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ABSTRACT 

The computer gaming industry is currently a multi-billion 

euro industry. However, computer games still lack in 

some aspects, namely in the use of the environment as a 

storytelling element.  

A system was developed with the goal of using the 

environment to provide observers with more information 

about what is going on in the story. This system was also 

developed with the goal of being applicable to most 

virtual storytelling worlds including multiplayer games. 

 

1. INTRODUCTION 

1.1. MOTIVATION 

In today‟s world, computer games have taken an 

important role in our economy. In 2007 the computer 

game industry in United States of America grew 6% and 

took in about USD $9.5 billion [1], with games such as 

World of Warcraft [2] having nearly 10 million active 

users [3] for example. 

Art forms such as cinematography, photography, painting 

or even storytelling use environments as one of the most 

powerful elements in telling a story [4] [5] [6] [7]. In spite 

of this fact, computer games present mostly static 

environments, this is to say that all elements of the virtual 

world that are not directly involved in the main action (the 

environment) remain unchanged throughout the course of 

the game or change in specific points of the storyline.  

1.2. THE PROBLEM 

How can we control virtual environments in a way that 

improves the telling of a story?  

We first look at what makes an environment improve the 

telling of a story. The main objective of every story is to 

transmit information between a storyteller and an 

audience in the most entertaining form possible. 

When telling a story, if the storyteller describes the 

environment in which the story is happening the audience 

can visualize what is happening and the story experience 

becomes more involving for the audience. When the story 

is told with a description of the environment the audience 

is drawn into the virtual world.  

In order to tell our story with a rich employment of the 

environment, we have to address several issues: 

 How to control the virtual environment? Our 

approach uses an intelligent agent architecture based 

system that will embody the virtual environment.  

 How to manipulate the environment? An 

environment has an almost infinite number of 

variables that can be manipulated. Each object in the 

environment occupies a space, has a color, a pattern, 

a shape, a movement. The combination of two 

objects generates new variables. Whether the objects 

contrast or show affinity in any of the other 

characteristics. 

 

We have other objects that combine the variables of 

regular objects with special characteristics that 

influence the way other objects are seen. Examples of 

such objects are lights. Lights combine the variables 

of regular objects with the possibility of illuminating 

other objects. In order to define what subset of 

variables to choose from we will look at other forms 

of art that have been manipulating environments to 

tell stories for decades. 

Figure 1 - Shape Affinity between Two Objects 
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 How the changes made to the environment affect the 

audience? Along with defining what set of variables 

should be manipulated in the environment we must 

know what effect these changes have on the audience. 

When environment variable values change a great 

deal over time, environment states contrast. When 

environment variable values change very little or 

don‟t change over time, environment states show 

affinity. 

The more contrast a sequence of shots shows, the 

more visually intense the scene will be [5]. It is our 

hypothesis that the more intense a scene is the more 

tension it provokes on the audience. Tension can be 

defined as the audience‟s stress level in reaction to 

the intensity of the scene [8]. 

2. PRESENCE 

Presence can be defined as the phenomenon of a virtual 

world being experienced by the audience as a real place 

[9] [10]. To understand what makes an environment 

improve observer involvement we first explore the 

concept of presence 

Presence can be achieved by creating worlds that function 

according to what the observer expects and is familiar 

with. This means that, if you have a virtual world that 

functions in a way that is not lifelike but you familiarize 

the audience with its rules of functioning, the audience 

would still maintain high levels of presence even when 

they are faced with unrealistic events. 

Unrealistic techniques that are familiar to the audience 

such as a film‟s musical score or stage lighting 

manipulation can improve the understanding and 

involvement in the story and not only, not go against the 

expectations of the audience but reinforce and support 

them. 

3. LIGHTING TECHNIQUES 

As outlined in many film books [5] [6] [7], movies use 

several color and lighting techniques to create a desired 

effect based on the director‟s style.  

