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Resumo
Interagimos com computadores e pessoas de formas semelhantes. Investigadores identificaram a 
personalidade como sendo um requisito importante em personagens sintéticas credíveis. Modelar um 
sistema de personalidade em arquitecturas de agentes permite-nos trazer a ilusão da vida aos 
utilizadores.
 O tema principal desta dissertação é a personalidade em personagens sintéticas. 
Concentramo-nos na dinâmica de grupos, de equipas de personagens e utilizadores, que interagem 
cooperativamente entre si na resolução de uma tarefa. Em vez de nos focarmos em questões de 
eficiência, estamos mais preocupados com a credibilidade. Melhorámos por isso um modelo de 
construção de personagens sintéticas existente alterando o seu sistema de personalidade.
 Um dos resultados experimentais obtidos do modelo original conclui que é possível que 
grupos muito coesos estejam a prejudicar a identificação do utilizador com o grupo. Decidimos então 
adicionar uma característica ao modelo SGD que retrata o individualismo. Existe portanto um conflito 
entre motivação de grupo e motivação individual. Os personagens são constantemente colocados 
num dilema: fazer algo proveitoso para o grupo ou para si próprio? O  novo sistema de personalidade 
influencia a decisão de cada personagem.
 O modelo foi testado num jogo de computador. Pelos resultados experimentais podemos 
concluir que o modelo e a implementação estão a funcionar correctamente. O  comportamento e 
reacção das personagens segue um conjunto de regras bem definidas. São necessários testes 
adicionais para verificar se a extensão ao modelo oferece de facto interacções de personagens 
sintéticas num ambiente cooperativo mais credíveis.

Palavras-chave: personalidade, personagem sintética, credibilidade, sistemas multi-agente, trabalho 
de equipa, individualismo
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Abstract
Humans interact with computer systems and other humans in similar ways. Researchers identified 
personality as an important requirement for believable synthetic agents. By modeling a personality 
system in the agent's architecture we can bring the illusion of life to users and suspend their disbelief.
 Personality in synthetic agents is the main subject of this dissertation. Our focus is on group 
dynamics of agents interacting with users as a team with the same cooperative task. Instead of 
focusing on efficiency and performance we are more concerned on credibility and believability. We 
extended an existing model for building believable synthetic agents (SGD Model) by improving its 
personality system.
 One of the concluding remarks from previous experimental results of the original model states 
that very cohesive groups induce lower levels of user identification with the group. So we decided to 
add individualism as a new feature of the SGD Model by having a new type of incitement. The new 
individual motivation is permanently in conflict with the revised existing (group) motivation: help  the 
group  or do something for its own profit? Our improved personality system dictates if an agent would 
rather choose the former or the latter.
 The model was tested in a computer game. Our evaluation shows that the extended version of 
the SGD Model and its implementation are working as intended. Agentsʼ behaviors and reactions 
follow a well defined set of rules. Additional tests are needed to verify if the extended model offers a 
more believable environment of cooperative synthetic agents.

Keywords: personality, synthetic agent, believability, multi-agent system, teamwork, individualism
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1. Introduction

1.1. Motivation
Computers were invented in the Early Twentieth Century. Since then humans have been using 
computers to help  them with calculations and other tasks. This way humans have more time for 
intellectual stuff and donʼt spend it on tedious tasks. Usage has been growing so fast that nowadays 
computer systems are remarkably present in every day of our lives: we wake up when our alarm rings, 
warm up the milk using the microwave for the morning breakfast, go to work by car, use the personal 
computer at the office and fall asleep watching television.
Human-computer interaction is now an important subject and some researchers all over the world are 
studying new and revolutionary ways of interaction. We are witnessing an increasing need for friendly 
and easy to use interfaces. The new 21st century brought us systems that use gestures like the 
Nintendo Wii or our own touch like the Apple iPhone. There is so much more to come in a new era 
where human-computer interaction will become easier, natural and familiar.
Studies from (Reeves and Nass, 1998) show that people interact with computers like they interact 
with other people by applying the same social rules. Synthetic agents bring a social dimension to user 
interfaces. In these kind of systems users interact with the computer like they do with other humans. 
Weʼve not achieved perfection yet and the capacity to create truly believable synthetic agents is still 
the “Holy Grail”  of Behavioral Artificial Intelligence (Mateas, 1997). By believable we donʼt mean 
realistic agents (Reilly, 1996) that always say the truth but instead those that act and behave like 
humans.
Researchers like (Loyall, 1997) identified personality as one of the most important requirement for 
believability in synthetic agents. By embodying agents with personality we are providing them with the 
ability to bring the illusion of life (Thomas et al., 1981) to users and suspend their disbelief.
Our culture evolved over the last few decades and currently promotes cooperation and teamwork: “If 
you want to go fast, go alone. If you want to go far, go together” (an African proverb). Itʼs also true that 
“Individual glory is insignificant when compared to achieving victory as a team.” (Dot Richardson, M.D. 
U.S. Olympic Softball Team, two time Gold Medal Champions). Teachers, coaches, and drill instructors 
have long understood the value of teamwork. A new corporate culture where the intent is to turn a 
heterogeneous working environment into a homogeneous environment whereby cooperation is more 
than competition and everyone is working in a concerted effort towards common goals (Bryce, 2006). 
Virtual environments followed this evolution so multi-agent and multi-user system are a reality today. 
Business companies are grouping their employees for work projects and the majority of video games 
have a multiplayer mode. Given the facts, there is clearly a need for research on teaming up  humans 
and synthetic agents in coherent and believable environments.
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Besides the ability to offer better human-computer interaction, this kind of research has also other 
amazing applications. Believable agents are important in building interactive story worlds (Cassel et 
al., 2000) where, for example, an agent acts as a playmate helping children create a story while 
listening to story bits made by interacting users. There are also applications in entertainment and 
education (Rickel et al., 1998). Since interactions are more attractive gamers would stay longer 
playing with the computer. Believable agents may greatly enhance learning in educational settings by 
providing engagement and motivation for the learner (Mateas, 1997). It may also help  on the 
recruitment process of business companies. Nowadays several companies use personality tests to 
evaluate candidates. Based on those test results, companies would parameterized a simulator where 
personality-rich synthetic agents engage in teamwork. How the action evolves would be extremely 
useful to predict performance of future employees (Mount et al., 1998).
Compared to Mathematics and Physics, Behavioral Artificial Intelligence is a youthful science. There 
is still a vast universe of knowledge to explore and high possibilities of discovering something new and 
extraordinary on Behavioral Artificial Intelligence.

1.2. Problems and Goals
After 50 years users are still commonly using the mouse, the keyboard and physical buttons when 
interacting with computer systems. This kind of interaction is not natural and requires a learning phase 
by observation and experimentation because they are not similar to the way we humans interact. 
Computers are now everywhere and everyone needs to deal with them in their lives, but there are still 
people with fear of facing the difficulties of new technology.
Synthetic agents emerged to help  solve this problem. Synthetic characters already exist in traditional 
media. The problem with synthetic agents is that they donʼt always show coherent and believable 
behaviors and interactions are not always the best. The only difference between synthetic characters 
of traditional media and synthetic agents of computer systems is interaction (Reilly, 1996). It makes 
impossible to a priori define behaviors since they must be as autonomous and flexible as possible so 
agents can react coherently to the userʼs unpredictable actions (Reilly, 1996) (Loyall, 1997). To 
overcome these problems researchers have been developing new agentsʼ architectures (Wooldridge, 
2000) (Georgeff and Ingrand, 1989) and new technology like speech synthesis and recognition, 
language interpretation, virtual and augmented reality. One way used to build believable agents is to 
embody them with personality like artists do to cartoon characters (Loyall, 1997). Research has been 
done about the subject, however we noticed that most of it is only about interactions between a user 
and a single agent (Cassel et al., 2000) or interactions between agents (Schmitt and Rist, 2003) 
without considering cooperation of mixed groups of humans and agents with a common collaborative 
task. Unfortunately there is a lack of articles and papers about the subject.
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... The SGD Model from (Prada, 2005) tries to address these issues by modeling synthetic group  
dynamics between users and agents. The problem is that its personality system is somehow very 
simplistic since it is composed of only two dimensions of the Five-Factor Model (McCrae and Costa, 
1996) of personality: extraversion and agreeableness. Besides the limited number of personality 
dimensions, we noticed from (Mount, Barrick and Stewart, 1998) that two important factors were 
missing: conscientiousness and neuroticism - dimensions that most likely predict performance in jobs 
involving teamwork and interaction with others (Mount, Barrick and Stewart, 1998). So we came to a 
resolution that we could improve the original model to offer a more credible, more believable and 
better usersʼ experience. We settled to extend the SGD and model a complete personality system.
Furthermore, we noticed from experimental results (Prada, 2005), although inconclusive, that agents 
built according to the model show very high levels of cohesion, but this is not always desirable 
because it decreases the userʼs identification with the group and the believability of the agents.
We changed the existing two personality traits and added the remaining three, giving the model a 
total of five: extraversion, agreeableness, conscientiousness, neuroticism and openness. Both the 
model and its implementation on a computer game named Perfect Circle suffered changes that are 
explained further in this document. Using a complete personality system we were able to introduce 
individualism to the model as a tendency to work alone rather than in group. This new concept 
pretends to solve the high cohesion - low identification problem. Agents choose between helping the 
group  or acting for its own profit. Opting for the former or the latter option depends on the agentʼs 
personality. We also developed some automated tools to help  us evaluate the extended version of the 
model. They consist of log parsers capable of building CSV tables with important and required 
information for future statistical analysis. We had also made Perfect Circle to be able to run in batch 
simulation mode providing a simple text file with personality information of several groups.
Finally we made some experiments using our batch system to see if the results were coherent with 
our expectations and existing theories and models of personality in human psychology.

1.3. Outline
This document is divided into seven sections including this one.
In section 1 we introduce our dissertation by motivating the reader, clearly presenting the problem and 
our research goals.
.... Section 2 is about the main concepts such as believability, personality and group  dynamics. It 
introduces you to some existing related work.
Section 3 briefly describes the SGD Model from (Prada, 2005) while section 4 enters in more detail 
and addresses also the changes we made to extend the original model.
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Section 5 presents the implementation of the model on a computer game called Perfect Circle. We 
introduce you to the general concepts and ideas of the game and then describe the modifications we 
had to made so the game could mirror the extended version of the SGD Model.
Section 6 describes the evaluation tools we developed to help  us in the evaluation process. It also 
shows that the extended model and its implementation on Perfect Circle are working as intended.
We conclude this document in section 7 by presenting some remarks and suggestions for future work.
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2. Related work
By giving a glance on the state of the art of believable agents and believable multi-agent systems we 
pretend to show you why we chose, as a top  priority, to extend the personality system in order to 
improve the original SGD Model. This section gives you a review of existing research on believability 
of characters from the arts, believability and personality on computer agents, theories and models of 
personality and some examples of believable multi-agent systems. There is also a section describing 
group  dynamics in human psychology. When you finish reading the entire section youʼll understand 
the strong connection between believability and personality.

