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ABSTRACT

Usually in games, the interaction between player and NPCs are very
limited and does not allow the spontaneous creation of long-term
relationships. The NPCs are cold, direct and faithfully follow his
instructions while keeping a well-defined pattern of behavior. The
present paper proposes a model to ease the way NPCs act and react,
based on human psychology and simulation of emotions. There-
fore, the emotions are used to modify the mental state of the NPC,
enabling decisions for different reactions and the same event. Each
NPC has a personality described using the OCEAN model that is
commonly used by psychologists to determine an individual per-
sonality. The personality description of a NPC determines how the
emotional stimuli are interpreted differently and its current emo-
tions are calculated based on the influential emotion generated by
an event and its personality. Finally, state machines are used tak-
ing into account human emotions and the individual personality of
each NPC, allowing the player to be friend or foe of NPCs depend-
ing on their actions with each NPC. This model has been used to
develop an experimental game has shown excellent results. In this
game, the player plays the role of an adventurer who explores ex-
otic lands and meet creatures (NPCs) that at first may not react to
their presence. If the player decides to attack the NPCs, will re-
act by attacking, evading, or becoming friends depending on their
personality modeled through a Big Five test.

Keywords: Emotions, Game Al, state machines, big-five, emo-
tional agents.

1 INTRODUCTION

Diverse areas have long argued the importance of characters and
proper character development to stories [3, 9, 36]. In the universe
of digital games, characters are not always necessary (i.e. Tetris
[29]), however the possibilities in engaging character designing has
surfaced in diverse successful commercial games since the 1990s
[22].

Non-Player Characters (NPCs) is the generic term used to define
computer controlled character in a game computer game. Their
importance goes from peripheral/decorative (i.e. Crocodiles on Pit-
fall [1]) to central in the game play (i.e. Ghosts in Pac-Man [15])
depending on the design decisions. Recently, a new wave of story-
driven games has gathered a lot of attention. The Last of Us [6]
is at the core of this group of successful games, as it is one of the
most beloved games of all time, gathering a huge amount of awards
since it has been released with a highly awaited sequel planned to
be released. The main focus of the game is the relation between
the leading characters and its major achievement was engaging the
player into their relation through a well written development for the
characters and the story.

In some games there are NPCs that help the Player Character
(PC), giving game objects to aid the player, and others that act as
a helper working side by side with the PC. For instance, the game
Ico used the cooperation between the player and a NPC as core
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feature of its gameplay [38]. Ico received numerous awards and
gained a large fan base, being critically acclaimed and well com-
mended for its design decisions. There are various others prosper-
ous games that invested in character designing as well as elevating
the participation of non-player characters in the gameplay, improv-
ing the interactions between player and Artificial Intelligence (AI)
characters, showing the potential of developing rich and engaging
character relations in the universe of a game.

But fewer games makes the NPCs Al dynamic enough to change
behaviours in relation to the player character, fluctuating between
friendly and harmful interactions. On top of that, the effort into
creating an interesting and rich interaction with a NPC is usually
focused on leading characters only, which is the case for the famous
games cited above. To design an individual personality NPC that
relates in a specific way to the player is time consuming, and to
implement it individually to each NPC of a game is not feasible if
we consider that there are limited resources.

Our goal in this paper it to present an Al model that mimics
human emotions and personalities that was used in our game proto-
type in all game NPCs. Each NPC of the game has its own person-
ality and emotional bias with behaviours that are shaped on actual
events that affect them, creating a rich ambient of unique individu-
als that the player can interact with. The proposed model is based
on the OCEAN personality model that is commonly used by psy-
chologists to determine an individual personality [37, 34] and also
revolves around the emotion model proposed by Robert Plutchik
for contrasting and categorization of emotions [33, 31, 32].

2 RELATED WORKS

In order to understand the emotional notation, some psychological
papers were consulted and used to define the aspects initially pro-
posed by Plutchik. He proposed the wheel of emotions model in
his works [33, 31, 32], based on psychoevolutionary theories and
the idea of complex emotions through a combination of basic emo-
tions. The combination enables the emotions to describe a wider
variety of emotional aspects. These ideas are used in several stud-
ies in Computer Science to set numerical ranges to represent the
relationship between emotions and their intensities.

The personality model adopted is based on the Big-Five inven-
tory described by John and Srivastava in [16]. His work describes
the five personality traits and also features a big-five inventory that
is used to describe the personalities of real individuals. The John
and Srivastava’s inventory was used to create individual instances
during the experiments. In [18], Kallias debate on the relationship
between personality traits and preferences for film genres, arguing
that there is a correlation between the personalities and genre bi-
ases.

The personality aspects obtained by the big-five inventory can be
classified through MBTI and Keirsey temperaments. McCrae and
P. Costa present in [26] a way to convert the 5 personality traits and
classify them into one of 16 personality types of the Myers-Briggs
indicator described in [13, 21, 23]. Personality types are used to
trace the personality profile of an individual and tend to group sim-
ilar individuals in the audience. There is also a user sorting through
stereotypes and behaviors proposed by Rich in [34].

