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Abstract

Recently, emotions play a more and more important role in intelligent be-
havior researching in Artificial Intelligent area, specially in intelligent in-
teraction systems. Purposes of these researches are to construct natural
interactions between human and machine as those among humans by as-
signing computers human-like abilities of observation, interpretation (un-
derstanding, representation, reasoning) and generation of affect features,
including user’s emotions. This thesis proposes a logical framework which
enables computer to represent emotions as well as to reason about emotions
based upon some causal attitude which has a tight and natural relation
with emotions: trust and distrust mental states. In other terms, from our
proposed logical framework, we formalize the concept of some emotions as
well as trust and distrust which are composed of their cognitive factors
as argumentation of cognitive psychologists. From these formal concepts,
we show that there are some relations between trust/distrust and emo-
tions, particularly the effect of trust and distrust on emotions: a success
following trust brings about satisfaction and/or gratitude; a failure follow-
ing trust brings about disappointment and/or anger; a success following
distrust brings about relief and/or gratitude; and a failure following dis-
trust brings about fear-confirmed. These relations, after being formalized
at the formal level, will also be validated by collecting empirical data, at
the behavioral level.
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Introduction

Recently, emotions play a more and more important role in intelligent be-
havior researching in Artificial Intelligence (AI). There are some motivations
for reason why emotions become an active research area in computer sci-
ence. First, having emotional abilities enable agents more believable. The
AI researchers try to create the illusion of life by endowing agents with
human abilities that they consider essential in intelligence (like reasoning,
problem solving, learning, etc. cf. Bates [15]). Gratch and Marsella [96]
agree on the crucial role emotions play in human intelligence and on the
need to integrate them into virtual agents. However they notice that com-
puter scientists are mainly interested in making their agents more believable
by endowing them with emotional expressions. Second, emotions have an
impact on cognition. Many psychologists proposed models of the impact of
emotions on cognitions. For instance, Forgas [79] proposes the Affect Infu-
sion Model (AIM), a framework allowing to explain how affectively loaded
information can modify reasoning. Others researches attest the impact of
emotions on abilities characteristic of human intelligence (planning, mem-
ory, learning, etc. cf. Gratch and Marsella [96]). Third, that is because of
the birth of affective computing (Picard [195]) whose objective is to con-
struct a transparent and adaptive interface between human and machine.
In order to do this, the computer must focus not only on user’s input, but
also on the user’s emotional states. This gives computers the human-like
abilities of observation, interpretation and generation of affect features, in-
cluding user’s emotions. The ability of interpretation seem to be at the
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2 Introduction

core of emotional processing because it requires technologies which enable
computers to understand, represent and reason about emotions.

In order to construct an emotional model that would fulfill this poten-
tial requirement, computer scientists capitalize on psychological theories
of emotion. There are many theories of emotions in psychology (de Sousa
[235]), such as feelings theories which argue that emotions are feelings caused
by changes in physiological conditions relating to the autonomic and mo-
tor functions (James-Lange [119], Cannon-Bard [36, 37], Schacter-Singer
[219]); appraisal theories which consider emotion as a subjective evaluation
of the environment in relation to the agent’s goals (Arnold [9], Frijda [81],
Lazarus [135], Roseman and Smith [208]), and cognitive theories which say
that emotions are characterized by their associated cognitions and therefore,
can be described as a set of beliefs, desires and feelings (Ortony et al. [186],
Oakley [178], Reisenzein [205]). Most emotional applications for computers
are built on the appraisal and cognitive theories of emotions, which assume
that emotions are closely tied to changes in beliefs and desires such as the
cognitive structure of emotion of Ortony et al. [186], the cognitive pattern
of emotion of Lazarus [135] and the belief-desire theory of emotion (BDTE)
of Reisenzein [205].

The appraisal and cognitive theories of emotions seem to be suitable to
models constructed for interaction systems because: (i) their position on
the awareness of emotions enables agents to recognize their emotion as well
as that of their partners, and (ii) these theories assume that each emotion
is characterized by its proper cognitive structure, this feature enables the
modeler to construct emotions by considering primitive cognitive operators,
such as belief and desire. There are many models of emotions based on
appraisal and cognitive theories, from computational models such as that
of Gershenson [87] which handles the degree of contradiction that emotions
might have, the model of Hu et al. [111] based on the Belief-Desire-Intention
(BDI) model [86], or Steunebrink et al.’s [238, 239] attempt to combine the
qualitative and quantitative aspects of emotions. Let us also mention the
formal models of Sanders [218], Meyer [164] which is also based on the BDI
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model, the framework of dynamic logic and (an extension of) the KARO
framework [249], the model of Ochs et al. [181, 182], and the model of Adam
et al. [3] which is also based on BDI model.

This thesis proposes a logical framework which enables computers to
represent emotions, based on their cognitive factors. We also attempt to
give the computer the ability to reason about emotions, based on some
attitude which has a tight and natural relation with emotions: trust and
distrust mental states.

In order to formalize the concept of trust for rational intelligent agents,
we capitalize on the definitions of trust/distrust which argues that trust/dis-
trust have their proper cognitive factors, conscious and subjective. We work
from the cognitive definition of Castelfranchi and colleagues [39, 41, 75] who
argue that trust is a combination of various beliefs: competence belief, de-
pendence belief, disposition belief (which is decomposed into willingness
belief and persistence belief), self-confidence belief, and motivation belief.
The idea that trust is a combination of beliefs about the ability, intention,
and disposition of the trustee is the main foundation of many models of trust
in computer applications: computational model such as Marsh [153], Schillo
et al. [223], Abdul-Rahman and Hailes. [1], Esfandiari and Chandrasekha-
ran [72], Lashkari et al. [134], Yu and Singh [262, 263, 264], Sen and Sajja
[228], Carter et al. [38], Manchala [149], Nefti et al. [173] and Ramchurn
et al. [202]; or formal model such as Jones and Firozabadi. [123], Rangan
[204], the Epistemic Event Temporal Trust (E2T2) model of Grandison and
Reichgelt [92] and the logical model of Herzig et al. [103, 104].

Research has pointed out tight conceptual connections between emotion
and trust, at the theoretical level for Lahno [131], Barbalet [13], Bryce [32],
Aghion et al. [6], Lazarus [135, 136], Lewicki and Wiethoff [139]; or at
the behavioral level for Fehr et al. [76] among others. However, although
there are some separated formalizations of the concept of trust (Herzig et
al. [103, 104], Jones and Firozabadi [123], and Rangan [204]), and of the
concept of emotions (Adam et al. [3], Meyer [164], Ochs et al. [181, 182],
Sanders [218], Steunebrink et al. [238, 239]), there is not yet a common
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logic to represent them both. Our work aims at filling that gap by formally
representing trust and emotions in a common logic which is a combination
of the logic of beliefs and choices of Herzig and Longin [105] (a refinement
of Cohen and Levesque [50]), and the logic of time (introduced by Arthur
Prior [201]). This common logic will enable us to lay bare formal relations
between trust and emotion, particularly the effect of trust and distrust on
emotions: a success following trust brings about satisfaction and/or grati-
tude; a failure following trust brings about disappointment and/or anger; a
success following distrust brings about relief and/or gratitude; and a failure
following distrust brings about fear-confirmed. These effect of trust and
distrust on emotions, after being formalized at the formal level, will also be
behaviorally validated by collecting some empirical data.

This thesis is composed of seven chapters which are organized as follows:

Chapter 1 introduces a selective overview of researches on emotion in psy-
chology, including three main theories: theory of feeling, appraisal
theory and cognitive theory.

Chapter 2 presents a general view of researches on emotions in computer
science. Particularly, we examine the research on the treatment of
emotion in affective computing.

Chapter 3 offers a mixed overview of trust research, in psychology and com-
puter science. Particularly, we examine definitions of trust and related
concepts. Then, we try to categorize research on trust in computer
science into three groups: protocol-oriented models, computational
models, and formal models.

Chapter 4 introduces our logical framework, as a common logic for emo-
tions and trust/distrust; this common logic will enable us to lay bare
formal relations between trust and emotion, particularly the effect of
trust and distrust on emotions. The logic we offer is a combination of
the logic of beliefs and choices, and the logic of time.
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Chapter 5: Using the logic introduced in chapter 4, this chapter presents
the formalization of the cognitive structure of emotion, including well-
being emotions such as joy and distress; prospect-based emotions such
as hope and fear; confirmation-based emotions such as satisfaction,
disappointment, fear-confirmed and relief; and compound emotions
such as gratitude and anger. This chapter also presents the formal-
ization of the cognitive structure of trust and distrust in the same
logic.

Chapter 6: From the formal representation of the cognitive structure of
emotion, trust, and distrust introduced in chapter 5, this chapter rep-
resents the effect of trust and distrust on emotion, in the same logic
introduced in chapter 4, in the form of propositions.

Chapter 7 offers validation by behavioral investigations, following the meth-
ods of experimental psychology. The success of these behavioral vali-
dations gives strong support to our approach, which is shown to cap-
ture lay users’ intuitions about the effect of trust and distrust on
emotions.





Chapter 1

Emotion in Psychology

This chapter introduces a selective overview of researches on emotion in
psychology. Section 1.1 presents a brief history of researches on emotion;
section 1.2 presents feeling theories of emotion; section 1.3 presents appraisal
theories of emotion; section 1.4 presents theories of emotion in the cognitive
point of view; section 1.5 presents relations between emotion and its related
term: mood.

7



8 CHAPTER 1. EMOTION IN PSYCHOLOGY

1.1 A brief history

Aristotle’s analysis of emotions in the Rhetoric is considered as the earliest
systematic discussion of human psychology [69]. It is valuable both for the
light it throws on the emotions in general and for what it says about the
role of the emotions in Greek political life.

After the Aristotle’s period, the world had to await until the 19th century
with Darwin’s book Expression of Emotion in Man and Animals (1872). It
is considered as the first study of the emotions using scientific methodology
(cf. Elster [69]). Darwin’s book examines how people and animals display
varieties of emotions via their facial expressions on three general principles
[54]: The principle of serviceable associated habits; the principle of an-
tithesis; and the principle of actions due to the constitution of the nervous
system.

Late 19th century is also the birth time of feeling theories. In 1884,
James [119] introduced his theory. Then, Cannon [36, 37] in 1927 and 1929,
Schacter-Singer [219] in 1962 respectively proposed their theory. These
theories argue that emotion is a class of feelings: emotions are triggered by
the perception of the physiological changes of body. While Darwin treated
only external signals of emotions via facial expressions, James, Cannon and
Schacter also took into account internal signals of emotions: feelings in
the physiological change of body. This could be considered as a positive
point of feeling theories at that time. However, problems of these theories,
which are in ability to distinguish emotions, in rationality of emotions, and
in respecting the fact that emotions are directed at intentional objects,
encourage researches to review and understand emotions more deeply.

A different views of emotions is to regard to their functional interpreta-
tion. In 1949, Hebb [101] considered emotions as disruptions or disturbances
because emotions are caused by events to which the organism can not adapt.
However, such a view is obviously opposite to the view that emotions have
adaptive functions (cf. Damasio [53]).

The distinction that emotions have disruption or adaptive functions is
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also the origin of the trend to evaluate what happens to the owner’s good-
will, which is the main idea of appraisal theories. In 1960, Arnold [9] argued
that emotions are a kind of attraction (something appraised as good) or
aversion (something appraised as bad). In 1975, Taylor [243] argued that
emotions are rational (about what caused them) which is then confirmed by
de Sousa [56] in 2001. In 1983, Mandler [150] considered emotions as states
of autonomic arousal. In 1986, Frijda [81] viewed emotions as outcomes of
the process of assessing the world in term of individual’s concerns. In 1991,
Lazarus [135] argued that emotions arise from an adaption of the individual
to the environment. In 2003, Whisner [257] also considers that emotions
involve evaluations.

While appraisal theories do not explicitly mention conscious and propo-
sitional properties of emotions’ content, cognitive theories claim that emo-
tions are conscious and that they involve propositional attitudes. This en-
hancement enables to recognize and distinguish emotions. In 1988, Ortony
et al. [186] proposed their theory of emotion which concentrates on cognitive
elicitors, including events, agents and objects. Each emotion has an unique
combination of these elicitors’ values, this combination is called the cog-
nitive structure of such an emotion. In 2009, Reisenzein [205] introduced
a theory which assumes that emotions is a result of a process to sensory
changes in the state of the belief-desire system.

The cognitive theories’ ability, which enables to identify emotions, brings
a new generation and tendency in emotional research: make up the com-
puter abilities to understand, represent and reasoning about human emo-
tions. In 1997, Picard [195] introduced a concept affective computing. She
assumes that some computer systems may need to be able to recognize the
user’s emotions. Researches about emotions in computer application will
be presented in chapter 2.

The following sections will give an overview on the main trends in the
theorization of emotion, including theories of feeling, appraisal theories and
cognitive theories.
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1.2 Feeling theories

The main idea of these theories is that emotions are triggered by the percep-
tion of the physiological changes in the body. For instance, when we see a
snake, we tend to seek safety in flight. Our flight is interpreted as the danger
of the snake, therefore we feel fear (cf. James [119]). This kind of theory is
considered as the most representative of common sense, differentiated from
perceptions by their experienced quality (de Sousa [235]).

We present here three theories in this category: the theory of James-
Lange [119], the theory of Cannon-Bard [36, 37] and the theory of Schacter-
Singer [219]. We also discuss on some limits of theories in this category.

1.2.1 The theory of James-Lange

Figure 1.1: The sequence leading to emotion in the theory of James-Lange

James [119] proposed a theory (commonly known as the "James-Lange"
theory of emotion, after James and Carl G. Lange) according to which an
event first causes physiological arousal and physical response. It is not an
emotion until the subject interprets the physical response as an emotion.
For instance, we feel sorry because we cry, angry because we strike, or afraid
because we shake. Basically what this is saying is that the physical aspects
appear before the emotions are perceived. So until we physically respond
to a situation we do not perceive or understand the emotions surrounding
it (Figure 1.1).
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Figure 1.2: The sequence leading to emotion in the theory of Cannon-Bard

1.2.2 The theory of Cannon-Bard

The Cannon-Bard theory was originally developed by Walter Cannon [36,
37] and later expanded upon by physiologist Phillip Bard. The Cannon-
Bard theory suggests the following chain of events: emotion-provoking stim-
uli are received by the senses and are then relayed simultaneously to the
cerebral cortex, which provides the conscious mental experience of the emo-
tion, and to the sympathetic nervous system, which produces the physio-
logical state of arousal. Basically what this is saying, is that we experience
both the physical aspect and the perception of the emotion at the same
time, rather than one being caused by the other (Figure 1.2).

1.2.3 The theory of Schacter-Singer

Figure 1.3: The sequence leading to emotion in the theory of Schacter-Singer

The theory of Schacter-Singer [219] is a two-stage theory. They state
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that for an emotion to occur there must first be physiological arousal, and
second there must be an explanation for the arousal (Figure 1.3). The chain
of events is similar to those of James-Lange’s theory where interpretation
phase is replaced by reasoning phase.

1.2.4 Limits of feeling theories

The first problem with this kind of theory is that it is unable to distinguish
between different emotions (cf. Cannon [37], de Sousa [235]). These theories
have not any factor or criteria which enable to differentiate emotions: there
is only the feeling of an individual. Although James [119] argues what dis-
tinguishes emotions is the fact that each involves the perception of a unique
set of bodily changes, the characteristic or feature of such a set is not easy
to identify. For instance, Cannon [37] claimed that the reactions feature
of fear and anger are identical, and so these reactions can not allow us to
identify what emotions occur. The same conclusion is usually drawn from
an experiment performed by Schacter and Singer [219] which independently
manipulated physiological and situational determinants of emotional state.
It was demonstrated that neither physiological nor psychological explana-
tions alone could account for the experimental facts.

The second problem with feeling theories is that emotions are irrational.
They suggest to treat emotions as brute facts: in spite biological or psycho-
logical features can explain emotions, they can not be rationalized (cf. de
Sousa [235]). Emotions, however, are capable of being not only explained,
but also justified - they are closely related to the reasons that give rise to
them. For instance, Taylor [243] argues that if someone angers me, I can
cite my antagonist’s deprecatory tone; if someone makes me jealous, I can
point to his poaching on my property.

The last problem with this kind of theory is that it assimilates emotions
to sensations in spite of their difference in experienced quality. Therefore,
feeling theories failed to take account of the fact that emotions are typically
directed at intentional objects, which is only taken in appraisal and cognitive
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theories.

1.3 Appraisal theories

Appraisal theories say that emotions typically have formal objects which
highlight another important feature of emotional experience which feeling
theories neglect, and which other psychological theories attempt to accom-
modate: emotions involve evaluations. For instance, we feel fear about the
snake because we think (evaluate) that the snake is dangerous (cf. Whisner
[257]).

Magna Arnold [9] introduced the notion of appraisal into psychology,
characterizing it as the process through which the significance of a situa-
tion for an individual is determined. Appraisal gives rise to attraction or
aversion, and emotion is equated with this felt tendency toward anything
intuitively appraised as good (beneficial), or away from anything intuitively
appraised as bad (harmful).

Frijda [81] argues that emotions arise because events are appraised by
people as favorable or harmful to their own interests. He takes an information-
processing perspective: Emotions are viewed as outcomes of the process of
assessing the world in terms of one’s own concerns, which, in turn, modify
action readiness.

We present here the theory of Lazarus [135] and the theory of Frijda
[81] which we will take as foundation models to formalize emotions at the
formal level.

1.3.1 The theory of Lazarus

Lazarus [135] argues that the final goal of our emotions is to help the or-
ganism survive in the environment. His theory is a "relational" theory of
emotions, in that it assumes that emotions arise from an adaptation of the
individual to the environment. Stable relationships between the individual
and the environment result in recurrent emotional patterns in the individ-
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ual. Emotion is due to an evaluation of the potential consequences of a
situation for the individual.

Figure 1.4: The sequence leading to emotion in the theory of Lazarus

The sequence thus is as follows (Figure 1.4): event→ thinking→ simul-
taneous arousal and emotion. Once the event occurs, after having thought,
both emotion and arousal simultaneously occur.

There are two levels of appraisal. In primary appraisal, we consider
how the situation affects our personal well-being. In secondary appraisal
we consider how we might cope with the situation.

Primary appraisal assesses the relevance of the encounter to the individual’s
well-being. It has three components:

• Goal relevance is the importance of the situation for the individual:
does the situation involve issues about which an individual cares? If
the situation is not relevant to any goal, then it can trigger no emotion.

• Goal congruence if the situation is congruent with one of the indi-
vidual’s goals: if it facilitates achievement, then a positive emotion
will be triggered; if it is incongruent with some goal, if it threatens or
impedes its achievement, then a negative emotion will be triggered.

• Type of ego-involvement gathers several features of ego-identity and
personal commitments, sorted in six categories: self- and social es-
teem, moral values, ego-ideals, meanings and ideas, well-being of other
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persons, and life goals. It represents in which way the agent is per-
sonally involved in the current situation.

Secondary appraisal assesses the individual’s coping options, such as the
actions s/he may perform and her/his envisaged effects on the situation.
This appraisal level has three components:

• Blame or credit are an attribution of responsibility to a person ac-
countable for the situation at hand. If this person had control on
what happened, then s/he can receive blame or credit. Did someone
deliberately provoke this situation?

• Coping potential is an evaluation of how the individual can manage
the situation, change it or change her/his goals, in order to restore a
good relationship with her/his environment. Can s/he do something
to restore the balance between her/him and environment?

• Future expectations represent the expected modifications of the situ-
ation if the agent does not intervene: will the situation turn out right
if the individual does nothing?

Each type of emotion can be defined by a relational meaning which ex-
presses the set of benefits and harms to an individual in some environment,
constructed by a process of appraisal. Each type of emotion is distinguished
by a pattern of appraisal factors. Lazarus identified the pattern of appraisal
factors for nine negative emotions, including anger, fright, anxiety, guilt,
shame, sadness, envy, jealousy, disgust; and six positive emotions, includ-
ing joy or happiness, pride, love or affection, relief, hope and compassion.
This pattern of appraisal factors enables to develop a model of emotion for
computer application.

1.3.2 The theory of Frijda

Frijda [81] points out that the word "emotion" does not refer to a "natural
class" and that it is not able to refer to a well-defined class of phenomena
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which are clearly distinguishable from other mental and behaviour events.
At the center of Frijda’s theory is the term concern. A concern is the

disposition of a system to prefer certain states of the environment and of the
organism, over the absence of such conditions. Concerns produce goals and
preferences. If the system has problems to realize these concerns, emotions
develop.

Figure 1.5: Frijda’s emotion system [81]

According to Frijda, the core of the emotion process is composed of seven
steps (components), as described in Figure 1.5:

• Analyser: Observation of the incoming information and subsequent
coding of its implications and consequences.

• Comparator: Test of whether information is of relevance to a concern.
The result are relevance signals, which activate the action system and
the Diagnoser and cause attentional arousal.

• Diagnoser: Responsible for context evaluation, scanning the informa-
tion for action-relevant references. Performs a number of tests (e.g.
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whether consequences of an event are safe or uncertain, who is respon-
sible for it etc.) and results in an appraisal profile.

• Evaluator: Agreement or discrepancy signals of the Comparator and
the profile of the Diagnoser are combined into the final relevance signal
and its intensity parameter. The intensity signals the urgency of an
action to the action system. The relevance signal constitutes the so-
called control precedence signal.

• Action Proposer: Prepares the action by selecting a suitable alterna-
tive course of action and by making available the resources necessary
for it.

• Physiological Change Generator: effects the physiological change in
accordance to the action readiness mode generated before.

• Actor: Generates actions.

Frijda also argues that cognition is a determinant of emotional response,
through processes of "appraisal", "interpretation" or "meaning analysis"; and
that it is a constituent of emotional experience. He thus proposes the sit-
uational meaning structures of emotion: "Each emotion corresponds to a
different appraisal - a different situational meaning structure - and is charac-
terized by it" [81, p.195]. So Frijda argues that emotion experience can take
three different forms: awareness of situational meaning structure, awareness
of autonomic arousal, and awareness of action readiness.

Frijda accordingly defines the situational meaning structures of fear,
anxiety, anger, sadness and grief, joy, guilt and remorse.

1.4 Cognitive theories

The main idea of cognitive theories is that emotions are mental states which
can be recognized and distinguished, based on their cognitive decomposi-
tions or propositional content. While appraisal theorists generally allow
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that the cognitive processes underlying emotion can be either conscious
or unconscious, and can involve either propositional or non-propositional
content, cognitivists typically claim that emotions involve propositional at-
titudes (cf. de Sousa [235]). Many emotions are specified in terms of propo-
sitions: one can not be angry at someone unless one believes that person
guilty of some offense; one can not be envious unless one believes that some-
one else has something good in her possession. Proponents of cognitivism
universalize this feature of certain emotions, and maintain that in order to
have an emotion, one must always have some sort of attitude directed at a
proposition.

Cognitivists claim that emotions depend upon our opinion as to what is
true, not on what is in fact true. All emotions depend upon our cognitive
states about the world, not the world itself. The primary test as to whether
something is an emotion of the belief based sort is to ask this question: If
the belief that a preference was satisfied or not were to change, would the
feeling go away? If "yes", then feeling is an emotion. The major test as to
whether something is an emotion of the more general sort is found by asking
this question: Is it possible that a change in a belief or attitude would make
this feeling go away? If "yes", then feeling is an emotion (cf. Tomlinson
[245]).

The most parsimonious type of cognitive theory follows the Stoics in
identifying emotions with judgments. Robert Solomon [234], Jerome Neu
[175] and Martha Nussbaum [177] take this approach. Our anger at someone
simply is the judgment that we have been wronged by that person. Other
cognitive theories introduce further elements into their analyses. Emotions
have been described as sets of beliefs and desires (Marks [151]), affect-laden
judgments (Broad [30] and Lyons [147]), and as complexes of beliefs, desires,
and feelings (Oakley [178]).

We present here two theories in this category as some particular ex-
amples: the theory of Ortoney et al. [186], and the theory of Reisenzein
[205].
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1.4.1 The theory of Ortony, Clore and Collins

Ortony, Clore and Collins [186] developed their theoretical approach with
the express aim to implement it in a computer. They assume that emotions
develop as a consequence of certain cognitions and interpretations. There-
fore the theory exclusively concentrates on cognitive elicitors of emotions,
including events, agents and objects.

