up the emotion as a response to the situation (Scherer et al.,

2001). There is a variety of appraisal theories of emotions, but all of them have in common

that think emotions as a system. A kind of theories considers emotions in a discrete way,

that is, there is no an infinite quantity (continuum) of emotions, but discrete emotions, each

emotion perfectly distinguishable of other emotion (Scherer et al., 2001). It is the case of

OCC, which emotions are consider in a discrete way.

Those theories are thinking as a system, then, it is possible to do a mathematical model,

as (Adam et al., 2009), that is a mathematical formalization of OCC, and a computational

model of them, as the implementations of some appraisal theories and showed in Figure 2.3.

There is an example of this kind of models (a mathematical model). Hartmann et al. (2012)

use Category Theory, in which, each emotion is a category and emotions are related with

functors (functions with certain properties). It gives a mathematical formality to the psycho-

logical theory. One of the advantage is that it is possible to find contradictions in the theory,

as (Adam et al., 2009), where the mathematical formalization of OCC has not contradictions

in its structure. Another advantage is to find a computational model and to do an optimiza-

tion in the model (Hartmann et al., 2012), and it is possible to test the psychological theory,

as in the case of OCC theory (Ortony et al., 1990).

With this view, in this section is explained a view of OCC in CT, that is, in a mathematical

way with a future propose of a computational implementation.

Using previews definitions of a category, Trujillo et al. (2018) propose an idea for OCC the-

ory as categories. To model OCC theory with CT is used the general structure of OCC with

respect to its variables.

It is possible to represent each group of type of emotions with a graph, that is each group of

type of emotions is diferenciated by a unique graph. For example, Figure 5.21 shows a graph

representing one set of type of emotions, in this case is the group FORTUNE-OF-OTHERS

(Trujillo et al., 2018). The construction of the graph is based on the general structure of

OCC showed in Figure 2.2.
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Figure 5.21: Type of emotion as a category (Trujillo et al., 2018)

In Figure 5.21, gray dots represent the global and local variables, these are:

• Global variables a1, a2, a3, a4 are: Sense of Reality, Proximity, Unexpectedness, Arousal.

• Sets D5, D6, D86, D87, D88 are defined to represent Local Variables: .

Now:

v1, v2, v3, v4, v5, v6, v7, v8 (5.5)

Where:

v1, ..., v8 represents arcs of the graph (in this case functions).

After that, it is necessary to define the set that is going to be used in the definition.

Denote B = {1, 2, 3, 4, 5, 6, 7, 8}, G = G1 ∪ G2, where G1 = {a1, a2, a3, a4} and G2 =

{a5, a6, a7, a8}. G1 represents the values of global variables in red color in Figure ?? and G2

represents the values of the rest of variables (local variables in blue color in Figure ??) that

affects the set of emotion types fortunes-of-others, as it was explain in the above section.

To simplify the notation, let i ∈ B for the rest of definitions and properties

D = {x ∈ R+} be the set of possible values of the variables, that is: ai ∈ D:

D5 = {(0, ..., 0, ai, 0, ..., 0)︸ ︷︷ ︸
i−position

∈
∏5

j=1D : ai ∈ G1 ∧ i ≤ 4} (5.6)
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Elements of D5 always have the fifth coordinate with zero and here some examples to under-

stand the set D5 : (a1, 0, 0, 0, 0), (0, a2, 0, 0, 0),(0, 0, a3, 0, 0). D6 has a similar definition of D5

with the difference that in the fifth coordinate has always the value a5, sixth coordinate is

always zero and D6 ⊆
∏6

j=1D.

D6 = {(0, ..., 0, ai, 0, ..., a5, 0)︸ ︷︷ ︸
i−position

∈
∏6

j=1D : ai ∈ G1 ∧ i ≤ 4} (5.7)

Examples of D6 set are: (0, 0, 0, 0, a5, 0), (a1, 0, 0, 0, a5, 0), (0, 0, a3, 0, a5, 0). D86 has a similar

definition to the D6 set conserving the a5 values in the fifth coordinate, D86 changes in those

properties: it has in the sixth coordinate the value a6, seventh and eighth coordinates are

always zero and D86 ⊆
∏8

j=1D:

D86 = {(0, ..., 0, ai, 0, ..., a5, a6, 0, 0)︸ ︷︷ ︸
i−position

∈
∏8

j=1D : ai ∈ G1 ∧ i ≤ 4} (5.8)

Examples of D86 set are: (0, a2, 0, 0, a5, a6, 0, 0), (0, 0, 0, a4, a5, a6, 0, 0), (0, 0, a3, 0, a5, a6, 0, 0).