Several movies use contrast between shots to evoke 

arousal [5] [6] [7]. For instance, filmmakers use warm 

colors in one shot then cool colors in the other, thus 

forming a warm/cool color contrast between shots to 

reflect a decrease in dramatic intensity. Color warmth is 

calculated by Katra and Wooten described in [24] using 

linear regression method in RGB color space as follows: 

 

 
 

Equation 1 - Color Warmth Calculation 

These were the patterns identified by El-Nasr, M. In his 

work [8]: 

Pattern I 

Subjecting audience to affinity of high saturated colors 

(where high saturation ranges from 70% to 100%) for 

some time increases projected tension  

Pattern II 

Subjecting audience to contrast in terms of high saturated 

then low saturated colors (where saturation ranges from 

100% to 10%) over a sequence of shots decrease 

projected tension 

Pattern III 

Subjecting audience to contrast in terms of low saturated 

then high saturated colors (where saturation ranges from 

10% to 100%) over a sequence of shots increase projected 

tension 

Pattern IV 

Subjecting audience to contrast in terms of high 

brightness then low brightness (where brightness ranges 

from 100% to 10%) over a sequence of shots increase 

projected tension 

Pattern V 

Subjecting audience to contrast in terms of low brightness 

then high brightness (where brightness ranges from 10% 

to 100%) over a sequence of shots decrease projected 

tension 

Pattern VI 

Subjecting audience to contrast in terms of warmth then 

cool colors (where warmth ranges from 100% to 10%) 

over a sequence of shots decrease projected tension 

Pattern VII 

Subjecting audience to contrast in terms of cool then 

warm colors (where warmth ranges from 10% to 100%) 

over a sequence of shots increase projected tension 

Pattern VIII 

Subjecting audience to increase of brightness contrast 

subjected in a shot (where brightness contrast is measured 

in terms of difference between bright and dark spots in an 

Figure 2 - Shape Contrast between Two Objects 
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image) over a sequence of shots increases projected 

tension 

Pattern IX 

Subjecting audience to decrease of brightness contrast 

subjected in a shot (where brightness contrast is measured 

in terms of difference between bright and dark spots in an 

image) over a sequence of shots decrease arousal. 

Pattern X 

Subjecting audience to increase of warmth/cool color 

contrast subjected in a shot (where contrast is measured in 

terms of difference between warm and cool spots in an 

image) over a sequence of shots increases projected 

tension. 

Pattern XI 

Subjecting audience to decrease of warmth/cool color 

contrast subjected in a shot (where contrast is measured in 

terms of difference between warm and cool spots in an 

image) over a sequence of shots decreases projected 

tension. 

4. FRAMEWORK 

Film making is the art that is, arguably, the most 

advanced in the use of techniques that improve observer 

involvement. For this reason we took inspiration in the 

processes used in this art. These processes have evolved 

over time to create environmental setting that will tell the 

story of the script in a way that is most involving to the 

observer. 

The film director has the responsibility of making the 

movie happen. He constructs his own understanding of 

the script into an idea of a movie commonly referred to as 

the director‟s “vision”. More concretely, we define vision 

as the information (processed data) deemed relevant to 

build the story that the film director draws from the script. 

Film making is a unilateral process in which there is no 

observer interaction in the story. Since our goal is to 

develop a system that employs the processes and 

techniques involved in film making, and uses them in 

interactive scenes, the inspiration that can be drawn from 

film making is limited. Our system will not work only 

with predetermined environments. It must continually 

understand the scene, update the film director‟s vision and 

apply the changes to the environment in order to reflect 

this updated vision. 

4.1. FILM INDUSTRY APPROACH 

The process starts with the production of a script. After 

that, the film director reads the script and builds a plan of 

what story he wants to tell and how he wants to tell it. In 

the following step the film director transmits to the 

cinematographer his vision. Based on the film director‟s 

vision the cinematographer manipulates the environment 

to produce the visual style that fits the film director‟s 

requirements. Finally, while the observer watches the 

movie, the environment contributes explicitly or covertly, 

to the understanding of the story and to the observer‟s 

interest in this story. Figure 8 is a diagram of the 

described process. 

