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Abstract. The increasing progresses in both psychology and computer science
allow continually to deal with more and more complex systems and closer to
real-world applications in order to solve particularly the decision-making
process with uncertain and incomplete information. The aim of this research
work is to highlight the irrationality (affect) and to understand some different
ways in which the irrationality enter into the decision-making from psychology
and computer science perspectives. The goal is also to present some of such in-
tegrations of affect in decision-making which emerged in computer science
particularly in negotiation and robotics. Thus, the role of the affect in decision-
making is developed and discussed. Afterwards, an overview is given on the
influence of the affect on an individual level emphasizing the idea that irratio-
nality also has strong social components which can influence the interactions on
a group (collective) level. Then, the Emotional Intelligence (EI) is discussed as
a first step towards an attempt to answer to how to regulate/control the irratio-
nality part for ‘positive’ decision-making, and consequently its effects on the
though and action. Finally, some developments of computational models are
presented. Open questions and challenges are discussed in conclusion, particu-
larly the importance of the personality and its links to the affect.

Keywords: Complex systems, decision-making, uncertain and incomplete in-
formation, affect (emotions and moods), personality, negotiation and robotics.

1 Introduction

Affect (or feelings) is the overarching category, which incorporates moods and emo-
tions [1]. Emotions are specific (e.g., anger, happiness, fear, ...) and brief subjective
feelings, which usually have an identifiable cause (e.g., I'm angry with ...) [1].
Moods, on the other hand, are usually more diffuse (e.g., good or bad mood) and
weaker feeling states, and tend to lack source identification (e.g., I’'m in a bad mood).
Throughout recorded human intellectual history, there has been active debate about
the nature of the role of emotions or “passions” in human behavior [2], with the do-
minant view being that passions are a negative force in human behavior [3]. By con-
trast, some of the latest research has been characterized by a new appreciation of the
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positive functions served by emotions [4]. An appreciation for the positive functions
is not entirely new in behavioral science. Darwin, in 1872, was one of the first to
hypothesize the adaptive mechanisms through which emotion might guide human
behavior [5].

The increasing progress in computer science and information technology allowed
to deal with more complex systems and closer to real-world applications in order to
solve particularly the decision-making problems. Traditionally, the decision-making
was viewed as a rational process where reason calculates the best way to achieve the
goal. Investigations from different areas of cognitive science have shown that human
decisions and actions are much more influenced by intuition and emotional responses
than it was previously thought [6], [7], [8], [9].

Emotions are one of the important subconscious mechanisms that influence human
behaviors, attentions, and decision making. The emotion process helps to determine
how humans perceive their internal status and needs in order to form consciousness of
an individual. Emotions have been studied from multidisciplinary perspectives and
covered a wide range of empirical and psychological topics, such as understanding the
emotional processes, creating cognitive and computational models of emotions, and
applications in computational intelligence.

This paper deals with a review on the role of the affect (emotions and moods) on
decision-making from psychology perspective, and the awareness to such role from
computer science perspective. The goal is also to emphasize some central topics
emerged from such integrations of the irrationality part (emotions and moods, perso-
nality) in the decision-making of complex systems with uncertain and incomplete
information, particularly in computer science research fields such as in negotiation
and robotics.

Thus, the role of the affect in decision-making is developed and discussed in Sect.
2. Afterwards, an overview is given on the influence of the affect on an individual
level, in Sect. 3, emphasizing the idea that irrationality also has strong social compo-
nents which can influence the interactions on a group (collective) level. Then, the
Emotional Intelligence (EI) is discussed in Sect. 4, as a first step towards an attempt
to answer to how to regulate/control the irrationality part for ‘positive’ decision-
making, and consequently its effects on the though and action. Finally, some
developments of computational models are presented in Sect. 5. Open questions and
challenges are discussed in Sect. 6, particularly the importance of the personality and
its links to the affect.

2 The Role of the Affect in Decision-Making

Until middle of 1990s, the affect (emotions and moods) attracted little attention from
researchers on decision-making. In fact, the decision-making was viewed, in general,
as a cognitive process: a matter of estimating which of various alternative actions
would yield the most positive consequences [2]. The research community which
emerged in the late 1960s under the heading of behavioral decision theory largely
adhered to this cognitive perspective.
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The main thrust of behavioral decision theory [2] has been to identify:

- cognitive errors that people make when they judge the likelihood of future conse-
quences,

- simplifying heuristics that people use to cope with the complexity of decision-
making.

