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Abstract. Emotional agent behavior simulation in general, and decision-making of the 
emotional agent simulation, in particular, is linked to rapprochement of science of psychology 
and computer modeling. Psychological theories form the foundation for computational models. 
The main assumption is that the emotional agent thinks more e  ectively. The majority of results 
are problem-oriented and don’t turn the researcher back to the emotion theory used as the basis.

Emotion-based model for decision-making in an emergency situation is considered in the 
Netlogo software.
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INTRODUCTION

The paper considers the emotional agent 
as an autonomous agent of agent-based 
modeling (a type of simulation modeling), 
that is provided with one emotion/emotions. 
Simulating behavior of an emotional agent 
in general and modeling a decision-making 
process of an emotional agent in particular 
are closely related to the current state of 
psychology and computer simulation being 
interconnected. On the one hand,  ndings of 
the research with an emotional agent where 
computational models are based on various 
psychological theories are speci c and more 
credible. The main assumption is that an 
emotional agent thinks more effectively. On 
the other hand, all the results are problem-
oriented and at this point they do not refer 
to the emotion theory that is used as a basis 
here. Some models are focused on cause 
factors of an emotion with the collection of 
information and expression of the emotion 
itself (Bickmore & Picard, 2005; Breazeal, 
2003; Fong, Nourbakhsh, & Dautenhahn, 
2003; Hudlicka, 2003; Paiva, 2000), others 
pay attention to measuring the effects of 
introducing these agents into speci c areas, 
such as games and training (Graesser et al, 
2005; Rickel & Johnson, 1997, Elliott, Rickel, 
&Lester, 1999). Few computational models 
address simulation of effects of emotions, 

emotional in uence on cognition (Broekens, 
Kosters, & Verbeek, 2007; Canamero, 2000; 
Gadanho, 2003; Hudlicka, 2005; Marinier 
III, Laird, &Lewis, 2009; Velasquez, 1998), 
uniting emotional states of a thinking agent 
(Coddington & Luck, 2003; Meyer, 2006; 
Steunebrink et al, 2008) and models of 
emotions studying interaction between a 
simple agent and its environment (Canamero, 
2000; Leinstein, 2005; Velasquez, 1998). Poor 
feedback to psychology, absence of citations 
of leading psychological publications to 
simulation modeling of emotions generate 
a hypothesis of the more complex and 
yet not studied relation. The key to this 
relation involves the understanding that 
computational modeling of an emotional 
agent is not enough, but it is necessary. 
Simulation modeling is a good method of 
study: it not only shows the relation between 
objects, but also states a probable explanation 
of the reason for this relation.  

A THEORETICAL FRAMEWORK 
OF THE CONCEPT OF EMOTIONS

Affect (as a response to stimulus) refers 
to the main core of an emotion, mood or 
emotional attitude towards people and 
things.  An emotion, mood and emotional 
attitude differ from each other, but they are 
interconnected and in uence each other. 
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An emotion is related to facial expression, 
feeling, cognition, physiological change and 
alertness. It refers to a short, but intensive 
episode that has some cause. A mood stands 
for calm presence of affect at moderate levels 
and is not attached to any cause. Emotional 
attitude refers to the way how a person 
usually feels towards something or someone. 
Emotions are studied at various levels, such 
as the social, psychological, biological and 
physiological ones. They are de ned by the 
constituents that form them and by the key 
factors. For instance, P. Ekman introduced 
well-known emotions, the basic ones of 
which are fear, anger, happiness, etc. Russell 
suggests that emotions should be described 
using two continuous factors � pleasure 
and arousal. Majority of researchers believe 
that there are two common emotional 
factors that are useful in describing a mood, 
emotion and/or attitude: valence and 
arousal. They also support the idea that an 
emotion is a result of evaluating a situation 
from the personal perspective. This �simple� 
de nition goes hand in hand with the 
�complex� one based on a phenomenological 
structure and relation to neurobiological 
mechanisms. Describing phenomenological 
content includes the following: emotional 
associations; describing pleasure and 
intensity of arousal within an emotional 
period; dominance ratio between people 
or social context of an emotion; evaluation, 
including cause events, contributing goal, 
novelty and matching standards; judgmental 
details between various forms of an emotion. 

SCOPE OF SIMULATION MODELING

The  rst type of models may be considered 
as models of neurobiological mechanisms 
intended to study neural correlates of 
emotional experience. Such computational 
models may be used for modeling 
biologically possible neural networks, 
involved in an emotion. This type is based 
on biological and physiological constituents 
of an emotion. However, it is dif cult to 
relate the  ndings to the phenomenological 
content of an emotion. The conceptual gap 
between physiological and neurological 
theories of emotions (the ones that are best 

suited for computational modeling) and the 
phenomenological description of an emotion 
is too large. The second approach describes 
content and experience of an emotion, but 
it cannot produce new predictions, as the 
mechanisms responsible for the content and 
the  ow are not modeled. For example, one 
may simulate phenomenological content of 
an emotion using a network of sites, which 
are likely to be interconnected. Each site may 
include description of emotional content, 
and the edges de ne possible transitions. 
As a result, this network de nes the  ow of 
experiencing an emotion. Phenomenological 
content of an emotion may be predicted by 
the third type of simulation that consists of 
the mechanisms de ned within a language, 
which is put between neural processes and 
phenomenology. All the models are based on 
the theory explaining collection of emotional 
information (such as evaluative theories). 
They also interpret  ndings of predictions 
in terms of phenomenological description 
of emotional experience with the possibility 
of veri cation within psychological 
experiments. The approach discussed above is 
implemented in the research of an emotional 
agent�s behavior in cases of emergency. 