In [17], Jones et al. argues that may be differences in the evalu-
ation of a particular object or action by different individuals. This
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divergence can be classified as the difference between the expected
value and the perceived value by individuals. The relationship be-
tween personality traits and emotional factors are described by Tu-
pes et al. in [37].

In another direction, some papers related to recognition and sim-
ulation of emotions were consulted. The dynamic models of emo-
tions are presented by [7, 8, 5]. These work proposes a dynamic
model of emotions based on Plutchik’s model and Big-five person-
ality traits to simulate the progression of emotions of an individual
or virtual agent after stimuli. In [4], the author presents another dy-
namic model of emotions to define facial expressions of virtual con-
versational agents. This technique is used to humanize the agents,
producing a better quality communication. Also in [30] similar
techniques are used in artificial generation of emotions based on
personality, mood and emotions in order to simulate facial expres-
sions in robots.

In [19, 20], the state-of-the-art of emotions and personalities
simulations are described. The authors propose an approach for the
development of virtual agents with emotional memory for objects,
people, and certain issues.

The recognition and classification of emotions is covered by
[27]. In his work, emotions are analyzed using the text of stories
and fairy tales. The author presents an approach to classify the sto-
ries in literary genres.

In [14], the author presents a review of the literature regarding
the emotional classification based on facial recognition, voice, eyes,
gestures, brain waves, heart beats, muscle contractions and other in-
formation and achieved by sensors. Techniques for the recognition
of emotions in continuous time by monitoring of individuals are
presented by [12].

Finally, Orellana-Rodriguez et al. [28] tries to sort the emotions
from short YouTube movies by analyzing users comments.

3 MODEL OF EMOTIONS

During film screening, the audience gets emotionally involved with
the story. Individuals in the audience reacts according to their pref-
erences. When an individual enjoys what is staged, he/she tends
to reflect the same emotions that are proposed by the story. The
greater the identification between the individual and the story, the
greater are the emotions experienced.

As an audience can be composed of individuals who have very
different preferences, it is important that the storyteller identifies
a middle ground to please as many as possible. Knowing some
personality traits of each individual helps to get the story closer to
the audience.

3.1 Model of Emotions

The emotional notation used to describe the scenes of a story
is based on the model of “basic emotions” proposed by Robert
Plutchik [31, 32]. Plutchik’s model is based on Psychoevolu-
tionary theory. It assumes that emotions are biologically primi-
tive and that they evolved in order to improve animal reproduc-
tive capacity. Each of the basic emotions demonstrates a high sur-
vival behavior, such as the fear that inspires the fight-or-flight. In
Plutchik’s approach, the basic emotions are represented by a three-
dimensional circumplex model where emotional words were plot-
ted based on similarity (Figure 1)[33]. Plutchik’s model is often
used in computer science in different versions, for tasks such as
affective human-computer interaction or sentiment analysis. It is
one of the most influential approaches for classifying emotional re-
sponses in general[10].

Each sector of the circle represents an intensity level for each
basic emotion: the first intensity is low, the second is normal and
the third intensity is high. In each level, there are specific names
according to the intensity of the emotion, for example: serenity at
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Figure 1: Plutchik’s wheel of emotions

remorse

low intensity is similar to joy and ecstasy in a higher intensity of
the instance.

Plutchik defines that basic emotions can be combined in pairs to
produce complex emotions. These combinations are classified in
four groups: Primary Dyads (experienced often), Secondary Dyads
(sometimes perceived), Tertiary Dyads (rare) and opposite Dyads
(cannot be combined).

Primary Dyads are obtained by combining adjacent emotions,
e.g., Joy + Trust = Love. The Secondary Dyads are obtained by
combining emotions that are two axes distant, for example, Joy +
Fear = Excitement. The Tertiary Dyads are obtained by combining
emotions that are three axes distant, for example, Joy + Surprise =
Delight. The opposite Dyads are on the same axis but on opposite
sides, for example, Joy and Sorrow cannot be combined, or cannot
occur simultaneously [33]. Complex Emotions - Primaries Dyads:

e anticipation + joy = optimism

e joy + trust = love

e trust + fear = submission

e fear + surprise = awe

e surprise + sadness = disappointment
e sadness + disgust = remorse

e disgust + anger = contempt

e anger + anticipation = aggression

This model assumes that there are eight primary emotions: Joy,
Anticipation, Trust, Fear, Disgust, Anger, Surprise and Sadness. It
is possible to adapt the Plutchik’s model within a structure of 4-axis
of emotions [35, 2] as shown in Figure 2.