2.1. Believability
Many people think that believable agents are honest agents because these agents always say the 
truth (Mateas, 1997). But the true meaning of the expression believable agent is an agent that can 
suspend our disbelief and bring the illusion of life (Mateas, 1997)(Loyall, 1997). In (Loyall, 1997), A. 
Brian Loyall defines believable agents as personality-rich autonomous agents with powerful properties 
of characters from the arts. John Arnold (Arnold, 2003) defines them as embodied characters who act 
independently and interactively in a credible fashion, with the degree of believability depending on how 
closely their behavior and expression match with the observerʼs expectation. And Lajos Egri in the Art 
of Dramatic Writing (Egri, 1960) says that every character should be defined by the following three 
dimensions: physiology, sociology and psychology. Physiology refers to mechanical and physical 
functions; sociology refers to patterns of social relationships, social interaction and culture; and 
psychology is about mental processes and behavior.
... Believability is not the same thing as realism (Reilly, 1996). “In fact it turns out that being more 
realistic decrease believability” so “it is better to go with the less realistic characters which meet the 
audienceʼs expectations than to go with the more realistic characters which donʼt” (Reilly, 1996).

2.2. Requirements of believability
(Loyall, 1997) presents an analysis of requirements for believable agents based in artists and his own 
experience with agents. He built an unique set of requirements for autonomous believable agents:

• Personality: personality characterizes behaviors defining what and how agents do something.

• Emotion: emotion is what brings characters to life (Loyall, 1997) and is critical to the believability of 
characters (Reilly, 1996). If we are in front of a character thatʼs not capable of expressing its 
emotions we wonʼt care about its feelings and will treat it like a normal and simple machine (Bates, 
1994).
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• Social relationships: believable characters engage in social interactions with other characters. 
Characters interact and behave according to the relationship  they share with each other. 
Relationships between characters are not reciprocal and may change over time according to 
previous interactions. They also depend on each characterʼs personality (Loyall, 1997). Besides that 
believable agents must exist in a social context by understanding culture and social conventions of 
the world they are to exist.

• Change: characters grow and change with time, in a manner consistent with their personality 
(Mateas, 1997)(Loyall, 1997). If one character remains the same after a long time, people usually 
lose their interest and affection with that character. This change must be reflected in the tree 
dimensions: physiology, sociology and psychology (Egri, 1960).

• Consistency  of expression: all avenues of expression like facial expression, gestures, movement, 
body posture should work together as a unit and show the exact meaning of the expression. 
Breaking this consistency causes the suspension of disbelief to be lost (Loyall, 1997).

• Self-motivation and goals: everyone and every creature has goals so believable agents should 
also have goals. Their behaviors should express their goals and depend also on personality (Loyall, 
1997). By self-motivation you can satisfy a desire or goal without being influenced by another 
person. Some energy from within encourages you to act and transform it to energy without. Like 
normal people, believable agents are (they should be) self-motivated. So believable agents should 
engage in action voluntarily and not only by stimuli. Only this way agents can interact by their 
internal drives and desires, surprising people and making them more interesting (Loyall, 1997).

• Reactive, responsive and parallel action: believable agents need to be reactive so they can adapt 
in real-time to changes in the environment. These reactions canʼt be neither too fast nor to slow. 
More specifically it should be appropriate to the characterʼs personality. Believable characters 
change what they are doing and how theyʼre doing it according to the unfolding situation and should 
be able to perform multiple activities and tasks at the same time like normal people do. (Mateas, 
1997)

• Broadly  capable and well integrated but resource bounded: believable agents must have a 
broad set of capabilities to react in a complex environment but should also be mentally and 
physically limited. Integration of these capabilities and behaviors is something desirable. Broad and 
shallow set of capabilities introduces unpredictable behavior, which is good if not too extreme 
because believable agents have coherent behaviors that do not change quickly over time and are 
not completely predictable. If their capabilities are somehow integrated, it makes the resulting set 
more powerful than individual capabilities alone (Reilly, 1996) (Rousseau, Hayes-Roth, 1996). 
Besides that believable agents must change actions and move smoothly with no time delays.

Notice that many of the above requirements are related to personality. Together, emotion and 
personality are the most important requirements for believable agents (Loyall, 1997) and the main 
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ingredients making synthetic autonomous characters interesting to people (Su and Wardhani, 2007). 
Personality and emotion affect decision making and action selection (Arnold, 2003), triggering the 
expressiveness and behaviors of a character (Su and Wardhani, 2007). While personality is by nature 
long-lasting and relatively consistent, emotions are temporary (Arnold, 2003). And while personality 
can be used to predict the behavior type of an agent and characterizes it as an entity, emotion and 
behavior type influence the representation of an agent as an individual (stance, gestures, facial 
expressions, etc.). In addition, personality affects the intensity of emotion (Su and Wardhani, 2007). 
For this dissertation we only focus on personality, on how to model a framework with a complete 
personality system for building believable synthetic agents and how to implement this same 
framework.

2.3. Theories and models of personality
So how can we define and describe such a complex thing as personality? It seems that personality is 
not so hopelessly complex as we thought it to be. An interesting study from (Goldberg, 1990) shows 
that we can achieve a scientific description of personality using a small number of dimensions. This is 
only possible if we abstract broad enough so each dimension summarizes a large number of distinct 
and more specific personality characteristics (John, 1990).
 There are numerous theories about how to model personality in psychology. In (Rousseau and 
Hayes-Roth, 1996) the authors mention two types of theories: trait theories (Phares, 1984) and social 
learning theories (Bandura, 1977). Trait theories assume that our personality profile is defined by a set 
of traits and that each trait is qualified on a continuous dimension. Trait theories also believe that our 
future behaviors can be predicted according to our personality profile. On the other hand social 
learning theories assume that personality is something that changes with new situations and new 
experiences (Rousseau and Hayes-Roth, 1996) (Paunonen and Ashton, 2001).
 The Five Factor Model (FFM) was formulated by Robert McCrae and Peter Costa and is the 
most accepted model of personality traits (Mount et al., 1998). It uses five dimensions to define 
personality: extraversion, agreeableness, neuroticism, conscientiousness and openness. The 
following paragraph is from (John, 1990) and it describes each one of the five dimensions.
 “Briefly, Extraversion implies an energetic approach toward the social and material world and 
includes traits such as sociability, activity, assertiveness, and positive emotionality. Agreeableness 
contrasts a prosocial and communal orientation towards others with antagonism and includes traits 
such as altruism, tender-mindedness, trust, and modesty. Conscientiousness describes socially 
prescribed impulse control that facilitates task- and goal-directed behavior, such as thinking before 
acting, delaying gratification, following norms and rules, and planning, organizing, and prioritizing 
tasks. Neuroticism contrasts emotional stability and even-temperedness with negative emotionality, 
such as feeling anxious, nervous, sad, and tense. Finally, Openness to Experience (vs. closed-
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mindedness) describes the breadth, depth, originality, and complexity of an individualʼs mental and 
experiential life.”
 In a more recent article (Nazir et al., 2008) we can read:
 “An individual who scores high in openness will be someone who has a low need for certainty 
and high need for competence, eventually showing behavior that can be characterized as daring, 
curious, even risky at times, because they want to gain new insights and experiences and are 
convinced that they can achieve what they want to achieve. A conscientious person on the other hand 
will be someone who has a high need for competence and certainty and will be showing rather 
cautious behavior that is aimed at achieving something within a set context or environment where the 
person feels save and secure. An extravert will be someone who is primarily characterized as 
someone with a high need for affiliation, someone who seeks social contacts and wants to get into 
contact with other people. Needs for an individual who scores high in agreeableness are generally not 
extremely activated or require a long time to exceed the activation threshold, resulting in a certain 
calmness and satisfaction. On the other hand, a person who is neurotic will be someone who has 
many needs that can be easily activated (or active at the same time) and a low selection threshold 
causing jumpy, unpredictable behavior.”
 To facilitate the identification we present a list of adjectives that represent each dimension:

• Extraversion: talkative,assertive, adventurous, energetic

• Agreeableness: good-natured, flexible, cooperative, caring, trusting, tolerant

• Neuroticism: insecure, unstable, unrelaxed, not self-sufficient, anxious, intolerant of stress

• Conscientiousness: responsible, careful, persevering, orderly, hardworking

• Openness: intellectual, curious, imaginative, cultured, broad-minded

The model is theoretically capable of describing and predicting social attitudes, behaviors and 
performance in groups of humans involving interpersonal relations (Mount et al., 1998). It can 
represent the various and diverse systems of personality description in a common framework (John, 
1990). It has an emergence and widespread acceptance although there are some critics that still 
express concern about the Five Factor Model (Kanfer and Heggestad, 1997) (Paunonen and Ashton, 
2001). Some even say that since there is a clear distinction between description and prediction, the 
FFM may be the most accepted model for describing personality and itʼs definitely not the adequate 
model for predicting importance life criteria (Hough, 1992). So there are many theories and no 
consensus on which is the chosen model of personality. Although there are several personality 
theorists, in the end we just have different terms to describe the same five dimensions of personality. 
This happens because the FFM has an apparent strength that allows it to capture, at a broad level of 
abstraction, the commonalities among most of the existing system of personality traits, thus providing 
an integrative descriptive model for research (John, 1990). Take a look at table 2.1 to understand what 
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we mean. The table was taken from a website and is an adaptation from (John, 1990) excellent review 
in Pervinʼs Handbook of Personality.

Table 2.1. Five dimensions of personality from different theorists 

http://personality-project.org/perproj/theory/Big5.table.html

For more details about the FFM and all the story behind the Big Five we really recommend ready the 
excellent review of Oliver John (John, 1990).

2.4. Personality in computer systems
Personality in synthetic agents is present in several research fields such as entertainment (Rousseau 
and Hayes-Roth, 1997) (Loyall, 1997), education and learning (Rickel , Johnson and Thiébaux, 2000) 
and multi-agent systems (Rizzo et al., 1997). Besides being one of the most important requirement for 
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believable agents (Loyall, 1997), (Castelfranchi et al. 1998) identified several independent reason for 
introducing personalities in agents:

• Social/cognitive modeling: reproduce relevant features of human interaction;

• Believability and interaction: natural user interaction with agents;

• Story  and situation understanding: attribution of personality traits to actors in a simple story and 
knowledge of personality traits to understand actions;

• Agent modeling: define agentsʼ stereotypes so people can make correct ascriptions and 
abductions and other agents may appropriately interact with it;

• Exploring and comparing strategies: create different forms of rationality and create heterogeneity 
between agents;

• Internal states and behavior: create agentsʼ  internal states so agents can react differently even 
with the same input.