The great interest and large investigations in decision-making research associated
with the emergence of behavioral decision theory, then, largely ignored the role
played by the irrationality part, related to affect in general, in decision-making [2].

However, with the research developments particularly psychology-related fields
from 1990s, a great interest have been oriented towards the role of the irrationality
part related to emotions in decision-making. Research has shown that:

- even incidental affect (emotion and mood), affect that is unrelated to the decision
at hand, can have a significant impact on judgment and choice [10],

- emotional deficits, whether innate [4] or experimentally induced, can degrade the
quality of decision-making,

- incorporating affect (emotion and mood) in models of decision-making can great-
ly increase their explanatory power.

From the perspective of neuroscience and psychology, Antonio Damasio [4] states
that an important part of the decision-making process consists of the comparison of
potential alternatives with emotions and feelings from similar past situations.
Furthermore, the process also involves the estimation of results brought about by
these past events and potential rewards or punishments that might have been gained
during such events. This procedure enables us to simulate potential future outcomes
based on our past experiences and then opt for a move that will lead to the best possi-
ble solution.

Thus, contemporary decision-making research is characterized by an intense focus
on the irrationality part, related to affect in general [2].

When studying the effects of affect (emotion) on judgment, decision, and behavior,
two types of affective (emotional) phenomena should be distinguished: incidental
emotional states and integral emotional responses [11], [12], [6].

Loewenstein and Lerner [2] classify according to their place along the time course
of a decision process, beginning with a deliberation phase leading to a choice, then
implementing the choice, and, eventually, experiencing the outcomes. They distin-
guish between anticipated emotions and immediate emotions, with immediate emo-
tions further classified into incidental and anticipatory emotions. Anticipated
emotions are beliefs about one’s future emotional states that might ensue when the
outcomes are obtained. Immediate emotions, in contrast, are actually experienced
when making a decision, thereby exerting an effect on the mental processes involved
in making a choice; for similar distinctions see [13]. Immediate emotions come in two
variants, either as incidental emotions caused by factors which are not related to the
decision problem at hand, and as anticipatory or integral emotions, which are caused
by the decision problem itself.

There is ample evidence that these kinds of emotion frequently do influence
the judgments and choices people make. Lerner and Keltner [10] demonstrated the
effects of incidental fear and anger on risk judgments. The influence of immediate
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anticipatory emotions in intertemporal choice has been examined by Loewenstein
1996, see [2], [14]. The importance of anticipated emotions such as anticipated regret
and disappointment in decision making has been demonstrated by Zeelenberg, van
Dijk, Manstead, and van der Pligt 2000, see [Pfister2008].

Recently, Peters, Vistfjdll, Girling, and Slovic, in 2006 proposed another
classification of the roles that affect plays in decision making, see [14]. Affect is
loosely defined as experienced feelings about a stimulus, either integral or incidental.
Four roles are identified:

- First, affect plays a role as information, especially via the affect as information
mechanism, Schwarz and Clore 1988. These feelings, possibly misattributed to the
stimulus, act as good-versus-bad information to guide choices, according to the affect
heuristic proposed by Slovic, Finucane, Peters, and MacGregor 2002.

- The second role played by affect is as a spotlight, focusing the decision maker’s
attention on certain kinds of new information and making certain kinds of knowledge
more accessible for further information processing. This role is reminiscent of mood-
congruent memory as studied by Bower 1991.

- Third, affect operates as a motivator, influencing approach-avoidance tendencies
as well as efforts to process information Frijda, 1986 ; Zeelenberg and Pieters 2006.

- Finally, a fourth role of affect is to serve as a common currency in judgments and
decisions Cabanac 1992. Just as money does for goods, affect provides a common
currency for experiences. Following Cabanac 1992, Peters claims that affective reac-
tions enable people to compare disparate events and complex arguments on a com-
mon underlying dimension, see [14].

Another interesting four-fold classification of emotional mechanisms is given in
[14] by Pfister which is similar to the Peters approach in some respects, and where the
commonalities and differences are discussed.

Thus, several other researchers investigate the role of affect in decision making
from different point of views [15], [16], [17], [3], [18], [19], [20], [9], [21].

By another way, until the end of 1990s, works from computer science research
fields implying Artificial Intelligence and particularly robotics have been limited and
mostly oriented towards synthetic agents, and while some robot systems incorporate
emotions, they focus too much on emotional expression, leaving behind perhaps some
of the most important functions and aspects of emotional processing, such as their
influence in behavior selection, coherence, relevance, and learning.