The Plutchik’s model describes a punctual emotion and it is used
to represent an individual or a scene in a specific moment. In order
to describe the emotions of a scene, the Plutchik’s model is con-
verted to a time series of emotions called “dramatic curve”. The
dramatic curve describes the sequence of emotions in a scene in an
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Figure 2: Simplified 4-axis structure - families of emotions

interval of one second per point. It follows the structure of 4-axis
based on Plutchik’s wheel and maps the variation of events in a
story.

3.2 Model of Personality

In Psychology, there are many models to map and define an indi-
vidual’s personality traits. One of the most used is called Big Five
or Five Factor Model, developed by Ernest Tupes and Raymond
Christal in 1961 [37]. This model was forgotten until achieving
notoriety in the early 1980s [34]. This model defines a personal-
ity through the five factors based on a linguistic a nalysis. It is also
known by the acronym O.C.E.A.N. that refers to the five personality
traits:

1. Openness to experience; O € [0, 1]
. Conscientiousness (Scrupulosity); C € [0, 1]
. Extraversion; £ € [0, 1]

2
3
4. Agreeableness (Sociability); A € [0, 1]
5

. Neuroticism (emotional instability); N € [0, 1]

The personality of an individual is analyzed and defined through-
out answers to a questionnaire that must be completed and verified
by factor analysis. Responses are converted to values that define
one of the factors on a scale from 0 to 100. Each personality trait is
described as follows:

3.2.1 Openness to experience

The openness reflects how much an individual likes and seeks for
new experiences. Individuals high in openness are motivated to
seek new experiences and to engage in self-examination. In a dif-
ferent way, closed individuals are more comfortable with familiar
and traditional experiences. They generally do not depart from the
comfort zone [16].

3.2.2 Conscientiousness (Scrupulosity)

Conscientiousness reflects how much careful and organized is an in-
dividual. Individuals high on conscientiousness are generally hard
working and reliable. When taken to the extreme, they can demon-
strate “workaholic”, compulsive or perfectionist behaviors. Individ-
uals low on conscientiousness are unable to motivate themselves to
perform a task that they would like to accomplish. They tend to be
more relaxed, less oriented to fulfill or achieve goals and less driven
by success [16].
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Table 1: Correlation between Big Five and MBTI factors [26]

o C E A N
E-I | 0.03 | 0.08 | -0.74 | -0.03 | 0.16
S-N | 0.72 | -0.15 | 0.10 | 0.04 | -0.06
T-F | 0.02 | -0.15 | 0.19 | 0.44 | 0.06
J-P | 030 | -0.49 | 0.15 | -0.06 | 0.11

3.2.3 Extraversion

Extraversion reflects how an individual is oriented to the external
world and get satisfaction from interacting with other people. Indi-
viduals high on extraversion tend to enjoy human interactions, are
assertive and energized when around other people. Introverts tend
to feel worn by socialization and spent more time alone. Because
of this behavior, extroverts are generally good at social interactions
due to the large amount of experience, while introverts tend to be
socially awkward [16].

3.2.4 Agreeableness (Sociability)

Agreeableness reflects how much an individual like and try to
please others. Individuals high on agreeableness are perceived as
kind, warm and cooperative. They tend to demonstrate higher em-
pathy levels and believe that most people are decent, honest and
reliable. On the other hand, individuals low on agreeableness are
generally less concerned with others’ well-being and demonstrate
less empathy. They tend to be manipulative in their social relation-
ships and more likely to compete than to cooperate [16].

3.2.5 Neuroticism (emotional instability)

Neuroticism is the tendency to experience negative emotions. Indi-
viduals high on neuroticism generally experience feelings such as
anxiety, anger, jealousy, guilt or depression. They have difficulty
dealing with stressful events and overreact in ordinary situations.
Generally, higher scores on neuroticism indicates problems to con-
trol impulses and delay rewards [16].

4 MBTI AND KEIRSEY TEMPERAMENT SORTER

Another model for typological classification of personality was
proposed by Katharine Cook Briggs and her daughter Isabel
Briggs Myers. Called Myers-Briggs Type Indicator (MBTI), was
used during World War II to identify personal characteristics and
preferences[13]. It is based on the theories of Carl Gustav Jung’s
Psychological Types and widely used in the areas of career counsel-
ing, pedagogy, group dynamics, career guidance, leadership train-
ing, marriage counseling and personal development[23]. The the-
ory defines 16 psychological types that can be divided into 4 groups
according to David Keirsey temperament sorter.

Keirsey expanded the MBTI by studying the ideas of tempera-
ment proposed by Hippocrates and Plato in ancient Greece. His
work used the names suggested by Plato: Artisan (iconic), Guardian
(pistic), Idealist (noetic) and Rational (dianoetic)[21]. Keirsey di-
vided the four groups of temperament into two categories (roles),
each one with two types (roles variant). The resulting 16 psycho-
logical types are correlated with the 16 types of personality de-
scribed by Myers and Briggs.