Personality characterizes behaviors, motivations and thoughts, defining what and how agents do 
something. How they talk, how they walk and how they think. Everything is related with personality. 
Believable agents have strong and distinctive personalities (Reilly, 1996). Often is more important how 
an agent tries to achieve a goal than if it achieves it or not: a believable social agent may be able to do 
things, but may not be able to do them well (Reilly, 1996). Each person is different from other people 
because of his/her personality. Personality is modeled during infancy and changes slowly or nothing 
over time (Rousseau and Hayes-Roth, 1996) (Rousseau and Hayes-Roth, 1997). Personality traits 
makes each agent unique so we can easily identify agents with different personalities. If one agent is 
rude it should respond aggressively. On the other hand if it is polite then it should be kind and 
respectful. Agents with different personalities should act differently in similar circumstances and their 
actions should also be consistent by showing the same behaviors in not significantly different 
situations. In short personality is a consistent, believable, stable and typical or distinctive cluster of 
traits and attitudes that are reflected in the agentʼs behavior (Castelfranchi et al., 1998).

“For a character to be that real, he must have a personality, and, preferably, an 
interesting one.” (Thomas et al., 1981).

Personality-rich synthetic agents are capable of delivering believable and coherent experiences when 
interacting with users and sustain their interest for more time. Studies show that users unconsciously 
attribute personalities to computers such as politeness and rudeness. Users interacting with this kind 
of agents react socially and emotionally as if they were human beings. Thatʼs why agents with poorly-
defined personalities cause indifference and boredom.
 In artificial intelligence some researchers have tried to model personality in computer systems 
but all of them have only explored a limited number of personality traits. There is no universally 

22



accepted model and there are still some disagreements about which are the basic traits (Rousseau 
and Hayes-Roth, 1996). Some examples of modeled personality in computer systems include the Oz 
project (Oz Project) and ALDOUS (Loehlin, 1968).
 Rousseau and Hayes-Roth have successfully showed the importance of personality in 
synthetic agents in their work (Rousseau and Hayes-Roth, 1996) (Rousseau and Hayes-Roth, 1997). 
They created agents with different personalities in three dimensions (confidence, activity and 
friendliness) and asked users if they could easily identify them by observing the agentsʼ behaviors in a 
Cybercafé. Although all interactions were simply textual, the users had no problem in recognizing each 
kind of character. Moreover, they reacted positively to the synthetic actorsʼ  performance and 
sometimes laughed.
 The Synthetic Characters Group at the MIT Media Lab  was founded in 1996 by Bruce 
Blumberg. This group explores ways of making virtual creatures that are inspired by real animal 
behavior. AlphaWolf (Tomlinson and Blumberg, 2002) reproduces natural social behavior of a pack of 
gray wolves. The user interacts with the environment and other user-controlled or autonomous wolves 
by barking, whining, howling and growling into a microphone. Since personality is an important aspect 
of believable and social synthetic characters, the wolves are not completely controllable but have 
strong personalities that affect the style of their behavior. In AlphaWolf users and synthetic characters 
build social interactions between them that affect their behavior with their partners.
 More recently, (Su and Wardhani, 2007) built a personality and emotion based system that 
controls affective story characters. The system controls agents in terms of gestures, body language 
and non verbal communication, depending on their personality. It uses a personality and emotion 
engine (P&E engine) to generate body expressions from a story characterʼs personality and emotion 
states. According to their hypotheses, personality and emotions are able to motivate motion. Su and 
Wardhani used the same five dimensions of the Big Five but their model of personality traits is based 
on De Raadʼs Abridged Big Five Circumplex (AB5C) Model (De Raad, 2000). This model refers to the 
combinations of two traits that are the most characteristic of an individual, instead of considering all 
five dimensions at once. It provides descriptive personality terms of 90 resulting combinations, but 
they considered 32 to be sufficient for a computational personality model. These rules were 
constructed as the rules to the P&E engine. From the combinations they analyzed the characteristics 
for different story character roles and behavior types.

2.5. Perfect Circle
Perfect Circle (Prada, 2005) was the main case study for this dissertation. It is a computer game 
where the user solves a collaborative puzzle together with autonomous synthetic agents. Interactions 
between the user and the agents are similar to human group  dynamics in order to improve userʼs 
experience and make all interactions easier and more familiar. The true objective of this game is to 
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evaluate the believability of the synthetic agents that were built according to the Synthetic Group 
Dynamics Model (SGD Model). The main goal of the SGD Model is to support the creation of 
believable group dynamics on groups of humans and agents that engage and act in the resolution of 
cooperative tasks. Letʼs see how well itʼs the SGD Model of Perfect Circle in terms of the requirements 
identified by (Loyall, 1997):

• (personality) agents in Perfect Circle (Prada, 2005) are endowed with two of the five dimensions of 
the Five Factor Model (McCrae et al., 1996); 

• (emotion) doesnʼt deal with emotion and this may reduce significantly their believability;

• (social relationships) the implemented model of group dynamics implemented in Perfect Circle 
deals with social relationships and this relations dictate agentsʼ  behaviors. Agents are aware of the 
environment and game rules;

• (change) agentsʼ  set of abilities and expertise change every time the group  successfully solves a 
problem;

• (consistency of expression) agents donʼt have any kind of expression;

• (self-motivation and goals) agents are self-motivated to act and cooperate in the resolution of the 
task so they can improve their influence and be more social attractive; 

• (reactive, responsive and parallel action) agents by knowing their goals, react and elaborate 
plans to  to solve problems. They also respond to other membersʼ suggestions and requests, and 
are capable of doing many things at the same time;

• (broadly  capable and well integrated but  resource bounded) although there are only two types 
of possible interactions (socio-emotional and instrumental), we can say that agents from Perfect 
Circle are in some way well integrated because each type of available interactions is not isolated 
from the others. For example, a negative socio-emotional interaction may influence the groupʼs state 
in such away that some members will not be encouraged to execute a instrumental interaction that 
is crucial to the resolution of the main task. Agents are resource bounded in terms of their set of 
abilities, capabilities and level of expertise.

2.6. Group dynamics
Since our objective is concerned at building believable groups of humans and agents and the previous 
section focus on efficiency of agent-based teams, weʼve decided to include a section about group 
dynamics from human psychology perspective.
 Wikipedia defines group as a collection of entities who share certain characteristics, interact 
with one another, are connected to each other by social relationships, accept expectations and 
obligations as members of the group, and share a common identity. Members of a group  interact with 
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each other as a social system. There are some factors that influence the group  dynamics like its 
constitution and membersʼ personality and consequently emerging interactions.
 In 2004, Toseland, Jones and Gellis wrote a publication about social work in group  (Toseland 
et al., 2004). The authors wrote about group  development and conceptualized group dynamics in five 
domains: communication processes and interaction patterns; interpersonal attraction and cohesion; 
social integration and influence; power and control; culture.

2.6.1. Communication processes and interaction 
patterns
Communication processes and interaction patterns influence behaviors and attitudes of group 
members. There are many types of group communications: verbal, non-verbal, virtual. They can also 
be synchronous or asynchronous. Sometimes there may be some problems with communications that 
can distort the intended meaning of some messages. Noise for example can compromise and cause 
distortions on the original message. Sometimes the message itself may be unclear or ambiguous.
 Interaction patterns depends on how group  members communicate inside the group: through 
the leader, round-robin fashion or freely. Each method as its own advantages and disadvantages. It 
depends on members motivation and extraversion, on type of communication used, interpersonal 
relations and attraction between members and size of the group.

2.6.2. Interpersonal attraction and cohesion
Interpersonal attraction contributes to subgroup formation and to the level of cohesion of the group  as 
a whole. Both depends on proximity, similarity, compatibility between members of the group. Group 
cohesion also depends on each members motivation for staying in the group.
 Someone wishes to stay in a group  only if the group provides them affiliation, security, 
recognition, beneficial consequences and opportunities of socialization unavailable somewhere else.
 High levels of cohesion is often associated with positive outcomes since each memberʼs level 
of attraction to the group  influences how they act and behave inside the group. On the negative side 
though, high levels of cohesion can also have disadvantages because it can lead to conformity and 
decrease membersʼ  participation and discussion because everyone is afraid of sharing his/her opinion 
to avoid confrontations.

2.6.3. Social integration and influence
Social integration refers to how members fit together and are accepted in the group. Norms and rules 
inside a group helps members behave accordingly and know what to expect from other members. 
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These two group  dynamicʼs forces promote social integration by influencing how members behave. 
They also help on preserving order and avoiding unnecessary conflicts and unpredictability. As 
cohesion, high levels of conformity with norms and rules can also lead to suppression of expressing 
individual opinions and ideas.
 Norms are slowly developed after the formation of the group  and define acceptable behaviors 
inside the group. Roles define how members are supposed to work for on group goals. 
 Medium-level and high-level status members tend to conform to norms because they want to 
maintain or increase their status. On the other hand low-status members tend to be disruptive since 
they have nothing to loose. Whereas high-level status members can easily influence other members, 
low-level status members may have a hard time to persuade other with their arguments.

2.6.4. Power and control
There are at least to types of power: attributed power and actual power. Attributed power results from 
the perception of people; actual power refers to actual memberʼs resources. Often the member of the 
group with more power is the leader and consequently has more control over the entire group.
 Power and control is important to maintain order and keep its members motivated. Leaders 
can use their power to motivate other members, for example by encouraging and approving their work. 
Leaders should also share their power with other members so they feel their contribution is 
indispensable and have the opportunity to show their skills and involvement in the work of the group.

2.6.5. Culture
Culture of a group depends on values, beliefs, customs, traditions of all members in the group. Norms 
of the group should evolve depending on everyoneʼs culture and beliefs. Leaders should pay attention 
and act accordingly to avoid memberʼs attitudes that may not be consonant with someoneʼs culture or 
belief. Groups that are heterogeneous in culture have a slower evolution but when they achieve high 
levels of cohesion they usually are more successful and develop  more knowledge because all 
members share and receive diverse feedback and discuss more points of views than homogeneous 
groups.