Figure 1.6: Structure of emotion types in the theory of Ortony, Clore and
Collins [186]

Each cognitive elicitor has some local variable such as desirability for an
event or for other, confirmation or dis-confirmation of an event, praisewor-
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thiness or blameworthiness of an agent’s action, appealingness for an object.
Each emotion has a unique combination of these variables’ values, which is
called the cognitive structure of such an emotion. All possible combinations
yield twenty-two types of emotions as in Figure 1.6.

Reaction to events There are four groups of emotions:

• Well-being emotions (joy, distress) correspond to the appraisal of the
desirability for the self of an event that has occurred.

• Prospect-based emotions (hope, fear) correspond to the appraisal of
the desirability for the self of an event that may occur.

• Confirmation emotions (satisfaction, fear-confirmed, disappointment,
relief) correspond to the appraisal of the desirability for the self of an
event that was expected before it occurred (these emotions thus arise
after a corresponding prospect-based emotion).

• Fortunes-of-others emotions (happy-for, sorry-for, gloating, resent-
ment) correspond to the appraisal of the presumed desirability for
another agent of an event.

Reaction to agents

This includes attribution emotions (pride, shame, admiration, reproach),
corresponding to the appraisal of the praiseworthiness or blameworthiness
of an agent’s action.

Reaction to objects

This includes attraction emotions (love, hate), corresponding to the ap-
praisal of the appealingness of the aspects of an object.

Compound emotions

This includes emotions corresponding to simultaneous appraisals of the
situation, and depends upon two variables: desirability and praiseworthi-
ness. Well-being and attribution composed emotions (gratification, remorse,
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anger, gratitude) correspond to the appraisal of the consequences of an ac-
tion and of the praiseworthiness of its author.

1.4.2 The theory of Reisenzein

Reisenzein [205] introduced the Belief-Desire Theory of Emotion (BDTE)
based on the belief - desire theory of action [28] approach to artificial
agents [27]. Posited emotion-producing mechanisms are analogous to sen-
sory transducers; however, instead of sensing the world, they sense the state
of the belief - desire system and signal important changes in this system,
in particular the fulfillment/frustration of desires and the confirmation/dis-
confirmation of beliefs.

Figure 1.7: Basic belief-desire analysis of emotions in theory BDTE [205]

The process of emotion generation, illustrated for happiness, typically
looks as shown in Figure 1.7. First, the person comes to desire some state
of affairs or proposition p. Some time later - as a result of new information
acquired through the senses, communication from others, or inference from
existing beliefs - the person acquires the belief that p obtains. Thereupon,
the emotion of happiness occurs.

BDTE analyses emotions on two aspects: qualitative (as described in
Table 1.1) and quantitative for seven emotions: happy, unhappy, hopes,
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Emotion Belief at t Desire at t Belief at t− 1

Happy(p, t) Certain(p, t) Desire(p, t)
Unhappy(p, t) Certain(p, t) Desire(¬p, t)
Hopes(p, t) Uncertain(p, t) Desire(p, t)
Fears(p, t) Uncertain(p, t) Desire(¬p, t)
Surprised(p, t) Certain(p, t) -(irrelenent) Bel(¬p, t− 1)
Disappointed(¬p, t) Certain(p, t) Desire(¬p, t) Bel(p, t− 1)
Relieved(¬p, t) Certain(¬p, t) Desire(¬p, t) Bel(¬p, t− 1)

Table 1.1: Qualitative analysis of theory BDTE [205]

fears, surprised, disappointed and relieved. There are two main variables in
this model:

• Desire: Desire(p, t) reads “agent desires that p at the time t”

• Belief: is represented by three operators. Bel(p, t − 1) reads “agent
believed p was true at the previous instant”. Certain(p, t) reads “agent
is sure that p is true at the time t”. And Uncertain(p, t) reads “agent
is not sure about p at the time t”.

The qualitative analysis is useful for constructing a formal model of
emotion, while the quantitative analysis is useful for constructing a compu-
tational model of emotion.

1.5 Emotion and Mood

Although the words "emotion" and "mood" are frequently used interchange-
ably, psychologists agree that the constructs they represent are closely re-
lated but distinct phenomena (cf. Beedie et al. [17]). Because our work is
concerned with emotions and mood, we briefly summarize below how these
two concepts differ from each other.

Cause. Moods are general, background states of feeling, with no specific
cause. Emotions have a specific cause. Ekman [66] argued that people
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can usually specify the event that called forth an emotion, and often
cannot do so for a mood. Similarly, Brehm [29] suggested that while
emotions result from specific instigators, moods can occur without
apparent cause.

Duration. Moods presumably endure longer than emotions. Parkinson et
al. [190] proposed that emotions usually seem to have a clear moment
of onset then dissipate fairly rapidly, whereas moods often change
more slowly and continue to linger somewhere in the background of
consciousness. However, others proposed that emotions endure longer
than moods. Lazarus [136] in particular argued that the duration of
emotion and mood is not a reliable criterion by which to distinguish
the two constructs.

Consequences. Davidson [55] argued that mood biases cognition, whereas
emotion biases behavior; Frijda [80] argued that emotions alter action
readiness whereas moods produce generalized cognitive consequences;
and Oatley and Jenkins [179] argued that emotions serve to rearrange
the priorities of goals and change the flow of action, whereas moods
maintain a distinctive readiness that continues despite events that
might disturb it.

Intentionality. Emotions are always about, or directed at, something (i.e.,
they are intentional) while moods may not be. Frijda [80] argued that
whereas one is angry (an emotion) about or at something, we tend
to be irritable (a mood) non-specifically. Parkinson et al. [190] also
suggested that whilst moods are unfocused, emotions are directed at
specific objects.

Intensity. Moods are generally less intense than emotions. Mandler [150],
for example, described mood as a persisting state of low level emotion;
Lang [132] described moods, in relation to emotions, as less intense
but more persistent states of feeling; and Panksepp [189] referred to
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the arousal associated with mood as milder and more sustained than
that associated with emotion.

Function. Some author suggested that mood signals the state of the self
whereas emotion signals the state of the world (Frijda [80], Morris
[167], Schwarz and Clore [226]). Lazarus [136] similarly argued that
emotions refer to the immediate adaptational business in an encounter
with the environment, the fate of a specific and narrow goal that con-
fronts a beneficial or harmful (or threatening) environmental condition
whilst moods are products of appraisals of the existential background
of our lives.

1.6 Conclusion

This chapter gave a selective overview of research on emotion in psychology,
including three main categories: feeling theories which say that emotions
are triggered by the perception of the physiological changes in the body;
appraisal theories which consider that emotions involve evaluations about
related events which are favorable (good) or harmful (bad) to the owner
interests; and cognitive theories which say that emotions are mental states
which can be recognized and distinguished, based on their cognitive de-
compositions or propositional content. We investigate into appraisal and
cognitive theories as foundation models in order to formalize emotion at a
formal level, which will be presented in chapter 5.

The next chapter will present researches on emotion for computer sci-
ence, particularly the processing of emotions in ambient intelligent systems
and affective computing.



Chapter 2

Emotion in Computer Science

This chapter presents a selective overview of researches in emotion for ap-
plications in computer science. Section 2.1 presents the reasons why we
need emotional processing in computer application; Section 2.2 introduces
the affective computing; Section 2.3 presents the processing of emotion in
affective computing.

25
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2.1 Need of emotions in computer science

Recently, emotions play a more and more important role in intelligent be-
havior researching in Artificial Intelligence (AI). There are some motivations
for reason why emotions become an active research area in computer science.

First, having emotions abilities enable agents more believable. The AI
researchers try to create the illusion of life by endowing agents with human
abilities that they consider essential in intelligence (like reasoning, problem
solving, learning... cf. Bates [15]). Other researchers show this central
role of emotions and personality in believable agents (Rousseau and Hayes-
Roth [213]). Gratch and Marsella [96] agree on the crucial role emotions
play in human intelligence and on the need to integrate them into virtual
agents. However they notice that computer scientists are mainly interested
in making their agents more believable by endowing them with emotional
expressions. The central role of emotion in the design of intelligent vir-
tual agents is thus well recognized now: emotion makes these agents more
believable, and their interaction with the user.

Second, emotions have an impact on cognition. Psychologists also pro-
pose models of the impact of emotions on cognitions. Forgas [79] proposes
the Affect Infusion Model (AIM), a framework allowing to explain how af-
fectively loaded information can modify reasoning. In his model, Forgas
proposes four strategies of information processing: direct processing re-
trieves a reaction already triggered in the past; motivated processing is a
selective research, directed by a motivation towards a precise target; heuris-
tic processing uses a limited set of information and associations to produce
a low-cost answer when the two first strategies do not work; substantial
processing is only used for complex new tasks. Numerous researches at-
test the impact of emotions on abilities characteristic of human intelligence
(planning, memory, learning, etc. cf. Gratch and Marsella [96]).

Third, that is because of the birth of affective computing whose objec-
tive is to construct a transparent and adaptive interface between human
and machine. In order to do this, the computer must focus not only on



2.2. AFFECTIVE COMPUTING 27

user’s input, but also on the user’s emotional states. This gives comput-
ers the human-like abilities of observation, interpretation and generation
of affect features, including user’s emotions. The ability of interpretation
seem to be at the core of emotional processing because it requires the tech-
nologies which enable computers to understand, represent and reason about
emotions.

As a result of the growing number of proofs of the impact of emotions on
interaction, Picard [195] assumes that some computer systems may need to
be able to recognize the user’s emotions. She believes that affective comput-
ing improves interfaces by allowing affective communication with the user,
and providing ways to exploit the received affective information. Mainly,
interfaces can reduce the user’s frustration by helping him express his emo-
tions and then recognizing his emotional expressions. Picard highlights that
it is important to let the user choose if he wants to express his emotion or
not: the user wants to keep control over his expression.

The concept of affective computing and its potential applications will be
presented in section 2.2; and the treatment of emotion in affective computing
will be presented in detail in section 2.3.

2.2 Affective computing

2.2.1 Concept of affective computing

Affective computing is a branch of the study and development of artificial
intelligence that deals with the design of systems and devices that can rec-
ognize, interpret, and process human emotions. In other terms, affective
computing tries to assign computers the human-like capabilities of obser-
vation, interpretation and generation of affect features. It is an important
topic for the harmonious human-computer interaction, by increasing the
quality of human-computer communication and improving the intelligence
of the computer.

Affective computing concerns multidisciplinary knowledge background
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such as psychology, cognitive, physiology and computer sciences. Main
contributions of affective computing technologies are as follow:

• Development new sensors/algorithms that can detect affective states

• New techniques to infer a person’s affective or cognitive state

• Developing machines that can respond affectively to a person’s affec-
tive state

• Inventing personal technologies that improve machine awareness and
communication

2.2.2 Potential applications

The potential applications of affective computing is mainly lied on improv-
ing the Human-Machine Interaction. We here list some kind of these inter-
actions.

Ambient intelligent systems. In computing, ambient intelligence (AmI) refers
to electronic environments that are sensitive and responsive to users. Am-
bient intelligence is a vision on the future of consumer electronics, telecom-
munications and computing. In an ambient intelligence world, devices work
in concert to support people in carrying out their everyday life activities,
tasks and rituals in easy, natural way using information and intelligence
that is hidden in the network connecting these devices. For instance, the
Oxygen project [188] aims at human-centered communication and comput-
ing through a combination of perceptual interaction, individualized knowl-
edge access, software agents, and collaboration technologies. The Ambience
project [116] focuses on networked context-aware environments. The goal
of the Ozone project [115] is to investigate, define, and implement a generic
framework to enable consumer-oriented ambient intelligence applications.
The Digital Living Network Alliance (DLNA) [60] project aims to create a
wireless inter-operable network of personal computers, consumer electronics
and mobile devices in the home enabling a seamless environment for sharing
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and growing new digital media and content services. The AmE Framework
[267] is the framework for emotion-aware ambient intelligence and present
the overall structure of emotion in English conversation. Other well known
projects include Gaia [207], One.world [97], and Aura [84].

The ambient intelligence paradigm is not a pure research domain, it is
composed of several research domains as well as technologies which could
be grouped into three mains areas: Ubiquitous computing, ubiquitous com-
munication, and intelligent user interface which focuses on the interaction
between “ordinary people” and ambient agents. In particular, the Human-
Machine Interaction which is the core of affective computing.

E-learning. Affective computing can be used to adjust the presentation
style of a computerized tutor when a learner is bored, interested, frustrated,
or pleased. Objective of e-learning is establish a conversation between agent
and studier as if it is a real social interaction between humans. Asteriadis
et al. [11] present a mechanism which compiles feedback related to the
behavioral state of the user (e.g. level of interest) in the context of reading
an electronic document. They proposed scheme is tested in an e-learning
environment, in order to adapt the presentation of the content to the user
profile and current behavioral state. D’Mello et al. [61] develop a version
of AutoTutor [91] that is sensitive to both the cognitive and affective states
of the learner. Such an affect-sensitive tutor would presumably enhance the
intelligent learning environment. Heylen et al. [106] study the ways to have
the tutor agent make informed decisions based on what the agent can assume
about the mental state of the student. Katsionis and Virvou [128] describe
how system observations of students’ behavioural characteristics, during
their interaction with an educational application, may provide important
evidence about students’ emotions while they learn.

Games. In game, there is a demand for the personalities, moods, and
relationships of Non Player Characters’ (NPCs) to be made the focus of
game-play. MacNamee and Cunningham [148] present the µ-SIC system, a
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component of an intelligent agent architecture designed for the creation of
NPCs for computer games. µ-SIC uses a number of quantitative psycholog-
ical models to simulate characters’ personalities, moods and relationships.
The values of these models are used as inputs to an artificial neural network
which drives characters’ social behaviour.

Psychological health services. These services concern counseling, benefit
from affective computing applications when determining a client’s emotional
state. For instance, Lisetti and LeRouge [144] introduce an intelligent in-
terface aimed at improving affective distance communications between a
patient and health care provider and patient emotional state monitoring in
the tele-home healthcare context.

Robotic systems. They are capable of processing affective information ex-
hibit higher flexibility while one works in uncertain or complex environ-
ments. Affective computing could offer more natural interfacing and more
engaging interaction between human-robot or between robots. For instance,
Jones and Deeming [122] reports on the development and evaluation of a
consumer-level robotic dog with acoustic emotion recognition capabilities.
The dog can recognise the emotional state of it’s owner from affective cues
in the owner’s speech and respond with appropriate actions.

Decision making and planing. Decision making and planning depend not
only upon the internal state and the goal of agent, but also upon the envi-
ronment within agent is situated and for which plans are generated. It is
the reason why we need to take into account the context, or the interaction
between an autonomous situated planning agent and its environment. For
instance, Coddington and Luck [48] describe how context constrains the
goals an agent might generate, enables those goals to be prioritised, and
constrains plan selection. Marsella and Gratch [152] address how emotions
arise from an evaluation of the relationship between environmental events
and an agent’s plans and goals, as well as the impact of emotions on behav-
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ior, in particular the impact on the physical expressions of emotional state
through suitable choice of gestures and body language. They also designed
their model to support characters that act in virtual environments, make
decisions and planning.

Other potential applications are centered around social monitoring. For
example, a car can monitor the emotion of all occupants and engage in
additional safety measures, such as alerting other vehicles if it detects the
driver to be angry. In other human-computer interaction, affective mirrors
allow the user to see how he or she performs; emotion monitoring agents
sending a warning before one sends an angry email; or even music players
selecting tracks based on mood.

2.3 Emotion processing in affective computing

Generally, emotion is treated in affective computing by two main phases.
Firstly, detect user’s emotion from their vocal, facial or body signals. Sec-
ondly, representing them in the way that the computer can understand,
calculate and reason about. This section presents the researches in each
category.

2.3.1 Speech processing

For emotional speech processing, it is a widely known fact that the emo-
tional speech differs with respect to the acoustic features [221]. The acoustic
features are therefore widely used for the research of emotion recognition
with the pattern recognition methods. For instance, Scherer [220] performed
a large-scale study using 14 professional actors. Dellaert [57] used prosody
features and compared three classifiers: the maximum likelihood Bayes clas-
sification, kernel regression, and k-nearest neighbor in emotion recognition
for sadness, anger, happiness and fear. Lee [137] used linear discriminant
classification with Gaussian class-conditional probability distribution and k-
nearest neighborhood methods to classify utterances into two basic emotion
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states, negative and non-negative. Yu [265] used support vector machines
for emotion detection. Nick [34] proposed a perception model of affective
speech utterances. Williams and Stevens [258] studied the spectrograms
of real emotional speech and compared them with acted speech. Murray
and Arnott [171] reviewed findings on human vocal emotions. They also
constructed a synthesis-by-rule system to incorporate emotions in synthetic
speech [172]. Chiu et al. [44] extracted five features from speech and used
a multi-layered neural network for the classification. Petrushin [194] com-
pared human and machine recognition of emotions in speech and achieved
similar rates for both. Chen [43] proposed a rule-based method for classi-
fication of input audio data into one of the following emotions categories:
happiness, sadness, fear, anger, surprise, and dislike.

For emotion generating with speech synthesis, Mozziconacci and Her-
mes [169] added emotion control parameters on the basis of tune methods
resulting in higher performance power of voice composing. Cahn [63], by
means of a visualized acoustic parameters editor, achieved the output of
emotional speech with manual inferences. Nick [35] created an expressive
speech synthesis with a five years’ large corpus and gave us an impressive
synthesis results. Schroeder and Breuer [225], Eide et al. [65] generated a
expressive text-to-speech (TTS) engine which can be directed, via an ex-
tended Speech Synthesis Markup Language, to use a variety of expressive
styles with about ten hours of “neutral” sentences. Chuang and Wu [46] and
Tao [242] used emotional keywords and emotion trigger words to generate
the emotional TTS system.

There are currently two main challenges for speech processing. Firstly,
the lack on the capture and the analysis of more detailed/reliable physio-
logical features limits the further improvement of the research. Secondly,
people express the feeling not only by the acoustic features, but also with
the content they want to say. Different words, phrases and syntactic struc-
tures, etc. can make many kinds of expression results and styles. Moreover,
the acoustic features are different in different languages.
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2.3.2 Facial expression

Facial expressions and movements such as a smile or a nod are used either
to fulfill a semantic function, to communicate emotions, or as conversational
cues. For instance, Etcoff and Magee [74] parameterized the structure of
the chief parts of human’s face through 37 lines, which enables people to
roughly tell the affect status of faces. Paul Ekman [67] and his colleagues
have performed extensive studies of human facial expressions. They found
evidence to support universality in facial expressions. These “universal
facial expressions” are those representing happiness, sadness, anger, fear,
surprise, and disgust. Ekman and Friesen [68] developed the Facial Action
Coding System to code facial expressions where movements on the face
are described by a set of action units. Pelachaud et al. [155, 176, 193]
created Greta, an affective Embodied Conversational Agent (ECA), that is
able to display communicative and emotional signals. Greta can talk and
simultaneously show facial expressions, gestures, gaze, and head movements.

To do the facial expression analysis, most of the facial features were
captured by the optical flow or active appearance model. Mase [156] used
optical flow to recognize facial expressions. He was one of the first to use
image processing techniques to recognize facial expressions. Lanitis et al.
[133] used a flexible shape and appearance model for image coding, person
identification, pose recovery, gender recognition and facial expression recog-
nition. Black and Yacoob [20] used local parameterized models of image
motion to recover non-rigid motion. Once recovered, these parameters are
fed to a rule-based classifier to recognize the six basic facial expressions.
Yacoob and Davis [260] computed optical flow and used similar rules to
classify the six facial expressions. Rosenblum et al. [211] also computed
optical flow of regions on the face, then applied a radial basis function
network to classify expressions. Essa and Pentland [73] also used an opti-
cal flow region-based method to recognize expressions. Otsuka and Ohya
[187] first computed optical flow, then computed their 2D Fourier transform
coefficients, which were then used as feature vectors for a hidden Markov



34 CHAPTER 2. EMOTION IN COMPUTER SCIENCE

model (HMM) to classify expressions. Chen [43] used a suite of static clas-
sifiers to recognize facial expressions, reporting on both person-dependent
and person-independent results. Cohen et al. [49] describe classification
schemes for facial expression recognition in two types of settings: dynamic
classification by learning the structure of Bayesian networks classifiers; and
static classification by using a multi-level HMM classifier. Lyons et al. [146]
applied the supervised Fisher linear discriminant analysis to learn an ade-
quate linear subspace from class-specified training samples and the samples
projected to this subspace can be best separated.

Another fact of facial processing is body gesture and movement, which
is defined by the positions of body arthroses and their changes with time.
Currently, the work for gesture processing is more focused on the hand
tracking. Hand gestures can convery various and diverse meanings, to en-
hance the mood or to behave as a sign language. For instance, Pavlovic et
al. [192] used apparentness methods; while Aggarwal and Cai [5] used 3-D
modeling methods.

When the interaction is multimodal in which participants encounter a
steady stream of meaningful facial expressions, gestures, body postures,
head movements, words, grammatical constructions, and prosodic contours,
we need a multimodal processing of emotion. For instance, in biometrics
recognition systems, Brunelli and Falavigna [31] describe a multimodal bio-
metric system that uses the face and voice traits of an individual for identi-
fication. Bigun et al. [19] develop a statistical framework based on Bayesian
statistics to integrate information presented by the speech (text-dependent)
and face data of a user. Kumar et al. [130] combined hand geometry and
Palmprint biometrics in a verification system. A commercial product called
BioID [82] uses voice, lip motion and face features of a user to verify identity.
Jain and Ross [117] improved the performance of a multimodal system by
learning user-specific parameters. General strategies for combining multiple
classifiers have been suggested in Ho et al. [109] and Kittler et al. [129].
There is a large amount of literature available on the various combination
strategies for fusing multiple modalities using the matching scores.
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Recently, a new approach for audio-visual mapping has arisen [51], which
is inspired from speech synthesis [112]. This method means to construct new
data stream by concatenating stored data units in training database. It has
advantage of that the synthesis result appears very natural and realistic.
But even for that, the lip movement is still the focus in most of the research.
Full facial expression, especially the correlation between facial expression
and more acoustic features, such as prosody, timbre, etc. has seldom been
touched. It needs more work in processing the features which we ignored
before.

2.3.3 Affective understanding and reasoning

After having recognized, emotion will be entered into next steps of emotional
processing, including representing, calculating or reasoning about emotion.

2.3.3.1 Representation of emotion

Objective is find out the way to represent emotion in order to make under-
stand to the computer. Thus almost current models are based on a basic
cognitive model of emotion in psychology as a foundation. For instance,
Yao et al. [261] propose an agent model of emotion development. The
agent model is based on the cognitive model of Ortony et al. [186] and
Operant Conditioning Theory [168, 138]. Oliveira et al. [183] present an
agent architecture that includes several emotional-like mechanisms, namely:
emotional evaluation functions, emotion biased processing, emotional tag-
ging and mood congruent memory. Van Dyke Parunak et al. [191] present
DETT (Disposition, Emotion, Trigger, Tendency), a model of emotion for
situated agents that captures the essential features of the Ortony et al.
[186] model in a computationally efficient framework. DETT combines the
theoretical richness of Gratch-Marsella with the computational efficiency of
EINSTein and MANA [95], and adds dispositions, accounting for differences
in the emotional susceptibility of various agents by reasoning about the reac-
tion of an internal agent characteristic to the external environment in which
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the agent is situated. Stephane [237] presents the integration of cognitive
and emotional models that comprise on one hand users’ Situation Awareness
and on the other hand users’ Self Awareness. This framework is integrated
from two models: the Schematic, Propositional, Analogical and Associative
Representation Systems (SPAARS) [199] and the Self-Regulatory Executive
Function (SREF) [256].

2.3.3.2 Computation of emotion

Objective is to qualitative emotion, in some concrete context, based on the
calculation of its cognitive factors.

Gershenson [87] proposes a model for emotions, which handles the degree
of contradiction that emotions might have. This model is based on the mul-
tidimensional logic, which is a paraconsistent logic [200], and the cognitive
structure of emotions proposed by Ortony et al. [186]. They represent an
emotion by a tuple of three dimensions: the x axis represents positive emo-
tions, the y axis negative ones, and they order their specific emotions in
the z axis arbitrarily. The specific emotions are emotions they consider as
the basic pair of emotions: love/hate, joy/grief, happy/sadness. So, in the z
axis, the zero represents love/hate, the one joy/grief, the two happy/sadness,
and the three love/hate again. This makes the z axis cyclic. So an emotion
is represented by an vector of three dimensions, for example, pride is pre-
sented by vector near(1, 0, 1.5). It means that “pride is a positive emotion
(positive = 1, negative = 0) with the degree of satisfaction is between joy
and happy”.