There is a technique used to convert the results of the Big Five to
MBTI proposed by Robert R. McCrae and Paul T. Costa[26]. Mc-
Crae and Costa defined correlations between the MBTI scales and
the five construction factors of the Big Five personality, as demon-
strated in Table 1. Thus, it was possible to use the full set of basic
domains of personality proposed by the MBTI on a Big Five form.

According to Keirsey[21] each personality group has remarkable
characteristics as shown on table 2. These characteristics are very
similar to the 4-axis definition of emotions proposed by Plutchik. It
is possible to correlate each personality group to an axis of emotions
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just following the textual descriptions proposed by Keirsley. Table
2 also shows the relation with ancient Greece temperament theory
(Humor) that also relates the four classic elements (Element), and
were later renamed after the bodily humors (Classic Name).

5 DYNAMICS OF EMOTIONS

The following model of dynamics of emotions is based on Newton
law’s of motion proposed by Lungu et al. [25, 24] and by Egges
et al.[7] to simulate emotions and personality for conversational
virtual agents. Our model extends the original ideas and is used
to predict the audience emotional and mood states based on each
individual personality traits. Our objective is to simulate the emo-
tional behavior of entire audiences and result in a approximation
of audience ratings. In addition, it is possible to detect problem-
atic individuals in the audience and suggest the formation of groups
with similarities and detect the ones who lead the group as opinion-
makers.

Given an emotional stimulus, each individual reacts differently,
in accordance with your personality. In next paragraphs, we de-
scribe a mathematical model to simulate the emotional and mood
state of an individual and derive what would be his new emotional
state given an external stimulus.

As definition, the emotional state is an emotional manifestation
of medium to long term that can last days or weeks. Meanwhile,
the mood of an individual is an emotional manifestation of short-
medium term that can last minutes or a few days.

5.1 Personality of an individual (p)

The personality model of an individual follows the 5 factor model

described on section 3.2.

T

p =lat, ., an],Vi € [1,..,n] : a; €[0,1]

«a = number of personality traits - OCEAN Model = 5

5.2 Emotional State of an individual (c:)

The emotional state is a long term condition.

v | [B1,, Bm], Vi €L, ...ym] : B; € [—1,1] ift >0
=10 ift=0

where ...
e: = emotional state at time ¢
m = emotion m (based on 4-axis Plutchik’s model)

5.3 Emotional time series w;

Describes all emotional states from beginning until time ¢
wi =< €0, ..., 64 >

5.4 Influential Emotion a

Emotion that influences an individual is defined as
a’ =[61,...,6m],Vi € [1,....,m] : & €[-1,1]

5.5 Function for updating the emotional state v,

Adjusts the emotional state by a influential emotion stimulus.'
1/]6 (p , We, CL)
Where ...

p = Personality

w; = Emotional State in time ¢

a = Influential Emotion

It is similar to Newtonian force.
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Figure 3: Experimental game Mice Challenge

5.6 Exchange function of internal decay (.

Adjusts the emotional state returning to the personality emotional
bias after the end of the influential emotion result.?
Qe (p I wt)
Where ...
p = personality of an individual
w; = Emotional State in time ¢

5.7 New Emotional State e;;
etr1 = et + 1e(p, we, a) + Qe(p, we)

6 EXPERIMENTS IN MICE CHALLENGE

The proposed model was tested through an experimental game de-
veloped by undergraduation students, shown in Figure 3. Note that
all arts displayed in this paper are placeholders and will be substi-
tuted in official releases of the game.

Mice Challenge is a 2D RPG game influenced by the roguelike
genre, a subgenre of computer role-playing games characterized by
randomly generated content and permanent death that flourished in
the 1980s [11] and still has a large number of new entries as of
today.

Following the manners of the cited genre, the experimental game
created is centered around procedural content generation. Game
maps are fully generated in a programmatic way, as well as all con-
tent belonging in the map. Thus, fully levels of the game are pro-
cedurally generated, including NPCs associated with the level. The
game generation is capable of producing complete and singular lev-
els for dungeon-like game maps, using seeds as a way of controlling
the generation. It also has the capacity of applying a difficulty fac-
tor to the generation in a way that expands the possible outcomes
of the generation.

A level in the experimental game begins with our main character,
Fabian, being spawned at the start location of the map. The map is
populated by different entities ranging from collectibles to NPCs.
Tokens are one of the collectible types and is presented in three
different grades: gold, silver and bronze. These grades represents
the value and the difficult of obtaining the token, and there are only
one of each per level. Fabian must find at least one token of any
grade and take it to the level Totem, an entity that represents the
final location of the map.