2.6.6. Group development
The first stages of group  development consists in few and increasing interactions between members. 
Norms and roles are established and a culture slowly emerges. Since everyone is still adapting 
themselves and want to be part of the group, there are no or little conflict. After these initial stages the 
group  focus on its goals and begins its work. The group evolves and levels of cohesion and social 
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integration may increase or decrease, leading to an effective group  that concludes all the tasks or 
group disintegration, respectively.
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3. The Synthetic Group Dynamics 
Model
This section describes the Synthetic Group  Dynamics Model - SGD Model (Prada, 2005). We 
extended this model to increase believability of interactions of synthetic agents. In this document we 
donʼt deeply cover all the details about the model but only those we think are strongly related to our 
work. This section briefly describes the original model and the next one presents the changes and 
improvements we made. We recommend reading (Prada, 2005) for detailed information about the 
original model and how it was implemented.
 The main goal of the SGD Model is to support the creation of believable group  dynamics on 
groups of humans and agents that engage and act in the resolution of cooperative tasks. This model is 
based on the principle that a character must be aware of the group  and its members and should be 
able to build a proper social model of the group and reason with it (Prada, 2005). Agents built 
according to the SGD Model, gain knowledge about the group and its members during group 
interactions, and in turn, the occurrence of interactions (agentsʼ  behaviors) depend on this knowledge. 
For example, if after some time an agent does feel negatively attracted to the human user, this agent 
will tend to discourage the human user, based also on the agentʼs personality. The whole group 
process in the SGD Model is characterized at four different levels representing the knowledge that 
agents should build in order to implement the SGD Model in their behavior:

1. individual level: knowledge about individual characteristics of each group member 
(section 3.1);

2. group level: knowledge about the group itself (section 3.2);

3. interactions level: knowledge about possible interactions and their dynamics (section 
3.3);

4. context level: knowledge about the environment the agent lives in (section 3.4).

 Furthermore, in addition to these 4 layers of knowledge, the agentsʼ  behavior relies on three 
processes (see figure 3.1):

1. classification of the interactions: detection and classification of interactions into 
categories of interaction with specific semantics (section 3.3.1);
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2. propagation of the interaction effects: knowledge changes according to the interaction 
detected and classification made by the agent (section 3.3.2);

3. influence of the agentʼs actions: changes influence the agentʼs behavior (section 3.3.2).

Figure 3.1 - The agentʼs mindʼs components and the SGD Model

 The success on providing believable interactions in a group  of humans and synthetic agents 
with the SGD Model resides in knowledge of the uniqueness of each group member (individual 
characteristics such as personality); knowledge of the uniqueness of the group  they belong to; 
definition of the context level that is highly dependent on the context the model is going to be applied.
 Knowledge drives possible agentsʼ behaviors by stating interactionsʼ  conditions of occurrence. 
These interactions result in group  and environmental changes. Consequently, detected modifications 
influence future behaviors, such as frequency of interactions and socio-emotional engagement, which 
are two of the main factors in the dynamism of human groups. Because the SGD Model was inspired 
by theories of group  dynamics developed on human psychological studies, it can provide a credible 
and believable environment of humans and agents cooperating for the resolution of a collaborative 
task.

3.1. Individual level
The individual level of the SGD Model represents the required knowledge about individual 
characteristics of each group member: its abilities and its personality.
 Abilities refer to the set of actions an agent can perform and its associated skill level.
 Personality is defined using two dimensions of the Five Factor Model (McCrae et al., 1996): 
Extraversion and Agreeableness.
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3.2. Group level
The group  level of the SGD Model represents the required knowledge about the group. It deals with 
group identity, composition and structure.
 Group identity makes a group unique for easier identification.
 Group composition is the set of individuals that belong to the group  and may change over 
time.
 Group structure is defined in structure of interpersonal attraction and structure of power.
 Structure of interpersonal attractions refers to attractions between group  members in terms of 
like (positive) and dislike (negative) These relations are unidirectional and are not necessarily 
reciprocal.
 Structure of power refers to the capacity that agents have to influence the behavior of other 
agents.
 Interpersonal attractions, influence and skill level (mentioned before in individual level) all 
define the agentʼs position in the group which in turn reflects the agentʼs relative power.
 In addition to relations with other members, agents also build a relation with the group. Their 
group  motivation defines the level of engagement in group  tasks and their group attraction reflects the 
amount of cohesion to the group itself.
 Agents may belong to several groups at the same time.

3.3. Interactions level
The interaction level of the SGD Model represents the required knowledge about possible interactions 
and their dynamics. These dynamics reflects on the changes that the interactions induce into the 
agentʼs perception of the group  and, therefore, in the knowledge it builds about the group  and on the 
rules that drive the behavior of the agent in the group. It means that this level of knowledge defines the 
categories of available interactions and how they affect all members and the groupʼs state.
 An interaction is defined by:

1. an action or pattern of actions that identify the type of interaction;

2. a set of performers which defines the agents engaged in the execution of the interaction;

3. a set of supporters which defines the agents supporting the interaction without being 
directly involved in its execution;

4. a set of targets which defines the agents affected by the interaction;

5. a strength which determines the relative importance of the interaction in the group.
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3.3.1 Classification of the interactions
All possible interactions have been divided into different categories. Every agent is well aware of this 
categorization. The step  of categorizing an interaction does not simply rely on detecting what 
happened. It depends also on the actionsʼ  results, on the context of execution and also on the agentsʼ 
perception of the group. For example, imagine that you see someone discouraging a rebel teenage 
bullying some of his colleagues. If you are a good and nice citizen you see it as something positive. 
Other teenagers of the same rebel “gang” perceive this discouragement as something negative. The 
rebel teenagerʼs mom would see it as positive or negative. It depends on the context of execution and 
her knowledge of well behaving and society norms.
 In the SGD Model, we have a main distinction between socio-emotional and instrumental 
interactions. These interactions are further divided into positive and negative. This classification was 
based on the categories that Bales proposed on his IPA system (Bales, 1950).

3.3.2. Propagation of the interaction effects and 
Influence of the agentʼs actions
After classifying an interaction, agents update their knowledge of the group. This knowledge 
influences the agentʼs future behaviors. So interactions of a member in the group  depend highly on the 
individual characterization of the member as well as its perception of the groupʼs state.
 Variables like interpersonal attraction, influence, skill level and agentsʼ  personality influence 
aspects of group dynamics like frequency and type of interactions.
 In the SGD Model, agents that contribute to the success of the group  will usually be targets of 
positive socio-emotional interactions. This happens because each time an agent succeeds in 
performing a task that helps the group  achieving the final goal, thereʼs an increase of its social 
influence over all other members. Consequently, because the agentʼs group  position depends on the 
social influence it has over other members, its group  position also increases. And every time an agent 
is the target of a positive socio-emotional interaction, it will feel more attracted to the source agent and 
more motivated to work for the group. The inverse is also true. As you can see, in the SGD Model all 
levels of knowledge and behavior processes are connected. It was created as a module that 
influences the usual processes of a cognitive agent. Thus, the model influences the perception, 
knowledge building, behavior and action processes of each agent (figure 3.2).
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Figure 3.2 - The SGD Model in the mind of each member of the group

3.4. Context level
The context level of the SGD Model represents the required knowledge about the environment the 
agent lives in and the nature of the groupʼs task. Additionally, it may also define social norms, that 
state acceptable and misconducted behaviors, helping agents interpret and categorize interactions. 
This level of knowledge is highly dependent on the context the model is going to be applied and 
should be defined for each specific context. Groupʼs task and social norms are two important 
definitions of group dynamics, however, the model does not deal with them.
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4. Extending the SGD Model
By extending the original SGD Model we aimed at improving the credibility of synthetic agents and 
increasing the believability of their interactions when engaging in group  for the resolution of 
cooperative tasks.
 In order to do that we focused on the personality system of the SGD Model. Like we said 
before, personality is one of the most important requirement for believable agents (Loyall, 1997). 
Since the agents were only endowed with two dimensions of personality (extraversion and 
agreeableness) we decided to model the complete set of the Five Factor Model at the individual level 
of knowledge. The introduction of the remaining three personality dimensions (conscientiousness, 
neuroticism and openness) lead us to major changes concerning the the group  structure at the group 
level and interactionsʼ dynamics at the interaction levels of knowledge(sections 4.2 and 4.3) .
 Regarding individualism, we added the new action sell (section 4.1) and a new type of 
motivation that reflects the agentʼs dilemma on choosing between helping the group  or engaging in 
interactions for its own profit. Frequency of occurrence and reaction to individual interactions changed 
and are modeled at the interactions level (section 4.3)
 There is a whole new motivation system that controls the agentʼs engagement in group, 
individual and socio-emotional actions. There are now a total of 4 types of motivations that are 
described in section 4.2 regarding changes at the group level of knowledge.
 This section addresses the changes we made to the SGD Model.. To further understand how 
they were implemented in Perfect Circle please refer to section 5.

4.1. Individual level
In the extended version of the SGD Model, agentʼs have an additional ability and three new 
personality dimensions.
 The introduced ability sell allows agents to sell a gem from the stack, for their own interest 
harming the goals of the group.
 In addition to extraversion and agreeableness, agents are characterized also by 
conscientiousness, neuroticism and openness. These are the five dimensions of personality proposed 
in the Five Factor Model (McCrae and Costa, 1996). The roles of each dimension and their influences 
in our model are briefly described below:

Extraversion

• frequency of interactions concerning the group;

• reaction to positive socio-emotional interactions (encourage and agree);
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• perception of group position

• relevance of positive vs negative socio-emotional interactions

Agreeableness

• frequency of interactions concerning the group;

• reaction to positive socio-emotional interactions (encourage and agree);

• reaction to succeeded instrumental interactions;

• agentʼs opinion on proposals (agree, disagree);

• frequency of joined actions;

Conscientiousness

• reaction to instrumental interactions;

• effort in finishing an instrumental action;

• relevance of socio-emotional relations vs social influence;

Neuroticism

• reaction to negative socio-emotional interactions (discourage and disagree);

• perception of group position

• relevance of positive vs negative socio-emotional interactions

Openness

• frequency of interactions concerning individualism;

• reaction to failed instrumental interactions;

• reaction to negative socio-emotional interactions (discourage and disagree);