Hu et al. [111] present an emotional agent model based on the Belief-
Desire-Intention (BDI) agent model [86]. Assuming that there is N emotion
types, they use a vector space E to represent the emotions, E =< ei|i =
1, 2, ..., N >, where N represents the number of the emotion types. For the
fuzzy intensity of emotion they use a discrete variable Vi and divide it into
M levels. Then emotion model can be represented simply as:
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E
V

 =

e1 e2 ... en

v1 v2 ... vn


Once the types of emotion is fixed, the emotion model can be simplified as
a vector E =< v1, v2, ..., vn >. In the light of the psychology research they
divide the emotion into five basic types: anger, afraid, happy, sad, dislike.
For instance, E =< 0.25, 0.5, 0, 0, 0 > represents the autonomic unit which
has the complex emotion of a little angry also very fear.

Steunebrink et al. [238, 239] treat the questions of which quantitative as-
pects of emotions (of the model of Ortony et al. [186]) should be consid-
ered, how these quantitative aspects can be formally modeled, and how a
quantitative model of emotions can be combined with the qualitative model.
Quantitative aspects of emotions are described in terms of potentials, thresh-
olds, and intensities. They construct three functions for each of twenty two
emotion types in Ortony et al. [186] model.

For instance, with Joy state, the potential function Pjoy is defined as the
weighted sum (denoted as −→w ) of the variables (denoted as −→x ) that accord-
ing to Ortony et al.’s affect intensity, Pjoy(a, s) := −→w∆−→x . The threshold
function Tjoy is defined as: Tjoy(a, s) := −→w∆Mood(a, s), where Mood(a, s)
depends on the Ortony et al.’s “mood” of the agent. And the intensity func-
tions Ijoy is defined as the difference between the potential and threshold as
the numerator (if this difference is negative, the intensity should be set to
zero altogether), and the difference between the current time and triggering
time in the exponent: Ijoy(a, s′, t′) := max(0, qp−qt

1+e(t′−t−µ)δ − θ)., where the
half-life µ, fall-off speed δ, and cut-off threshold θ, such that µδ ≈ −ln0.01
and 0 < θ � qp − qt.

2.3.3.3 Reasoning about emotion

Objective is to qualitative emotion and represent emotion in a formal form
in order to enable the computer to understand and reason on the emotions.
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Sanders [218] has defined a logic in which common sense knowledge about
human psychology can be expressed. They focus on a cluster of emotions,
including approval, disapproval, guilt and anger, most of which involve some
sort of ethical evaluation of the action that triggers them. They use an
extension of temporal logic developed by Shoham [231], modified to incor-
porate the three modal operators “know”, “believe” and “want”: they use
an S5 (cf. Chellas [42]) axiom set for “know”, weak S5 for “believe” and T
for “want”. They also use some basic concepts of deontic logic [160] such as
obligation, prohibition and permission.

Meyer [164] presented a logic which enables to reason about the dynamics
of emotional states of agent. This logic is based on the BDI model [86],
the framework of dynamic logic and (an extension of) the KARO frame-
work [249]. They provide KARO-style formulas expressing emergence of
the four basic emotions of happiness, sadness, anger and fear, as well as
their influence on the agent’s deliberative behavior. For instance, the for-
mula I(π, ϕ) ∧ Com(π) → [π](ϕ → happy(ε, ϕ, ϕ)) expresses that an agent
that was committed to a plan π which it intended to do with ϕ as goal, and
that believes that its goal ϕ is realized after having executed/performed its
plan π, is indeed happy with this (w.r.t. this goal ϕ and a empty plan ε).
In this formulas, I(π, ϕ) means that agent intends to do action π to achieve
ϕ; and Com(π) means that π is committed to do by such an agent.

Ochs et al. [181, 182] presented a computational model of capability-based
emotion elicitation for rational agent, this model is also based on the cogni-
tive appraisal theory of Ortony et al. [186]. The mental state of a rational
agent is composed of two primitive mental attitudes: belief and choice,
which are formalized with the modal operators B and C.

According to cognitive appraisal theory of emotions [186], capability-
based emotions are triggered by events that are evaluated as disturbing
beliefs on one own capabilities, they consider that an occurred event is eval-
uated as praiseworthiness if one of agent’s capabilities has been surpassed.
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So, pride elicitation is formalized as [181]:
Bi(p) ∧Donei(e, Bi(¬Cani(e, p)) ∧ Ci(p))⇒ Pridei(e, p)
which reads that agent i triggers pride emotion after the event e if she has
achieved p (p being a closed formula denoted a proposition) by e whereas she
thought it was not possible to do. In which, Bi(p) means “agent i believes
that p is true”. Ci(p) means “agent i chooses/desires that p is currently
true”. Cani(e, p) means that agent i has the capability to perform the event
(or action) e and, consequently, p which is an effect of this event.

Adam et al. [3] provide a logical formalization of twenty emotions while
staying as closed as possible to the model of Ortony et al. [186]. These
emotions are formalized inside a BDI modal logic [86]. Their formal frame-
work is based on the modal logic of belief, choice, time, and action of Herzig
and Longin [105] which is a refinement of Cohen and Levesque’s works [50].
For instance, satisfaction is formalized as:
Satisfactioniϕ

def= BeliPExpectiϕ ∧Desiϕ ∧Beliϕ
where Satisfactioniϕ means that agent i is satisfactory about ϕ (a propo-
sition); Beliϕ means that agent i believes that ϕ is true; Desiϕ means that
agent i desires that ϕ is the case; Pϕ means that ϕ was true in the past;
and Expectiϕ

def= Probiϕ∧¬Beliϕ means that agent i expects ϕ to be true
but envisages the possibility that it could be false.

Basically, the logical framework presented in this thesis is also based
on the logic of belief and choice, as the logic of Adam et al. [3] used.
However, there will be some extents in order to better represent emotions
and trust/distrust. Detailed discussion will be given in section 5.1.6.

2.4 Conclusion

This chapter presented a a selective overview of researches on emotions
in computer science. Particularly, we examined the research on the treat-
ment of emotion in affective computing where users’ emotion, once being
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recognized, could be represented, measured and reasoned in computer ap-
plication.

In this thesis, we focus on the latest category, representing agent by
one qualitative formalization of it for computer application based on the
cognitive theories of emotion.



Chapter 3

Introduction of Trust/Distrust

In oder to give the computer the ability to reason about emotions, we aim
to formalize some attitude which has a tight and natural relation with emo-
tions: trust and distrust mental states.

In this chapter, we give a selective view of researches of trust and distrust
in literature. First of all, we examine the meaning of trust and some of
relevant concepts in philosophy. Then, we try to category recent models of
trust, which are proposed for computer science, based on the approach they
are built on. After that, we examine models in each category.

Section 3.1 represents the meaning of trust and some of concepts relevant
in philosophy; Section 3.2 represents recent proposed models of trust in
computer applications.

41
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3.1 The meanings of Trust/Distrust

3.1.1 Concept of trust

Trust has been defined by researchers in many different ways. Many trust
researchers have recognized and examined more than one type of trust.
Some sociologists tend to see trust as structural in nature which is founded
upon social or institutional structures in the situation, not on the person, or
personal attributes, of the trusted parties (Lewis and Weigert [142], Shapiro
[230]). Some psychologists have viewed trust as a personal attribute, such
as a property or state of trusted person (Rotter [212]). Social psychologists
are more likely to view trust as an interpersonal phenomenon which means
that two or more people trust each other in the specific situation (Deutsch
[59], Holme [110]). Economists are more inclined to view trust as a rational
choice mechanism (Williamson [259]).

More general, Gambetta [83] considers trust as the subjective probability
by which an individual expects another individual to perform a given action
on which its welfare depends. Jøsang et al. [125, 126] consider trust as
the extent to which a given party is willing to depend on something or
somebody in a given situation with a feeling of relative security, even though
negative consequences are possible. Grandison and Sloman [94], based on
the computational point of view, define trust as a quantified belief by a
trustor with respect to the competence, honesty, security and dependability
of a trustee within a specified context.

Generally, trust involves two parties, the trusted party (hereafter, called
trustee) and the trusting party (hereafter, called trustor). Trustor wants or
desires some goodwill that could be realized by some trustee’s activity.

However, these definitions of trust are still too large and general to for-
malize the concept of trust for computer. We therefore need some definition
which enables to recognize and distinguish trust from other related concepts:
we investigate in definitions of trust from the cognitive point of view.

McNight and Chervany [162] have also defined six trust-related con-
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structs for trust typology conceptual definitions:

• Trusting Intention: is the extent to which one party is willing to
depend on the other party in a given situation with a feeling of relative
security, even though negative consequences are possible.

• Trusting Behavior: is the extent to which one person voluntarily de-
pends on another person in a specific situation with a feeling of relative
security, even though negative consequences are possible.

• Trusting Beliefs: means the extent to which one believes (and feels
confident in believing) that the other person is trustworthy in the
situation. In which, trustworthy means one is able and willing to act
in the other person’s best interests.

• System Trust: means the extent to which one believes that proper im-
personal structures are in place to enable one to anticipate a successful
future endeavor.

• Dispositional Trust: a person has Dispositional Trust to the extent
that s/he has a consistent tendency to trust across a broad spectrum
of situations and persons.

• Situational Decision to Trust: means the extent to which one intends
to depend on a non-specific other party in a given situation. It means
that one has formed an intention to trust every time a particular
situation arises, irrespective of one’s beliefs about the attributes of
the other party in the situation.

This definition mainly investigated in the trustor side. Trustor has to
answer questions to know whether s/he will depend and being voluntary to
depend on someone, whether s/he believe in someone’s trustworthy, whether
there is some situation in which s/he might depend on someone, etc. This
seem to be a topology for pre-conditions of trust instead of a definition of
trust itself.
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While McNight and Chervany [162] investigate in trustor side, Jones
[121] and Castelfranchi and Falcone [40, 75] investigate in the trustee side:
trust depends on the belief of trustor about some trustee’s attribute.

Jones [121] considers trust as a belief: it is suggested that two beliefs,
called the rule-belief and the conformity-belief, form the core of the trusting
attitude. Jones analyzed five scenarios in which, it is true to say that i trusts
j:

• Belief in regularity of trustee: i believes that there exists a regularity
in j’s behavior. And in addition, i believes that this regularity will also
be instantiated on some future occasion. In this case, i’s rule-belief is
his expectation that, in given circumstances, the event j will occur;
and i’s conformity-belief is his belief in regularity of j’s behavior.

• Belief in trustee’s obligation: i believes that there is a rule requiring j
to do α, and that j’s behavior will in fact comply with this rule. For
instance, i believes that j is under an obligation to repay a debt, and
that j will make the repayment. In this case, i’s rule-belief is his belief
that j is under an obligation to repay a debt; and i’s conformity-belief
is his belief that j will fulfill his obligation.

• Belief in role of trustee: i believes that j occupies some particular
role, and that j will perform the acts associated with that role in a
competent manner. For example, i trusts his doctor: i’s rule-belief is
his belief that, in social standard, a doctor meets the requirement of
a doctor; and i’s conformity-belief is his belief that j will satisfy this
requirement.

• Belief in trustee’s informing: i believes that j is transmitting some
information to him, and that the content of j’s message is reliable.
In this case, i’s rule-belief is his belief that j is in a convention with
him; and i’s conformity-belief is his belief that j will respect this
convention.
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• Belief in trustee’s intention: i intends to see that ϕ is realized, and
i believes that j will do nothing which will make it less likely that
ϕ obtains. In this case, i’s rule-belief is his belief that desired event
will occur in given circumstance; and i’s conformity-belief is his belief
that j will not attempt to stop such an event.

While Jones [121] used only two kinds of belief to construct trust, this
makes his definition still simple and general, Castelfranchi and Falcone [40,
75] define trust in a particular situation, in which trust is considered as a
foundation condition to delegation, with some more kinds of belief.

• Only a cognitive agent, which is endowed with goals and beliefs, can
trust another agent. First, one trusts another only relatively to a
goal (i.e. for something s/he wants to achieve or s/he desires). If
we do not potentially have goals, we can not really decide, nor care
about something (welfare): We can not subjectively trust somebody.
Second, trust itself consists of beliefs.

• Trust basically is a mental state, a complex attitude of an agent x
towards another agent y about the behavior/action α relevant for the
result (goal) g. In which, x is the relying agent, who feels trust; y is
the agent or entity which is trusted. So x trusts y about g/α and for
g/α; x trusts also that g will be true. Since y’s action is useful to x,
and x is relying on it, this means that x is delegating some action/goal
in her own plan to y.

• Trust is the mental counter-part of delegation. In delegation, the
delegating agent x needs (or likes) an action of the delegated agent y
and includes it in her own plan: x relies on y. x plans to achieve g
through y. y’s delegated task is either a x’s state-goal (something x
wants or desires) or action-goal (something x wants or intends to do).

In other words, agent x delegates a task to agent y based on a specific
set of beliefs and goals. This mental state is what they call trust. Therefore,
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in order to delegate his task to agent y, agent x must have trust on y. Then
x has some specific beliefs:

• Competence belief: x should believe that y is useful for this goal
of its, that y can produce/provide the expected result, that y can
play such a role in x’s plan/action, that y has some function. A
positive expectation is the combination of a goal and of a belief about
the future (prediction): x both believes that g and x desires/intends
that g. In this case, x both believes that y can and will do; and x

desires/wants that y can and will do.

• Dependence belief: x believes, to trust y and delegate to it, that
either x needs it, x depends on it (strong dependence, cf. Sichman et
al. [233]), or at least that it is better to x to rely than do not rely on
it (weak dependence, cf. Jennings [120]).

• Disposition belief: x should think that y not only is able and can do
that action/task, but also y actually will do what x needs. In case of
an intentional agent, the disposition belief must be articulated in and
supported by two more beliefs:

– Willingness belief: x believes that y has decided and intends to
do α. In fact for this kind of agent to do something, it must
intend to do it. So trust requires modeling the trustee’s mind.

– Persistence belief: x should also believe that y is stable enough
in his intentions, that has no serious conflicts about g (otherwise
he might change his mind), or that y is not unpredictable by
character, etc.

• Self-confidence Belief: x should also believe that y knows that he can
do α. Thus he is self-confident.

• Motivation Belief: x believes that y has some motives to help her/him
(to adopt her/his goal), and that these motives will probably prevail
- in case of conflict - on other motives, negative for her.
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• Fulfillment belief: x believes that g will be achieved (thanks to y in
this case). Thus, if the agent trusts y for g, the agent decides: (i) not
renouncing to goal g, (ii) not personally bringing it about, (iii) not
searching for alternatives to y, and (iv) to pursue g through y.

The first two beliefs compound what they call the core trust and together
with the disposition belief, the reliance.

So, after Castelfranchi and Falcone [40, 75], trust is a set of mental
attitudes characterizing the delegating agent’s mind x which prefers another
agent y to do action α. y is a cognitive agent, so x believes that y intends
to do the action and y will persist in this.

Generally, cognitivists have a common principle to construct the con-
cept of trust: they consider trust in its decompositions (cognitive factors):
the belief of trustor about a given trustee’s competence, intention, integrity,
power, willingness, etc. However, there is some difference among these def-
initions, revolving their covered scope. In particular, while Castelfranchi
and Falcone [40, 75] proposed the concept of individual trust based on
the trustee’s attributes such as competence, power and intention. Others
cover also the case, in which, the trustor trusts a trustee based on trustee’s
role in their institution (cf. role-based trust of Jones [121], the system
trust (institution-based trust) of McNight and Chervany [162]), or based on
trustee’s obligation (cf. Jones [121]). In order to limit maximally the am-
biguous in our latter formalization, we take the definition of Castelfranchi
and Falcone [40, 75] as a foundation model of trust, on which, we formalize
the concept of trust for computer, and then, find out the effect of trust on
emotions.

3.1.2 The concept of distrust

Several authors agree that distrust is a partial negative form of trust, but
distrust is not the negation of trust. Thus, most of them define distrust
from trust’s definition. For instance, Marsh and Dibben [154] argue that
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distrust, by comparison is a measure of how much the trustor believes that
the trustee will actively work against them in a given situation. Thus, if we
distrust someone, we expect s/he will work to make sure the worst (or at
least not the best) will happen in a given situation.

In a cognitive point of view, McNight and Chervany [162] defined five
distrust-related constructs for distrust typology conceptual definitions:

• Distrusting Intentions: means one is not willing to depend, or intends
not to depend, on the other party, with a feeling of relative certainty
or confidence, even though negative consequences are possible.

• Distrust-related Behavior: means that a person does not voluntar-
ily depend on another person, with a feeling of relative certainty or
confidence, when negative consequences are possible.

• Distrusting Beliefs: means the extent to which one believes, with
feelings of relative certainty or confidence, that the other person does
not have characteristics beneficial to one.

• Institution-based Distrust: means one believes,with feelings of relative
certainty or confidence, that favorable conditions that are conducive
to situational success in a risky endeavor or aspect of one’s life are not
in place.

• Disposition to Distrust: means the extent to which one displays a
consistent tendency to not be willing to depend on general others
across a broad spectrum of situations and persons.

Similarly to their topology of trust, this definition of distrust mainly
investigated in trustor side. Thus the topology seem to be pre-conditions
of distrust instead of distrust’s attitude states.

Castelfranchi et al. [39] also define distrust as an opposite of trust:
Agent i distrusts j to ensure ϕ by performing α if and only if:

• i wants to achieve ϕ; and
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• i expects that

– j has not the opportunity to ensure ϕ by performing action α;
or

– j is not willing (i.e., does not intend) to perform action α; or

– the internal or external preconditions for the execution of action
α by agent j do not hold.

We base mainly upon the definition of Castelfranchi et al. [39] to con-
struct our formal definition of distrust, which will be presented in chapter
5.

3.1.3 Properties of trust

As mentioned, trust is a mental attitude of trustor which is raised from the
trustor’s awareness about the competence, power and willingness of trustee.
Thus, trust has some properties:

• Trust is dynamic, meaning it can increase with positive experience and
decrease with negative experience or over time without any experience
(Ries et al. [206]).

• Trust is subjective and therefore asymmetric (Grandison and Sloman
[93]): A’s trust in B is not usually the same as B’s trust in A.

• Transitivity of trust: If A trusts B and B trusts C, then A also trusts
C? Marsh [153] points out that trust is not transitive. At least it is
not transitive over arbitrary long chains, since this will end in conflicts
regarding distrust. However, Grandison and Sloman [93] state that
trust has an unintentional transitivity in some particular cases.

• The trustor accepts some level of risk of vulnerability (Becker [16]).
The risk of vulnerability may be from the failure by the trustee to do
what the truster depends on that.
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• Trust has the potential for betrayal (de Sousa [236]). Annette Baier
writes that trusting can be betrayed, or at least let down, and not
just disappointed (Baier [12]).

• No suspicious. People do not, or cannot, trust one another if they are
easily suspicious of one another (Govier [90]). Trusting involves being
optimistic, rather than pessimistic, that the trustee will do something
for us (or for others perhaps); and such optimism is, in part, what
makes us vulnerable by trusting.

• Belief or to be optimistic of the trustee’s competence. We usually trust
people to do certain things - for example, to look after our children,
to give us advice, or to be honest with us - but we would not do so if
we thought that they lacked the relevant skills (including moral skills
of knowing what it means to be honest or caring, cf. McLeod [163]).

• The commitment between truster and trustee. When we trust people,
we are optimistic not only that they are competent to do what we
trust them to do, but also that they are committed to doing it (de
Sousa [236]).

3.1.4 Related terminologies

The following presents some concept relevant to trust: trustworthiness, re-
liance and reputation.

3.1.4.1 Trustworthiness

As trust, there are several points of view of trustworthiness. While both
the competence and motivational elements of trustworthiness are crucial,
the exact nature of the latter is unclear (de Sousa [236]). For some philoso-
phers, it is only the ongoing commitment of the trustee (Hardin [99]). But
for others, it is also the origins of the commitment matter. While some
philosopher considers that trustworthiness can be "compelled by the force
of norms" (Hardin [99], ONeil [184]). Some others view trustworthiness as
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a goodwill, which finds trustworthiness only where the trustee is motivated
by goodwill (Jones [124]). However, de Sousa [236] states that goodwill is
neither necessary nor sufficient for trustworthiness.

While not still agree about concept of trust and trustworthiness, philoso-
phers agree that trust is different from trustworthiness. Trust is an attitude
that we have towards people whom we hope will be trustworthy, while trust-
worthiness is only a property, not an attitude (de Sousa [236]).

3.1.4.2 Reliance

In one hand, trust is similar to reliance because in both concepts, there is
someone who relies on other’s action to obtain a goodwill. If the action
is failed, both bring about disappointment. In other hand trust is also
different from reliance. Baier [12] says that trust can be betrayed, or at
least let down, and not just disappointed. While the latter is not. Why
can trust be betrayed, but not mere reliance? The answer Baier gives is
that betrayal is the appropriate response to someone on whom one relied
to act out of goodwill, as opposed to ill will, selfishness, or habit bred out
of indifference [12].

3.1.4.3 Reputation

Reputation is the common or general estimate of a person with respect
to character or other qualities (cf. Sabater and Sierra [216]). Generally,
reputation is trust in a different scope: while trust concerns an individual,
reputation concerns a common group. Thus, instead of being judged by an
individual truster, trustee is judged by a group of people.

In the relation between trust and reputation, in the context of a group
of agents, individual trust can affect on the group trust (reputation) and
vice versa, the group trust can also change the individual trust on some
trustee. The mechanism to determine individual trust based on reputation
is popularly applied in the computational models of trust.
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3.1.5 Trust/Distrust and emotion

Trust/distrust have a tight relation with emotion. This relation has been
pointed out in literature. We list here three main reasons for this relation.

First, trust/distrust is possibly considered as a particular emotion (cf.
Lazarus [135, 136]). Barbalet [13] argues that trust is an emotion because
of three reasons:(i) trust is feelings of positive expectation and safe depen-
dency; (ii) trust is a feeling of confidence in another’s future actions; and
(iii) confidence concerning one’s own judgment of another. Lahno [131] has
argued that common sense is right in maintaining that trust has emotional
character. In some specifiable sense, trust is an emotional attitude: they
are recognized by some general pattern in the way the world or some part
of the world is perceived by an individual. de Sousa [56, 236] also argues
in the same direction that the characteristics of trust that suggest it is an
emotion are ones that we can try to mimic in our attitude toward other
people, in an effort to be more trusting. In other words, we could purpose-
fully try to focus our attention on what makes other people trustworthy,
and in doing so cultivate trust in them. In doing so, our goal might simply
be self-improvement: that is, becoming more trusting, hopefully in a good
way, so that we reap the benefits of justified trust.

Second, trust and distrust could be associated to some emotions. Par-
ticularly, trust is associated to hope (Lewicki et al. [140]) because they have
a positive expectation (Falcon and Castelfranchi [75]), and distrust is asso-
ciated to fear (Lewicki et al. [139, 140]) because they both have a negative
expectation (Castelfranchi et al. [39]). As a consequence, the success or
failure of trust could bring about some emotions. Particularly, the violation
of trust causes some negative emotions such as anger and disappointment
(Lewicki and Tomlinson [141]). This ideal is shared with Oatley [180] who
argues that anger is the sentiment of antipathy and the belief of distrust.
The argumentation that betrayal of trust could bring about anger is also
confirmed by Fehr et al. [76] with the data of an empirical experiment.

Third, emotion also effects on trust/distrust attitude. Dunn et al. [62]
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report results from five experiments that describe the influence of emotional
states on trust. They show that incidental emotions significantly influence
trust in unrelated settings. Happiness and gratitude, emotions with posi-
tive valence, increase trust, and anger, an emotion with negative valence,
decreases trust. Also, Andersen et al. [8] argue that positive emotions are a
main factor in trust building, as they allow the actors to take the initial leap
of faith, expecting that trust will be honored. McAllister [159] points out
that trust based on emotional states such as care and concern is deeper than
trust based primarily on predictability. A study of international strategic
alliances by Cullen et al. [52] drew a distinction between credibility trust,
which constitutes the rational component of trust building and benevolent
trust, which constitutes the emotional dimension.