 

4.2. TENSION EVENTS 

We previously defined tension as the audience‟s stress 

level in reaction to the intensity of the scene [8]. If it is 

apparent to the audience that an important event will 

happen, the audience‟s tension levels will rise. The more 

eminent the event is and the bigger its relevance is to the 

observer the bigger the tension caused by it.  

 

Tension can be used by film directors to different effects. 

We will proceed to describe the four effects in which 

tension is used that were considered. 

 

Event Build-Up 

 
In an event build-up, information is given to the observers 

that lead them to believe that important event is going to 

happen before the event actually happens.  

 

Surprise Event 

 

Event 

Figure 5 - Surprise Event Graphic 
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Figure 4 - Event Build-Up Graphic 
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In these scenes, information is kept from the observers to 

believe nothing important will happen until the last 

moment before the event.  

 

False Event Build-Up 

 
In a false event build-up the observers are are given 

information hinting that an important event is going to 

happen when in fact it is not 

 

Event Resolution 

 
In event resolution information is given to the observers 

that leads them to believe that the important event that 

occurred has been resolved 

4.3. THE GAIA APPROACH 

The main difficulty in applying the film industry approach 

in our system is that in an interactive world there is no set 

script of the story. The film director entity has to construct 

an understanding of a continually changing story. Then, 

whenever his vision for the current scene changes he has 

to update the cinematographer entity with his new vision 

for the scene. It is then the cinematographer‟s 

responsibility to continually update the environment to fit 

the film director‟s vision. 

 

 
 

Film Director 

Taking inspiration from the film industry approach, our 

system employs a film director entity that has the task of 

producing a vision for the scene. From the vision, we 

restricted the production of the film director to the 

Implicitly Transmitted Information. This ITI is a sub-set 

of information that the director wants to be transmitted 

implicitly. This simplification was brought on because the 

control of the environment, as is our objective, is done 

with the recourse to only the ITI.  

 

Cinematographer 

The cinematographer entity is being continually updated 

of the film director‟s vision. It is the cinematographer‟s 

responsibility to manipulate the environment in such a 

way that passes to the observer the information present in 

the film director‟s vision that is not transmitted otherwise. 

 
By taking inspiration in the Film Industry we designed a 

framework based on a process that has been proven to 

produce involving environments that improve the telling 

of a story. Building on this concept, we hope we managed 

to arrive at a design that is usable in a large set of virtual 

environments. 

5. IMPLEMENTATION 

In order to implement our concept we turned to an 

intelligent agent architecture. This architecture is 

composed of two agents and a module external to the 

agents. The two agents have different valences and they 

cooperate to achieve the desired effect. By using this 

approach we manage a very direct translation from the 

concept space to the implementation space. The first agent 

will interpret the role of the Film Director, and the second 

will interpret the role of the Cinematographer. The 

external module ITI Adjustment allows the application 

making use of our system to have some control over the 

tension representation.  

 

5.1. FILM DIRECTOR 

The main objective of the Film Director agent is to 

produce a Vision of the current events of the world. By 

measuring the level of accomplishment of the character‟s 

Manipulatio
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Figure 8 – Environment Control with the Gaia System 
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objectives the Director agent constructs his vision of the 

story, in a world that is not pre-determined by a script. 

 
Character Objectives 

The character‟s objectives must be concretely defined in 

order for a virtual world to be able to employ our system. 

Concrete indicators of the level of accomplishment of 

these objectives must be defined.  In order to define the 

indicators, three types of values can be used: 

 World variables - The health of the main character, 

the availability of “power-ups” in the virtual world, 

the speed and direction of the main character, are 

examples of world variables; 

 The result of the indicator in the previous calculation; 

 The way the values are evolving through time - By 

applying an Emotivector [11] to either one of the 

other two value types, we can use an expectation of 

how the value should evolve. 