4.2. Group level
At the group level each group  continues unique by having an identity, a composition and a structure. 
General concepts of social relations (attraction and influence) remains with no substantial changes.
 We extended the group  level of the SGD Model by introducing personality in the computation 
of group  position. This position is related to an agent relative power. You can see it as some sort of 
status inside the group. If you have a high group  position, the other members feel you are important to 
the group.
 In the original model, group  position is a result of (1) the overall social influence an agent may 
exert over the others, (2) the overall attraction others feel for the agent and (3) the agentʼs skill level. 
Itʼs a known value shared by everyone in the group. But in the extended SGD Model group  position is 
perceived differently by each member according to its personality. Group  position is now a subject of 
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individual perception and different agents may select different dominant agents inside the same group. 
To better understand this important difference we give you an example. Imagine agents B1 and B2 are 
trying to choose a group  leader by taking into account the group  positions of all members. Because 
B1ʼs values social attraction more than social influence according to its personality, he chooses agent 
A1 as the best candidate for the job. But B2 thinks A2 is better than A1 because it rather have a 
powerful leader than an attractive one.
 Three of the five personality dimensions influence the computation of group  positions: (1) 
Extraversion - extroverted agents think of themselves higher in the group  and value positive socio-
emotional interactions; (2) Neuroticism - neurotic agents think of themselves lower in the group  and 
disapprove negative socio-emotional interactions; (3) Conscientiousness - conscious agents value 
social influence more than social attraction.
 Furthermore, we modeled a new motivation system for the group  level. An agent built 
according to the extended SGD Model has now 4 types of motivation: (1) instrumental group 
motivation for instrumental interactions that pretend to help  the group  in reaching its goal; (2) 
instrumental individual motivation controls the agentʼs desire to act for its own good harming the 
group; (3) socio-emotional positive motivation and (4) socio-emotional negative motivation for positive 
(encourage, agree) and negative (discourage, disagree) socio-emotional interactions.
 Figure 4.2 illustrates both individual level and group  level in an implementation from a game 
called Perfect Circle (section 5). Notice that each agent has an attributed color in the figure (Alex is 
purple, Beatriz is red, Carlos is orange, Duarte is green and Ema is blue). Follow the legend in figure 
4.1 to know what each icon means and better understand the diagram. Read the following paragraph 
to have an idea on what kind of information is available from the individual and group  levels of 
knowledge if we could take a snapshot like the one illustrated in figure 4.2:

“Alex is a stable introverted person, but very conscious, open and agreeable. He joined Beatriz, 
Carlos, Duarte and Ema in their quest for the Rainbow Pearl. He has a good position inside the group 
but thinks the boy Duarte is a better leader. He considers himself the second best leader and pays 
attention to his efforts and attraction from other members. Alex knows that being kind and helpful will 
make other people like and respect him. His skills are not that great, anyhow he feels motivated to 
help the group  rather than acting for his own profit. His best friend in the group is the scholar Carlos 
and is starting to like Beatriz and Duarte. He hates granny Ema but considers her very influent inside 
the group  since she is very skilled and wise. Alex feels almost motivated in encouraging his friend 
Carlos and discouraging Ema.”
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Figure 4.1 - Legend of figure 4.2
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Figure 4.2 - An overview of the individual group levels of knowledge in Perfect Circle (SGD Model)
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4.3. Interactions level
In the SGD Model an interaction is defined by (1) an action, (2) the set of performers, (3) the set of 
supporters, (4) the set of targets and (5) its strength. Strength defines the importance that an 
interaction has in the group process. Instead of depending only on the group  position of performers 
and supporters, the extended model also takes into account the agentʼs personality, so different 
agents may evaluate the same interaction with different importance values (section 4.3.2). Additionally 
to the reaction to interactions, personality also influences the frequency and type of interactions an 
agent is most interested in (section 4.3.1).
 Interactions in both models follow the classification illustrated in figure 4.3. We donʼt represent 
the join and sell gem interactions because they are special cases of agree and obstruct problem 
interactions. An agent decides to join if and only if he first agrees with the proposal. Only then the 
system verifies if the agent has the required skill and is motivated. The sell gem interaction is always 
perceived by other agents as a negative instrumental interaction that obstructs the groupʼs problem.

Figure 4.3 - Classification of interactions

4.3.1. Occurrence of interactions
From figure 4.3 we can see that agents have a specific set of actions they can choose from. Their 
choice highly depends on its perception of the groupʼs state, its group position and specific dimensions 
of its personality.
 At a generic view, the agentʼs group position and extraversion influences the frequency of all 
interactions. This frequency depends on the rate at which each type of motivation climbs. This rate is 
controlled by the agentʼs group position and its personality.
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 The statements below define the occurrence of interactions (type and frequency) in the 
extended version of the SGD Model.

• An extroverted agent with a high group  position engages more often in interactions than an 
introverted agent with a low group position.

• Other variables come into play if we consider socio-emotional interactions, instrumental interactions 
and individual interactions separately. Low consciousness agents will engage in more socio-
emotional interactions while high conscientiousness agents prefer instrumental interactions.

• High values of conscientiousness also means higher dedication and effort from the agent in 
successfully completing an instrumental group  interaction that facilitates the groupʼs problem. It high 
conscious agents are more successful than low conscious members.

• If we further divide the socio-emotional interactions into positive and negative, high values of 
extraversion and agreeableness means more positive interactions while high values of neuroticism 
and openness leads to more negative interactions.

• High agreeable agents would rather help  the group  choosing instrumental group interactions while 
high openness agents would rather interact for their own profit executing instrumental individual 
interactions.

• Finally, agents in a higher group  position than the performer agent tend to be targets of positive 
socio-emotional interactions while agents in lower group positions tend to be targets of negative 
socio-emotional interactions.

Table 4.1 shows which variables (group  position and personality) influence each type of interaction 
and illustrates the statements above.

Group 
position

Extraversion Agreeable
ness

Conscientious
ness

Neuroticism Openness

Encourage
Discourage
Agree
Disagree
Group 
instrumental
Individual 
instrumental
Action 
execution 
effort

x x x
x x x x
x x x
x x x x
x x x x

x x x x

x x x

Table 4.1 - Influence of variables (group position and personality) for each interaction
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4.3.2. Reaction to interactions
There are also rules that define how agents react to each type of interaction, considering social 
relations with the source agent, social relations with the target agent, the spectator agentʼs personality 
and group positions.
 The statements below describe how agents react to each type of interaction:

• All interactions strength depend on the group  position of the performer and on the observerʼs 
personality.

• Agents that are encouraged feel more motivated to perform group  interactions and to engage in 
positive socio-emotional interactions and their attraction to the performer increases. The strength of 
the interaction depends on the extraversion and agreeableness.

• For an observer an encourage will increase or decrease its attraction for the source or target of the 
interaction. The rule follows Heiderʼs Balance Theory (Heider, 1946). For example, if the encourage 
is targeted to an agent that it feels positively attracted to, then its attraction for the performer of the 
interaction increases.

• Agrees have the same kind of reaction of encourages, except that target agents wonʼt increase their 
group  motivation, only their attraction to the source. The strength of this type of interaction is less 
intense and observers donʼt react to agrees.

• Agents that are discouraged feel more motivated to engage in individual interactions and in negative 
socio-emotional interactions and their attraction to the performer decreases. The strength of the 
interaction depends on neuroticism and openness.

• For an observer a discourage will decrease or increase its attraction for the source or target of the 
interaction. The rule follows Heiderʼs Balance Theory (Heider, 1946). For example, if the discourage 
is targeted to an agent that it feels negatively attracted to, then its attraction for the performer of the 
interaction increases.

• Disagrees have the same kind of reaction of discourages, except that target agents wonʼt increase 
their instrumental individual motivation, only decrease their attraction to the source. The strength of 
this type of interaction is less intense and observers donʼt react to disagrees.

• An agent that succeeds in an instrumental group  interaction facilitating the groupʼs problem will 
increase its group  motivation. Its social influence over all other members of the group  also 
increases. The strength of the interaction depends on conscientiousness and agreeableness.

• An observer of a facilitate problem interaction will feel motivated to encourage the source of the 
interaction, but its social influence over the source decreases. The strength of the interaction 
depends on conscientiousness and agreeableness.
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• An agent that fails an instrumental group  interaction or does an individual action obstructing the 
groupʼs problem will increase its individual motivation. Its social influence over all other members of 
the group decreases. The strength of the interaction depends on conscientiousness and openness.

• An observer of a obstruct problem interaction will feel motivated to discourage the source of the 
interaction. Its social influence over the source increases. The strength of the interaction depends on 
conscientiousness and openness.

Table 4.2 shows how agents react to each type of interaction and how variables influence agentsʼ 
reactions and illustrates the statements above:

G Mot I 
Mot

SE+ Mot SE- Mot Att Inf GP E A C N O

Encourage

Discourage

Agree

Disagree

Group 
instrumenta
l success
Group 
instrumenta
l failure

Table 4.2 - Motivations and variables on agentʼs reactions to interactions

Legend:
G Mot - Group motivation

I Mot - Individual motivation
SE+ Mot - Socio-emotional positive motivation

SE- Mot - Socio-emotional negative motivation
Att - Social attraction

Inf - Social influence
GP - Group position

E- Extraversion
A- Agreeableness

C - Conscientiousness
N - Neuroticism

O - Openness
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5. The Game: Perfect Circle
This section of the document presents the computer game developed by R. Prada as a case study in 
his Ph.D. thesis (Prada, 2005), and the extensions and improvements we made in our work.

5.1. Purpose
Both the SGD Model and the extended version of the model were built in Perfect Circle to evaluate the 
degree of believability of the synthetic agents that were built according to  both models. We had to 
develop a new version of Perfect Circle to introduce the new concepts and features of the extended 
SGD Model. It is expected a higher degree of believability after all the changes and improvements we 
made to the model and to the game.

5.2. Game brief description
We introduce here very briefly some topics about the game such as story and gameplay. For more 
information please refer to section 7 of (Prada, 2005).
 In Perfect Circle a user solves a collaborative puzzle together with autonomous synthetic 
agents. Interactions between the user and the agents are similar to human group  dynamics in order to 
improve userʼs experience and make all interactions easier and more familiar. The user only through 
his/her character and does not control the other members of the group. These interactions are 
characterized and driven by the extended Synthetic Group Dynamics Model.
 In Perfect Circle the user plays the role of an alchemist searching for the Perfect Stone, also 
known as the Rainbow Pearl, which bears incredible and unimaginable powers. In order to do that, 
joins his/her knowledge and skills with other alchemists sharing the same journey, because there are 
many abilities to master and types of gemstones to control. Only together the user will be able to solve 
tasks that allow all members of the group to reach the powerful Rainbow Pearl.
 Less powerful gemstones can be of many essences, shapes and sizes. A set of abilities allow 
characters to transmute the gemstonesʼ  essences and change their shapes and sizes to achieve a 
specific combination that takes the group further and further.
 It is advised that every character pays special attention to its social relations with others since 
everyone will be working within the group. Being nice increases othersʼ attraction. Being helpful 
provides influence. Being both grants respect and power.
 Besides working for the group  and its best interests, characters may also choose to engage in 
individual and selfish behaviors for their own profit. Personality comes into play in considerations like 
this. Of course there are consequences for every decision characters make.
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 Almost everything requires a negotiation process in the group  where characters agree or 
disagree someoneʼs proposal before the action can be executed. Every time the group  succeeds in 
solving puzzles, its members may increase or obtain  abilities allowing them to solve complex puzzles.