Sets D87 and D88 are defined in the same way as D86 set, they change values in the seventh

and eighth coordinates:

D87 = {(0, ..., 0, ai, 0, ..., a5, 0, a7, 0)︸ ︷︷ ︸
i−position

∈
∏8

j=1D : ai ∈ G1 ∧ i ≤ 4} (5.9)

D88 = {(0, ..., 0, ai, 0, ..., a5, 0, 0, a8)︸ ︷︷ ︸
i−position

∈
∏8

j=1D : ai ∈ G1 ∧ i ≤ 4} (5.10)

Examples of sets D87 are: (a1, 0, 0, 0, a5, 0, a7, 0), (0, 0, a3, 0, a5, 0, a7, 0), (0, a2, 0, 0, a5, 0, a7, 0).

Examples of sets D88 are (a1, 0, 0, 0, a5, 0, 0, a8), (0, a2, 0, 0, a5, 0, 0, a8), (0, 0, 0, a4, a5, 0, 0, a8).

After this, it continues with the graph notion. Where:

O = G1 ∪D5 ∪D6 ∪D86 ∪D87 ∪D88 and

A = {vi : i ∈ B} ∪ I (I = {idc : idc : c→ c identity arrow})
See Equation 2.4, where O is the set of objects and A is the set of arrows of the graph.

Next step is to define functions Domain and Codomain (see Equations 2.1 and 2.2).

Dom: A→ O
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Dom(vi) =


ai, if i ≤ 4

D5, if i = 5

D6, if 6 ≤ i ≤ 8

(5.11)

Cod: A→ O

Cod(vi) =



D5, if i ≤ 4

D6, if i = 5

D86, if i = 6

D87, if i = 7

D88, if i = 8

(5.12)

The next step is to construct the set A xO A (see Equation 2.7).

AxOA = {〈vi, v5〉 : i ≤ 4} ∪ {〈v5, vi〉 : 6 ≤ i ≤ 8} (5.13)

The construction of the set AxO A is possible because of the definition of object relations in

Equations 2.1 and 2.2, as well as, the constructions of the Domain and Codomain given in

Equation 2.3.

According to definition of category, it is a graph with two additional functions and two addi-

tional axioms (see Equations 2.4 and 2.7).

Function identity

id : O = {G1 ∪D5 ∪D6 ∪D86 ∪D87 ∪D88} → A (5.14)

id(x) = idx (5.15)

Where idx : x→ x is the ideintity arrow.

In the case of x ∈ O, so, x ∈ G1 or x ∈ D5 or x ∈ D6 or x ∈ D86 or x ∈ D87 or x ∈ D88, but

in each case goes to the identity arrow.

With respect to Composition function:

AxO A
◦−−→ A (5.16)

〈vi, v5〉 −→ v5 ◦ vi if i ≤ 4 (5.17)

〈v5, vi〉 −→ vi ◦ v5 if 6 ≤ i ≤ 8 (5.18)
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Composition and associativy laws are proven in the following way:

For: 1 ≤ i ≤ 4 and 6 ≤ j ≤ 8

Composition

v5 ◦ vi(ai) = v5((..., ai, ...)︸ ︷︷ ︸
i−position

) (5.19)

= (..., ai, ..., a5︸︷︷︸
fifth−position

, 0) (5.20)

vj ◦ v5((..., ai, ...)) = vj((..., ai, ..., a5, 0)) (5.21)

= (..., ai, ..., a5, ..., aj︸︷︷︸
j−position

, ...) (5.22)

Associativity

To proof: vj ◦ (v5 ◦ vi) = (vj ◦ v5) ◦ vi.

vj ◦ (v5 ◦ vi)(ai) = vj ◦ v5((..., ai, ...)) (5.23)

= vj((..., ai, ..., a5, 0)) (5.24)

= (..., ai, ..., a5, ..., aj, ...) (5.25)

vj ◦ (v5 ◦ vi) = (..., ai, ..., a5, ..., aj, ...) (5.26)

(vj ◦ v5) ◦ vi(ai) = (vj ◦ v5)(..., ai, ...) (5.27)

= vj ◦ v5((..., ai, ...)) (5.28)

= vj((..., ai, ..., a5, 0)) (5.29)

= (..., ai, ..., a5, ..., aj, ...) (5.30)

With the above analysis it is proven composition and associativity.