The Emotivector gives us an expectation of the value 

evolution and the relationship between that expectation 

and the actual value 

 
The Emotivector defines nine relationships between the 

expectation and the actual value in a model named by the 

Martinho, C. in his work [11]. The “Nine-sensation 

model: In the figure, R stands for reward and P for 

punishment. The first line shows possible outcomes when 

the Emotivector is expecting reward: „significantly better 

than expected‟, „better, as expected‟, and „significantly 

worse than expected‟. The use of an error margin allowed 

five new sensations (represented by darker cells) to be 

introduced. From top to bottom, and left to right, they are: 

„reward is as good as expected‟, „unexpected reward‟, „no 

significant reward nor punishment, as expected‟, 

„unexpected punishment‟, and „punishment is as bad as 

expected‟. [11] 

The film director can construct his vision focusing on a 

character as the main character. This means that, in a 

multiplayer world, the environment fits each observer‟s 

context. The environment can be different to each 

observer in the same world because the level of 

accomplishment of each observer‟s focus character is 

different. For example, two observers playing some real 

time strategy game against each other, one can see a very 

bright, colorful environment while the other sees the same 

environment as very dark and grey. 

Our system allows to seamlessly and dynamically change 

the character in focus. An observer can see the same 

interaction “through the eyes” of different characters. For 

example, in a storytelling environment telling the story of 

Little Red Riding Hood [12], when the wolf is eating 

Little Red Riding Hood‟s grandmother the environment 

can show a lot of tension if the film director is focusing 

on Little Red Riding Hood. But the same event can show 

very little tension if the film director is focusing on the 

Big Bad Wolf. 

5.2. CINEMATOGRAPHER 

The objective of the Cinematographer agent is to produce 

a representation of the Film Director agent‟s objective 

indicators by using variables available in the environment. 

From these indicator values a tension value is calculated 

and from this tension value the environment is 

manipulated. This manipulation is done according to a 

mapping defined previously as a requirement for the use 

of our system. The mapping consists of a set of functions 

that define how each of the environmental variables 

changes with tension values. 

5.3. IMPLICITLY TRANSMITTED 

INFORMATION (ITI) ADJUSTMENT 

It was previously explained that film directors use ITI to 

produce tension in four different event types. Two of 

these event types are directly invoked through the use of 

the Implicitly Transmitted Information drawn from the 

world (Event Build-Up and Event Resolution). However, 

The Surprise Events and the False Build-Up Events would 

require the Film Director to give ITI that goes against the 

events occurring in the world. Because of this need for 

knowledge beyond that stemming from the world, we 

developed an extra module. 

The ITI Adjustment module allows for the application 

making use of our system to introduce ITI values directly 

into the cinematographer agent. These values will take 

priority over those coming from the film director agent. 

Figure 10 - Relationship between the Emotivector Calculated Expected Value 

and the Actual Value (Table Originally Found in [11]) 
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6. CASE STUDY 

To make a case study for our system, we applied it to an 

existing project. “FearNot!” [13] is currently being 

developed by GAIPS – Intituto Superior Técnico 

(Intelligent Agents and Synthetic Characters Group). 

FearNot! is a Virtual Learning Environment inhabited by 

autonomous agents that create an emergent narrative. The 

contents of that narrative are a story that aims to teach the 

children about the problems of bulling.[42] 

6.1. CHARACTER OBJECTIVES INDICATORS 

FearNot aims at reducing the effects of bullying in school 

children. In light of this objective we defined the main 

objective for the character as “being as happy as 

possible”. This objective has different sub-objectives 

depending on the type of actor. A “bullying victim” actor 

has the sub-objective of “not being bullied”, where a 

“bully” actor has the sub-objective of “bullying”. 