As the player ventures through the generated levels, the hardship
increases. The player must interact with the level entities in order to
become stronger and be able to endure the adversities encountered
in further generated levels. The evolution of the player character is
a very important trait and one of the main motivators of the RPG

2Force against the force generate by e, similar to gravity of friction.
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Table 2: Relation between Keirsey x MBTI x Characteristics [21]

Humor Element | Classic Name | Keirsey MBTI Characteristics

Blood Air Sanguine Artisan | SP (Improviser) Cheerful, helpful, loving
Yellow Bile Fire Choleric Rational NT (Theorist) Irritable, aggressive, bold
Black Bile Earth Melancholic | Idealistic NF (Catalyst) Discouraged, restless, complex

Phlegm Water Phlegmatic Guardian | SJ (Stabilizer) Moderate, cold, diplomatic

genre. One type of entity that the player must interact with are
NPCs of each level, and that is where the proposed model fits into
the experimental game described.

The interaction with NPCs is one of the most important dynamic
present in the game, as it is the fastest way for progressing in the
game and to become stronger. Through a number of different pos-
sible interactions, players must find out how to deal with NPC emo-
tions in order to receive better gains from NPCs and evolve the main
character.

7 MODEL IMPLEMENTATION AND TUNING

Along with the model implementation in the experimental game, a
simulation for tuning the model was also implemented. Its purpose
is to facilitate the calibration of the model by allowing direct tests
on different NPC subjects through different available events to be
triggered, collecting the results for further analysis. To clarify the
dynamics for the proposed model implementation, the simulation
is used to detail the algorithm implementation in this section. It is
vital to highlight that by tuning the model using the simulation, the
game implementation mirrors the changes.

The simulation program starts by asking for a specific NPC to
apply the tests on. Once the NPC subject of the tests is provided,
events can be triggered by the simulator to analyze the NPC re-
actions. Those events are related to emotions and vary from love
events to rage events, with the goal of simulating a large variety of
reactions. The results are then logged for further analysis.

Under the table, the emotion model is implemented in the sim-
ulator to generate the dynamic and credible variation of emotions
desired. When a NPC is selected as test subject, the algorithm cre-
ates a NPC object with the respective personality, stored as float
values that ranges in [Of,1f] for each OCEAN attribute. To be able
to work with the emotion model described in this paper, they are
mapped to the algorithm as well, where each axis of the model is
represented in a array of float values that considers positive values
as one side of the axis and negative values as the other side of the
axis. Logically, as the model proposed has four axis, the array con-
tains four float values that can vary from negative to positive values.
More specifically, those values ranges in [-1f,1f]. The intensity of
the emotion is represented by the module of the value stored. To
clarify, Table 3 shows how the rage emotions are stored:

Emotion A-F | D-T | S-J | A-S
Rage -1.0f | O 0 0
Anger 05t | 0 0 0
Annoyance | -0.2f | 0 0 0

Table 3: Rage emotion respective modules

It is possible to see in Table 3 that the Rage emotion has the
biggest module whereas Annoyance has the smallest, which means
that Rage is a stronger emotion and should have a bigger impact in
NPC reactions, for instance. We can also extract from the example
that the first value in the array represents the Anger x Fear axis, and
negative values represents the Anger direction of the axis. Natu-
rally, positive values represents the Fear direction of the axis. This
dynamic is the same for the other axis.
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A NPC has an emotion in a given time that can vary depending
on events that affects the NPC. The current emotion of the NPC
is stored with the same logic just described, although a little more
reasoning is needed to infer the current emotion of a NPC. Since
events can be of distinct emotion axis, the current emotion values of
a NPC can contain values in all axis. To extract the current emotion
of a NPC, the approach taken was to consider the most influential
emotion only i.e. a NPC that has values indicating a terror state of
emotion that also has values indicating annoyance is considered to
have a terror current emotion.

Once the emotion structure is mapped to the algorithm, associat-
ing emotions with different events is trivial in terms of implementa-
tion, but semantically associating them with emotions must be done
with caution, avoiding the creation of relations that are not credible
i.e. attacking NPC event related to love emotion.

What is left to do is producing the NPC reactions based on their
personalities and the events triggered. If were to disregard the NPC
personalities, event emotions would directly affect the NPCs cur-
rent emotion, in a very simple manner. The use of personalities
requires a little more effort to create the NPC reactions, as each
OCEAN personality trait should affect their reactions in a credible
way.

In order to control the relation between each OCEAN attribute
and emotions from the model of emotions described in this paper,
the weights of each personality trait on each emotion is stored on
factor matrices, illustrated in Table 4 and Table 5. Aiming to bet-
ter structure the data, two matrices are used: Table 4 stores factors
fi; for emotions in the positive direction of axis from the emotion
model, and Table 5 stores factors f;; for the emotions in the nega-
tive direction.