With respect to Unit law the composition of functions is proven in the following way:

For each function vk with 1 ≤ k ≤ 8 it is constructed the following function:

1domvi : domvi → domvi (5.31)

Where domvi is the domain of the arrow vi.

So, Unit law is guaranteed in the following way:

For vk : domvk → codvk and vr : codvk ⊆ domvr → codvr where 1 ≤ k, r ≤ 8.
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1domvr ◦ vk = vk (5.32)

vr ◦ 1domvr = vr (5.33)

5.3 Comparing Scherer’s theory of emotions with OCC theory of

emotion

The propose of a semantic study of emotions words is to establish a semantic connection be-

tween theories (OCC and Scherer).

In Ortony et al. (1987), the authors have propose a structure of the emotion lexicon to OCC.

In Clore et al. (1987), the authors made an empirical study to verified the structure of the

emotion lexicon mentioned before.

In Scherer’s studies about emotion words, the focus is constructed from empirical studies and

these studies explain that emotions words responds to a fixed pattern of the appraisals, i.e.,

if the studies presents a continue pattern of appraisal (same intensity, for example) then it is

associated a word emotion to this pattern of appraisal (Fontaine et al., 2013).

This section, a first organization to links variables from OCC with checks from SECs (Scherer’s

theory) to establish a relationship between theories. This ”link” is one of the biggest prob-

lems of Appraisal theories.

According to Scherer (1993):

“The lack of consensus on the number and types of appraisal criteria”.

And Marsella et al. (2010) reinforce this idea:

“Emotions are a central aspect of everyday life and people have strong intuitions

about them. As a consequence, the terms used in emotion research (appraisal,

emotion, mood, affect, feeling) have commonsense interpretations that can dif-

fer considerably from their technical definition within the context of a particular

emotion theory or computational model (Russell 2003). This ambiguity is con-

founded by the fact that there are fundamental disputes within psychological and

neuroscience research on emotion over the meaning and centrality of these core

concepts”.

There is not a consensus about what is the optimal number and types of appraisals needed in

an apraisal theory even so, there is not a consensus about what is an Emotion. In this way,

the proposal research is to mitigate misunderstanding between emotion theories using cate-

gory theory, semantic approach betweeen emotion theories.



85

It is showed a first approximation of this future research. The idea is to establish an equiva-

lence between variables in OCC and Checks in Scherer Appraisal’s. In Table 2, the first vari-

able in OCC that it is taken as an equivalent to the Check Familiarity in SECs is the vari-

able Familiarity in OCC, because Familiarity in both theories is related with the bond of the

subject experience the emotion with the event in Scherer (Scherer et al., 2001) and with the

object in OCC (Ortony et al., 1990).

Another Check Scherer’s is Control Check from the appraisal Control Potential, this check

is about a situation that is possible to be controlled or not by the subject. For that reason,

it is possible to establish a relation with the variable Sense of reality from OCC, where this

variable determine the grade of reality of a situation, that is, if the situation has a sense of

reality high then the experience of the emotion is high. It is possible to observe this relation

in Table 2.

Next check is Power Check, if control is possible, this check evaluates resources of the subject

to exert control of the situation. For that reason, it is possible to have a relation with the

variable Effort from OCC, because Power check exert an effort in the subject to control the

situation, to group the resources. Effort variable in OCC is related to the subject actions

to achieve some goal, that is, to group resources to achieve this goal, if the effort is high the

intensity of the emotion is high (Ortony et al., 1990).

Appraisal Normative Significance Evaluation in Scherer’s is related to morality, to the action

of others with respect to the person experience the emotion (Scherer, 1988). In OCC, moral-

ity and emotions provoked by the actions of others is related to Attribution emotion, where

it is related to three variables: Blameworthiness/Praiseworthiness, Strength of unit and Ex-

pectation deviation. Blameworthiness/Praiseworthiness refers to the blame or praise of ac-

tions do it by the subject experienced the emotion. Strength of unit variable is related to the

association of the subject experience the emotion with some person or group (action of oth-

ers). For example: to feel pride of the achieve of some beloved person (Ortony et al., 1990).

Expectation deviation is related to deviation expectation of the subject experienced the emo-

tion has about some person or a person in some role. For example: a person can admire more

a person that run a marathon without doing exercise than a person that do exercise all the

days. For that reason is related to Internal Standards Check the variable Expectation devia-

tion and related to External Standards Check, the variable Strength of unit. It is possible to

establish another relationship between them, that is Internal Standards Check with Strength

of unit and External Standards Check with Expectation deviation. The reason of these pos-

sibilities is that it is possible to establish the relation between those checks and variables ac-

cording to their definitions.