5.3. Development details
The mind of the autonomous synthetic agents is composed of five main modules: (1) the knowledge 
base module where beliefs are stored; (2) the perception module where sensors translate events into 
meaningful perceptions; (3) the knowledge revision module for beliefs revision process; (4) the 
behavior module where deliberation takes place; and (5) the action module where action requests of 
the behavior module are translated into concrete actions. For more information of each module please 
refer to section 7 of (Prada, 2005). In this section we only cover the changes we made to some of the 
modules.

5.3.1. Knowledge base module
The knowledge base module stores facts that represent the agentʼs beliefs about the world: members 
of the group, the groupʼs state, the groupʼs interactions and the groupʼs task.
 The knowledge is divided into three different sets: (1) the general knowledge contains facts 
about the abstract world such as relations and properties; (2) the knowledge related to the groupʼs 
task stores information on the subject of the current goal of the group; (3) the knowledge built for the 
SGD Model has facts that define the group, its members and the relations that support the groupʼs 
structure (social attraction and social influence). It also stores the history of interactions that occurred 
in the group. All three sets of knowledge described above constitute the information that an 
autonomous member needs in order to perform in the group when it uses the SGD Model.
 Changes made in this module are mainly due to the fact that agents are now characterized by 
five dimensions of personality instead of only two (section 4.1). The remaining three were added to the 
knowledge built for the SGD Model (set number 3). Each dimension has a value between 0 and 100 
where, for example, an agent with 10 of Extraversion has a low level of Extraversion so it means we 
are in front of an introverted agent. An agent is created with a personality and it remains fixed, so 
values wonʼt change during the game.
 We also had to introduce a new available action for agents that allows them to steal and then 
sell a gem from the stack to earn some money for themselves. It was added so agents could unleash 
the desire on engaging in an individual interaction for their own profit. It reflects the new feature of 
individualism. Agents are aware of this change through this module, more specifically, to the 
information we added to the general knowledge set of the knowledge base module.
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5.3.2. Perception module
The perception module is responsible for filtering the information that is gathered by the agentʼs 
sensor and translates it into facts in the knowledge base. It is also responsible for the classification of 
interactions as defined in figure 4.3.
 The socio-emotional interactions, encourage and discourage, are classified according to the 
action and context where it was observed. It means that, for example, an encourage wonʼt always be 
perceived as desired: encouraging an enemy is seen as a negative socio-emotional interaction. Agree 
and disagree are always perceived as positive and negative respectively.
 In the original SGD Model, the strength of socio-emotional interaction only depends on the 
performerʼs group position. We improved this concept to deal with socio-emotional interactions more 
personally and to introduce subjectiveness into the process of evaluating and reacting to interactions. 
So in the extended version of the model, the strength of the interaction depends not only on the 
performerʼs group position but also on the observerʼs personality. If in a group of three agents A, B  and 
C, agent A encourages agent B, then A is the performer and B is the target. All agents are considered 
observers. Notice that the same interaction may have different values of strength according to each 
observerʼs personality and point of view. For agree and disagree interactions we donʼt consider 
observers, only the performer and the target.
 In turn, the classification of the instrumental interactions depends on the agentʼs current plan 
and the success of the task actions. If an agent succeeds in performing an instrumental action, it will 
be seen as a Facilitate Problem but if it fails it will be considered an Obstruct Problem. The extended 
model presents a new negative instrumental action that consists in stealing and selling a gem from the 
stack, obstructing the groupʼs problem. In the original model, the total strength of the interaction 
depends on its relevance and group positions of the performer and of the supporters. An agent 
regards an action as relevant if it is in its planning process. Otherwise the agent takes it as not 
relevant. In the extended model the strength also depends on the observerʼs personality. The current 
implementation deals all sell gem actions with the same interaction strength of 25 although this value 
should vary between 0 and 100 according to the shape and size of the gemstone that was sold. 
Stealing and selling bigger and complex (with more edges) gems should be worse (higher value of 
strength) than profiting from small and simple (less edges) gems.
 For more information about which personality dimensions come into play for each case, 
please refer to section 4.
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5.3.3. Knowledge revision module
The main functionality of this module is to apply the effects of interaction on the group state. For each 
new interaction this module is responsible for computing and changing the variables that the 
interaction influences.
 In the original model, the amount of change to apply is computed using a formula that 
simulates the tendency of the values to stay neutral. The absolute value of the amount of change is 
given by equation 5.1. The behavior of the change function with a constant strength of 50 is illustrated 
on plot 5.1.

(equation 5.1)

Plot 5.1 - Absolute change function of the SGD Model

We donʼt agree with this tendency. For good and bad, first impressions have a great importance 
whenever people meet for the first time (Huston and Levinger, 1978) (Taylor, Peplau and Sears, 2000). 
Usually people make hasty judgements about other people as soon as they meet, based on social 
consensus stereotypes and previous experiences. So we defined a new formula to calculate the 
amount of absolute change to apply to new values (new value = old value + change) of social 
attraction and social influence. Values change more abruptly when they are low while high value have 
a tendency to stay the same. The value of amount of absolute change is given by equation 5.2. 
Variables a, b, B, c and d control how the function behaves: steepness, asymptotes and graph 
quadrant. Notice from plot 5.2 that it has an opposite kind of behavior of equation 5.1. Plot 5.2 shows 

an example for strength=50, a=50, b=-0.2, B=1.2, c=80 and d=0. 

0

10

20

30

40

0 10 20 30 40 50 60 70 80 90 100

ab
so

lu
te

 c
ha

ng
e

oldValue

48



(equation 5.2)

Plot 5.2 - Absolute change function of the extended SGD Model

Plot 5.3 displays visually how strength values affect the change function (low strength means less 
steepness) and quickly shows us that low old values tend to change quicker than high old values.
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Plot 5.3 - Absolute change function of the extended SGD Model for different values of strength
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A change on social relation values leads to a re-computation of all membersʼ  group  position. Group 
position values are normalized to express the influence of each member in the group  in terms of a 
percentage. This means the sum of all normalized group  positions of all members from the same 
group is 100.

5.3.4. Behavior module
The behavior module manages the decisions concerning the agentsʼ acting. It 
consists of two distinctive processes: one proactive process related to the agentʼs 
task planning, and another reactive process that determines its reactions to the group 
interactions.

The proactive planning process - SGD Model
The taskʼs planning is a deliberative process that runs on regular intervals. The length of these 
intervals depends on variables that influence the frequency of interactions: extraversion, motivation 
and group  position. High values of these variables result in lower lengths while low values contribute 
to bigger interval lengths. At the end of each interval, there is a probability calculation that determines 
the agentʼs predisposition to act. Again, depending on extraversion, motivation and group  position, 
thereʼs a higher probability when these three factors are high.
 If the agent feels motivated, its planning process may result in one of three outcomes: (1) no 
suitable action is found, (2) an action to be performed by itself, (3) an action to be performed by 
another agent. In case (2) the agent makes a proposal of the identified action to the group. The 
groupʼs decision dictates if the proposed action takes place or not. This consideration is made 
according to the opinions and group  positions of all members. Opinions of members with higher 
influence and higher group positions are taken more seriously by the proposer. So itʼs possible that an 
action takes place with the group  permission even if there were more disagree than agree votes. It 
does not matter if the number of disagree votes is greater than the number of agree votes. What does 
really matter is that the sum of all normalized group  positions of agents that voted agree has to be 
more than 50% for the proposed action to take place. In case (3), the agent encourages the agent that 
should perform the identified action.

The proactive planning process - extended SGD Model
The extended version of the SGD Model presents serious changes to the proactive planning process. 
It still runs on regular intervals but the length of the intervals is the same for all agents. The difference 
is in the concept of motivation. The original model looks at motivation as a probability calculation while 
we look at it as an empty recipient that is filled at the end of each interval, but with different amounts. 
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These amount depend on the agentʼs personality, group  position and social relations with the group. 
High values of these variables mean a higher fill amount; low values mean a lower fill amount.
 When the recipient is filled, the agent is motivated to act. Its planning process may result in 
one of the same three outcomes described above. After the outcome action has taken place, the 
motivation recipient is emptied, to represent the fulfill of a desire. The motivation recipient can now be 
filled again. In the extended SGD Model, motivation is seen as a cycle rather than a probability.
 In addition to the motivation to act in behalf of the group, agents have now an individual 
motivation. When it fills the agent will pick a gem from the stack, steal and then sell it for its own profit 
and obstructing the groupʼs problem. This is done without a negotiation process where members 
express their opinion. The sell gem action takes place immediately after the individual motivation is 
filled.

The reactive process - SGD Model
The reactive process deals with actions that are reactive instead of proactive. The process takes place 
every time there is a socio-emotional or instrumental interaction.
 The decision to react depends on the strength of the interaction, memberʼs personality and 
social structure of the group (attraction and influence). All these factors come into play in a probability 
computation that defines if the agent reacts or not to a interaction.
 Positive instrumental interactions (Facilitate Problem) usually leads to encouragements 
(positive socio-emotional interaction) while negative instrumental interactions (Obstruct Problem) 
results in discouragements (negative instrumental interaction).
 When an agent is the target of a socio-emotional interaction it may reply with another socio-
emotional interaction. When it does, it is always reciprocal. It means that a target agent always replies 
to an encouragement with another encouragement to the performer, while a reactive discouragement 
is always a response to a direct discouragement. Encouragements and discouragements have a 
positive or negative effect, respectively, on the target motivation for helping the group.
 But if the agent is an observer and not the target, then itʼs a different story. The reaction in this 
case, follow the ideas found in Heiderʼs Balance Theory. It depends on the type of the interaction 
(positive or negative) but also on the social relations observer-performer and observer-target. An 
agent may react to an encouragement with a discourage interaction. Consider, for example, a 
motivated observer agent reacting to an encouragement made to its worst enemy.
 There is another kind of reactive behavior related to the negotiation and discussion of 
proposals of instrumental interactions. Whenever a proposal is made, agents have to agree, disagree 
with the proposal or decide do join the proposer. In the SDG Model this decision depends on the 
relevance of the action, the agreeableness and social relations with the proposer. Agents with high 
values of agreeableness and positively attracted to others will tend to agree while agents with low 
values of agreeableness and negatively attracted to others will often disagree with proposals. Agents 
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decide to join an interaction when they agree with it and have the necessary abilities to perform the 
required action.