Thus, a transition has been done in order to deal with more sensing abilities and a
larger repertoire of behaviors (than navigation, obstacle avoidance, localization, ...).
In fact, such transition emerged from many research efforts which have shifted from
behavior-based approaches that deal with insect-level competence, to those that try to
build robot systems that exhibit behaviors comparable in complexity to those of hu-
mans, as it is the case in friendly robotics and cognobotics [22].

As Brooks 1997 has eloquently argued, the robotic systems must manipulate the
world and interact in it in non-trivial ways. This requires a much richer set of abilities
to obtain sensory information and coordinate motor control, as well as an increased
and more complex behavioral repertoire that includes, among other competences, the
ability to interact socially. However, robots that exhibit robust and adaptive behavior,
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and which are responsive to social interactions, must deal with issues such as motiva-
tion and emotion which have not been essential in behavior-based robotics, see [22].

Thus, Juan D. Velasquez proposed in [23], [22] an emotion-based approach to ro-
botics that relies on the use of computational frameworks for the emotion-based con-
trol: control of autonomous agents that relies on, and arises from, emotional
processing. In this work, six different types of affect programs have been identified
and created in explicit models: anger, fear, distress/sorrow, joy/happiness, disgust,
and surprise [22].

In negotiation, Li developed a strategic emotion in negotiation implying emotion,
cognition and culture [24]. A one to one bargaining process, in which a buyer
agent and a seller agent negotiate over single issue (price), is developed, where
the basic behaviors based on time and personality aspects (conciliatory, neutral, and
aggressive) have been suggested [25].

3 Emotion on Individual and Group (Collective) Levels

There have been three major contexts within which researchers have studied the ef-
fects of affective states on intergroup perception and behavior. Two of the domains
have to do with affect that is elicited by the group itself and the social situations with-
in which the group is experienced (termed “integral” affect by Bodenhausen, 1993).
Research on chronic integral affect has examined the impact of enduring affective
reactions to the social group on attitudes and behavior toward the group and its mem-
bers. Research on episodic integral affect has examined the impact of affective reac-
tions that are situationally created in intergroup settings, which may in principle be
quite different from more chronic feelings about the group (as when one has a plea-
sant interaction with a member of an otherwise disliked group). The final domain
involves affective states that arise for reasons having nothing to do with the inter-
group context itself, but which are carried over from other events into an intergroup
setting (termed “incidental affect” by Bodenhausen, 1993), see [11], [12].

By another way, Treur developed agent models from social neuroscience concepts
and discussed how such neurological concepts can be used to obtain emergence of
shared understanding and collective power of groups of agents, both in a cognitive
and affective sense [26]. A generic contagion model is then developed emphasizing
the idea that irrationality also has strong social components which can influence the
interactions on a group (collective) level, see also [27].

Also, Becker Asano and Wachsmuth designed the “WASABI” affect simulation
architecture, which uses a three-dimensional emotion space called PAD (Pleasure-
Arousal-Dominance) space [28]. In this study, social robots generate and express their
emotions in human-robot interaction.

4 Emotional Intelligence (EI)

"All learning has an emotional base." from the greek philosopher Plato. Emotional
Intelligence (EI) refers to the ability to perceive, control and evaluate emotions. Some
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researchers suggest that EI can be learned and strengthened, while others claim it is an
inborn characteristic.

Since 1990, Peter Salovey and John D. Mayer [29] have been the leading research-
ers on EI In their influential article "Emotional Intelligence, in 1990" they defined EI
as, "the subset of social intelligence that involves the ability to monitor one's own and
others' feelings and emotions, to discriminate among them and to use this information
to guide one's thinking and actions".

Thus, several research works have been developed on EI [30], [31], [32].

5 Computational Models

An excellent review is given on the development of computational models of emo-
tions for autonomous agents in [33]. Particularly, the comprehensive survey where
five design aspects that influence the development process of computational models
are investigated: theoretical foundations, operating cycle, cognition and emotion inte-
raction, architecture design, and role in cognitive agent architectures.

A comprehensive survey of cognitive and computational models of emotions
resulted from multidisciplinary studies is given in [34]. It explores how cognitive
models serve as the theoretical basis of computational models of emotions. The me-
chanisms underlying affective behaviors are examined as important elements in the
design of these computational models. A comparative analysis of current approaches
is elaborated based on recent advances towards a coherent cognitive computational
model of emotions, which leads to the machine simulated emotions for cognitive ro-
bots and autonomous agent systems in cognitive informatics and cognitive computing.