3.2 Trust in Computer Science

Trust is not a new research topic in computer science, spanning areas as
diverse as security and access control in computer networks, reliability in
distributed systems, game theory and agent systems, and policies for de-
cision making under uncertainty. In this section, we aim to place the re-
searches of trust into some main categories in order to provide a general
view of researches of trust.

There are several attempts to classifier trust in computer science. For
instance, Grandison and Sloman [93] have identified different forms of trust
in the literature relating to whether access is being provided to the trustor’s
resources, the trustee is providing a service, trust concerns authentica-
tion. Ramchurn et al. [203], with respect to designing agents and open
multi-agent systems, have conceptualized trust in two ways. The first is
individual-level trust, whereby an agent has some beliefs about the hon-
esty or reciprocative nature of its interaction partners. And the second
way is system-level trust, whereby the actors in the system are forced to
be trustworthy by the rules of encounter (i.e. protocols and mechanisms)
that regulate the system. Artz and Gil [10] have distinguished four areas of
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trust: (i) Policy-based trust which uses policies to establish trust, focused
on managing and exchanging credentials and enforcing access policies; (ii)
Reputation-based trust which uses reputation to establish trust, where past
interactions or performance for an entity are combined to assess its fu-
ture behavior; (3) General models of trust which is a wealth of research on
modeling and defining trust, its prerequisites, conditions, components, and
consequences. Trust models are useful for analyzing human and agentized
trust decisions and for operationalizing computable models of trust; and (4)
trust in information resources which is an increasingly common theme in
Web related research regarding whether Web resources and Web sites are
reliable. Also, Sabater and Sierra [217] and Ries et al. [206] have listed
computational models of trust based on the aspects of domain, dimension,
and semantics of trust values. Ruohomaa and Kutvonen [214] took a sur-
vey on trust management. They divide research on trust into three groups
based on its context, from low to high: infrastructure level, service level
and community level. Mui et al. [170] have a review on the notation of
reputation in multi-agent system. They consider reputation in the different
scope: individual or group, and on the different mechanism of reputation:
direct or indirect.

However, these classifications base on different points of view. Each of
these classifications provide a narrow view on some particular aspects of
trust: it is either trust management view, computational view, or based on
the scope of trust or the mechanism trust is established on, etc. In order to
give a general view on research of trust in computer science, we categorize
research of trust on the ways it is built on. We thus distinguish three main
categories of trust models:

• Protocol models: the models of trust oriented protocol, authentica-
tion, certification and security in the interactions between entities in
the system or between computer and user.

• Computational models: the models concentrate on quantitative trust
of a trustor in order to decide to trust or not on a given trustee.



3.2. TRUST IN COMPUTER SCIENCE 55

• Cognitive models: the models concentrate on qualitative and formal
representations of trust in order to recognize and reason about trust.

The next sections will present recent researches of trust in each category.

3.2.1 Protocol-oriented model of trust

This section presents the protocol-oriented models of trust, in which, trust
is considered from the point of view of system management: authenticate,
authority, security, etc. The objectives is to construct a model of trust
which enables to establish security and trusted protocols. In these models,
the trustee may be a user of a system, or a partner of an interaction.

Public key certificates A digital certificate is issued by a certification au-
thority and verifies that a public key is owned by a particular entity. The
certification authority does not vouch for the trustworthiness of the key
owner, but simply authenticates the owner’s identity. Pretty Good Privacy
(PGP) trust model [174] is used for authentication relating to e-mail type
of applications between human users. It supports a Web Of Trust model in
that there is no centralized or hierarchical relationship between certification
authorities as with X.509. The X.509 trust model [4, 241] is a strictly hier-
archical trust model for authentication. Each entity must have a certificate
that is signed by the central certification authority or another authority,
which has been directly or indirectly certified by it. This model assumes
that certification authorities are organized into a universal certification au-
thority tree and that all certificates within a local community will be signed
by a certification authority that can be linked into this tree (Blaze et al.
[24]). The Platform for Content Selection (PICS) [166] was developed by
the World Wide Web Consortium (W3C) as a solution to the problem of
protecting children from pornography on the Internet without infringing on
one’s right to freedom of speech. PICS defines standards for the format and
distribution of labels which are meta-document describing a Web document.
Herzberg et al. [102] present a policy-based and certificate-based mecha-
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nism which can assign roles to new entrants. A certificate in this work is
signed by some issuer and contains some claims about a subject. Mass et al.
[157] extend the work in Herzberg et al. [102] to open multi-agent systems.
Specifically, they take into account the fact that agents with reasoning or
planning components can adapt their strategies rather than sticking to one
strategy while maintaining their role. Poslad et al. [198] have recently
proposed a number of security requirements they claim that are essential
for agents to trust each other and each other’s messages transmitted across
the network linking them (i.e. to ensure messages are not tampered with
by malicious agents). The authors specify these requirements for the FIPA
(Foundation for Intelligent Physical Agents) abstract architecture [77].

Authenticate language Burrows et al. [33] propose a language to specify
steps followed in the authentication process between two entities (resource
access protocol analysis). The language is founded on cryptographic rea-
soning with logical operators defined to deal with notions of shared keys,
public keys, encrypted statements, secrets, nonce freshness and statement
jurisdiction (for authentication servers and certificate authorities). The Au-
thorization Specification Language (ASL) proposed by Jajodia et al. [118]
is used to specify authorization rules and makes explicit the need for the
separation of policies and mechanisms. ASL supports the specification of
the closed policy model (all allowable accesses must be specified) and the
open policy model (all denied accesses must be explicitly specified) using a
common architectural framework. It also supports role-based access control.

Trust management PolicyMaker is a trust management application, devel-
oped at AT&T Research Laboratories, that specifies what a public key is
authorized to do [24]. KeyNote, the successor to PolicyMaker, was also
developed by AT&T Research Laboratories to improve on the weaknesses
of PolicyMaker. It has the same design principles of assertions and queries
[23, 22] but includes two additional design goals, namely: standardization
and ease of integration [22].
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Additionally, the Rule-controlled Environment For Evaluation of Rules
and Everything Else (REFEREE) is a trust management system for mak-
ing access decisions relating to Web documents developed by Yang-Hua Chu
based on PolicyMaker [45]. It considers a PICS label as the stereotypical
web credential and uses the same theoretical framework as PolicyMaker to
interpret trust policies and administer trust protocols, which are represented
as software modules. Rangan [204] proposed a trust model for secure com-
munication which is based on the logical secure channels between agents.
The logical secure channels are established based on the mechanism of pub-
lic keys schemes.

3.2.2 Computational model for trust

This section presents the computational models of trust, in which, trust is
quantified or estimated. These models enable trustor to compare and to
make a decision to trust on the trustee who has the highest trust value.
They are popularly applied in the e-commerce application.

There are currently three main trends of researches in computational
trust in multi agent system. Firstly, models of trust based on personal ex-
perience calculate the trust value of truster on trustee based on truster’s
personal parameters during transactions that have been performed with the
trustee in the past. For instance, the model of Marsh [153] differentiates
three types of trust: Basic trust, models the general trusting disposition
independently of who is the agent that is in front. General trust, the trust
that one agent has on another without taking into account any specific sit-
uation. Situational trust, the amount of trust that one agent has in another
taking into account a specific situation. The probability theory-based model
of Schillo et al. [223] is intended for scenarios where the result of an inter-
action between two agents is a boolean impression: good or bad; and there
are no degrees of satisfaction. Manchala [149] proposes a model for the
measurement of trust variables and the fuzzy verification of E-Commerce
transactions, based on trust variables: cost of a transaction, transaction
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history, customer loyalty, indemnity and spending patterns. Nefti et al.’s
[173] trust model considers the kind of information that is shown to increase
customers trust when present on a merchant website. The model identified
the following four major factors (modules): existence, affiliation, policy and
fulfillment. After that, a fuzzy process will generate trust index for partners.
The model of Abdul-Rahman and Hailes [1] uses four degrees of belief to
typify agent trustworthiness: vt (very trustworthy), t (trustworthy), u (un-
trustworthy) and vu (very untrustworthy). For each partner and context,
the agent maintains a tuple with the number of past experiences in each
category. Then, from the point of view of direct interaction, the trust on
a partner in a given context is equal to the degree that corresponds to the
maximum value in the tuple.

Secondly, models of trust based on reputation which estimate trust value
based on truster’s reference on her/his partners in their community or sys-
tem. Their basic principle is that the more an agent is trusted by many
other agents, the more trustworthy s/he is. For instance, online reputa-
tion models such as the model used on eBay [64], Amazon Auctions [7] and
OnSale Exchange [185]. In the online reputation model Sporas [266], only
the most recent rating between two users is considered. Another important
characteristic is that users with very high reputation values experience much
smaller rating changes after each update than users with a low reputation.
This is a similar approach to the Glicko [88] system. Histos [266] was de-
signed as a response to the lack of personalization that Sporas reputation
values have. The model can deal with direct information (although in a
very simple way) and witness information. Contrary to Sporas, the reputa-
tion value is a subjective property assigned particularly by each individual.
In the model proposed by Yu and Singh [262, 263, 264], the information
stored by an agent about direct interactions is a set of values that reflect
the quality of these interactions. Only the most recent experiences with
each concrete partner are considered for the calculations.

Thirdly, hybrid models makes use of integrating both personal experi-
ence and reference trust, and then final value of trust is aggregated by a
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weighted averaging operator. For instance, the model proposed by Esfandi-
ari and Chandrasekharan [72] two one-on-one trust acquisition mechanisms
are proposed. The first is based on observation and they propose the use
of Bayesian networks to perform the trust acquisition by Bayesian learn-
ing. The second trust acquisition mechanism is based on interaction. The
approach is the same one used in Lashkari et al. [134]. Sen and Sajja
[228] reputation model, both types of direct experiences are considered: di-
rect interaction and observed interaction. While the main idea behind the
reputation model presented by Carter et al. [38] is that "the reputation
of an agent is based on the degree of fulfillment of roles ascribed to it by
the society". If the society judges that they have met their roles, they are
rewarded with a positive reputation, otherwise they are punished with a
negative reputation. Sabater and Sierra [215, 216] introduced ReGreT, a
modular trust and reputation system oriented to complex small/mid-size
e-commerce environments where social relations among individuals play an
important role. The system takes into account three different sources of
information: direct experiences, information from third party agents and
social structures. The reputation model is divided in three specialized types
of reputation depending on the information source that is used to calculate
them: witness reputation, neighborhood reputation and system reputation.
Ramchurn et al. [202] developed a trust model, based on confidence and
reputation, and show how it can be concretely applied, using fuzzy sets,
to guide agents in evaluating past interactions and in establishing new con-
tracts with one another. They also use two kinds of trust: confidence, which
is based on the direct interactions; and reputation, which is based on the
mechanism of ReGReT system. Huynh et al. [113, 114] presented FIRE, a
trust and reputation model that integrates a number of information sources
to produce a comprehensive assessment of an agent’s likely performance in
open systems. Victor et al. [251] advocate the use of a trust model in
which trust scores are (trust, distrust)-couples, drawn from a bilattice that
preserves valuable trust provenance information including gradual trust,
distrust, ignorance, and inconsistency. They focus on deriving trust infor-
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mation through reputation, in particular, the propagation of trust among
agents. Tran and Nguyen [246] introduced a computational model of trust,
which is also combination of experience and reference trust, based on fuzzy
computational techniques and weighted aggregation operators. Teacy et
al.’s model TRAVOS [244] calculates trust using probability theory taking
account of past interactions between agents, and when there is a lack of
personal experience between agents, the model draws upon reputation in-
formation gathered from third parties. Sensoy et al.’s model POYRAZ [229]
combines a service selection engine that makes context-aware service selec-
tions using the shared consumer experiences and an information filtering
module that computes trustworthiness of the consumers and identifies de-
ceptive experiences. The model of Wang and Singh [254] understands trust
in terms of belief and certainty. Certainty is formalized in terms of evidence
based on a statistical measure defined over a probability distribution of the
probability of positive outcomes.

Generally, computational models of trust enable agent to estimate con-
cretely how much does s/he trust in a partner. Therefore, they are helpful
for agents in situations where they need to make a decision to choose the
most trustworthy partner to interact (collaboration, coordination, negoti-
ation, etc.). However, in certain situations where agents need to reason
to know why they trust a partner and/or what are possible consequences
from an act of trust, how can agents prevent some negative consequence
of trust from happening, the computational approaches of trust seem to be
no more suitable: Agents need an approach which enables them to reason
about trust. This requirement leads the cognitive formal approach of trust
which will be presented in the next section.

3.2.3 Cognitive model for trust

This section presents the cognitive models of trust, in which, instead of
being calculated, trust is qualitative represented based on belief, goal, etc.
of trustor on trustee. In these models, trust is represented in the high-level
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formal primitives. They are applied to the applications of cognitive and
reasoning systems.

Jones and Firozabadi. In [123], Jones and Firozabadi address the issue of
the reliability of an agent’s transmission. They use a modal logic of action
developed by Kanger [127], Porn [196, 197] and Lindahl [143] to model
agent’s actions: Eip means “agent i brings it about that p”. They use a
variant of a normal modal logic of type KD45 (cf. Chellas [42]) as the
foundation for their belief system: BiA means “agent i believes that A”.
Therefore, a deceitful communicative action is represented as follow:
¬Bap ∧ EaBbEaD ∧Ba(EaD ⇒b p)

this says that a does not believe that p, that a sees to it that b believes that
a sees to it that D, and that a believes that his seeing to it that D counts for
b as sufficient evidence for the truth of p (cf. Jones and Firozabadi [123]).
The formal representation brings out the idea that deceit is the exploitation
of an assumed trust relation.

E2T2. Grandison and Reichgelt [92] introduce a model, called Epistemic
Event Temporal Trust (E2T2), which enables the creation of trust-based
relationships between online merchants and their consumers. They use an
epistemic logic developed by von Wright [252] and Hintikka [108], and a
temporal logic introduced by Venema [250] and Emerson [70]. Their formula
of trust is follow:

Trust(a, Calc(str1, str2, str3, str4), b, t, e)↔

Bel(a, str1, t, [(∀x : T )(∀x′ : T )Bef(x, x′)∧

Bef(x′, Tper(a, b, e, x))→

Holds(CanInduce(b, e), x′, Tper(a, b, e, x))])

∧Bel(a, str2, t, (∀x : T )[Occurs(Request(a, b, e), x)→

(∃x′ : T )(∃x′′ : T )[Bef(x, x′)∧

Bef(x′, Tper(a, b, Request(a, b, e), x))∧



62 CHAPTER 3. INTRODUCTION OF TRUST/DISTRUST

Bef(x′, x′′) ∧Occurs(Commit(b, e, Tper(a, b, e, x)), x′′)]])

∧Bel(a, str3, t, (∀x : T )(∀x′ : T )[Bef(x, x′)∧

Bef(x′, Tper(a, b, e, x))→

Holds(Secure(b, e), x′, Tper(a, b, e, x))])

∧Bel(a, str4, t, (∀x : T )(∀x′ : T )[Occurs(Commit(b, e, x′), x)→

(∃x′′ : T )[Bef(x, x′) ∧Bef(x′, x′′) ∧Occurs(e, x′′)]])

where Trust(a, Calc(str1, str2, str3, str4), b, t, e) means that agent a trusts
that agent b brings e at the time t with a tuple of four levels of belief in
Calc(str1, str2, str3, str4), which indicates that the trust level is dependent
on the four quantified beliefs that make up the definition of trust: str1, the
level of a’s belief about the competence of agent b in order to bring event
e; str2, the level of belief about the dependability, refers to reliability and
timeliness, of agent b in order to bring event e; str3, the level of agent a’s
belief that b will be secure with respect to e for the period in which it is
reasonable for a to expect b to perform e after a has requested b to perform
e; str4, the level of belief that b is sincere with respect to its commitments.
Bel(a, str, t,ϕ) means that agent a believes ϕ is true at the time t with a
level of str. Bef(t1, t2) is true iff t1 is earlier than t2. Holds(s, t1, t2) is
true iff state s is true between time t1 and t2. Occurs(e, t) is true iff event
e occurs at time t. Tper(a, b, e, x) means that agent b has committed to
agent a to perform e at time t. CanInduce(a, e) describes the state of a
being able to bring about event e, either directly or through some third
party. Request(a, b, e) states that the first agent a requesting the second
agent b to bring about the event e. Commit(a, e, t) states that the agent a
committing itself to bring about event e before that time t.

Herzig et al. Herzig et al. [103] provide a qualitative formal analysis of
trust and reputation on the basis of cognitive primitives. The proposed
formalization is strongly inspired by Falcone and Castelfranchi’s model of
social trust [75]. The concepts of trust and reputation are built from the
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same bricks (goal, capability, power, and willingness) but in a different scope
(individual belief vs. collective belief).

Trust. They distinguish two types of trust: occurrent trust and dispo-
sitional trust. Occurrent trust is defined based on the components: belief,
occurrent goal, occurrent capability, occurrent power and occurrent inten-
tion. The occurrent trust is formalized as follow:

OccTrust(i, j, α, ϕ) def=OccGoal(i, ϕ) ∧BeliOccCap(j, α)∧

BeliOccPower(j, α, ϕ) ∧BeliOccIntends(j, α)

where OccTrust(i, j, α, ϕ) means that agent i trust agent j in doing action
α to achieve ϕ; Beliϕ reads “agent i believes that ϕ is true” based on the
epistemic and doxastic logic (Hintikka [107]), the logic of belief is the modal
system KD45 (cf. Chellas [42]); and:

• OccGoal(i, ϕ) def= PrefiEventuallyϕ means that the occurrent goal
of agent i is achievement of ϕ; where Prefiϕ reads “agent i prefers
ϕ is true”, and Eventuallyϕ reads “eventually, ϕ is true” (cf. van
Benthem [248]).

• OccCap(j, α) def= ¬Afterj:α⊥ represents the occurrent capacity of
agent j in doing action α; where Afterj:αϕ expresses that ϕ is true
after every possible execution of action α by agent j.

• OccPower(j, α, ϕ) def= Afterj:αϕ represents the power which relates
j’s action α with i’s goal ϕ: j’s performance of α will make ϕ true
here and now.

• OccIntends(j, α) def= PrefjDoesj:α> represents the intention to do
action α of agent j; where Doesj:αϕ (introduced by Demolombe and
Lorini [58]) means that agent j is performing action α.

The formula of dispositional trust is the same but the conditions are in
the forms of potential conditions.
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Reputation. They also use the same operators of goal, capacity, power
and intention. But the group belief operator GroupBeliefIϕ is used instead
of the individual belief operator.

Rep(I, j, α, ϕ) def=OccGoal(I, ϕ) ∧BelIOccCap(j, α)∧

BelIOccPower(j, α, ϕ) ∧BelIOccIntends(j, α)

where Rep(I, j, α, ϕ) reads “j has reputation in group I to do α in order to
achieve ϕ”; BelIϕ reads “group I believes that ϕ is true”.

This logic of trust is familial with our logic which will be presented in
chapter 4. Thus we could basically inherit this approach to formalize the
concept of trust in order to find out the effect of trust on emotions. The
detail will be discussed in the section 5.2.2.

3.3 Conclusion

Trust has attracted many researches in recent years. There are various
definitions, many models of trust have being proposed. In this chapter, we
have categorized the models of trust in the literature based on the approach
they are built on: Protocol models which model trust oriented protocol,
authentication, certification and security in the interactions between entities
in the system or between computer and user; computational models which
concentrate on quantitative aspect of trust, these models enable trustor
to make a decision to trust or not on a given trustee; and cognitive models
which concentrate on qualitative aspect of trust, these models enable trustor
to recognize and to reason about a given trustee’s trustworthiness.

In oder to give the computer the ability to reason about the effect of
trust and distrust on emotions, we concentrate on qualitative aspect of trust
and distrust: we will use cognitive approach to construct a model of trust
and distrust which will be presented in following chapters.



Chapter 4

Logical Framework

Three precedent chapters introduced the meaning of emotions, trust/distrust
and their applications in computer science.

We now start to introduce our logical framework for emotions and trust/-
distrust. This logic will enable us to lay bare the formal relations between
trust and emotion, particularly the effect of trust and distrust on emotions.
The logic we offer is a combination and extent of the logic of beliefs and
choices of Herzig and Longin [105] (a refinement of the logic of choice and
intention of Cohen and Levesque [50]), and the logic of time (introduced by
Arthur Prior [201]).

Section 4.1 presents the syntax of the logic; section 4.2 presents the se-
mantics of this logic; section 4.3 presents the axiomatics of logical operators
in our logic and section 4.4 proves the decidability of our logic.
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4.1 Syntax

4.1.1 Language

The syntactic primitives of our logic are as follows: a nonempty finite set
of agents AGT = {i1, i2, . . . , in}, a nonempty finite set of atomic events
EVT = {e1, e2, . . . , ep}, and a nonempty set of atomic propositions ATM =
{p1, p2, . . .}. The variables i, j, k. . . denote agents. The expression i1:e1 ∈
AGT × EVT denotes an event e1 intentionally caused by agent i1 and e1

is thus called an “action”. The variables α, β. . . denote such actions. The
language of our logic is defined by the following BNF:

ϕ :=p | i:α-happens | ¬ϕ | ϕ ∨ ϕ | Xϕ | X−1ϕ |

Gϕ | Beli ϕ | Choicei ϕ | GrdIϕ

where p ranges over ATM , i:α ranges over AGT×EVT , i:α-happens ranges
over ATM for each i:α ∈ AGT×EVT , and I ⊆ AGT . The classical boolean
connectives ∧ (conjunction), → (material implication), ↔ (material equiv-
alence), > (tautology) and ⊥ (contradiction) are defined from ¬ (negation)
and ∨ (disjunction).

• i:α-happens reads “agent i is just about to perform the action α”;

• Xϕ reads “ϕ will be true next instant”;

• X−1ϕ reads “ϕ was true at the previous instant”;

• Gϕ reads “henceforth, ϕ is true”;

• Beli ϕ reads “agent i believes that ϕ is true”;

• Choicei ϕ reads “agent i prefers that ϕ be true”;

• GrdIϕ reads “ϕ is publicly grounded between the agents in group I”.
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4.1.2 Abbreviations

In this logic, we also define the following abbreviations:

i:α-done def= X−1i:α-happens (Defi:α-done)

Happensi:αϕ
def= i:α-happens ∧ Xϕ (DefHappensi:α)

Afteri:αϕ
def= i:α-happens → Xϕ (DefAfteri:α)

Donei:αϕ
def= i:α-done ∧ X−1ϕ (DefDonei:α)

Fϕ def= ¬G¬ϕ (DefF)

Goali ϕ
def= Choicei FBeli ϕ (DefGoali )

Intendi α
def= Choicei Fi:α-happens (DefIntendi )

Ableiα
def= ¬Afteri:α⊥ (DefAblei)

Possiϕ
def= ¬Beli ¬ϕ (DefPossi)

Awareiϕ
def= X−1¬Beli ϕ ∧ Beli ϕ (DefAwarei)

where, the readability of these abbreviations is defined as follows:

• i:α-done reads “agent i has done action α”;

• Happensi:αϕ reads “agent i is doing action α and ϕ will be true next
instant”;

• Afteri:αϕ reads “ϕ is true after any execution of α by i”;

• Donei:αϕ reads “agent i has done action α and ϕ was true at previous
instant”;

• Fϕ reads “ϕ will be true in some future instants”;

• Goali ϕ reads “agent i has the goal (chosen preference) that ϕ be
true”;

• Intendi α reads “agent i intends to do α”;

• Ableiα reads “agent i is capable to do α”;

• Possiϕ reads “agent i believes that it is possible ϕ”;
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• Awareiϕ reads “agent i has just experienced that ϕ is true”.

Sometimes, we also use some abbreviations revolving action α to repre-
sent the cases of inaction:

Done∼i:αϕ
def= ¬i:α-done ∧ X−1ϕ (DefDone∼i:α)

Done∼i:αϕ reads “agent i did not do action α and ϕ was true at previous
instant”.

4.2 Semantics

For temporal operators, we use a semantics based on linear time described
by a story (or sequence) of time points (This semantics is very close to
CTL*, cf. Clarke et al. [47]).