Fig. 1 Emotional aspects 
of decision-making process

SIMULATING EMOTIONAL STATE 
TRANSITION

Emotional contagion is a strong stimulus 
for triggering a de nite mood in a group of 
people in various situations. This mechanism 
can be both conscientious and unintentional. 
However, there are a great number of 
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aspects still unstudied. The model of 
emotional contagion that takes into account 
automated process is known as Primitive 
Emotional Contagion. Each transmitter agent 
may in uence emotionally a receiver of 
information. Emotional contagion implies 
the cause process of emotional contagion 
in groups: people constantly in uence the 
others and are in uenced by the others even 
intentionally. 

Fundamental works by Hat eld [2] 
de ne emotional contagion as a tendency 
to automatic mimicry and synchronous 
expressions, vocalization, postures and 
movements following those of other people 
and leading to emotional convergence. 
Personal emotional experience is subject 
to in uence, from one instant to another 
through activation and feedback. Barsade [3] 
studied two factors in uencing the process 
of emotional contagion: emotional valence 
(positive and negative) and the energy of 
expressing this emotion. He hypothesizes 
that unpleasant emotions are more likely 
to lead to emotional contagion than the 
pleasant ones, and that emotional valence 
expressed with more energy results in more 
emotional cover. However, the  ndings show 
that people who possess less energy and 
experience unpleasant moods (depression, 
grief) are less subject to in uence. 

EMOTIONS AND DECISION-MAKING

The fact of changes in behavior under the 
in uence of emotions has introduced new 
ideas and decisions into decision support 
systems. Attempts to improve controllability 
and manageability in multi-agent systems 
make researchers introduce social function 
of emotions and subsequent interaction with 
social norms as leverage for team activity 
and cooperation. Simulating emergencies 
rests on the in uence of emotions on 
crowd behavior. According to unemotional 
behavior, all agents in dangerous and 
extraordinary situations follow a speci cally 
developed plan. Nevertheless, in real life, 
emotions prevail over the �set� behavior. 
Thus, during evacuation, agents start feeling 
panic, lack direction, during street riots � 
experience fear or, vice versa, too much 

excitement. Such emotions may change 
perception and communication with other 
agents. 

The model of civil violence in the course of 
direct confrontation based on simulation of 
participants� behavior. Each object is simulated 
as an autonomous agent making decisions, 
having a state de ned by the variables of the 
state and behavior. The procedure assigned 
to the group of agents regulates the agent�s 
behavior. Environment, neighboring agents, 
state and behavior of the agent generate 
a new state that is reviewed at each time 
step. Modeling is based on the model, 
developed by J. Epstein [6] for two types of 
agents who are members of different ethnic 
or social and economic groups. Most part 
of agents is situated in a two-dimensional 
lattice, one agent per each lattice site. The 
lattice is not fully �populated� (its maximal 
level of occupation is less than 80 percent), 
vacant spots are necessary for agents to 
move. NetLogo Rebellion model is used 
as a starting point [7,8]. The ability to 
reproduce �emergent behavior� that is hard 
to simulate analytically with stochastic 
nature of parameters, de nes dynamics 
of the confrontation model. Epstein�s civil 
violence model includes two types of agents: 
civilians (population with two states � active 
and neutral) and policemen (�cops�) � forces 
of central authorities, whose purpose is 
to arrest active rebels. Civilians possess 
attributes of political discontent and risk 
aversion with values in the interval from 
(0,1). If risk aversion equals zero, a civilian 
is neutral towards risk. Before joining rebels, 
civilians estimate probability of being 
arrested: by means of matching the quantity 
of policemen to the number of active 
civilians within his/her own sight. The rule 
de ning the agents� movement order: move 
in a randomly chosen direction within one�s 
own sight. Civilians differ in a number 
of characteristics: endured privations, 
risk aversion, situational probability of 
arrest, limited rationality, presence of local 
interactions.

The paper studies the possibility of considering 
an emotional state based on the results of 
subjective evaluation and on adding one 
more feature to the agent �civilians�. An 
emotional state of an agent depends on 
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evaluating the �pleasantness� of the event in 
relation to goals (love, hate), on evaluating 
approval of an agent�s actions in regard 
to behavior standards (satisfaction, pity, 
hope, belief, disappointment, joy, sadness, 
etc.), and on evaluating sympathy towards 
the attitude of an agent (pride, admiration, 
shame, reproach) [5]. The state of an agent 
may be switched at every time step. Suppose 

is a multitude of emotions, where, for 
instance,  means that agent i 
feels joy from achieving goal F( ) at work, 
for example, from liquidating a policeman 
agent. Every emotion is associated with 
intensity int assigned in dependence to 

various situations in terms of the potential 
and threshold. Emotions have a short 
duration period, but they do not vanish 
instantly, having a delay period. The delay 
function may be de ned differently. This 
paper uses the delay function introduced by 
Pickard in the form of the inverse exponential 
function: , where  q � initial 

intensity, t � time, b � constant for simulating 
different types of behavior. The logics of 
complicating the model lays in reviewing 
the procedures of agents� behavior: stating 
the �rules of movement�, agents� behavior: 
transition from the neutral state to the active 
one, calculation of delay probability. The 
main purpose is to test existing tendencies of 
understanding the decision-making process 
in cases of emergency.
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