Fear Trust Joy  Surprise
fi1 fi2 fiz fia
f21 f22 f23 f24
f31 f32 f3z faa
fa fa2 faz  faa
fs1 f52 f53  fsa

Table 4: Positive emotion axis factor matrix

Z>»mAao

Anger Disgust Sadness Anticipation
fi fiz fis fia
fa1 fa2 fas3 foa
fa1 f32 f33 faa
fa faz fas faa
fs1 f52 f53 f54

Zp»ma o

Table 5: Negative emotion axis factor matrix

The values stored in the matrices represents how a personality
trait affects the reactions to a specific emotion axis from the model.
In the implementation, values stored in the matrices are unitary.
They can be either positive or negative. The notion implied in the
signal of the value is that a trait can influence in a emotional reac-
tion in both directions depending on their relation. This enriches
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Figure 4: NPC behaviour state machine

the NPCs reaction as it allows more accurracy in their reactions.
As an example, imagine a NPC that has a high neuroticism rate.
Neuroticism should influence negatively in the reaction of various
events i.e. trust event. In that case, the NPC could react oppositely
to the event emotion of trust tending to a disgust reaction.

After producing the NPC reactions, taking into account their per-
sonalities and the event emotion that triggered the reaction, they are
applied to the NPC current emotion, resulting in a new current emo-
tional state for the NPC.

To translate the NPC emotional state into NPC actions in the ex-
perimental game, our approach took a rather simple route. A state
machine that is represented in Figure 4 was implemented to con-
trol NPC behaviours. Once a NPC enters in an emotional state, a
command is dispatched to the state machine, changing the current
state if necessary. In the experimental game, there is no distinction
of actions between NPCs in a emotional state, meaning that every
NPC in a specific emotional state proceeds to execute the same ac-
tion. To personalize the actions in an emotional state of each NPC
or to different groups of NPCs is trivial and very interesting, since
it would give a new layer of variation to the NPCs interaction.

In Figure 4, it is possible to see the core NPC behaviour state ma-
chine of the experimental game. Observe that the states contained
in the state machine are evident, but for clarification it is beneficial
to detail a little more. While Running, Patrolling and Attacking
states converts only into actions of the same semantics, the Fol-
lowing state also represents that the NPC has become friends with
player and can aid him in numerous ways through his journey, but
at any moment, depending on events that occur, this friendly rela-
tion may succumb, showing the aliveness and volatile characteristic
of the proposed model.

At last, it is necessary to bring to discussion an important trait
of the model that is not present in the simulation but is present in
the experimental game, which is the NPC tendency to stay at its
emotional bias. As time goes by, emotional states of NPCs gravitate
towards their bias in a individual rate to simulate human emotional
bias, and it is directly implemented through a decaying method that
applies to each NPC their bias rate into their emotional state.

8 RESULTS

To test the concept in a game environment, the experimental game
Mice Challenge was used to examine the outcomes of the model in
practice. As stated before, the experimental game used is heavily
based on procedural generation, and NPCs are one of its generated
content. This trait was combined with our model by attaching each
generated NPC a randomized personality, creating a vast range of
test objects. It is necessary to mention that some fixed personal-
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Figure 5: (a) NPC reacting to an attack into an Angry state. (b) A
different NPC from (a) reacting to an attack into a Scared state.

ity NPCs are present in the game accordingly to the intended game
design. With the implementation of the model, NPCs in the experi-
mental game showed an interesting variation of emotions on occur-
rence of distinct events, allowing a custom and diverse behaviour
based on its current emotional state. Fig. 5a and Fig. 5b illustrate
how dynamic the interactions with NPCs are in the experimental
game, as a result of the implemented model. Both figures display
NPCs reactions to an attack received from the player. While in
Fig.5a the NPC reacted to the attack becoming angry and proceed-
ing to attack the player, in Fig.5b the NPC reacted distinctly, enter-
ing in a scared state and fleeing from p layer. The NPCs reacted in
different manners due to their different personalities. Images con-
tained in Figure 5 were adjusted to better the visualization, although
zooming in is still recommended.

Since the suggested model is based on actual human psychology
and emotions, a calibration of the implementation is very impor-
tant to create credible NPC interactions. This fine tuning was done
using fixed personalities planned for characters of the Mice Chal-
lenge Game: Fabian, Nemesis, Giovanna and Dr. Ruddyard. Their
personalities are displayed in Table 6, where values ranges in the
interval [0,1].

Character (0] C E A N

Fabian 0,40 | 0,64 | 0,73 | 0,56 | 0,83
Nemesis 0,70 | 1,00 | 0,45 | 0,31 | 0,35
Giovanna 0,30 | 0,29 | 0,93 | 0,49 | 0,68
Dr. Ruddyard | 0,64 | 1,00 | 0,43 | 0,27 | 0,83

Table 6: Fixed NPCs personalities

Those characters and their personalities were submitted to nu-
merous tests. Tests were realized by dispatching events on the test
objects and collecting their reactions to further analyze the results.
Events triggered in the experiment are associated to different emo-
tions, acting as influential e motions o f the p roposed m odel, thus
updating the emotional state of the subject. It is important to elu-
cidate that emotional states of NPCs gravitate towards their bias
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as time goes by and that the current emotional state is affected by
all emotion axis, even though the calibration tests described in this
section does not illustrate those traits. Tables 7, 8, 9 and 10 shows
some of the outcomes in the later set of tests effectuated, as they are
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What the results shows in Table § is that Nemesis is the only NPC
that has a personality that is more open than neurotic, thus is the
only one not being scared by the terror event.