4.2.1 Frame

Let W set of possible worlds. A frame F is a 4-tuples 〈H ,B,C ,G 〉 where:

• H is a set of situations that are represented as sequences of time
points, where each time point is identified by an integer z ∈ Z (a time
point z in a story h is called a situation (h, z)). Each situation (h, z)
is correspond to a possible world w ∈ W .

• B is the set of all Bi such that Bi(h, z) ⊆H denotes the set of stories
believed as being possible by the agent i in the situation (h, z). All
the accessibility relations Bi are serial1, transitive2 and Euclidean3.
This semantic is completely standard in epistemic logic (cf. Gochet
and Gribomont [89] and Hintikka [107]).

• C is the set of all Ci such that Ci(h, z) ⊆H denotes the set of stories
chosen by the agent i in the situation (h, z). All the accessibility Ci

are serial.
1for every i ∈ AGT , Bi(h, z) , ∅
2if h1 ∈ Bi(h, z) and h2 ∈ Bi(h1, z), then h2 ∈ Bi(h, z)
3if h1 ∈ Bi(h, z) and h2 ∈ Bi(h, z), then h2 ∈ Bi(h1, z)
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• G is the set of all GI such that GI(h, z) ⊆H denotes the set of stories
which are publicly grounded in the group I of agents, in the situation
(h, z). All the accessibility relations GI are serial, transitive and Eu-
clidean (This is similar to the operator group grounding introduced
by Gaudou et al. [85]).

Moreover, we impose for every z ∈ Z that: if h1 ∈ Bi(h, z) then
Ci(h, z) = Ci(h1, z). It means that if an agent believes that the situation
(h1, z) is possible from the situation (h, z), then the set of his/her preference
worlds from (h, z) and (h1, z) are the same. In other terms, the worlds an
agent prefers and the ones that agent believes that s/he prefers are the same
(briefly, the agent is conscious about his/her preferences, and s/he prefers
what s/he believes that s/he prefers).

4.2.2 Model & Truth conditions

A model M is a couple 〈F ,V〉 where F is a frame and V is a function
associating each atomic proposition p with the set V(p) of couple (h, z)
where p is true. Truth conditions are defined as follows:

M, h, z |= p iff (h, z) ∈ V(p)

M, h, z |= ¬ϕ iffM, h, z 6|= ϕ

M, h, z |= ϕ ∨ ψ iffM, h, z |= ϕ orM, h, z |= ψ

M, h, z |= Xϕ iffM, h, z + 1 |= ϕ

M, h, z |= X−1ϕ iffM, h, z − 1 |= ϕ

M, h, z |= Gϕ iffM, h, z′ |= ϕ for every z′ ≥ z

M, h, z |= Beli ϕ iffM, h′, z |= ϕ for every h′ ∈ Bi(h, z)

M, h, z |= Choicei ϕ iffM, h′, z |= ϕ for every h′ ∈ Ci(h, z)

M, h, z |= GrdIϕ iffM, h′, z |= ϕ for every h′ ∈ GI(h, z)
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4.3 Axiomatics

4.3.1 Temporal operators

Due to our linear time semantics, the temporal operators satisfy the follow-
ing principles:

i:α-happens ↔Xi:α-done (4.1)

Xϕ↔¬X¬ϕ (4.2)

ϕ↔XX−1ϕ (4.3)

ϕ↔X−1Xϕ (4.4)

Gϕ↔ϕ ∧ XGϕ (4.5)

G(ϕ→ Xϕ)→(ϕ→ Gϕ) (4.6)

Axiom (4.1) is straightforward from the definition of the abbreviation
(Defi:α-done); axiom (4.2) means that the next instant operator X is not
contradictory: it is not the case that ϕ and ¬ϕ are both true in the next
instant; axioms (4.3) and (4.4) mean that the next instant operator X
is temporally symmetrical; axioms (4.5) and (4.6) represent the recursive
definition of Gϕ.

4.3.2 Actions

Linear time semantics also entail the following principles:

Gϕ→Afteri:αϕ (4.7)

Happensi:αϕ→Afterj:βϕ (4.8)

Afteri:αϕ↔¬Happensi:α¬ϕ (4.9)

Axiom (4.7) describe the relationship between time and action: if hence-
forth ϕ is true then after every action α of every agent i, ϕ will be true.
(Note that the converse is not valid: it is possible that ϕ be true after every
action α of every agent i performed in a situation (h, z), and that ϕ be false
at time z′ > z.)
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As time is linear, actions are deterministic on a given history. Thus,
axiom (4.8) reads: if agent i is just about to perform α after what ϕ will
be true, then after every performance of every action β by every agent j,
ϕ will be true. In other words, if action α leads to a time point where ϕ is
true, then every action performed by every agent leads to this time point.

Axiom (4.9) means that Afteri:α and Happensi:α operators are dual op-
erators. This property is fair with respect to dynamic logic (Harel et al.
[100]).

4.3.3 Belief

Beli operator is defined in a logic KD45 (cf. Chellas [42]):

ϕ

Beli ϕ
(RNBeli )

Beli (ϕ→ ψ)→(Beli ϕ→ Beli ψ) (KBeli )

Beli ϕ→¬Beli ¬ϕ (DBeli )

Beli ϕ↔Beli Beli ϕ (4Beli )

¬Beli ϕ↔Beli ¬Beli ϕ (5Beli )

Axiom (RNBeli ) means that all theorems are believed by every agent i;
axiom (KBeli ) means that beliefs are closed under material implication for
every agent i; axiom (DBeli ) means that beliefs of every agent i are rational:
they cannot be contradictory; axioms (4Beli ) and (5Beli ) mean that agent i
is conscious of its beliefs and of its disbeliefs.

4.3.4 Choice

Choicei operators is also defined in a normal modal logic plus (D) axioms
(cf. Chellas [42]):
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ϕ

Choicei ϕ
(RNChoicei )

Choicei (ϕ→ ψ)→(Choicei ϕ→ Choicei ψ) (KChoicei )

Choicei ϕ→¬Choicei ¬ϕ (DChoicei )

Axiom (RNChoicei ) means that all theorems are chosen by every agent i;
axiom (KChoicei ) means that choices are closed under material implication
for every agent i; axiom (DChoicei ) means that choices of every agent i are
rational: they cannot be contradictory.

The following principle follows from the semantical constraint between
belief accessibility relation and choice accessibility relation, and from ax-
iom (DBeli ):

Choicei ϕ↔Beli Choicei ϕ (4BC)

¬Choicei ϕ↔Beli ¬Choicei ϕ (5BC)

that means that agent i is conscious of its choices and of its dischoices.

4.3.5 Public ground

The sound and complete axiomatization of GrdI operator is defined as the
one of common belief operator (also called mutual belief), which is closed
to the operator described in Walton and Krabbe [253], also introduced by
Gaudou et al. [85]:

ϕ

GrdIϕ
(RNGrdI )

GrdI(ϕ→ ψ)→(GrdIϕ→ GrdIψ) (KGrdI )

GrdIϕ→¬GrdI¬ϕ (DGrdI )

GrdIϕ→GrdIGrdIϕ (4GrdI )

¬GrdIϕ→GrdI¬GrdIϕ (5GrdI )
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Axiom (RNGrdI ) means that every tautology is public ground. Axiom
(KGrdI ) means that if ϕ is publicly grounded in I and that ϕ implies ψ
then ψ is also publicly grounded in I. Axiom (DGrdI ) means that the set of
grounded informations is consistent: it can not be the case that both ϕ and
¬ϕ are simultaneously grounded. The positive introspection axiom (4GrdI )
and negative introspection axiom (5GrdI ) account for the public character of
GrdI . From these collective awareness results: if ϕ has (resp. has not) been
grounded then it is established that ϕ has (resp. has not) been grounded.

4.4 Soundness and completeness

We call L the logic axiomatized, and write `L ϕ iff ϕ is a theorem of L.

Theorem 1 (Soundness and completeness). ` ϕ iff |= ϕ

We here present the proof of axiomatic system KD45 for Belief and
Ground, KD45-like axiomatic system for Choice. The axiomatic system for
temporal operators could refer from the work of Clarke et al. [47]. The
axiomatic system for dynamic operators could refer from the work of Harel
et al. [100].

4.4.1 Soundness and Completeness for Belief

Soundness of system KD45 for Belief

Soundness of axiom K of Belief. We need to indicate that if Beli ϕ and
Beli (ϕ→ ψ) hold in (h, z) then Beli ψ will also hold in (h, z).

Suppose that Beli ϕ and Beli (ϕ→ ψ) hold in (h, z), so from the truth
condition of belief operator, ϕ and (ϕ → ψ) hold in all situations (h1, z)
such that h1 ∈ Bi(h, z). From material implication relation, we have that
ψ holds in all situations (h1, z) such that h1 ∈ Bi(h, z). Therefore Beli ψ

holds in (h, z) (from the truth condition of Beli ψ).
�
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Soundness of axiom D of Belief. We need to indicate that if Beli ϕ holds
in (h, z) then ¬Beli ¬ϕ will also hold in (h, z).

Suppose that Beli ϕ holds in (h, z), so from the truth condition of belief
operator, ϕ holds in all situations (h1, z) such that h1 ∈ Bi(h, z) (i).

Contradictory suppose that ¬Beli ¬ϕ does not hold in (h, z), it means
that Beli ¬ϕ holds in (h, z). So, from the truth condition of belief operator,
¬ϕ holds in all situations (h1, z) such that h1 ∈ Bi(h, z) (ii).

Recall that Bi is serial, therefore Bi(h, z) , ∅. So, from (i) and (ii)
there is a conflict in all situation (h1, z) such that h1 ∈ Bi(h, z). Thus, the
contradictory hypotheses is wrong! That is all we need to show!

�

Soundness of axiom 4 of Belief. By contrapossition of (4Beli ), we just need
to show that if ¬Beli Beli ϕ holds in (h, z) then ¬Beli ϕ will also hold in
(h, z).

Suppose that ¬Beli Beli ϕ holds in (h, z), so from the truth condition of
belief operator, Beli ϕ does not hold in at least a situation (h1, z) such that
h1 ∈ Bi(h, z). Thus, ϕ does not hold in at least a situation (h2, z) such that
h2 ∈ Bi(h1, z) by the truth condition of Beli ϕ. But Bi is transitive so from
h1 ∈ Bi(h, z) and h2 ∈ Bi(h1, z) , we have h2 ∈ Bi(h, z). Thus, we can say
ϕ does not hold in at least a situation (h2, z) such that h2 ∈ Bi(h, z). It
means Beli ϕ does not hold in situation (h, z), so ¬Beli ϕ holds.

�

Soundness of axiom 5 of Belief. By contrapossition of (5Beli ), we just need
to show that if ¬Beli ¬Beli ϕ holds in (h, z) then Beli ϕ will also hold in
(h, z).

Suppose that ¬Beli ¬Beli ϕ holds in (h, z), thus Beli ϕ holds in at least
a situation (h1, z) such that h1 ∈ Bi(h, z). This means that ϕ holds in all
situations (h2, z) such that h2 ∈ Bi(h1, z) (iii).

Contradictory suppose that Beli ϕ does not hold in (h, z). So from the
truth condition of belief operator, ϕ does not hold in at least a situation
(h3, z) such that h3 ∈ Bi(h, z). But Bi is Euclidean so from h3 ∈ Bi(h, z)
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and h1 ∈ Bi(h, z), we have h3 ∈ Bi(h1, z). Therefore, we can say ϕ does
not hold in at least a situation (h3, z) such that h3 ∈ Bi(h1, z) (iv).

(iii) conflicts with (iv), so the contradictory hypotheses is wrong, thus
Beli ϕ holds in (h, z). That all we need to show.

�

Completeness of system KD45 for Belief

Completeness of system KD45 for Belief. We need to show that system K-
D45 is complete with respect to the class of all transitive and Euclidean
frames.

Given a KD45-consistent set of formulas ∑, we will show the contrapos-
itive: let φ any formulas in ∑, we will show: if ∑

0 φ then ∑ 6|= φ.

From ∑
0 φ, this implies ∑∪¬φ is consistent. By the Lindenbaum’s

Lemma (cf. Blackburn et al. [21]) there exist a maximal consistent set ∑+

extending ∑∪¬φ. By the Existence Lemma (cf. Blackburn et al. [21])
there exist a model in ∑+ extending ∑∪¬φ. By the Truth Lemma (cf.
Blackburn et al. [21]) we have ∑∪¬φ |= ¬φ, so ∑∪¬φ 6|= φ.

For the class of all transitive frames. Consider the canonical model
(H ,R,V) for KD45. Suppose (h1, z), (h2, z), (h3, z) are situations in
(H ,R,V) such that h1 ∈ R(h2, z) and h2 ∈ R(h3, z). We need to show
that h1 ∈ R(h3, z).

Suppose that ϕ holds in (h3, z), from h2 ∈ R(h3, z) then it must be that
^ϕ holds in (h2, z). And from h1 ∈ R(h2, z) then it must be that ^^ϕ holds
in (h1, z). But (h1, z) is a maximal consistent set, so ^^ϕ → ^ϕ holds in
(h1, z). By modus ponens, ^ϕ also holds in (h1, z), so h1 ∈ R(h3, z).

For the class of all Euclidean frames. Suppose (h1, z), (h2, z), (h3, z), and
(h4, z) are situations in (H ,R,V) such that h2 ∈ R(h1, z), h3 ∈ R(h1, z)
and h4 ∈ R(h3, z). We will show that h4 ∈ R(h2, z) and then h3 ∈ R(h2, z)
or/and h2 ∈ R(h3, z).
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Suppose that ϕ holds in (h1, z), from h2 ∈ R(h1, z) then it must be that
^ϕ holds in (h2, z). And from h3 ∈ R(h1, z) then it must be that ^ϕ also
holds in (h3, z).

Otherwise, from h4 ∈ R(h3, z) and ^ϕ holds in (h3, z) then ^^ϕ holds
in (h4, z).

From ^ϕ holds in (h2, z) and ^^ϕ holds in (h4, z), then we also have
relation h4 ∈ R(h2, z).

But (h4, z) is a maximal consistent set, so ^^ϕ → ^ϕ holds in (h4, z).
By modus ponens, ^ϕ also holds in (h4, z) therefore ϕ also holds in (h2, z)
and (h3, z).

From ^ϕ holds in (h2, z) and ϕ holds in (h3, z), then we also have relation
h2 ∈ R(h3, z). And also, from ^ϕ holds in (h3, z) and ϕ holds in (h2, z),
then we also have relation h3 ∈ R(h2, z).

�

4.4.2 Soundness and Completeness for Ground

The soundness and completeness of axiomatic system KD45 for Ground
could be proved in the same principle to the Belief operator (cf. section
4.4.1), by replacing Bi(h, z) by GI(h, z) where h = h1, h2, h3 respectively.

4.4.3 Soundness and Completeness for Choice

The soundness of axiomatic system KD and completeness of axiomatic sys-
tem KD45-like for Choice could be proved in the same principle to the
Belief operator (cf. section 4.4.1), by replacing Bi(h, z) by Ci(h, z) where
h = h1, h2, h3 respectively. We here present the proof of axiomatic 4BC and
5BC for Choice.

Soundness of axiom 4BC of Choice. By contrapossition of (4BC), we just
need to show that if ¬Beli Choicei ϕ holds in (h, z) then ¬Choicei ϕ will
also hold in (h, z).
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Suppose that ¬Beli Choicei ϕ holds in (h, z), so from the truth condition
of belief operator, Choicei ϕ does not hold in at least a situation (h1, z) such
that h1 ∈ Bi(h, z). Thus ϕ does not hold in at least a situation (h2, z) such
that h2 ∈ Ci(h1, z) by the truth condition of choice operator.

Note that we assume that if h1 ∈ Bi(h, z), then Ci(h1, z) = Ci(h, z)
(cf. section 4.2.1). So from h2 ∈ Ci(h1, z) and Ci(h1, z) = Ci(h, z), we have
h2 ∈ Ci(h, z).

Therefore, we can say ϕ does not hold in at least a situation (h2, z) such
that h2 ∈ Ci(h, z). It means Choicei ϕ does not hold in situation (h, z), so
¬Choicei ϕ holds.

�

Soundness of axiom 5BC of Choice. By contrapossition of (5BC), we just
need to show that if ¬Beli ¬Choicei ϕ holds in (h, z) then Choicei ϕ will
also hold in (h, z).

Suppose that ¬Beli ¬Choicei ϕ holds in (h, z), thus Choicei ϕ holds in
at least a situation (h1, z) such that h1 ∈ Bi(h, z). This means that ϕ holds
in all situations (h2, z) such that h2 ∈ Ci(h1, z) by the truth condition of
choice operator (v).

Contradictory suppose that Choicei ϕ does not hold in (h, z). So from
the truth condition of choice operator, ϕ does not hold in at least a situation
(h3, z) such that h3 ∈ Ci(h, z). But note that we assume that if h1 ∈
Bi(h, z), then Ci(h1, z) = Ci(h, z) (cf. section 4.2.1). So from h3 ∈ Ci(h, z)
and Ci(h1, z) = Ci(h, z), we have h3 ∈ Ci(h1, z). Therefore, we can say ϕ
does not hold in at least a situation (h3, z) such that h3 ∈ Ci(h1, z) (vi).

Recall that Ci is serial, then Ci , ∅. Thus, (v) conflicts with (vi), so the
contradictory hypotheses is wrong, thus Choicei ϕ holds in (h, z). That all
we need to show.

�
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4.5 Complexity

The complexity of our logic could be determined via those of its operators’
axiomatic systems.

Temporal operators Xϕ, X−1ϕ, and Gϕ. Their semantic is linear time lik-
ely the semantic of CTL* (cf. Clarke et al. [47]) whose complexity
is well known as PSPACE for branching semantic (cf. Emerson et
al. [71] and Schnoebelen [224]). Because our semantic is linear time
instead of branching time, so it is clearly that their complexity is not
more complex than polynomial-time.

Beli operator. Its semantic is the logic KD45 whose complexity is also
well known like PSPACE (cf. Halpern and Moses [98], Massacci [158]
and Shvarts [232]).

Choicei operator. Its semantic is a logic KD45-like (cf. Herzig and Longin
[105], Cohen and Levesque [50]), so we could consider its complexity as
those of logic KD45 whose complexity is also well known like PSPACE
(cf. Halpern and Moses [98], Massacci [158] and Shvarts [232]).

Grdi operator. Its semantic is also a logic KD45-like (cf. Gaudou et al.
[85]), so we could consider its complexity as those of logic KD45 whose
complexity is also well known like PSPACE (cf. Halpern and Moses
[98], Massacci [158] and Shvarts [232]).

4.6 Conclusion

This chapter introduced a propositional modal logic to represent the agents’
mental attitudes and reasoning abilities. Therefore, agent has beliefs, per-
sonal choices and public ground with others, and s/he can reason about
time and action. The introduced logic is an extent of the logical framework
of Herzig and Longin [105] (a refinement of the logic of choice and intention
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of Cohen and Levesque [50]) with both public ground and next operators.
The semantic of action and time is also quite different.

This logic will be used to formalize the concept of emotion and trust/dist-
rust (chapter 5) as well as some relation between them, particularly the
effects of trust/distrust on emotions (chapter 6).





Chapter 5

Formalization of Emotion and
Trust/Distrust

This chapter uses the logic introduced in chapter 4 to formalize the concept
of some emotions and trust/distrust. Our aims is not to formalize these
concepts in general context but in some certain context, based on the point
of view of cognitivists who argue that each emotion (resp. trust/distrust)
has some particular cognitive factors such that their combination enables
to recognize and distinguish from other emotions. Thus, our formaliza-
tion is really the formalization of the cognitive structure of emotion (resp.
trust/distrust).

Section 5.1 presents the formalization of the cognitive structure of some
emotions; Section 5.2 presents the formalization of the cognitive structure
of trust and distrust.

81
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5.1 Formalization of Emotions

5.1.1 Choice of foundation models

In this section, we use our logic to formalize the cognitive structure of
some emotions. In particular, we mainly base on the cognitive structure as
proposed by Ortony et al. [186], the situational meaning structures as called
by Frijda [81] and the appraisal patterns proposed by Lazarus [135]. We also
refer to the belief-desire theory of emotion of Reisenzein [205] as well as the
model of Scherer et al. [222]. There are three main reasons why we chosen
these theories of emotion as foundation models on which we construct our
logical model of emotions.

Firstly, each of them is a cognitive model, in which each emotion is con-
sidered as a unique combination of its decompositions (cognitive factors).
This combination is called the cognitive structure as proposed by Ortony et
al. [186], or the situational meaning structures as called by Frijda [81], or
the appraisal patterns proposed by Lazarus [135]. Hereafter, we call it as
the cognitive structure of each emotion. This cognitive structure enables to
recognize, to distinguish and to reason about each particular emotion. This
is useful for us to formalize the concept of each emotion because our objec-
tive is also make up to the computer the ability to recognize, to distinguish
and to reason about each particular emotion.

Secondly, these theories support AI applications. As Ortony et al. men-
tioned in their book “we would like to lay the foundation for a computation-
ally tractable model of emotion. In other words, we would like an account
of emotion that could in principle be used in an Artificial Intelligence sys-
tem that would, for example, be able to reason about emotion.”[186, p. 2].
Moreover, these theories propose some common cognitive factor of emotion
such as desirability (cf. Ortony et al. [186]) goal (cf. Lazarus [135]) which
are closed to some atomic operator in modal logic such as desire in BDI logic
of Georgeff [86] or goal in Cohen and Levesque’s logic [50]. Thus, it seem
to be helpful to us to construct our atomic operators from these cognitive
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factors because our logic is also based on the logic of BDI [86] and the logic
of Cohen and Levesque [50].

Thirdly, they are popular applied in the computer sciences, particularly
in AI applications. Many emotional models for computer are based on
these theories. For instance, the model of Adam et al. [2, 3], Ochs et al.
[181, 182], Steunebrink et al. [238, 239], Gershenson [87], Van Dyke Parunak
et al. [191] and the model of Yao et al. [261]. They are all based on the
theory of Ortony et al. [186].

The following sections will present the formalization of emotions based
on these foundation models. We also divide emotions into some categories
corresponding to those of Ortony et al. [186]: well-being emotions, prospect-
based emotions, confirmation-based emotion and compound emotions.

5.1.2 Well-being emotions: Joy/Distress

Ortony et al. [186] argue that we feel joy when we are pleased about a
desirable event. Lazarus [135] argues that when we have a goal congruence,
and the overall life outlook is favorable, then that is essential to feel joy.
Frijda [81] proposed that the situational meaning structure of joy is either
one of accomplished striving or one in which the way to accomplishment
appears open. Reisenzein [205] argues that when what we desire is certain,
we then feel joy. We accordingly summarize that the cognitive structure of
Joy consists of two main factors:

i. A proposition ϕ is desirable for agent i, and

ii. agent i just experienced that ϕ is the case.

To formalize the first factor, we consider that agent i desiring ϕ means
that i wants ϕ to be the case. So we formalize desire as a goal (chosen
preference). Therefore, the first factor is potentially1 formalized as Goali ϕ,
and the second factor can be formalized as Beli ϕ.

1We put “potentially” because it could be done like this but we then analyze more
detailed in order to obtain a more precised formula
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However, considering the time factor, we need a more detailed analysis.
In particular, the first factor of Joy means that agent i now recalls that
in the previous instant, he desired ϕ (until experiencing that ϕ was in fact
true) which can be written: Beli X−1Goali ϕ. In other term, in order to be
joyful, agent i must keep in mind his desire in the previous instant. It is
clear that if agent forgot (or changed his chosen preference), he would not
feel joy when the associated proposition becomes true. Hereafter, we add
this analysis for almost emotional formulas.

For the second factor of Joy, we assume that emotion is triggered at the
moment when all its (cognitive) factors are fulfilled, and that its intensity
then decreases with time as it has been argued by de Sousa [56], and Frijda
[81].

Figure 5.1: Formalization of emotion based on time factor.

Figure 5.1 illustrates the formalization of emotions based on time. In
the chart on top, the natural intensity of emotion is maximal when the
associated event occurs. It is then decreased following the time and finally,
it becomes the mood (cf. section 1.5) of the same emotion [56, 81]. For
instance, when you apply for a job: you feel joyful when your new boss
informs to you that you are recruited, that rightly your emotion! But one
year latter, do you always feel joy? It is not right: Your feeling of joy at
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that time, if it exists, is only the mood status of the emotion having the
same name!