 

Equation 2 - Objective Indicator in FearNot 

To explain the equation let us look at its components: 

  - is a value that varies between minus ten (-

10) and ten [6] and refers to the mood of the actor 

“x”, the higher the value the better the mood; 

  - is a value that varies between minus ten 

(-10) and ten [6] and refers to how much actor x likes 

actor y. The like value of a character for itself is 10; 

  - is a character, it is in he that the 

Equation focuses; 

  - refers to the number of characters; 

Therefore, the indicator was done as an average of the 

mood of each character multiplied by how much the main 

character likes him.  

6.2. WORLD VARIABLES USED FOR 

INDICATOR CALCULATION 

Having defined the indicator for the character objectives 

we can draw what world variables are used to calculate it. 

The variables used are the following: 

 The mood of the main character; 

 The list of moods of all the other characters; 

 The list of “like” relationships between the main 

character and every other character. 

6.3. TENSION CALCULATION FROM 

OBJECTIVE INDICATOR 

The objective indicator generates a value relating how 

close the character is to his objective. In this case the 

closer the character is to his objective the smaller the 

tension value is. The range of the indicator varies between 

minus one and one. Therefore the tension calculation from 

indicator was expressed by an equation presented here as 

Equation 3.  

 

Equation 3 - Tension from Indicator in FearNot 

6.4. ENVIRONMENT VARIABLES USED FOR 

TENSION REPRESENTATION 

The environment variable used for tension representation 

was the lighting in the world. The illumination was set to 

vary in inverse proportionality to the tension value. The 

darker the environment became, the more tension it 

generated. This definition was based on research done on 

cinematic techniques presented in section 3, namely 

patterns IV and V. 

7. EVALUATION 

This experiment was done to test the plausibility of our 

implementation of an architecture designed to controls 

virtual environments in the context of the FearNot case 

study. Three questions were pivotal to our 

implementation: 

 Can we influence perceived tension through the use 

of just illumination variation? (Does the increase in 

brightness lessen perceived tension? Does the 

decrease in brightness heighten perceived tension?) 

 Can we improve observer understanding of a story by 

conveying Implicitly Transmitted Information? 

 Can we influence perceived tension through the use 

of Implicitly Transmitted Information when there is 

non-neutral Explicitly Transmitted Information 

present? 

The experiment was divided into two parts with two sets 

of objectives. The objective behind the first part was to 

determine if the variation in illumination had any 

relationship with two things: the evaluation of the 

positive/negative nature of the characters and the tension 

associated with the characters. The objectives behind the 

second part were to test if the manipulation of the 

environment done by our system gave the observers a 

better insight into the underlying Implicitly Transmitted 

Information and if the observers‟ experienced tension is 

influenced in anyway by our system. 

7.1. FIRST PART 

The first part of our experiment consisted of the 

presentation of four short movies (20 seconds long). In 

these movies two characters introduced themselves. 

At the end of each movie the subjects were asked what 

they thought the character was feeling during the movie. 

An individual question was made for each emotion the 
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characters‟ minds registered in the scenes and all of them 

had to be answered. 

The four movies were randomly selected from five 

possible movies each with different illumination 

combinations. The factors that varied between the movies 

were: 

 The illumination at the beginning of the scene; 

 The illumination when the first character appears in 

scene; 

 The illumination when the second character appears 

in scene. 

7.2. SECOND PART 

In the second part of our experiment, the subjects were 

shown a movie (about 1 minute long). In this movie an 

interaction between three characters occurs. After the 

movie is shown the subjects were asked what amount of 

tension they would say the scene had and how much 

tension they would say existed between the three 

characters. Finally, it was asked to describe the emotional 

state of each one of the three characters using the Geneva 

Emotion Wheel [14]. 

The movie shown to the subjects was randomly selected 

from three possible movies keeping the number of times 

each movie was shown equal. The movies were 

equivalent except for the use of our system.  The three 

versions were: 

 Without the use of our system; 

 With the use of our system; 

 With the use of our system but using inverse values 

for tension. 