analyzed and detailed. Character A-F D-T S-J A-S Inclination
Fabian 0,000 | 0,172 | 0,000 | 0,000 | Trust
Character A-F D-T S-J A-S Inclination Nemesis 0,000 | 0,222 | 0,000 | 0,000 | Trust
Fabian -0,038 | 0,000 | 0,000 | 0,000 | Anger Giovanna 0,000 | 0,208 | 0,000 | 0,000 | Trust
Nemesis 0,130 | 0,000 | 0,000 | 0,000 | Fear Dr. Ruddyard | 0,000 | 0,102 | 0,000 | 0,000 | Trust
Giovanna -0,078 | 0,000 | 0,000 | 0,000 | Anger
Dr. Ruddyard | 0,034 | 0,000 | 0,000 | 0,000 | Fear Table 9: Trust event results (offering equipment to NPCs)

Table 7: Rage event results (attacking NPCs)

In Table 7, NPCs were submitted to rage events as they were
attacked by an external entity. From the results, it is possible to
see how they react distinctively to the stimulus that they are given.
Depending on their personalities, NPCs can interpret the stimulus
given in different manners, leaning to a positive or a negative di-
rection of the emotion axis in question. In this case, Fabian and
Giovanna reacted to the event emotion with anger impulses, while
Nemesis and Dr. Ruddyard reacted with fear impulses. What we
can extract from this data is that, if we were to attack NPCs Fabian
and Giovanna, both would tend to a angry emotional state, and with
we were to attack Nemesis and Dr. Ruddyard, they would steer to a
fearful emotional state. This variation of the reactions produced by
the NPCs is the key dynamic of the model proposed, and it enriches
the NPCs behaviour greatly.

Their reactions are a product of their personalities and, consid-
ering that the model is based on human psychology, it is important
that they are credible. The way that we wired their personalities to
rage events has given satisfactory results. By inspecting the NPCs
personalities and the results produced in Table 7, it is possible to
see the connections between them. The factors applied to achieve
the results exposed relates neuroticism and conscientiousness with
influential e motions of r age. High neuroticism v alues represents
emotional instability and tendency to get easily angered, while high
conscientiousness indicates tendency of being more controlled and
of being a planner. With this in mind, we can see why Fabian and
Giovanna leaned to an anger state, as they both have more neuroti-
cism than conscientiousness. For the opposite reason, Nemesis and
Dr. Ruddyard leaned to a fearful state. It is also possible how the
magnitude of each attribute in their personalities affects the weight
on the resulting reaction. In this case, the bigger the difference be-
tween neuroticism and conscientiousness, the bigger the module of
the resulting reaction.

Character A-F D-T S-J A-S Inclination
Fabian 0,086 0,000 | 0,000 | 0,000 | Fear
Nemesis -0,070 | 0,000 | 0,000 | 0,000 | Anger
Giovanna 0,076 0,000 | 0,000 | 0,000 | Fear

Dr. Ruddyard | 0,038 0,000 | 0,000 | 0,000 | Fear

Table 8: Terror event results (lowering NPCs life to the minimum)

It may appear logical that terror events would generate opposite
reactions if compared to rage events, since they both share and axis
and are from opposite extremes, but Table 8 tells another story. The
way we implemented the proposed model allows us to define differ-
ent factors for influential emotions on the same axis, giving more
flexibility to adjustments and increasing independence of the reac-
tions. The personalities connection with the terror event was made
taking into account that high openness indicates and inclination to
be more daring and curious and, similar to the rage event, neuroti-
cism represents emotional instability and tendency to fearful states.
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Table 9 is the only one that shows the same reaction inclination
for all NPCs, but it is still interesting to understand how the results
were produced, even because a different personality could have
produced a different inclination. A combination of personality at-
tributes were used to produce the reactions from trust events. Open-
ness, extroversion and agreeableness were elected to positively in-
fluence on trust e vents, as they are related to trusting (agreeable-
ness), sociability (extroversion) and openness to experiences (open-
ness). The only personality trait related negatively to trust events is
neuroticism as it relates to pessimism, anxiety, insecurity and other
attributes that can steer away from trusting. This results in the data
shown in table 9, as neuroticism from all NPCs was not enough to
prevent them from leaning to a trusting state on events of trust. It is
interesting to notice that, if we were to remove openness from the
equation, Dr. Ruddyard would lean to the opposite direction and
would not trust and event of trust. That is the dynamic of the model
calibration, to adjust factors and fine tune results accordingly to the
game design and reality.