The bottom chart in Figure 5.1 illustrates our formalization of corre-
sponding emotion: the emotion is present only in the current time slot,
from the awareness of associated event until the next instant. Emotion
does not exist forever.

Accordingly, we include this time factor into most emotional formulas.
Thus, the second factor of Joy means that agent i has just experienced
that ϕ is true and did not previously know it, that is: Awareiϕ (cf. section
4.1). This interpretation enables to eliminate the case where the agent i’s
joy exists until the next instant because in the next instant, agent i might
always know that ϕ is true (Beli ϕ) but he has already known it since
previous instant. So it does not means that i has experienced that ϕ is true
(¬Awareiϕ). Thus the second factor is not fulfilled, and his joy does not
exist anymore!

The same analysis applies to Distress, except that in the first factor of
Distress, the proposition ϕ was undesirable for agent i just before, which
we assume to mean that agent i desired ¬ϕ: X−1Goali ¬ϕ. We accordingly
formalize the cognitive structure of Joy and Distress:

Definition 1. (Joy/Distress)

Joyi ϕ
def=Beli X−1Goali ϕ ∧ Awareiϕ

Distressi ϕ
def=Beli X−1Goali ¬ϕ ∧ Awareiϕ

To illustrate the definition of Joy, we can say that an individual is joyful
when he has just realized that he won the lottery
(Awaremanwin_lottery) with the trivial assumption that he desired to win
the lottery (Belman X−1Goalmanwin_lottery). In contrast, to illustrate the
definition of Distress, we can say that an individual feels distress when she
learns she has lost her job (Awarewomanlost_job) assuming that she had the
goal not to lose her job (Belwoman X−1Goalwoman ¬lost_job).
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5.1.3 Prospect-based emotions: Hope/Fear

Ortony et al. [186] argue that we are hopeful when we are pleased about
the prospect of a desirable event. Lazarus [135] argues that when we have
a goal congruence, and the future expectations must be uncertain, then we
are hopeful. Searle [227] argues that hope is composed of one’s goal (or
wish) and possibility of related event. Reisenzein [205] argues that when
what we desire is uncertain, we then hope about it. Miceli and Castelfranchi
[165] argue that we hope about ϕ when we have a goal ϕ, and ϕ is possible
and outside of our control. We accordingly summarize that the cognitive
structure of Hope consists of two factors:

i. A proposition ϕ is desirable for agent i, and

ii. agent i believes that ϕ may be true in the future.

To formalize the first factor, we consider that agent i currently desires
that ϕ be true: Goali ϕ.

We interpret the second factor, as: agent i believes that there is at least
one world, in all possible future worlds, in which ϕ will be true. In other
terms, agent i believes that ϕ will be true in some possible future worlds:
PossiFϕ. Actually, if i believed that ϕ can never be the case in all of possible
future worlds, then i would have no ground for hope.

The same analysis applies to Fear, except that ϕ is now undesirable for
agent i, which we assume that i desires for ¬ϕ: Goali ¬ϕ. We accordingly
formalize the cognitive structure of Hope and Fear :

Definition 2. (Hope/Fear)

Hopei ϕ
def=Goali ϕ ∧ PossiFϕ

Feari ϕ
def=Goali ¬ϕ ∧ PossiFϕ

For instance, a debutante is hopeful about being asked to dance, if and
only if she thinks it is possible (PossgirlFbe_asked_to_dance) and this is
what she wants (Goalgirl be_asked_to_dance). In contrast, an employee
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fears to be fired when he does not wish to be fired (Goalemployee ¬be_fired)
but believes it is a possibility (PossemployeeFbe_fired).

Someone now could ask us to add the possibility of ¬ϕ into the for-
malization of prospect of proposition ϕ. It is not necessary! Because we
adopt the analysis of Ortony et al. [186] who argue that with a prospect
proposition ϕ, if we focused on the possibility of ϕ, we would hope that ϕ
is the case; if we focused on the possibility of ¬ϕ, we would fear about ϕ
not be the case.

Moreover, if we added the possibility of ¬ϕ, our formulas would become:

Hopei ϕ
def=Goali ϕ ∧ PossiFϕ ∧ PossiF¬ϕ

Feari ϕ
def=Goali ¬ϕ ∧ PossiFϕ ∧ PossiF¬ϕ

this implies Hopei ϕ↔ Feari ¬ϕ. This means that one formalization could
represent both hope and fear at a time, it is not the hope alone. We therefore
could not distinguish these two emotions.

5.1.4 Confirmation-based emotions

5.1.4.1 Satisfaction/Disappointment

Ortony et al. [186] argue that we feel satisfaction when we are pleased about
the confirmation of the prospect of a desirable event. Thus the cognitive
structure of Satisfaction consists of three factors:

i. Agent i desired a proposition ϕ,

ii. agent i used to believe that ϕ might be true in the near future, and

iii. agent i now experiences that ϕ is really the case.

The two first factors mean that now, agent i keeps in mind that at the
previous instant, he desired ϕ and believed that ϕ could be true in the
future (Beli X−1(Goali ϕ ∧ PossiFϕ)) (cf. the analysis of the second factor
of Hope). The last factor means that agent i now experiences that ϕ is true,
but did not know it in the previous instant (Awareiϕ).
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The difference in the case of Disappointment is agent recalls that, in the
previous instant, s/he desired ¬ϕ instead of ϕ, and s/he believed that ¬ϕ
was possibly true in the future (Beli X−1(Goali ¬ϕ∧PossiF¬ϕ)). We accord-
ingly formalize the cognitive structure of Satisfaction and Disappointment:

Definition 3. (Satisfaction/Disappointment)

Satisfactioni ϕ
def=Beli X−1(Goali ϕ ∧ PossiFϕ) ∧ Awareiϕ

Disappointmenti ϕ
def=Beli X−1(Goali ¬ϕ ∧ PossiF¬ϕ) ∧ Awareiϕ

For instance, when the debutante realizes that she is indeed asked to
dance (Awaregirlbe_asked_to_dance) she is satisfied. Were she not to be
asked to dance (Awaregirl¬be_asked_to_dance), she would feel disappoint-
ment.

We can point out the relations between Satisfaction, Disappointment
and Hope:

Satisfactioni ϕ↔Beli X−1Hopei ϕ ∧ Awareiϕ (5.1)

Disappointmenti ϕ↔Beli X−1Hopei ¬ϕ ∧ Awareiϕ (5.2)

The relation between Satisfaction and Joy, and that betweenDisappoint-
ment and Distress can be formalized as Prop. 4a and Prop. 4b, respectively:
if we feel satisfaction about something, then we will also feel joy about it;
and contrary, if we feel disappointment about something, then we will also
feel distress about it.

Proposition 4.

Satisfactioniϕ→Joyiϕ (Prop. 4a)

Disappointmentiϕ→Distressiϕ (Prop. 4b)

Proof of Prop. 4a:

Satisfactioniϕ→Beli X−1(Goali ϕ ∧ PossiFϕ) ∧ Awareiϕ

(From Def. 3)

→Beli X−1Goali ϕ ∧ Awareiϕ

→Joyiϕ (from Def. 1)
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Proof of Prop. 4b:

Disappointmentiϕ→Beli X−1(Goali ¬ϕ ∧ PossiFϕ) ∧ Awareiϕ

(From Def. 3)

→Beli X−1Goali ¬ϕ ∧ Awareiϕ

→Distressiϕ (from Def. 1)

�

This proposition also covers the idea of Ortony et al. [186] who argue
that when a desirable proposition ϕ holds, if we did not focus on the prospect
of ϕ beforehand, we would not feel satisfactory, we would feel only joy. In
the contrary, when a desirable proposition ϕ is not the case, if we did not
focus on the prospect of ϕ beforehand, we would not feel disappointment,
we would feel only distress.

5.1.4.2 Fear-confirmed/Relief

Ortony et al. [186] argue that we feel fear-confirmed when we are displeased
about the confirmation of the prospect of an undesirable event. Thus the
cognitive structure of Fear-confirmed consists of three factors:

i. A proposition ϕ was undesirable for agent i,

ii. agent i used to believe that ϕ might be true in the near future, and

iii. agent i now experiences that ϕ is really true.

We use the same analysis as for Satisfaction, except in the two first fac-
tors, agent recalls that in the previous instant, he undesired the proposition
ϕ; which we assume that agent i desired ¬ϕ (Beli X−1Goali ¬ϕ).

The difference in the case of Relief is agent recalls that, in the previous
instant, he desired for the proposition ϕ (Beli X−1Goali ϕ), and believed that
¬ϕ might be true in the near future (Beli X−1(Goali ϕ ∧ PossiF¬ϕ)). We
accordingly formalize the cognitive structure of Fear-confirmed and Relief :
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Definition 5. (Fear-confirmed/Relief)

FearConfirmedi ϕ
def=Beli X−1(Goali ¬ϕ ∧ PossiFϕ) ∧ Awareiϕ

Reliefi ϕ
def=Beli X−1(Goali ϕ ∧ PossiF¬ϕ) ∧ Awareiϕ

For instance, the employee’s fear of being fired is confirmed when he is
aware that he is indeed about to be fired (Awareemployeebe_fired) which he
had been afraid of (Belemployee X−1(Goalemployee ¬be_fired∧
PossemployeeFbe_fired)). In the contrary, were he aware that he is not
going to be fired (Awareemployee¬be_fired), he would feel relief.

We can also point out the relations between Fear-confirmed, Relief and
Fear :

FearConfirmedi ϕ↔Beli X−1Feari ϕ ∧ Awareiϕ (5.3)

Reliefi ϕ↔Beli X−1Feari ¬ϕ ∧ Awareiϕ (5.4)

The relation between Fear-confirmed and Distress, and that between
Relief and Joy are stated in Prop. 6a and Prop. 6b, respectively: if our
fears about something are confirmed, then we feel distressed; and in the
contrary, if we feel relief from a fear, we also feel joyful about it.

Proposition 6.

FearConfirmedi ϕ→ Distressi ϕ (Prop. 6a)

Reliefi ϕ→ Joyiϕ (Prop. 6b)

Proof of Prop. 6a:

FearConfirmediϕ→Beli X−1(Goali ¬ϕ ∧ PossiFϕ) ∧ Awareiϕ

(From Def. 5)

→Beli X−1Goali ¬ϕ ∧ Awareiϕ

→Distressiϕ (from Def. 1)
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Proof of Prop. 6b:

Reliefi ϕ→Beli X−1(Goali ϕ ∧ PossiF¬ϕ) ∧ Awareiϕ (From Def. 5)

→Beli X−1Goali ϕ ∧ Awareiϕ

→Joyiϕ (from Def. 1)

�

This proposition also covers the idea of Ortony et al. [186] who argue
that when an undesirable proposition ϕ holds, if we did not focus on the
prospect of ϕ beforehand, we would not feel fear-confirmed, we would feel
only distress. In the contrary, when a desirable proposition ϕ holds, if we
did not focus on the prospect of ϕ beforehand, we would not feel relief, we
would feel only joy.

5.1.5 Compound emotions

5.1.5.1 Gratitude

Generally, we are grateful when someone helps us to do something. For
instance, Lazarus [135, 136], McCullough et al. [161], Bartlett and DeSteno
[14] argue that the receipt of another’s help often elicits gratitude. Similarly,
Roseman [209, 210] and Weiner [255] also argue that gratitude arises when
individuals recognize that they have received a positive outcome, and the
positive outcome is contributed from the efforts of another. Ortony et al.
[186] argue that gratitude is an approving of someone else’s praiseworthy
action and being pleased about the related desirable event. We interpret, in
a large meaning, that a praiseworthy action is the one which brings a good
will outcome to its objective. We accordingly summarize that the cognitive
structure of Gratitude consists of two factors:

i. A proposition ϕ was desirable for agent i just before the execution of an
action α by agent j, and

ii. agent i believes that agent j has done action α whose outcome is ϕ, and
i experiences that ϕ is true.



92 CHAPTER 5. FORMALIZATION OF EMOTION/TRUST/DISTRUST

Someone could think about some counter example for our analysis. For
instance, at a dinner, a man asks his friend to give to him a pepper, and
then his friend does it for him. Does the man feel grateful about his friend’s
action? The answer is yes, because the man will say “thanks!” to his friend.
The difference between this situation with the situation in which a stranger
saved the life of a drowning child is only the intensity of being grateful: the
more the action is difficult and the goal is strong, the stronger the gratitude
is. However, we do not distinguish the intensity of emotion here, we thus
consider both situations as having the presence of gratitude.

We so interpret the first factor as: Beli Donej:αGoali ϕ, and the second
factor: agent i believes that ϕ is outcome of action α ( Beli Afterj:αϕ)
and now, agent i experiences that in fact, the expected outcome becomes
true (Awareiϕ). Thus, we accordingly formalize the cognitive structure of
Gratitude as:

Definition 7 (Gratitude).

Gratitudei,j(α, ϕ) def=Beli Donej:αGoali ϕ∧

Beli Afterj:αϕ ∧ Awareiϕ

For instance, a mother is grateful that a stranger saved the life of her
drowning child because she desires that her child’s life be saved
(Goalwoman son_is_saved), and because she experiences that her child’s
life is indeed saved (Awarewomanson_is_saved).

5.1.5.2 Anger

Generally, we are angry when we feel being slighted or hurt by someone else.
For instance, Frijda [81] argues that anger is evoked by being slighted or
hurt, or perceiving to be slighted or hurt. Elster [69] also argues that anger
is triggered by an undeserved slight or belittling. Sanders [218] pointed out
that we become angry at other if we think they did something wrong, we
did not want them to do it, and we think they knew it was wrong. Ortony
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et al. [186] argue that anger is a disapproving of someone else’s blamewor-
thy action and being displeased about the related undesirable event. We
interpret, in a large meaning, that a blameworthy action is the one which
brings an undesirable (bad will) outcome to its objective. We accordingly
summarize that the cognitive structure of Anger consists of two factors:

i. A proposition ϕ was undesirable for agent i just before the execution of
an action α by agent j, and

ii. agent i believes that agent j has done action α whose outcome is ϕ, and
i experiences that the undesirable proposition ϕ is true.

Someone now could think about some counter example of our analysis.
For instance, a player plays in a sportive competition of tennis whose rule
enables only one player to win, and he lost. In fact, this is an complex
situation that can bring different emotions in a time, in particular disap-
pointment and anger. If the man focused on his opponent or the referee (ex.
his opponent cheated or the referee has mistaken) as the reason why he lost
the game, he would feel angry about the opponent or the referee (this case
corresponds to our analysis). But if the man focused only on the lack of his
competence regarding his opponent’s talent in playing the tennis, he would
feel only disappointment: he was hopeful to win, so he feels disappointment
instead of anger when he lost.

We so interpret the first factor as: Beli Donej:αGoali ¬ϕ; and the second
factor: agent i believes that ϕ is the outcome of action α ( Beli Afterj:αϕ)
and now agent i experiences that in fact the unexpected outcome becomes
true (Awareiϕ). We accordingly formalize the cognitive structure of Anger
as:

Definition 8 (Anger).

Angeri,j(α, ϕ) def=Beli Donej:αGoali ¬ϕ∧

Beli Afterj:αϕ ∧ Awareiϕ



94 CHAPTER 5. FORMALIZATION OF EMOTION/TRUST/DISTRUST

For instance, you would be angry about being robbed by a burglar while
being out of the house. The anger (Angeryou,burglar(robbery, lost_possessions))
because you wished to keep your possessions (Goalyou ¬lost_possessions);
now a burglar robbed you, and you experience the loss of your possessions
(Awareyoulostpossessions).

Anger in inaction

In the case of anger in inaction, Angeri,j(∼ α, ϕ), reads “agent i is angry
about agent j to not do action α to avoid ϕ”. In this case, ϕ could be
avoided by doing action α, we then interpret it as if j performs α, we will
have ¬ϕ instead of ϕ. So we accordingly have the formula of the cognitive
structure of anger in inaction:

Angeri,j(∼ α, ϕ) def=Beli Done∼j:αGoali ¬ϕ∧

Beli Afterj:α¬ϕ ∧ Awareiϕ (5.5)

5.1.6 Discussion

In this section, we discuss how does our model respect the nature features
of emotion such as subjectivity, instant nature and intensity. We also dis-
cuss about the compatibility of our model regarding other recent proposed
models.

5.1.6.1 Subjectivity of emotion

Emotion is subjective. It depends on what and how its owner receipt about
a related event. Let consider Joy, for instance, which occurs when someone
experienced that a desirable proposition be true. The first factor relates to
a desirable proposition ϕ: if agent i did not know or did forget his desire,
he would not feel joyful when the related event occurs. The same for the
second factor which is related to the experience of event ϕ: if the event did
occur but the agent do not know it, he would not be joyful too. In the
contrary, if the event did not occur but the agent believed that it happened
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(a wrong belief), he would be joyful, even then his joy will be disappeared
when the truth is reviewed.

Our model respects the subjectivity of emotion by explicitly putting the
Beli operator before almost cognitive factors of each emotion. For instance
of Joy: Joyi ϕ

def= Beli X−1Goali ϕ ∧ Awareiϕ, the first component means
that agent i recalls his desire from previous instant, the second component
means that agent now experiences that ϕ just happened in order to be
joyful.

This respect has only two exceptions in the definition ofHope (Hopei ϕ
def=

Goali ϕ ∧ PossiFϕ) and Fear (Feari ϕ
def= Goali ¬ϕ ∧ PossiFϕ) because

we do not need to explicitly put Beli before each component. From the
semantic of our logic, this is implicitly equivalent to the case of putting
it. Regarding the first component of Hope, from the definition of the ab-
breviation DefGoali : Goali ϕ

def= Choicei FBeli ϕ, and from the axiom 4BC
Choicei ϕ ↔ Beli Choicei ϕ (agent is conscious about his chosen prefer-
ences), we will have Goali ϕ ↔ Beli Goali ϕ. The same analysis for the
second component of Hope, from the definition of the abbreviation DefPossi :
Possiϕ

def= ¬Beli ¬ϕ, and from the axiom 5Beli : ¬Beli ϕ ↔ Beli ¬Beli ϕ

(agent is conscious about his disbeliefs), we will have Possiϕ↔ Beli Possiϕ.
That is why we do not need to explicitly put the Beli before components
which begin with Goali or Possi. This rule will be also applied for the
formalization of concept of trust and distrust in the section 5.2.

5.1.6.2 Instant nature of emotion

As mentioned in the analysis of Joy/Distress, emotion has an instant nature:
it does not exist forever. We respect this feature of emotion by using the
operator Awareiϕ in almost emotions, except Hope and Fear which have a
long duration until the prospect event occurs.

Let us show how this operator avoids the case that emotion exists forever.
For instance, if we feel joy about ϕ now, it means that Awareiϕ is currently
true, then neither Awareiϕ was true in previous instant because (from the
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definition of the abbreviation DefAwarei)
X−1Awareiϕ ∧ Awareiϕ→ X−1(Beli ϕ ∧ ¬Beli ϕ)→ ⊥
nor will Awareiϕ be true in the next instant because
Awareiϕ ∧ XAwareiϕ→ Beli ϕ ∧ ¬Beli ϕ→ ⊥
So, neither we did feel joyful in previous instant, nor will we feel joyful in
the next instant. The instant nature of emotion (Joy) is fully respected.

The respect of emotion’s instant nature could be seen as one of the main
advantages of our model regarding recent models proposed such as the model
of Adam et al. [3] in which, for example, Joy is defined as Desiϕ∧Beli ϕ. If
ϕ not changes after being true, the second component will be true forever.
So, if we keep our desire, we will feel joyful forever! It is not intuitive with
respecting the nature of emotion.

5.1.6.3 Intensity of emotion

Although we have added time factor into almost emotional formulas, which
enables to eliminate rightly emotion when the relevant event has passed,
but it has not yet helped us to represent the nature of continuous intensity
of emotions.

In our model, emotion is triggered when the related proposition appears
and all of its (cognitive) factors are fulfilled, presents in current instant
and then, disappears in the next instant. In other terms, emotion has
only two states: either enable or disable. The reason is our operators have
also only two boolean values, and there is no intermediate values between
true and false. This seem to be a common inconvenient of all approaches
which are based on logic regarding the model of Adam et al. [3], Ochs et
al. [181, 182] and the one of Meyer [164]. These models, like ours, mainly
focus on qualitative formalization of emotion instead of quantitative aspect.
However, these approaches are more helpful to disambiguate the emotion
and to the ability of reasoning about emotion.
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5.1.6.4 Compatibility with other approaches

Adam et al. [3] based on the same foundation model of emotion as ours, the
theory of Ortony et al. [186]. At the logical level, their formal framework
is based on the modal logic of belief, choice, time, and action of Herzig and
Longin [105] which is a refinement of Cohen and Levesque’s works [50] and
the BDI modal logic of Georgeff et al. [86]. The difference is on the semantic
of time: in their logic, a story is a set of possible worlds plus some properties
of the corresponding accessibility relation that entails the linearity of time.
While in our logic, a story is a primitive of the semantics. Moreover, we
add the next operator X and converse X−1 to the logical language, and the
formalization of emotions are thus different. For instance, Joy is defined
here as (Joyi ϕ

def= Beli X−1Goali ϕ∧ Awareiϕ), but was defined as (Desiϕ∧
Beli ϕ) in [3].

Meyer [164] presents a logic which enables to reason about the dynamics of
emotional states of agent. This logic is based on a BDI model [86], and the
framework of dynamic logic and (an extension of) the KARO framework
[249]. Therefore, they focus on the action in their emotion’s definition
(original of dynamic logic). This is the main difference from us, but the
principle is compatible. Regarding, for instance, their definition of Happy
(refers to the same thing of our Joy):
I(π, ϕ) ∧ Com(π)→ [π](ϕ→ happy(ε, ϕ, ϕ))
expressing that an agent that was committed to a plan π which he intended
to do with ϕ as goal, and that believes that his goal ϕ is realised after having
executed/performed his plan π, is indeed happy with this. If we removed
the fact of action π, it would remain
I(ϕ)→ (ϕ→ happy(ε, ϕ, ϕ))
could be read "if we want to have ϕ then: if we have it, then we feel happy".
It is similar to our definition of Joy without the time factor!

Ochs et al. [181, 182] also use the theory of Ortony et al. [186] as a foun-
dation model. They also based a logic of “Belief” and “Desire” to construct
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their emotional model. The main difference from our approach is that they
based on the capability of emotion’s owner. Moreover, the logic is more
used as a language of representation than a tool of reasoning.

Steunebrink et al. [238, 240] also use the theory of Ortony et al. [186] as a
foundation model but they formalize all twenty-two emotions of Ortony et
al. as primitive operators in order to reasoning how about emotion effects
on action. Their model is thus far from ours: each emotion has a different
etiquette and there is no common component among emotions. It is also
a philosophical point of view that we do not argue. In our work, emotions
are based on some mental attitudes and thus they are not primitive of our
language.

5.1.6.5 Compatibility with other foundation models

As we mentioned in the choice of foundation model section, our model is
mainly based on the theory of Ortony et al. [186], Lazarus [135] and Frijda
[81]. However, our model also refers and is compatible to other theories
such as theory BDTE of Reisenzein [205].

Reisenzein [205] proposed the Belief-Desire Theory of Emotion (BDTE)
with both qualitative and quantitative aspects of emotion. Regarding the
qualitative aspect, our model is very compatible to theirs: they use the same
notion of Beli to represent what agent believes (refers to our Beli ) and Desi
to represent what agent choose (refers to our Goali ). Their uncertain of a
proposition p could be covered by our Possi operator. For the time aspect,
our X−1 could refer to their time t − 1 as well as our X could refer to their
time t+1. However, they define only seven basic emotions (happy/unhappy,
hopes/fears, surprised, disappointment/relieve) but there is no definition
for action-oriented emotions such as anger and gratitude. Thus, we can not
compare with them about these last two emotions.

Note that we do not consider surprise as an emotion here. For us,
the fact that an emotion has necessarily a valence (i.e. an emotion must
be either positive or negative) is a fundamental property of emotion. But
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surprise may be sometimes positive, sometimes negative. Thus, following
this property of valence, it is not an emotion. Ortony et al. [186] agree with
that for instance.