Because of the multiple facets and components underlying the process of human
emotions, it can be approached from a diversity of perspectives. Moreover, due to the
nature of this process and its applications, emotions are currently the focus of study in
multiple disciplines such as psychology, neuroscience, philosophy, computer science,
cognitive sciences, and cognitive informatics [34]. This multidisciplinary inquiry has
provided evidence that shows the significance of emotions not only to the rational
behavior of individuals, but to achieve more believable and human-like behaviors in
intelligent systems. In particular, fields such as psychology and neuroscience have
contributed a number of theories and models that explain the diversity of the emotion
process. These theories are focused on revealing the mechanisms underlying the
process by which humans transform external stimuli into emotional perspectives.
Similarly, in fields such as computer science, cognitive informatics, computational
intelligence, and artificial intelligence, researchers are interested in the design of for-
mal and computational models of emotions that help improve Artificial Intelligent
systems used for cognitive robots, autonomous agents, and human-computer interac-
tions [34]. In this dual approach, computational modeling technologies are used for
testing and refining psychological, biological, and cognitive models, which are further
used to support the design of computational models of emotions.

Thus, several computational models have been developed [35], [36], [37], [38], [39].
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6 Discussion and Conclusion

In this paper, the role of the affect in decision-making has been developed and dis-
cussed. Afterwards, an overview is given on the influence of the affect on an individ-
ual level emphasizing the idea that irrationality also has strong social components
which can influence the interactions on a group (collective) level. Then, the Emotion-
al Intelligence (EI) has been discussed as a first step towards an attempt to answer to
how to regulate/control the irrationality part for ‘positive’ decision-making, and
consequently its effects on the though and action. Finally, some developments of
computational models have been presented.

Throughout the paper, the goal was also to present some of such integrations of
affect in decision-making which emerged in computer science particularly in negotia-
tion and robotics.

In the following, some open questions and challenges are discussed.

First, it is very important to discuss the importance of the personality and its links
to the affect. A brief definition would be that personality is made up of the characte-
ristic patterns of thoughts, feelings and behaviors that make a person unique. In addi-
tion to this, personality arises from within the individual and remains fairly consistent
throughout life. "Personality refers to individuals' characteristic patterns of thought,
emotion, and behavior, together with the psychological mechanisms -- hidden or not -
- behind those patterns. This definition means that among their colleagues in other
subfields of psychology, those psychologists who study personality have a unique
mandate: to explain whole persons." Funder 1997.

"Although no single definition is acceptable to all personality theorists, we can say
that personality is a pattern of relatively permanent traits and unique characteristics
that give both consistency and individuality to a person's behavior." Feist 2009.

"Having closed in on a sense of what personality is, it may be helpful to compare
the concept to others with related meanings. Two concepts that quickly come to mind
are 'temperament’ and 'character.' In everyday language these terms are sometimes
used more or less interchangeably with 'personality,' and historically they have often
been used in contexts where, in more recent times, 'personality’ would be employed.
Within psychology, however, they have somewhat distinct meanings. Temperament
usually refers to those aspects of psychological individuality that are present at birth
or at least very early on in child development, are related to emotional expression,
and are presumed to have a biological basis... Character, on the other hand, usually
refers to those personal attributes that are relevant to moral conduct, self-mastery,
will-power, and integrity." Haslam 2007.

A very well known model of the personality is the five-factor model in personality
developed in [40]. An example of negotiation based on such five-factor model has
been developed in [41].

Thus, several research works have been developed using the affect and personality
[42], [43].

Another open question is related to the philosophers Solomon and Stone 2002, see
[8], recently reviewed the emotion literature and concluded that: The analysis of emo-
tions in terms of “valence,” while it recognizes something essential about emotions...
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is an idea that we should abandon and leave behind. It serves no purpose but confu-
sion and perpetrates the worst old stereotypes about emotion, that these are simple
phenomena unworthy of serious research and analysis. The idea is that if we really
want to understand emotion and emotion’s impact we have to go beyond mere
valence [8].

Another interesting alternative for future consists to investigate the research work
initiated in [44]. The interest in this issue is that Authors not used a predefined human
emotional model but tried to create an agent (robot) specific emotional architecture
under the assumption that emotions are unique to an agent’s possible interactions with
its world.
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