Character A-F D-T S-J A-S Inclination
Fabian 0,000 | 0,000 | 0,000 | 0,044 Surprise
Nemesis 0,000 | 0,000 | 0,000 | 0,022 Surprise
Giovanna 0,000 | 0,000 | 0,000 | 0,150 | Surprise

Dr. Ruddyard | 0,000 | 0,000 | 0,000 | -0,098 | Anticipation

Table 10: Vigilance event results (getting closer to the NPCs)

Finally, in Table 10 the NPCs were submitted to a vigilance event
that simulates a player getting closer to the NPCs. Dr. Ruddyard
is the only one to react negatively, leaning to a vigilant state. The
process of calculating the resulting reaction for vigilance events is
the only one, detailed in this paper, that considers all personality
attributes. Openness to experience (openness), extroversion (socia-
bility) and agreeableness (trusting) influences positively in the reac-
tion, while neuroticism and conscientiousness (careful and prudent)
impact negatively. With this knowledge, it is easy to understand the
exposed results in Table 10. Only Dr. Ruddyard has a combination
of neuroticism and conscientiousness that is bigger than the sum of
all other attributes.

The factor matrices used to produce these results are shown in
Table 11 and Table 12 to aid the understanding of the generated
data in the tests. As stated before, values in the factor matrices
affects how each personality trait affects the reactions to a specific
emotion axis from the model.

Fear Trust Joy Surprise

-1 1 1 -1 [e]
0 0 0 0 C
0 1 1 1 E
0 1 1 1 A
1 -1 -1 -1 N

Table 11: Values in positive emotion axis factor matrix
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Anger Disgust Sadness Anticipation

0 -1 -1 -1 [0)
-1 0 1 1 C
0 0 1 -1 E
0 -1 0 -1 A
1 1 1 1 N

Table 12: Values in negative emotion axis factor matrix

9 CONCLUSIONS

This paper presents an Al model that mimics human emotions and
personalities to be used in game NPCs. The model introduced is
based on the OCEAN model that is commonly used by psycholo-
gists to determine an individual personality. It also revolves around
the emotion model proposed by Robert Plutchik for contrasting and
categorization of emotions.

The implementation of the proposed model has shown promis-
ing results, enabling a dynamic and rich variation of behaviours and
reactions from the NPCs in our experimental game. Player interac-
tions with NPCs produced credible reactions that were very intrin-
sic to the personalities of each NPC, giving much more life to the
Al and increasing the overall experience of the experimental game
Mice Challenge.

The distinct reactions of NPCs to the same event on account of
differences in their personalities while mirroring human psychol-
ogy had a very interesting impact on the player reasoning, as deal-
ing with NPCs in the experimental game opposes the more simple
and cold more common interactions. Players must deal with in-
dividual NPC emotional states that can vary upon new events that
affects the NPC, producing variations that depends on NPC person-
alities and emotional bias. These variations must be treated with
caution by the players since NPCs are prone different outcomes
that were not predicted i.e. becoming angrier on scary situations.

As stated before, the Al model is based on actual human psy-
chology and emotions, and a calibration of the implementation is
very important to create credible NPC interactions. By maintaining
matrices of factors we were able to tune the model with ease and
set a configuration that meet our expectations as it allowed a plau-
sible relation between the personalities and emotions, but it does
not mean that better calibration cannot be done. If more precision
over the relation between personalities and emotions is wanted, we
suggest a few solutions that may produce the expected outcome. At
first, to have a better control over the weight of each OCEAN at-
tribute on emotions axis, an approach that does not use only unitary
factors can expand the control of possibilities and is recommended
as it is implemented without much effort. Another option is to in-
crease independence between emotions of the same axis in the re-
actions produced by interactions, which is restricted in the current
implementation i.e. if Al does not react getting scarier with a scary
event, the only other options is to react neutrally or react getting
angrier. An investigation should be headed on the later suggestion
to determine if it is beneficial for the Al model.

In a game universe, it is interesting and very common to have
categories of NPCs i.e. enemies of specific k inds. In these situ-
ations, similar behaviours between NPCs of the same type might
be of interest to the designers. To reproduce this outcome using
our model, we commend the definition of similar personalities in
a range that encapsulates NPCs of specific groups, achieving the
desired group behaviour but still keeping the individuality of each
entity of the group.

Lastly, although in our experimental game the NPC emotional
state is directly translated into actions in a way that all NPCs in the
same emotional state performs the same actions, to individualize
actions for different NPCs or groups of NPCs can be of advantage
and benefit the overall game Al experience. This trait can be easily
implemented as it is only a matter of differentiating the actions of
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an emotional state accordingly to the desired individualization.

In conclusion, the effort into applying the proposed model in our
experimental game was worth it and fulfilled our expectations, as it
enriched and expanded the Al interactions and behaviours mimick-
ing human psychology in a believable manner, maintaining a suf-
ficient control over the Al actions even with the numerous existent
possibilities of emotional variations accordingly to NPC individual
personalities.
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