5.2 Formalization of Trust & Distrust

5.2.1 Choice of foundation models

In order to formalize trust for rational intelligent agents, we tend to base on
the cognitive definitions of trust/distrust which argues that trust/distrust
must be conscious. The reasons are the same as those mentioned when we
choose the foundation models for formalization of emotion: the cognitive
models not only enable us to recognize and reasoning about trust/distrust
but also easier to formalize because they are supportable to AI applications.

As a potential model, the theory of Jones [121] considers trust as a belief:
it is suggested that two beliefs - called the “rule-belief” and the “conformity-
belief” - form the core of the trusting attitude. Jones analyzed five scenarios
in which, it is true to say that i trusts j:

• belief in regularity of trustee;

• belief in trustee’s obligation;

• belief in role of trustee;

• belief in trustee’s informing; and

• belief in trustee’s intention.

This seem to be clear and usable. But in our opinion, trust could be
betrayed and once being betrayed, trustor will be angry. This analysis is not
supported by the trust’s definition of Jones. For instance, a scenario of the
belief in regularity of trustee is: A man always observes that his neighbor
outs to work on every morning, so he trusts (in the definition of Jones) his
neighbor to go out on the morning. But, imagine that one day, the man
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discovers that his neighbor does not go out on the morning, so could he be
angry about his neighbor’s action? It is clearly that no anger! So in our
opinion, there was no trust of such a man, that was just a kind of reliance
(for more details, see Longin et al. [145]).

In our work, we take into account both trust and distrust’s cognitive
definition of Castelfranchi and colleagues [39, 41, 75] who argue that trust
is based on a combination of some kinds of beliefs: competence belief, de-
pendence belief, disposition belief (which is decomposed into willingness
belief and persistence belief), self-confidence belief and motivation belief of
trustor on trustee. This model seem to be helpful to us to formalize the
related concepts because it is popularly used for others works such as those
of Herzig et al. [103, 104].

5.2.2 Formalization of Trust

We formalize the concept of trust based on Castelfranchi and Falcone’s
definition [41, 75] of trust in action which says that agent i trusts agent j
to ensure ϕ by performing action α if and only if:

i. agent i desires to achieve ϕ, which is formalized as Goali ϕ, and agent i
expects that:

ii. ϕ can be achieved by doing action α, which is interpreted that ϕ is
obtained after every execution of action α: Beli Afterj:αϕ;

iii. agent j is able to perform action α which is interpreted as the meaning
of the abbreviation Ablej: Beli Ablejα; and

iv. agent j has the intention to do such an action which is interpreted as
the meaning of the abbreviation Intendj : Beli Intendj α.

However, these three factors are only necessary conditions, but not suf-
ficient ones2. For instance, imagine that a robber wants to steal something

2The more trust conditions are strong, the stronger is the negative emotion that we
feel when trust is betrayed. Thus, we prefer here a stronger trust formalization than that
of Herzig et al. [103, 104].
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located on the second floor of a mansion. There is a nurse on the first floor.
The robber desires that the nurse stays where she is, because it makes his
robbery possible. He also believes that it is possible that the nurse will stay
where she is, and that it is actually her intention. Thus, all three conditions
are satisfied, but we are reluctant nonetheless to say that the robber trusts
the nurse to stay where she is in order to allow for his stealing, because there
is no public ground between the nurse (trustee) and the robber (trustor).

So here we need to add another condition for trust: trustor also believes
that there is a public ground between trustor and trustee about the fact that
the trustee will perform such an action (Beltrustor GrdItrustee : α-happens),
where I = {trustor, trustee}. We put the Beltrustor before the GrdI to
indicate that trust is always subjective belief of trustor. This always respects
the subjectivity of trust (cf. Ries et al. [206]). We accordingly formalize
the cognitive structure of Trust as:

Definition 9. (Trust)

Trusti,j(α, ϕ) def=Goali ϕ ∧ Beli Afterj:αϕ ∧ Beli Ablejα∧

Beli Intendj α ∧ Beli Grd{i,j}j:α-happens

For instance, a boss trusts his secretary to prepare a report in order
to present it at a company meeting because the boss desires the report
(Goalboss report), and in his opinion, the report can be possibly ready after
the secretary prepares it (Belboss Aftersecretary:preparereport), the secretary
has the ability and intention to prepare the report
(Belboss Ablesecretaryprepare∧Belboss Intendsecretary prepare). Moreover, the
boss believes that there is a public ground that the secretary will prepare
the report in time (Belboss Grdboss,secretarysecretary : prepare-happens).

Trust in inaction

Demolombe and Lorini [58] distinguished trust in the trustee’s action
from trust in the trustee’s inaction: in the former case, truster believes that
trustee is in condition to further his goal, and trustee will do that; in the
latter case, truster believes that trustee is in condition to endanger his goal,
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but trustee will refrain from doing that. This opposition is symmetrical to
the opposition between doing and refraining which is studied in the philos-
ophy of action (cf. Belnap et al. [18] and van Benthem [247]). According
to this analysis, Herzig and Lorini [104] formalized that i trusts j not to do
α to bring about ϕ if only if i wants ϕ to be true (Goali ϕ) and i believes
that j, by doing α, will bring about ¬ϕ (Beli Afterj:α¬ϕ), j is able to do
α (Beli Ablejα), but j has no intention to do α (Beli ¬Intendj α). We
extent this formalization with respecting our analysis that in oder to trust,
truster has a belief about a public ground that trustee will not do action α
(Beli Grd{i,j}¬j:α-happens).

We accordingly have the formalization of the cognitive structure of trust
in inaction:

Trusti,j(∼ α, ϕ) def=Goali ϕ ∧ Beli Afterj:α¬ϕ ∧ Beli Ablejα∧

Beli ¬Intendj α ∧ Beli Grd{i,j}¬j:α-happens (5.6)

5.2.3 Formalization of Distrust

We also adopt the definition of distrust given by Castelfranchi et al. [39]
which says that agent i distrusts agent j to ensure ϕ by performing action
α if and only if:

i. agent i desires to achieve ϕ (Goali ϕ), and agent i believes that at least
one of these conditions is fulfilled:

ii. agent j is not able to bring about ϕ by performing action α:
Beli ¬Afterj:αϕ, or

iii. agent j is able to bring about ϕ by performing action α but he has not in-
tention to do α:
Beli Afterj:αϕ ∧ Beli ¬Intendj α .

We accordingly formalize the cognitive structure of Distrust as:



5.2. FORMALIZATION OF TRUST/DISTRUST 103

Definition 10. (Distrust)

DisTrusti,j(α, ϕ) def= Goali ϕ ∧ (Beli ¬Afterj:αϕ∨

(Beli Afterj:αϕ ∧ Beli ¬Intendj α))

For instance, in spite of desiring the report (Goalboss report), the boss
does not trust a new employee to prepare it because he believes the new em-
ployee is unable to perform that task (Belboss ¬Afteremployee:preparereport).

From this definition, we can decompose the concept of distrust based
only upon the lack of trustee’s ability and distrust based only upon the lack
of trustee’s intention:

Definition 11. (Distrust based on ability)

C-DisTrusti,j(α, ϕ) def=Goali ϕ ∧ Beli ¬Afterj:αϕ

Definition 12. (Distrust based on intention)

I-DisTrusti,j(α, ϕ) def=Goali ϕ ∧ Beli Afterj:αϕ ∧ Beli ¬Intendj α

5.2.4 Discussion

This section compares our formalization with other approaches in formal
definition of (individual) trust which are presented in section 3.2.3. In the
Table 5.1, the first column represents models’ owners, six remain columns
correspond to six considered features as follows:

• Cognitive: to see whether mental states like beliefs are used in the
definition.

• Goal: to see whether trustor has a goal to trust other on bringing
about it.

• Public ground: to see whether trustor believes there is a public ground
between him and trustee.

• Action: to see whether trustor focuses on the action which brings
about what he trusts.
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• Competence: to see whether trustor considers the trustee’s compe-
tence.

• Intention: to see whether trustor considers the trustee’s intention.

From the Table 5.1, the first two models, including the model of Jones
and Firozabadi [123], and the model E2T2 of Grandison and Reichgelt [92]
are quite similar: trust is simply a belief of trustor on what the trustee wants
to do. In these models, trustee’s intention is assimilated to trustee’s goal
which is completely different from the trustor’s goal mentioned in the third
column of the table. They consider neither trustor’s goal which trustee is
going to do, nor the action which causes the result that trustor want to be
the case. Consequently, they do not considers the trustee’s competence as
a component of their definition.

The most similar to our model is the model of Herzig et al. [103] because
they use the same foundation model of trust, it is the definition of trust
of Falcone and Castelfranchi [75]; except that in their model, they did not
consider the belief of trustor about a public ground between him and trustee
as one of condition to trust. As a consequence, their model covers also the
case of reliance (not rightly trust) as we discussed in the analysis to formalize
trust.

In our model, we add trustor’s belief about a public ground between him
and trustee as one of condition to trust. Thus, we could consider our model
is a tighter case of Herzig et al.’s formalization.

5.3 Conclusion

Using the logic introduced in chapter 4, this chapter presented the formaliza-
tion of the cognitive structure of emotions, including the well-being emotions
as joy and distress; prospect-based emotions as hope and fear; confirmation-
based emotions as satisfaction, disappointment, fear-confirmed and relief;
and compound emotions as gratitude and anger. This chapter also pre-
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sented the formalization of the cognitive structure of trust and distrust in
the same logic.

From these formal representations of the cognitive structure of emotions,
trust and distrust, we will formalize the relations between them, particularly
the effect of trust/distrust on emotions, which will be presented in chapter
6.

Although our formalization the cognitive structure of trust is mainly
based on the definition of Falcone and Castelfranchi [75] which argues that
trust is a combination of trustor’s beliefs about trustee’s capacity, power
and intention, we considered that trust is also composed of trustor’s belief
about a public ground between him and trustee. We will collect empirical
data to validate this argumentation in chapter 7 (section 7.2).



Chapter 6

Effect of Trust/Distrust on
Emotions

From the formal representation of cognitive structure of emotions, trust
and distrust which are presented in chapter 5, this chapter show that there
are some relations between them, particularly the effect of trust/distrust
on some emotions. These relations are also represented in the same logic
introduced in chapter 4.

Section 6.1 presents the effect of trust on emotions as hope, satisfaction,
disappointment and anger; Section 6.2 presents the effect of distrust on
emotions as fear, fear-confirmed, relief and gratitude; Section 6.3 discusses
about these formalizations.

107
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6.1 Effect of Trust on Emotions

This section presents the formalization of the effect of trust on emotions:
trust implies hope (Proposition 13); a success following trust brings about
satisfaction (Proposition 14) and/or gratitude (Proposition 15); and a fail-
ure following trust brings about disappointment (Proposition 16) and/or
anger (Proposition 17).

6.1.1 Trust and Hope

Trust and Hope have an important relation because they both feature a
positive expectation (cf. Castelfranchi and colleagues [75, 165]). When i

trusts j, i has a positive expectation about j’s power and performance.
Hope also implies some positive expectation. The greater the expectations,
the deeper the trust; and, conversely, the deeper the disappointment when
expectations are unrealized (cf. Bryce [32]). We accordingly formalize the
relation between trust and hope as:

Proposition 13. (Trust implies Hope)

Trusti,j(α, ϕ)→Hopeiϕ

This means that when we trust someone about an action that will bring
some results, we are hopeful that the action’s results will be obtained.
For instance, when a boss trusts his secretary to prepare an urgent re-
port (Trustboss,secretary(prepare, report)) for a meeting in tomorrow, he will
hope to have the report on time (Hopebossreport).

This proposition will be proved by applying Lemma 13.1: if we believe
that ϕ is true after every execution of action α, and that someone is able
to do α, then we believe that there is at least a future world in which ϕ is
true.

Lemma 13.1.

Beli Afterj:αϕ ∧ Beli Ablejα→PossiFϕ
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Proof.

Beli Afterj:αϕ→Beli (j:α-happens → Xϕ) (from DefAfteri:α)

→(Beli j:α-happens → Beli Xϕ) (from axiom KBeli )
(6.1)

Beli Ablejα→Beli ¬Afterj:α⊥ (from DefAblei)

→Beli ¬(j:α-happens → X⊥) (from DefAfteri:α)

→Beli j:α-happens (6.2)

Beli Afterj:αϕ∧Beli Ablejα

→(Beli j:α-happens → Beli Xϕ)∧

Beli j:α-happens (from (6.1) and (6.2))

→Beli Xϕ

→PossiXϕ (from axiom DBeli )

→PossiFϕ

�

Proof of Proposition 13.

Trusti,j(α, ϕ)→Goali ϕ (from Def. 9) (6.3)

Trusti,j(α, ϕ)→Beli Afterj:αϕ ∧ Beli Ablejα (from Def. 9)

→PossiFϕ (from Lem. 13.1) (6.4)

Trusti,j(α, ϕ)→Goali ϕ ∧ PossiFϕ (from (6.3) and (6.4))

→Hopeiϕ (from Def. 2)

�

This proposition is also consistent with the argumentation of Miceli and
Castelfranchi [165] who argue that hope and trust do not completely overlap:
Trust appears to be stronger than hope. In other term, if there is trust,
there will be hope. But the inverse is not correct: if there is hope, we could
not be sure that there will be trust.
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6.1.2 Success following Trust

A success following the trust of agent i on agent j in doing action α to bring
about ϕ is the fact that agent i finally experiences in fact ϕ is true. We
assume that in this situation, agent i could feel satisfaction:

Proposition 14. (Success following Trust implies Satisfaction)

Beli X−1Trusti,j(α, ϕ) ∧ Awareiϕ→Satisfactioniϕ

Proof.

Trusti,j(α, ϕ)→Hopeiϕ (from Prop. 13)

Beli X−1Trusti,j(α, ϕ)→Beli X−1Hopeiϕ

Beli X−1Trusti,j(α, ϕ) ∧ Awareiϕ→Beli X−1Hopeiϕ ∧ Awareiϕ

→Satisfactioniϕ (from (5.1))

�

For instance, once the boss trusted his secretary to prepare the report
(X−1Trustboss,secretary(prepare, report)), and on the morning of the day af-
ter, he has the report on his official table (Awarebossreport), then he is
satisfied (Satisfactionbossreport).

This proposition has a corollary: When we experience that what we
trusted has really been true, we will also feel joy about it.

Corollary 14.1.

Beli X−1Trusti,j(α, ϕ) ∧ Awareiϕ→Joyiϕ

Proof.

Beli X−1Trusti,j(α, ϕ) ∧ Awareiϕ→Satisfactioniϕ

(from Prop. 14)

→Joyiϕ (from Prop. 4a)

�
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Once a success follows trust, if trustor focuses on the action’s owner,
trustor will feel gratitude about trustee. We accordingly formalize this
relation as:

Proposition 15. (Success following Trust implies Gratitude)

Beli Donej:αTrusti,j(α, ϕ) ∧ Awareiϕ→Gratitudei,j(α, ϕ)

Proof. In dynamic logic, the formula [α]ϕ reads “after every execution of
α, ϕ is the case”. We interpret it as a time independent fact: [α]ϕ→ G[α]ϕ
for a particular case of Afterj:αϕ, we thus have:

Afterj:αϕ→XAfterj:αϕ (6.5)

Trusti,j(α, ϕ)→Goali ϕ ∧ Beli Afterj:αϕ (from Def. 9)

Beli Donej:αTrusti,j(α, ϕ) ∧ Beli ϕ→

Beli Donej:α(Goali ϕ ∧ Beli Afterj:αϕ) ∧ Awareiϕ

→Beli Donej:αGoali ϕ ∧ Beli Afterj:αϕ ∧ Awareiϕ

(from (6.5))

→Gratitudei,j(α, ϕ) (from Def. 7)

�

To summarize, when a success follows trust, if trustor focuses only on
the action’s outcome, s/he will feel satisfaction. If trustor also focuses on
the action’s owner, s/he will feel gratitude about trustee.

6.1.3 Failure following Trust

A failure following the trust of agent i on agent j in doing action α to bring
about ϕ is the fact that agent i finally experiences that ¬ϕ is true instead
of ϕ. We assume that in this situation, agent i could feel disappointment:

Proposition 16. (Failure following Trust implies Disappointment)

Beli X−1Trusti,j(α, ϕ) ∧ Awarei¬ϕ→Disappointmenti¬ϕ
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Proof.

Trusti,j(α, ϕ)→Hopeiϕ (from Prop. 13)

Beli X−1Trusti,j(α, ϕ)→Beli X−1Hopeiϕ

Beli X−1Trusti,j(α, ϕ) ∧ Awarei¬ϕ→Beli X−1Hopeiϕ ∧ Awarei¬ϕ

→Beli X−1Hopei¬(¬ϕ) ∧ Awarei(¬ϕ)

→Disappointmenti¬ϕ
(from (5.2))

�

For instance, the day after, the boss discoveries there is not report on his
official table (Awareboss¬report), he will be disappointed
(Disappointmentboss¬report).

This proposition has a corollary: When we experience that what we
trusted has really been failed, we will also feel distress about it.

Corollary 16.1.

Beli X−1Trusti,j(α, ϕ) ∧ Awarei¬ϕ→Distressi¬ϕ

Proof.

Beli X−1Trusti,j(α, ϕ) ∧ Awarei¬ϕ→Disappointmenti¬ϕ
(from Prop. 16)

→Distressi¬ϕ (from Prop. 4b)

�

As having presented in section 3.1.3, betrayal is a feature of trust. The
trust of agent i on agent j in doing (resp. avoiding) action α to bring about
ϕ is betrayed when (i) agent i knows that agent j did not do action α (resp.
did it), and (ii) agent i experiences that in fact ¬ϕ is true instead of ϕ.
We assume that in this situation, agent i could be angry. We accordingly
formalize this relation as:
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Proposition 17. (Betrayal of Trust implies Anger)

Beli Donej:αTrusti,j(∼ α, ϕ) ∧ Awarei¬ϕ→Angeri,j(α,¬ϕ)

Proof.

Trusti,j(∼ α, ϕ)→Goali ϕ ∧ Beli Afterj:α¬ϕ (from (5.6))

Donej:αTrusti,j(∼ α, ϕ) ∧ Awarei¬ϕ→

Donej:α(Goali ϕ ∧ Beli Afterj:α¬ϕ) ∧ Awarei¬ϕ

→Donej:αGoali ϕ ∧ Beli Afterj:α¬ϕ ∧ Awarei¬ϕ
(from (6.5))

→Angeri,j(α,¬ϕ) (from Def. 8)

�

In other term, we feel angry when we trust someone to avoid an action
(in order to achieve/maintain some outcomes), but discover that this per-
son performed the action, and that we thus experience some unexpected
outcome.

For instance, Bob and John are two closed friends. In fact, Bob was in
prison because he hit a girl. Bob wants to hide his secret. Thus, he did not
tell anyone his secret except John because Bob trusted John to not reveal his
secret to anyone (X−1TrustBob,John(¬reveal, secret_is_hiden)). One day,
Bob discovers that John has spoken to someone his secret
(AwareBob¬secret_is_hiden). So he is angry about John’s action
(AngerBob,John(reveal,¬secret_is_hiden)).

Note that in this proposition, if we replace α by ∼ α, it becomes:

Beli Done∼j:αTrusti,j(α, ϕ) ∧ Awarei¬ϕ→Angeri,j(∼ α,¬ϕ)

This formula corresponds to the case of anger in inaction which comes
from trust in action. Thus, based on the idea that anger comes from the
betrayal of trust, Proposition 17 covers two cases: anger in action comes
from the betrayal of trust in inaction; and anger in inaction comes from the
betrayal of trust in action.
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To summarize, when a failure follows trust, if trustor focuses only on
the action’s outcome, s/he will feel disappointment. If trustor also focuses
on the action’s owner, s/he will feel anger because of being betrayed.

6.2 Effect of DisTrust on Emotions

This section presents the formalization of the effect of distrust on emotions:
distrust implies fear (proposition 18); a failure following distrust brings
about fear-confirmed (proposition 19); and a success followings distrust
brings about relief (proposition 20) and/or gratitude (proposition 21).

6.2.1 DisTrust and Fear

Distrust features a negative expectation, involving fear of the other (Lewicki
and Wiethoff [139], Aghio et al. [6]). Castelfranchi and Falcone also argue
that fear is a possible part of distrust [41, p. 122]. We state the relation
between Distrust based on ability and Fear as Proposition 18.

Proposition 18. (DisTrust implies Fear)

C-DisTrusti,j(α, ϕ)→Feari¬ϕ

This means that if we distrust someone to do an action to bring us some-
thing then we fear that our desire might not be fulfilled. For instance, the
trusted secretary has some other business, thus the boss has to ask his assis-
tant to prepare the report he needs in spite that the boss distrusts his assis-
tant to finish the report by the next morning
(C-DisTrustboss,assistant(finish, report)). Therefore, he is fearful that he
might miss the report the next morning (Fearboss¬report).

This proposition will be proved by applying Lemma 18.1: if we believe
that someone is unable to do an action to bring about something, then we
believe that there is at least a future world without the expected result of
this action.
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Lemma 18.1.

Beli ¬Afterj:αϕ→PossiF¬ϕ

Proof.

Gϕ→Afterj:αϕ (axiom (4.7))

¬Afterj:αϕ→¬Gϕ (contra-position)

→F¬ϕ (from DefF)

Beli ¬Afterj:αϕ→Beli F¬ϕ (necessitation rule)

→¬Beli ¬F¬ϕ (axiom DBeli )

→PossiF¬ϕ

�

Proof of Proposition 18.

C-DisTrusti,j(α, ϕ)→Goali ϕ (from Def. 11)

→Goali ¬(¬ϕ) (6.6)

C-DisTrusti,j(α, ϕ)→Beli ¬Afterj:αϕ (from Def. 11)

→PossiF(¬ϕ) (from Lem. 18.1) (6.7)

C-DisTrusti,j(α, ϕ)→Goali ¬(¬ϕ) ∧ PossiF(¬ϕ)
(from (6.6) and (6.7))

→Feari(¬ϕ) (from Def. 2)

�

6.2.2 Failure following DisTrust

A failure following the distrust of agent i on agent j on doing action α to
bring about ϕ is the fact that agent i finally experiences that ¬ϕ is true
instead of ϕ. We assume that in this situation, agent i could feel fear-
confirmed:



116 CHAPTER 6. EFFECT OF TRUST/DISTRUST ON EMOTIONS

Proposition 19. (Failure following DisTrust implies Fear-confirmed)

Beli X−1C-DisTrusti,j(α, ϕ) ∧ Awarei¬ϕ→FearConfirmedi¬ϕ

Proof.

C-DisTrusti,j(α, ϕ)→Feari(¬ϕ) (from Prop. 18)

Beli X−1C-DisTrusti,j(α, ϕ)→Beli X−1Feari(¬ϕ)

Beli X−1C-DisTrusti,j(α, ϕ)∧Awarei(¬ϕ)

→Beli X−1Feari(¬ϕ) ∧ Awarei(¬ϕ)

→FearConfirmedi(¬ϕ) (from (5.3))

�

For instance, if the boss realizes that his assistant really did not finish the
report on time (Awareboss¬report), he feels fear-confirmed
(FearConfirmedboss¬report).

This proposition has a corollary: When we experience that what we
distrusted has now happened, we feel distress about it.

Corollary 19.1.

Beli X−1C-DisTrusti,j(α, ϕ) ∧ Awarei¬ϕ→Distressi¬ϕ

Proof.

Beli X−1C-DisTrusti,j(α, ϕ)∧Awarei¬ϕ

→FearConfirmedi¬ϕ (from Prop. 19)

→Distressi¬ϕ (from Prop. 6a)

�

6.2.3 Success following DisTrust

A success following the distrust of agent i on agent j on doing action α to
bring about ϕ is the fact that agent i experiences that ϕ is true. We assume
that in this situation, agent i could feel relief:
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Proposition 20. (Success following DisTrust implies Relief)

Beli X−1C-DisTrusti,j(α, ϕ) ∧ Awareiϕ→Reliefiϕ

Proof.

C-DisTrusti,j(α, ϕ)→Feari(¬ϕ) (from Prop. 18)

Beli X−1C-DisTrusti,j(α, ϕ)→Beli X−1Feari(¬ϕ)

Beli X−1C-DisTrusti,j(α, ϕ)∧Awareiϕ

→Beli X−1Feari(¬ϕ) ∧ Awareiϕ

→Reliefiϕ (from (5.4))

�

For instance, if the boss discovers that his assistant did in fact finish the
report (Awarebossreport), he feels relieved (Reliefbossreport).