The reactive process - extended SGD Model
The reactive process of the extended SGD Model suffered similar changes as the proactive planning 
process. Motivations are seen as a cycle instead as a probability. Reactions described above remain 
the same and follow the statements in section 4. Additionally, for an agent to decide to join an 
instrumental interaction, it needs to be sufficiently motivated, technically meaning that its motivation 
must be above a specific threshold. Furthermore, to make use of the new action sell we added to the 
game, we introduced a new instrumental individual motivation. This new motivation reactively 
increases when the agent fails an instrumental interaction or is discouraged by other members. When 
the motivations is filled, the agent steals and sells a gem from the stack, in prejudice of the entire 
group. After selling the gem, the agent instrumental individual motivation is emptied. Finally all reactive 
motivations suffer from a decay over time. This decay depends on agentʼs personality. Imagine that 
the motivation recipient has a hole that is constantly draining its content.

Motivations of the extended SGD Model
To implement the changes to both proactive and reactive processes we described above, we had to 
add different kinds of motivation instead of having only one global motivation as defined for the original 
SGD Model.
 Agents built according to the extended version of the SGD Model have the following types of 
motivation (the long description below is illustrated in table 5.1):

• instrumental proactive group  motivation: increases at regular intervals of time; increases at different 
amounts depending on agentʼs personality and group position;

• instrumental reactive group  motivation: increases as a result of encouragements and successful 
group  interactions; the amount of decay over time depends on agentʼs personality; when the sum of 
the instrumental proactive and reactive group  motivations fill one recipient, the agent is motivated in 
helping the group; both proactive and reactive motivations are emptied after that;

• instrumental proactive individual motivation: increases at regular intervals of time; increases at 
different amounts depending on agentʼs personality and group position;

• instrumental reactive individual motivation: increases as a result of discourages and failures; decays 
over time depending on agentʼs personality; when is filled the agent steals and sells a gem from the 
stack; is emptied after that;

• socio-emotional positive proactive motivation (for each agent in the group): increases to maximum 
value when detects an agent capable of doing something present in its plan;
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• socio-emotional positive reactive motivation (for each agent in the group): increases when a specific 
agent helps the group  and when the agent detects a socio-emotional interaction that is positive from 
its point of view according to Heiderʼs Balance Theory; decays over time depending on agentʼs 
personality; when the sum of the proactive and reactive components fill one recipient, the agent is 
motivated to encourage a specific agent; both proactive and reactive motivations are emptied after 
that;

• socio-emotional negative proactive motivation: is always zero or does not exist;

• socio-emotional negative reactive motivation (for each agent in the group): increases when a 
specific agent obstructs the group  and when the agent detects a socio-emotional interaction that is 
negative from its point of view according to Heiderʼs Balance Theory; decays over time depending 
on agentʼs personality; when is filled the agent discourages a specific agent.

Notice that there is no socio-emotional negative proactive motivation. Perfect Circle is a team 
cooperative game where a group  of agents have the same collaborative task. There is a reason for 
proactively encouraging an agent so it feels motivated to act. It may happen that only one agent is 
capable of executing a skill, so itʼs important to motivate it. On the other hand an agent has no interest 
in proactively discouraging other agents. We decided to leave the socio-emotional negative proactive 
motivation out of this implementation.

5.3.5. Action module
The action module translates the action requests from the behavior module into concrete executions 
of the agentʼs effectors. In the SGD Model and its extended version agents can execute four different 
types of actions: (1) Propose, (2) Agree, Disagree and Join, (3) Execute and (4) Encourage and 
Discourage.
 For the extended SGD Model, the type Execute has a new task action ability that allows 
agents to steal and sell a gem from the stack.
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Table 5.1 - Motivations in the extended SGD Model
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6. Experimental tests and results
In this section we describe some of the experimental tests we made to verify that agents in our 
implementation are behaving like we expected. Agents in Perfect Circle should follow the behavior and 
reaction rules and statements we defined in section 4.
 We begin in section 6.1 by presenting the tools we developed to help us in the experimental 
process. One of the tools was named PCparser and it quick and automatically writes the configuration 
files and group  definition files for several groups that are described in a single file. It can be used to 
immediately create all files needed to run the game in batch mode for analysis of several different 
groups. The other tool, PCeval, analyzes data from log files produced by Perfect Circle and creates 
tables with information that can be easily read and interpreted. It can be used for example to quickly 
compare the group  dynamics and performance of two different groups (eg. how many actions did each 
group need to complete a goal).
 In section 6.2 we present the tests and analyze the results, comparing them with our 
expectations. Finally in section 6.3 we make some remarks about our tests.

6.1. Evaluation tools

6.1.1. PCparser
The PCparser application receives a text file with the description of groups and returns two files for 
each group: (1) the game configuration file for the group; (2) the group  definition file. So if the file has 
the description of 100 groups then PCparser will create 200 files: 100 configuration files and 100 
group definition files.
 All created configuration files are very similar except that each one points to different group 
definition files.
 In the group definition files only the agentsʼ personality differ from file to file.
 The file with the description of groups contains values for membersʼ personalities. Itʼs 
important that this file is written according to the following structure:
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<group1_member1_id>,<neuroticism>,<extraversion>,<openness>,<agreeableness>,<conscientiousn
ess>
<group1_member2_id>,<neuroticism>,<extraversion>,<openness>,<agreeableness>,<conscientiousn
ess>
<group1_member3_id>,<neuroticism>,<extraversion>,<openness>,<agreeableness>,<conscientiousn
ess>
<group1_member4_id>,<neuroticism>,<extraversion>,<openness>,<agreeableness>,<conscientiousn
ess>
<group1_member5_id>,<neuroticism>,<extraversion>,<openness>,<agreeableness>,<conscientiousn
ess>

<group2_member1_id>,<neuroticism>,<extraversion>,<openness>,<agreeableness>,<conscientiousn
ess>
<group2_member2_id>,<neuroticism>,<extraversion>,<openness>,<agreeableness>,<conscientiousn
ess>
<group2_member3_id>,<neuroticism>,<extraversion>,<openness>,<agreeableness>,<conscientiousn
ess>
<group2_member4_id>,<neuroticism>,<extraversion>,<openness>,<agreeableness>,<conscientiousn
ess>
<group2_member5_id>,<neuroticism>,<extraversion>,<openness>,<agreeableness>,<conscientiousn
ess>

(...)

Each group  is separated by a white line and each member by a line break. A member is defined by an 
id and its personality dimensions in a specific order. The member id and personality dimensions are 
numbers separated only by a colon (no white spaces).

6.1.2. PCeval
PCeval is a Java application that analyzes the log files from Perfect Circle and creates CSV files with 
the data organized in tables for easier interpretation.

6.1.2.1. Definitions
Game - a game consists of defined goals that need to be accomplished in order.
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Simulation - a simulation consists of several games.
Character - a character represents one person in real life.
Group - a group has 2 or more teamed up characters that play games.
So, in a simulation, a group of characters play games in which they have to accomplish defined goals 
in a certain order.
 In the following example (figure 6.1), there are 11 groups of 5 characters that played 2 
simulations of 4 games:

Figure 6.1 - Definition of group, simulation, game and character

6.1.2.2. Interpretation
PCeval creates a folder named “eval” inside the logs folder, which in turn contains the following files 
and folders:

• eval
• games
• simulations
• groups
• characters
• relations
• eval.csv

The folder “games” contains a CSV file called <group number>-<simulation number>-<game 
number>.Game.csv for each game. For example, the CSV file of the first game of the second 
simulation played by group  number three is 3-2-1.Game.csv. These files show the time in seconds, 
number of proposals and number of actions necessary to complete this game. Table 6.1 shows an 
example of this kind of file for game number one of simulation number 1 of group number 0.

Character

Group

5

1

Simulation Game
1 2 1 4
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eval/games/0-1-1.Game.csv

Time Proposals Actions

55 8 7

Table 6.1 - Game.csv

The folder “simulat ions” contains a CSV file cal led <group number>-<simulat ion 
number>.Simulation.csv for each simulation. For example, the CSV file of the first simulation of group 
number two is 2-1.Simulation.csv. These files show the number of games, the time in seconds, the 
number of proposals and the number of actions necessary to complete the simulation. Table 6.2 
shows an example of this kind of files for the first simulation of group number 0.

eval/simulations/0-1.Simulation.csv

Games Time Proposals Actions

4 3470 431 342
Table 6.2 - Simulation.csv

The folder “groups” contains a CSV file called <group number>.Group.csv for each group. For 
example, the CSV file of group  number 1 is 1.Group.csv. These files show the number of simulations 
played by the group; the total time in seconds, total number of proposals and actions to complete all 
simulations; and the average time in seconds, average number of proposals and actions to complete 
one simulation. Table 6.3 shows an example of this kind of files for group number 0.

eval/groups/0.Group.csv

Simulation
s

Time Average 
Time

Proposal
s

Average 
Proposal

s

Actions Average 
Actions

2 6775 3387.5 739 369.5 594 297
Table 6.3 - Group.csv

The folder “characters”  contains a CSV file for each character. These files show the characterʼs 
motivation and social relationʼs (influence, attraction and group  position) values at the end of each 
game. Table 6.4 shows an example of this kind of files for character Ana.
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eval/characters/Ana.csv

Group Simulation Game Motivation ...

0 1 1 100 ...

0 1 2 65 ...

0 1 3 100 ...

0 1 4 88 ...

0 2 1 67 ...

... ... ... ... ...

Table 6.4 - Character.csv

The folder “relations” contains the files “attraction.csv”, “groupPosition.csv”, “influence.csv”  and 
“motivation.csv”. These files show the average of characterʼs motivation and social relations 
(influence, attraction and group  position) values at the end of each game for each  character in each 
group. Table 6.5 shows an example of this kind of files for motivation. Notice from Table 6.4 that Ana at 
the end of the first game in simulation 1 had 100 of motivation but in the second simulation, for the 
same game, she only had 67 of motivation. Since (100 + 67) / 2 = 83.5, the value of the cell in the 2nd 
Row - 3rd Column equals 83.5.

eval/relations/motivation.csv
Group Character motivation

Game1
motivation

Game2
motivation

Game3
motivation

Game4

0 Ana 83.5 82.5 100 94

0 Beatriz 77 72 77.5 100

0 Carlos 61 74 100 100

0 Duarte 47.5 100 100 100

0 Ema 59 100 100 100

... ... ... ... ... ...
Table 6.5 - Motivation.csv

The file “eval.csv” shows the average time in seconds, the average number of proposals, the average 
number of actions and the performance of each group. It also shows the average performance and its 
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standard deviation of all groups. Performance is calculated by (3600 / Time) + 5 x (Actions / 
Proposals). Table 6.6 shows an example of this kind of files.

eval/eval.csv

Group Average Time Average 
Proposals

Average 
Actions

Performance

0 3387.5 369.5 297 5.081675

1 698.5 172.5 99.5 8.037959

2 1332.5 217 148.5 6.123348

3 1205 176 136 6.851188

... ... ... ... ...