Table 2 presents these relationships between appraisal theories. Words in red color means

that are the above relation provided. Table 2 was modified from a table taken from (Scherer,

1993). In the table from (Scherer, 1993), there was not words in red color showed in Table 2:
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Scherer Ortony/Clore/Collins

Novelty

Suddenness

Familiarity Familiarity

Predictability Unexpectedness

Intrinsic Pleasantness Appealingness

Goal significance

Concern relevance

Outcome probability Likelihood

Expectation Prospect realization

Conduciveness Desirability

Urgency

Coping potential

Cause: Agent Agency

Cause: Motive Sense of reality

Control Effort

Adjustment

Compatibility Standards Praiseworthiness

External Strength of unit / Expectation deviation

Internal Strength of unit / Expectation deviation

Table 2: Table comparing properties of Appraisal theories (with a computational implemen-

tation) - Making new connections between Checks in Scherer’s and variables in OCC.

One of the propose to relate theories of emotions through a semantic and in a categorical way

has the intention to be applied in computational models of emotions, for that reason it is ex-

plained a context of computational models of emotion in next subsection.
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6 CONCLUSIONS AND FUTURE WORKS

This work shows the necessity to provide brigdes between theories of emotions to avoid con-

fusion in theoretical concepts of emotions, to facilitate computational implementations and to

improve emotion theories.

To achieve that, it was explained a little about history of appraisal theories, describing some

of the appraisal theories, commenting about the computational models of emotions, develop-

ment an study of checks using PCA, Corelation Pearons coefficient, k-means and CT.

In this research, it was proposed a model for OCC and Scherer’s theory based in CT. To

achieve that, it was study the structure of these theories, study an empiricial research de-

veloped by Scherer to use the data from the research and to provide connections between

emotions of Scherer’s theory and to provide connections between emotions from OCC. In

Scherer’s these connections was provided by PCA, that shows variance in a set of vectors,

in this cases vectors of emotions given by the data. With respect to OCC, it was observed

the relation between variables and Emotions as a graph, so each type of emotion is associ-

ated to a Graph and similar type of emotions has the same graph changing in intensity of the

variables.

6.1 Future Works

OCC and Scherer’s theories are Appraisal theories have intrinsic properties. OCC is a cogni-

tive and semantic approximation to explain the process of emotions with a concept of type of

emotion to refer to a set of 22 sets of emotions, in which each set has similar emotion labels.

OCC theory is one of the theories that has more computational implementations, perhaps

by its theoretical coherence, but it is a theory that it is not tested in empirical studies, as

Scherer’s theory.

Scherer’s theory explains the inner process of appraisal (OCC does not do that), Scherer’s

theory consider emotions in a dimensional spaces, that is, there is an infinite quantity of emo-

tions. Figure 6.1 shows some diference of these theories.
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Figure 6.1: Discrete emotions vs dimensional emotions

Scherer mentions in (Scherer, 1993) and others authors as (Marsella et al., 2010), affirm that

it is necessary to establish comparisons between emotion theories to mitigate the confusion

in theoretical concepts and process of emotions elicitation, also, to improve emotion theories.

Whit this propose, future works is to establish a comparison between these theories using

category theory and a linguistic approximation.

As a first tentative, it is provided a way to compare these theories based of previews Scherer’s

studies taking in account some restrictions:

1. It is contemplated a finite number of emotions in the dimensional space of emotions in

Scherer theory;

2. The relation provided between these theories is a semantic relation between variables in

OCC and Checks in Scherer’s;

3. Data is taken from empirical studies developed by Scherer to test his theory in the pre-

diction of emotions. This data is used to make the semantic comparison between theo-

ries.

With respect to the first restriction, it is necessary to establish a finite number of emotions to

do the comparison between theories because Scherer’s studies testing his theory use a finite

number of emotions (Scherer, 1993) (Meuleman and Scherer, 2013).

With respect to the second restriction, it is conceived in that way because theories are so dif-

ferent that the unique approximation it a semantic way.

With respect to the third restriction it is considered in this manner because there are only

empirical data from Scherer’s theory.

Once, it is established the restrictions, next step is to explain the semantic approximation be-

tween theories. In table 2 is exposed some semantic similarities between OCC and Scherer’s
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theory, but it is necessary to improve these similarities with the future propose of to establish

a better relation of the theories using category theory.
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