This proposition has a corollary: When we experience that the trustee
has done successfully the action instead of failure as we believed, we feel
joyful about it.

Corollary 20.1.

Beli X−1C-DisTrusti,j(α, ϕ) ∧ Awareiϕ→Joyiϕ

Proof.

Beli X−1C-DisTrusti,j(α, ϕ) ∧ Awareiϕ→Reliefiϕ (from Prop. 20)

→Joyi¬ϕ (from Prop. 6b)

�

Once a success follows distrust, if trustor focuses on the action’s owner,
trustor will feel gratitude about trustee. We accordingly formalize this
relation as:

Proposition 21. (Success following DisTrust implies Gratitude)

Beli Donej:αI-DisTrusti,j(α, ϕ)∧Awareiϕ

→Gratitudei,j(α, ϕ)
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Proof.

I-DisTrusti,j(α, ϕ)→Goali ϕ ∧ Beli (Afterj:αϕ) (from Def. 12)

Beli Donej:αI-DisTrusti,j(α, ϕ) ∧ Beli ϕ→

Beli Donej:α(Goali ϕ ∧ Beli Afterj:αϕ) ∧ Awareiϕ

→Beli Donej:αGoali ϕ ∧ Beli Afterj:αϕ ∧ Awareiϕ

(from (6.5))

→Gratitudei,j(α, ϕ) (from Def. 7)

�

In other term, we feel grateful about an action when we distrusted some-
one to do an action that would deliver desirable results (because we believed
that person had no intention to do the action); but we then discover that
this person actually did perform successfully the action, and that we now
experience our expected outcome.

To summarize, when a success follows distrust, if the trustor focuses
only on the action’s outcome, s/he will feel fear-confirmed. If trustor also
focuses on the action’s owner, s/he will feel gratitude about trustee’s action.

6.3 Discussion

6.3.1 Summary of the effect of trust/distrust on emotions

The effect of trust/distrust on emotion can be summarized in Table 6.1 in
which, two first columns are a combination of the possible values of action
α (before execution, not done and have done) and its outcome ϕ (true or
false). Four remain columns correspond to the cases of trust or distrust.
For the case of trust, we distinguish two sub-cases: trust in action means
that the outcome ϕ will be achieved after execution of action α ([α]ϕ); and
trust in inaction means that the outcome ϕ will be achieved by avoiding
the execution of action α ([∼ α]ϕ). In the case of distrust, we distinguish
two sub-cases: distrust based on the lack of ability or intention of trustee.
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In remain cells, each emotion correspond to the case of trust or distrust
of its column and the situation of action and outcome of its row. For
instance, in row 2, column 3, we have Hopeϕ because we have the trust and
the related action is not yet executed! Cells having the symbol “x” mean
that our model does not cover that corresponding case!

Hope. Hope occurs in the case that there is trust and the related action
is not yet executed (or not avoided, in the case of trust in inaction -
proposition 13).

Fear. Fear occurs in the case that there is distrust based on the lack of
trustee’s ability and the related action is not yet executed (proposition
18).

Satisfaction. Satisfaction occurs in the case that a successful outcome
follows trust whatever the related action is executed (or avoided) or
not (proposition 14).

Disappointment. Disappointment occurs in the case that a failed out-
come follows trust whatever the related action is executed (or avoided)
or not (proposition 16).

Relief. Relief occurs in the case that a successful outcome follows distrust,
which is based on the lack of trustee’s ability, whatever the related
action is executed or not (proposition 20).

Fear-confirmed. Fear-confirmed occurs in the case that a failed outcome
follows distrust, which is based on the lack of trustee’s ability, what-
ever the related action is executed or not (proposition 19).

Anger. Anger occurs in the case that a failed outcome follows trust (be-
trayal): either there is a trust in action but the related action is not
done, or there is a trust in inaction but the related action is done
(proposition 17).
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Gratitude. Gratitude occurs in the case that a success follows distrust
based on the lack of trustee’s intention (proposition 21) or trust (propo-
sition 15).

In other terms, Hope/Fear depend on whether we trust or distrust.
Confirmation-based emotions as Satisfaction/Disappointment, Relief/Fear-
confirmed depend only on trust/distrust and theirs outcome. While com-
pose emotions as Anger, Gratitude depend also on the related action’s
owner.

6.3.2 Exceptional cases

As showed in Table 6.1, our model does not cover all possible relations.
There exists exceptional cases which are assigned a symbol “x”. The reason
is that we could not prove the distrust based on the lack of trustee’s intention
also implies the prospect of ¬ϕ like this:
Beli Afterj:αϕ ∧ Beli ¬Intendj α→ Possi¬ϕ
even that it seem to be quite intuitive! As a result, we could not realize the
consequence cases of this relation.

6.4 Conclusion

From the formal representation of the cognitive structure of emotions, trust
and distrust introduced in chapter 5, this chapter formalized the effect of
trust and distrust on emotions, in the same logic introduced in chapter
4, in form of propositions. Particularly, a success following trust brings
about satisfaction and/or gratitude; a failure following trust brings about
disappointment and/or anger; a success following distrust brings about re-
lief and/or gratitude; and a failure following distrust brings about fear-
confirmed. These propositions will be behaviorally validated in chapter 7
(section 7.1).





Chapter 7

Behavioral Validation

Although the propositions that we proved in chapter 6 are intuitively plau-
sible, some of them have not yet received behavioral validation from the
field of experimental psychology. We decided to collect empirical data con-
cerning the concept of Trust analyzed in chapter 5; and central propositions
presented in chapter 6.

Section 7.1 presents the validation of the effect of trust and distrust on
emotion; Section 7.2 presents the validation of the concept of trust when
we add public ground factor into its cognitive structure.
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7.1 Experiment 1

7.1.1 Objective

This section reports empirical data concerning central propositions from
chapter 6, related to the emotions that follow trust or distrust, paired with
success or failure. More specifically, we will test whether:

• a successful outcome following trust, brings about satisfaction (Propo-
sition 14) and/or gratitude (Proposition 15);

• a failed outcome following trust, brings about disappointment (Propo-
sition 16) and/or anger (Proposition 17);

• a successful outcome following distrust based on lack of capacity,
brings about relief (Proposition 20); and

• a successful outcome following distrust based on lack of intention,
brings about gratitude (Proposition 21).

We could not test Proposition 19 for a linguistic reason: Neither in
French nor in Vietnamese (the two languages used in our experiment) could
we find a term equivalent to ’fear confirmed’.

7.1.2 Method

A total of 100 participants (30% French and 70% Vietnamese) took part
to an online experiment; 71% were male; average age was 25 (Min = 17,
Max = 45).

Participants read 8 scenarios following a 2×2×2 within-subject design.
The variables manipulated in the stories were Intention (Yes/No), Capacity
(Yes/No), and Outcome (Success/Failure).

In some case, we need to regroup intention and capacity variables into
one variable (called Trust) in order to analyze the interaction Trust ×
Outcome. In section 5.2.2, we defined trust as the conjunction of two be-
liefs (intention and capacity of the trustee) with the public ground between
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Capacity
Yes No

Intention Yes Trust Distrust
No Distrust Distrust

Table 7.1: Construction of the Trust variable from the capacity and inten-
tion variables

trustor and trustee. This third factor is fixed in the first experiment. We
thus operationalize Trust as the conjunction of Intention and Capacity, and
Distrust as the three remaining cases, as illustrated in Table 7.1.

Turning now to our materials, here is the scenario in which Intention =
Yes, Capacity = Yes, and Outcome = Success.

Mr. Boss is the marketing director of a big company. He needs
an important financial report before a meeting tomorrow morn-
ing, but he has no time to write it because of other priorities.
He asks Mr. Support to prepare it and put it on his desk before
tomorrow morning.

• Mr. Boss believes that Mr. Support has the intention to
prepare the report in time.

• Mr. Boss believes that Mr. Support is able to prepare the
report in time.

The morning after, Mr. Boss finds the report on his desk when
he arrives. In your opinion, what does he feel?

In the condition Intention = No, “Mr. Boss believes that Mr. Support
has the intention to prepare the report in time” was replaced with “Mr. Boss
believes that Mr. Support has no intention to prepare the report in time.”
In the condition Capacity = No, “Mr. Boss believes that Mr. Support is
able to prepare the report in time” was replaced with “Mr. Boss believes
that Mr. Support is unable to prepare the report in time.” Finally, in the
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Figure 7.1: The dependent variables of Experiment 1

condition Outcome = Failure, “Mr. Boss finds the report on his desk when
he arrives” was replaced with “Mr. Boss does not find the report on his
desk when he arrives.”

After reading each story, participants rated the extent to which the
main character would feel each of our five target emotions: satisfaction,
disappointment, relief, anger and gratitude. Ratings used a 6-point scale
from 1 (Not at all) to 6 (Absolutely) as described in Figure 7.1.

7.1.3 Results

Language was entered as a control variable in all statistical analyses, but
added only a small overall effect on participants’ responses, and will not be
discussed any further.

Descriptive statistics are displayed in Table 7.2. Participants’ responses
were analyzed by means of a repeated-measure analysis of variance, aimed at
detecting statistically reliable effects of Trust and Outcome on our emotions
of interest.

Satisfaction

Unsurprisingly, the analysis of variance detected a huge effect of Out-
come, F (1, 98) = 597, p < .001, accounting for most of the observed vari-
ance, η2

p = .86. In other terms, Satisfaction is almost perfectly predicted by
Outcome alone. The analysis, however, also detects a comparatively small
interaction effect Outcome × Trust, F (1, 98) = 8.8, p < .01, η2

p = .08, re-
flecting the fact that success was even more pleasant in case of trust. The
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Emotion Outcome Trust Distrust

Satisfaction Success 4.9 (1.5) 4.6 (1.6)
Failure 1.1 (0.5) 1.4 (1.0)

Relief Success 2.8 (1.9) 3.6 (1.9)
Failure 1.3 (1.0) 1.3 (0.9)

Disappointment Success 1.1 (0.6) 1.3 (0.8)
Failure 4.6 (1.7) 3.2 (1.4)

Anger Success 1.1 (0.3) 1.2 (0.8)
Failure 3.9 (1.8) 2.7 (1.5)

Gratitude Success 3.7 (1.7) 4.3 (1.7)
Failure 1.2 (0.6) 1.4 (0.9)

Table 7.2: Mean and standard deviations of affective ratings, as a function
of Trust and Outcome.

data are in line with what was expected from Proposition 14.

Relief

The analysis detected main effects of Trust, F (1, 98) = 19.1, p < .001,
η2
p = .23; and Outcome, F (1, 98) = 127, p < .001, η2

p = .80. However,
these main effects were qualified by an interaction effect F (1, 98) = 12.3,
p < .001, η2

p = .31, reflecting the fact that Trust only had an effect when
Outcome was a failure.

Capacity
Yes No

Intention Yes 2.8 3.5
No 3.7 3.6

Table 7.3: Mean and standard deviations of Relief ratings, as a function of
Capacity and Intention (Outcome = success).

For more detail, we broke down Trust into its two components. Table 7.3
displays the effect of Capacity and Intention on Relief (in case of Outcome
= success).

This analysis detected a main effect of Intention, F (1, 79) = 14.4, p <



128 CHAPTER 7. BEHAVIORAL VALIDATION

.001, and the interaction effect Intention × Capacity, F (1, 79) = 9.0, p <

.004, but no significant effect of Capacity, F (1, 79) = 0.4, p < .53. Capacity
only had an effect when there was Intention: Relief score is higher without
capacity (M=3.5) than with capacity (M=2.8). This reflects our expectation
(Proposition 20) that relief is especially high when a success is obtained
despite of distrust based on the lack of trustee’s capacity.

Disappointment

The analysis detected main effects of Trust, F (1, 98) = 28.4, p < .001,
η2
p = .16; and Outcome, F (1, 98) = 389, p < .001, η2

p = .56. However,
these main effects were qualified by an interaction effect Trust × Outcome,
F (1, 98) = 44.7, p < .001, η2

p = .11. This interaction reflects our expectation
(Proposition 16) that disappointment is especially high when a failure is
obtained despite of trust.

Anger

The analysis detected main effects of Trust, F (1, 98) = 22.4, p < .001,
η2
p = .18; and Outcome, F (1, 98) = 245, p < .001, η2

p = .71. However,
these main effects were qualified by an interaction effect Trust × Outcome,
F (1, 98) = 37.5, p < .001, η2

p = .28. This interaction reflects our expectation
(Proposition 17) that anger is especially high when trust is followed by
failure.

Gratitude

The analysis of variance detected a large effect of Outcome, F (1, 98) =
272, p < .001, accounting for most of the observed variance, η2

p = .73. In
other terms, Gratitude is largely predicted by Outcome alone. The analysis,
however, also detected a comparatively small interaction effect involving
Outcome × Trust, F (1, 98) = 3.2, p < .01, η2

p = .03, reflecting the fact that
a positive outcome has an even greater effect in case of distrust.

To get a more precise understanding of this interaction, we decomposed
distrust in the factors Intention and Capacity, and analyzed their effects on
gratitude after a positive outcome. Table 7.4 shows the effect of Capacity
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Capacity
Yes No

Intention Yes 3.7 3.9
No 4.8 4.4

Table 7.4: Mean and standard deviations of Gratitude ratings, as a function
of Capacity and Intention (Outcome = success).

and Intention on Gratitude (in case of Outcome = success).
The analysis detected a large effect of Intention, F (1, 79) = 20.5, p <

.001, and a small interaction effect Intention × Capacity, F (1, 79) = 4.7,
p < .03, but no significant effect of Capacity, F (1, 79) = 0.3, p < .59.
Capacity only had an effect when there was Intention: Without Intention,
Gratitude is high, independently from Capacity, cf. Table 7.4. This reflects
our expectation that gratitude is high when a success is obtained despite of
distrust based on the lack of trustee’s intention (Proposition 21).

7.1.4 Discussion

Results support our formal propositions: success following trust brings
about satisfaction and/or gratitude; failure following trust brings about
disappointment and/or anger; success following distrust based on the lack
of trustee’s capacity brings about relief; and success following distrust based
on the lack of trustee’s intention brings about gratitude.

The success of this behavioral validation gives strong support to our
approach, which is shown to capture lay users’ intuitions about the effect
of trust/distrust on emotions.

However, results also show other effects of trust/distrust on emotions,
which are significant at the behavioral level, but that we could not, until
now, capture at the formal level: success following distrust may also bring
about satisfaction; success following distrust based on the lack of trustee’s
intention may also bring about some degree of relief; and success following
distrust based on the lack of trustee’s capacity may also bring about some
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degree of gratitude.
Moreover, at the formal level, we could predict that gratitude could

come from success following trust (Proposition 15) or distrust based on the
lack of trustee’s intention (Proposition 21). What we could not predict, is
that the intensity of gratitude would be significantly higher in the case of
distrust. Our logic can not, for now, distinguish between different degrees of
intensity of the same emotion. This limitation is a challenge that we must
take up in the future if we want to fully account for our behavioral data.

7.2 Experiment 2

7.2.1 Objective

In section 5.2.2, we analyzed trust as the conjunction of the trustor’s beliefs
in the capacity and intention of the trustee, but also the public ground
between trustor and trustee. The goal of Experiment 2 is to obtain evidence
for the role of this new, public ground factor.

7.2.2 Method

A totally of 241 participants contributed to an online experiment (52%
French, 48% Vietnamese, 72% were male, average age was 27).

Participants were randomly assigned to either group of a 2-level between-
subject design, where Public Ground was the manipulated variable.

In all scenarios, the belief of the trustor about the intention and ability
of trustee was always fixed; and the outcome was always a failure. Four
scenarios were proposed to all participants:

Scenario 1

Charles and Matthew are two neighboring farmers. Charles is
a good hunter. Recently, a wolf attacked their lambs. Matthew
would kill the wolf but he is not a good enough shooter.
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Charles leaves his house with a gun but Matthew does not ask
him to kill the wolf. Matthew believes that Charles is able to
use his gun and that he has intention to kill the wolf.

The day after the return of Charles, Matthew discovers that
Charles has not yet killed the wolf. In your opinion, what does
he feel vis-à-vis Charles?

In the public ground version, “Charles leaves his house with a gun but
Matthew does not ask him to kill the wolf” was replaced with “Charles
leaves his house with a gun and Matthew asks him to kill the wolf”.

Scenario 2

Christelle and Peter are married and have a child. Christelle
need to fetch the child at school, but she must attend a long
meeting for work that was not provided. She wishes that Peter
cares for the child.

Christelle did not ask Pierre to pick up their child. Christelle
believes that Peter is able to fetch the child and that he intends
to do it.

When she comes home late, she discovers that Peter has not yet
fetched the child. In your opinion, what she does feel vis-à-vis
Pierre?

In the public ground version, “Christelle did not ask Pierre to pick up
their child” was replaced with “Christelle asked Pierre to pick up their child”.

Scenario 3

Bob and John are two friends. In fact, Bob was in prison because
he hit a girl. He did not tell anyone his secret except John. Bob
wants to hide his secret.

Bob did not ask John to keep his secret. Bob believes that John
is able the secret and that he intends to do it.
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One day, Bob discovers that John has spoken to someone his
secret. In your opinion, what does he feel vis-à-vis John?

In the public ground version, “Bob did not ask John to keep his secret”
was replaced with “Bob asked John to keep his secret”.

Scenario 4

Mr. Boss is the marketing director of a big company. He needs
an important financial report before a meeting tomorrow morn-
ing, but he has no time to write it because of other priorities.

Mr. Boss did not ask Mr. Support to prepare it and put it
on his desk before tomorrow morning. Mr. Boss believes that
Mr. Support has the intention and that Mr. Support is able to
prepare the report in time.

The morning after, Mr. Boss has no report on his desk when
he arrives. In your opinion, what does he feel vis-à-vis Mr.
Support?

In the public ground version, “Mr. Boss did not ask Mr. Support to
prepare it and put it on his desk before tomorrow morning” was replaced
with “Mr. Boss asked Mr. Support to prepare it and put it on his desk
before tomorrow morning”.

Figure 7.2: Dependent variables in Experiment 2

After reading each scenario, participants rated the extent to which the
main character would feel each of 5 our target emotions: satisfaction, dis-
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appointment, relief, anger and gratitude as described in Figure 7.2. The
6-point scale was recoded from -2.5 to +2.5.

7.2.3 Results

Language was entered as a control variable in all statistical analyses, but
added only a small overall effect on participants’ responses, and will not be
discussed any further.

Overall, and in line with the results of Experiment 1, failure in was
judged to trigger negative emotions such as Anger and Disappointment, as
showed in Table 7.5. However, public ground had a main effect in the case
of Anger : F = 61.4, p < .001.

Public ground
Yes No F p

Satisfaction -2.3 (0.4) -2.1 (0.7) 9.1 .003
Disappointment 1.5 (1.1) 1.0 (1.2) 9.6 .002
Relief -2.0 (0.8) -2.0 (0.8) 0.1 .728
Gratitude -2.1 (0.6) -2.1 (0.7) 0.1 .764
Anger 1.0 (1.2) -0.3 (1.3) 61.4 .000

Table 7.5: Mean and standard deviations of affective ratings, as a function
of Public Ground.

Anger ’s score is significantly higher with public ground (M = 1.0, SD <

1.2), and there is no anger in the absence of public ground (M = −0.3,
SD < 1.3). This is in line with our analysis, presented in section 5.2.2.

7.2.4 Discussion

In line with our previous results and with the literature (de Sousa [56,
236]), we assume that the absence of anger reflects the absence of betrayal,
and thus the absence of previous trust. Results show that anger is absent
in the absence of Public Ground. Thus we conclude that trust requires
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Public Ground. Our argumentation that public ground factor is a necessary
component of trust is now successfully validated at the behavioral level.

Regarding the score of disappointment, there is no qualitative difference
between two groups: disappointment is always present in both cases. How-
ever, its intensity is a bit higher in the case of having trust. In the first
group, disappointment may appear because the case of trustee’s intention
and capacity, without public ground would correspond to the concept of
reliance, which is well distinguished from the concept of trust by Baier [12].
Intuitively, a failure following reliance could bring about disappointment.

Public ground also has an effect in the case of Satisfaction in spite there
is no qualitative difference between its score in two groups. Satisfaction is
always absent in both cases because of failed outcome. This is in line with
the results of Experiment 1.

7.3 Conclusion

This chapter presented the validation of our formal propositions and con-
cepts, using the methods of experimental psychology.

Results of the first experiment wholly supported our central propositions
about the effect of trust/distrust on emotions: a successful outcome follow-
ing trust brings about satisfaction and/or gratitude, a failed outcome follow-
ing trust brings about disappointment and/or anger, a successful outcome
following distrust based on the lack of trustee’s capacity brings about relief,
and a successful outcome following distrust based on the lack of trustee’s
intention brings about gratitude.

Results of the second experiment supported our claim that the public
ground between trustor and trustee is a necessary component in the cogni-
tive structure of trust.

The success of these behavioral validations gives strong support to our
approach, which is shown to capture lay users’ intuitions about the effect
of trust/distrust on emotions.



Conclusion

Treatment of emotion is not an easy mission, specially making up to the
computer the ability of treatment of emotion because: (i) emotion itself is
not easy to understand, it is a subjective attitude mental which depends
not only upon the real situation but also depends upon how does the owner
feel; (ii) there is not yet an agreement among researches on the concept
of emotion, it simultaneously involves several types of interdependent re-
actions: cognitive, physiological, biological and cultural, etc. that relate
to different fields of research, so most definitions of emotions are partial
since they only refer to one of their aspects; (iii) the computer can not feel
emotion like the way that human does, it can possibly recognize emotions
based on their cognitive factors, but what are exactly the cognitive factors
for each emotion is not easy to determine; and (iv) even if we have a good
foundation model for emotion, how can we make the computer treating (to
recognize, understand and reasoning) emotion in a natural human-like way
is not yet easy one.

Despite many difficulties in assigning to the computer the human-like
abilities of understand, represent and reason about emotions, we constructed
a logical framework to formally represent trust/distrust and emotions in a
formal language. This logic enables us to lay bare the formal relations be-
tween trust and emotions, particularly the effect of trust and distrust on
emotions. The logic we offer is a combination of the logic of beliefs and
choices, and the logic of time.

The main contributions of this thesis can be summarized in three facts.
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Firstly, we proposed a logical framework which enables to represent the
cognitive structure of some concept of emotions, trust and distrust in a
formal language. This representation contributes in improving precedent
approaches. Regarding emotion, our formal definition respects well the
instant nature of emotion by considering a time factor in its decompositions.
On the trust’s concept, our definition capitalizes the fact of trustor’s belief
about the public ground between him and trustee.

Secondly, we also formalized the effect of trust and distrust on some
emotions in the same logic by considering potential possibilities relating to
the outcome of trust and distrust. Its objective is to predict what is the next
potential emotion based on the user’s current attitude mental, particularly
in the case of success or failure following trust and distrust: a success fol-
lowing trust brings about satisfaction and/or gratitude; a failure following
trust brings about disappointment and/or anger; a success following dis-
trust brings about relief and/or gratitude; and a failure following distrust
brings about fear-confirmed. The formal representation of these effects en-
ables computers have the ability to reason more naturally about human
emotion based upon some causal attitude which has a tight and natural
relation with emotions: trust and distrust mental states.

Thirdly, these formalized effects of trust and distrust on emotions are
also behaviorally validated by collecting the empirical data. The support of
empirical data to our formal propositions contributes to the psychological
analysis, at the behavioral level, the effect of trust and distrust on emotions,
particularly on satisfaction, gratitude, disappointment and anger. Addition-
ally, the success of our validation on the concept of trust also behaviorally
confirms the fact that it is necessary to have the public ground factor in the
decompositions of trust’s cognitive structure.

However, our work remains some limitation points which could be im-
proved in the future. First, the intensity of emotions. Although the added
time factor helps us to respect the instant nature of emotion, it is not enough
utility to help us to cover the intensity of emotions. Our formal emotions
exist in boolean values and during the time it presents, its intensity is no
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change until the emotion disappears. Second, we are currently on the ap-
praisal step, the first step on the human emotional process. The remaining
step, coping which leads to a subsequent adaptive modification of behavior,
is not yet considered in out framework. These limitations also are possibly
considered as potential fields to our work in the future.
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