Average performance: 6.887694624667973Average performance: 6.887694624667973Average performance: 6.887694624667973Average performance: 6.887694624667973Average performance: 6.887694624667973

Standard deviation performance: 0.9413214153510935Standard deviation performance: 0.9413214153510935Standard deviation performance: 0.9413214153510935Standard deviation performance: 0.9413214153510935Standard deviation performance: 0.9413214153510935
Table 6.6 - Eval.csv

6.2. Tests and results
We describe in this section two tests that show how agents built according to the extended version of 
the SGD Model behave. The results were obtained from analyzing the logs created by Perfect Circle. 
We draw some conclusions after comparing the results and our previous expectations, according to 
statements in section 4.

6.2.1. Personality dimensions test
We pretend in this test to analyze how each dimension of personality influences behaviors and 
reactions in our implementation.

Group composition
A group  of 5 agents with personalities specified in table 6.7 run the game Perfect Circle in simulation 
mode for 10 minutes.
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Extraversion Agreeableeness Conscientiousness Neuroticism Openness
Ana
Beatriz
Carlos
Duarte
Ema

1 1 1 1 100
1 100 1 1 1
1 1 100 1 1
1 1 1 100 1

100 1 1 1 1

Table 6.7 - Group composition in personality dimensions test

Session history
From table 6.8 we can see how many interactions of each type agents had during the game session.

Encourag
e

Discourag
e

Agree Join
Disagre

e

Instrumental 
Group 

Success

Instrument
al Group 
Failure

Sell

Ana
Beatriz
Carlos
Duarte
Ema

0 0 10 1 1 7 0 5
1 0 4 5 0 11 0 1
1 0 14 1 3 1 0 4
1 0 15 0 3 0 0 4
19 0 15 0 0 3 0 1

Table 6.8 - Number of interactions during the game session

Ema is the extroverted agent. Although it was expected several instrumental interaction, it only has 3. 
Notice however the high amount of encouragements. Those are from several planning processes that 
found the best action and agent with the required ability. If we take into account this number of 
encourages, Ema is the most active agent as we expected.
 Beatriz is the agreeable agent. Table 6.8 shows a high level of engagement in instrumental 
group  interactions. Beatriz is also the agent with the most joined actions. Everything worked correctly 
according to our model (section 4.1).
 Carlos is the most conscious. Itʼs not very clear from table 6.8 to understand how 
conscientiousness influenced Carlos behavior. But we can make an interesting deduction. Carlos is 
one of the agents with the higher number of sold gems. Conscientiousness has a role regarding 
reaction to instrumental group  interactions. The agent has one succeeded group  action but saw other 
twenty one, so it feels with lower influence over all other members. Its group  position got lower and its 
individual motivation increased.
 Duarte is very neurotic. It has a weak opinion about itself and this reveals in having no kind of 
group  participation from Duarte. Consequently, other members donʼt feel attracted to this agent and its 
influence over others is very low. This agent would rather sell gems from the stack than help the group 
in its quest.
 Ana is very open. As expected is the agent that sold more gems.
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Social relations
Because of the unusual values of personality and almost inexistent socio-emotional interactions we 
canʼt present with this test valid conclusions regarding social attraction between agents. We can 
however show some graphs that illustrate how the social influence evolved for an agent. The two more 
relevant are Beatrizʼs and Duarteʼs social influences over other members. We expect the first one to 
rise and the second one to lower with time. Figures 6.2 e 6.3 shows that we are right and the 
implementation is working correctly.

Figure 6.2 - Beatrizʼs influence over Ana from Anaʼs point of view

Figure 6.3 - Duarteʼs influence over Ana from Anaʼs point of view

Motivations
According to the model, group instrumental motivation increase more drastically on extroverted agents 
than on open agents. Individual motivation works opposite. The following four figures shows what we 
had expected.
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Figure 6.4 - Changes of Emaʼs group motivation   Figure 6.5 - Changes of Emaʼs individual motivations

Figure 6.6 - Changes of Duarteʼs group motivation  Figure 6.7 - Changes of Duarte ʼs individual 
       motivation

Agreeable agents like Beatriz also engage frequently in group interactions, but agreeableness is less 
relevance than extraversion when considering the frequency of interactions. Compare the following 
figure 6.8 with figure 6.4.

Figure 6.8 - Changes of Beatrizʼs group motivation
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Variations of positive and negative socio-emotional motivations in this test are not very conclusive 
because of the unusual personalities.

6.2.2. Real group test
In section 6.2.1. we tested and analyzed how each dimension of personality works individually. In this 
section 6.2.2. we put our model and implementation to test when we consider a real group description.

Group composition
The following group of 5 agents was obtained from a real world personality test.

Extraversion Agreeableeness Conscientiousness Neuroticism Openness
Ana
Beatriz
Carlos
Duarte
Ema

64 52 81 37 62
61 55 57 40 67
41 87 29 61 78
36 55 14 44 99
85 32 64 14 62

Table 6.9 - Group composition in personality dimensions test

Session history
From table 6.10 we can see how many interactions of each type agents had during the game session.

Encourage Discourage Agree Join
Disagre

e

Instrumental 
Group 

Success

Instrumental 
Group 
Failure

Sell

Ana
Beatriz
Carlos
Duarte
Ema

6 0 8 3 16 20 0 0
2 0 7 18 16 20 0 2
2 0 8 13 15 20 0 2
11 0 29 4 5 4 1 3
16 2 30 0 1 3 2 3

Table 6.10 - Number of interactions during the game session

Itʼs more difficult to make relations with personality and interactions when every personality dimension 
is in play. However, there are still some clear evidences that both models and implementation are 
working as supposed. For example, Ema is the most extroverted agent and is the most active; Carlos 
is very agreeable and has joined a high percentage of the interactions; the more open agent in this 
case is Duarte and is one of the agents that sold more gems.
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Social relations
Regarding social relations, social influence have the same kind of behavior we described in the 
previous test. In this section we take a look at social attraction instead. From Emaʼs personality 
dimensions (high extraversion and low neuroticism) we can expect positive drastic changes and 
slower negative changes in attraction (figure 6.9).

Figure 6.9 - Changes of Emaʼs attraction for Carlos

Motivations
Group and individual motivations have the same behavior we described in our previous personality 
dimensions test (section 6.2.1).
 Figures 6.10 and 6.11 represent the variations of the socio-emotional positive and negative 
motivations for agent Ema respectively.

Figure 6.10 - Changes in positive   Figure 6.11 - Changes in negative socio-
socio-emotional motivation for Ema  emotional motivation for Ema

There are bigger changes to the positive motivation because Ema is extroverted and very stable (low 
neuroticism). It is what we expected and follows the rules in section 4.1.
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6.3. Remarks
From this brief study we can only conclude that our implementation of the extended version of the 
SGD Model is working correctly. Agents with diverse personalities are behaving differently but 
according to rules described in section 4. Additional experimental tests with human users are required 
to evaluate the gaming experience, satisfaction and group identification compared to the original 
model.
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7. Conclusions

7.1. Synthesis
Researchers identified personality as one of the most important requirements for
believable and credible synthetic agents. By modeling a personality system in the agent's
architecture we can bring the illusion of life to users, suspending their disbelief for more
time, decreasing boredom and increasing usability of computer systems.
 The SGD Model was built by Prada (Prada, 2005) to provide users a believable environment 
where synthetic agents engage in collaboration with human users. Despite the good experimental 
results that show high levels of believability, group  identification and game satisfaction, the model 
presents a weak personality system composed of only two dimensions. Regarding this fact, we 
considered reasonable and possible that even higher levels of believability were possible if we 
improved the personality system.
 Our work proposes an extension to the original SGD Model. We modeled a complete 
personality system based on the Five-Factor Model (McCrae et al., 1996) by changing the existing two 
dimensions (extraversion and agreeableness) and introducing the three remaining personality traits 
(conscientiousness, neuroticism and openness). The extended version of the model presents major 
changes at the group and interaction levels of knowledge and also at the planning and reaction 
processes. In addition to that, we also introduced a new feature to the model that solves the problem 
regarding very high levels of cohesion. It consists of a new type of motivation that controls the agent's 
desire in engaging in individual selfish actions and a new action that fulfill this desire.
 We implemented our version of the model on the computer game Perfect Circle to test if 
agents show the expected behaviors and reactions to socio-emotional and instrumental interactions. 
To help  in our evaluation, we developed statistical tools that can analyze data from logs and create 
tables with information. Results from our experimental tests show that agents behave and react 
according to their personality. We consider that the system is ready to be tested with human users so 
we can evaluate and compare the original and extended versions of the SGD Model. The extended 
version should provide a better experience, better group  identification and high levels of satisfaction 
and believability to users.

7.2. Future work
From the topics identified by Prada in his work (Prada, 2005) we studied and implemented a solution 
regarding Group  cohesion. From the evaluation, Prada noticed that users seem to prefer the 
interactions of group with a lower level of cohesion.
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 Even the extended version of the SGD Model uses a simplified view of reality and of the group 
process. There are many aspects of the group dynamics that could be further explored. It would be 
interesting to have dynamism on group  compositions, where agents could join and leave a community 
of groups. Slowly over time groups would be composed of compatible agents and users, increasing 
their performance. Imagine also if agents could engage in communication interactions, for example to 
express emotions. Instead of having only a personal view of our social relations with others, agents 
could also deduce from expression of emotions how other members feel about the group and itself.
 Planning is an important process in the SGD Model. It dictates the “course of history”. It would 
be interesting to have a relation between planning and personality. Some agents could for example 
search deeply for solutions while others prefer simple things.
 The function that changes social relations can also be improved. It will be nice to have a 
function that changes depending on the time agents know each other. In the beginning of a 
relationship  values would change more drastically, and with time this change would become calm 
almost neutral.
 Although we implemented an individual action there is no profitable reason for a human user 
to sell a gem. The game needs some kind of reward that motivates this kind if action. Individual 
motivation currently leads to sold gems but it would be also interesting to see this motivation and 
personality influence the agentʼs decision in continuing an instrumental group action even if in the 
negotiation process its proposal is denied.
 With five dimensions of personality to play with, the personality system of the extended 
version of the SGD model can become quite complex. Maybe implementing a personality system with 
the same five dimensions, but based on De Raadʼs model (De Raad, 2000) (see section 2.4) can 
simplify it.
 At last but not least, the model and the implementation needs further evaluation with human 
users to test if the extended SGD Model provides a more believable and better experience to users.
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