7.3. RESULTS 

To the question: “Can we influence perceived tension 

through the use of just illumination variation?” the 

statistical analysis of our data led us to believe that there 

is an inverse correlation between the illumination 

variation and the tension evaluation of the characters. This 

is to say that when the characters appear on scene if the 

illumination brightness increases the tension will be 

reported as lower, while if the illumination brightness 

decreases the tension will be reported as higher. 

To the question: “Can we improve observer 

understanding of a story by conveying Implicitly 

Transmitted Information?” our analysis of the results 

pointed out that there is a closer relationship between the 

perceived emotional states of the characters and their 

actual values within the FearNot system when our 

implementation is in use. Meaning that, observers have a 

better understanding of the information that is not 

explicitly represented (such as the character‟s emotions) 

when our system is in place representing that information 

implicitly. 

Finally we asked: “Can we influence perceived tension 

through the use of Implicitly Transmitted Information 

when there is non-neutral Explicitly Transmitted 

Information present?” To this question, statistical 

analysis of our data answers that with the use of our 

system the correlation between the tension values 

calculated by our system and the tension reported by the 

test subjects is much higher in the two event types that 

were represented in the movie, Build-up events and Event 

Resolution events. Meaning that observers that watch a 

scene where our system is in place, experience tension in 

a proportional way to the tension our system represents in 

these two event types. 

8. CONCLUSION 

By taking inspiration in the Film Industry we designed a 

model based on a process that has been proven to produce 

involving environments that improve the telling of a story. 

Building on this process we managed to arrive at a design 

that may be usable in a large set of virtual environments.  

We hope the framework we described is applicable, 

without any need for adjustments, to virtual environments 

ranging from simple storytelling environments, through 

single player games, all the way to online multi-player 

games. We believe that this framework constitutes an 

innovative view on virtual environment control that will 

lead to improved immersion factor of the virtual 

environments it is applied to, fruit of its simple but robust 

concept. 

From this framework, an architecture was designed. With 

this architecture, we believe the objective of improving 

the way stories are told in potentially any virtual world 

was achieved.  

By filling out a small number of requisites our system can 

be immediately applied to practically any virtual 

environment. The requirements are the following: 

 Definition of the character objective indicators; 

 Enumeration of the world variables used for the 

calculation of the indicators; 

 Definition of how the tension value is calculated from 

the indicators; 

 Enumeration of the environment variables used to 

represent the tension and how they vary in relation to 

the tension value. 

By implementing a framework based in the processes 

used in the film industry we were able to employ some of 

the industry‟s commonly used techniques. Our framework 

was based in film industry processes where the 

environment is predetermined by a script. Despite this 

fact, we built a system that can be applied to interactive 

and/or multiplayer environments in the same way it can 

be applied to predetermined environments. Our system 

adds to these already interesting characteristics two 

excellent qualities: 

 Possibility of having different points of view in the 

same virtual environment. Implicitly Transmitted 

Information is generated in a character oriented 



8 de 8 

manner. Therefore we can seamlessly switch between 

character‟s points of view. 

 Possibility of using the four different event types 

used in the film industry. In addition to two event 

types autonomously employed by our system we 

included a mechanism that allows the application our 

system is integrated in to invoke Surprise Events and 

False Build-Up Events when required. 

In order to case study our implementation we applied our 

system to the FearNot virtual world. Our system has the 

potential to significantly improve the effectiveness of the 

bullying reduction effect of FearNot. By providing more 

information on the characters‟ internal states observers 

feel more immerse in the action and therefore more likely 

to interiorize the lessons to be learnt from FearNot. 

Finally, an implementation evaluation was done in the 

scope of this work. This evaluation left grounds for a 

good deal of optimism in what relates to the effectiveness 

of our implementation in fulfilling its objectives. 
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