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Abstract 

Stories form an integral part of our lives. Interactive storytelling enables the participant to 

actively explore the story world. However, traditional interactive stories has certain 

limitations such as allowing the user to experience the story from only one perspective and 

having rather limited narrative with only a transition in time. 

The virtual identity approach for authoring interactive stories allows the creation of several 

virtual identities through the eyes of which a user can experience the virtual world. 

Therefore, one model can be used to create several interactive stories where the story world 

adapts according to the virtual identity. 

This thesis focuses on the creation of engaging interactive stories out of the same virtual 

environment for different users by addressing issues such as gender, age and cultural 

background and for different application areas such as Culture and Education. An interactive 

storytelling tool is created that can be used to create interactive stories with the virtual identity 

authoring approach. By using the interactive storytelling tool, the interactive stories can be 

adapted for different audiences. Therefore, interactive storytelling can become a powerful 

tool in education and culture to teach people more about certain information, e.g. cultural 

artefacts. 
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•Opsomming 

Stories maak In integrale deel van ons lewens uit. Interaktiewe stories stel die deelnemer in 

staat om die storiewereld op In interaktiewe wyse te verken. Tradisionele interaktiewe stories 

het egter sekere tekortkominge, soos byvoorbeeld dat hulle slegs die gebruiker toelaat om die 

storie van een oogpunt te ervaar en dit het 'n redelike beperkte storielyn met slegs 

transfonnasie in tyd. 

Die virtuele-identiteitsbenadering vir interaktiewe stories stel In mens in staat om verskeie 

virtueIe identiteite te ontwikkel sodat die gebruiker die virtuele wereld ervaar deur die oe van 

die spesifieke identiteite. 

Hierdie tesis fokus op die ontwikkeling van interaktiewe stories vanuit dieselfde virtue Ie 

model vir verskillende gebruikers deur eienskappe soos geslag, ouderdom en kulturele 

agtergrond in ag te neem, asook vir verskillende toepassingsgebiede soos byvoorbeeld kultuur 

en opvoeding. In Interaktiewe storie-ontwikkelingsprogram is ontwikkel wat die gebruiker in 

staat stel om interaktiewe stories te ontwikkel met die virtuele-identiteitsbenadering. Deur die 

gebruik van die interaktiewe storie-ontwikke1ingsprogram, kan die interaktiewe stories 

aangepas word vir verskillende gehore. Dus kan interaktiewe stories In baie belangrike rol 

speel in opvoeding en kultuur om mense meer te leer oor sekere onderwerpe, soos 

byvoorbeeld kulturele objekte. 

Tesis studieleier: Prof. V. Lalioti 

Department Rekenaarwetenskap 
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Chapter 1 

"The story was the bushman's most sacred possession. These people knew what we do 

not; that without a story you have not got a nation, or culture or civilization. Without 

a story ofyour own to live, you haven't got a life ofyour own. " 

Laurens van der Post [42] 

Introduction 

Stories form an integral part of our lives. As children we hear about fables where the prince 

and princess live happily ever after and we dream of the day that our prince will appear in our 

lives and take us off into the sunset. Our grandparents tell us stories about their youth and we 

can see their longing to once again relive old times. We hear stories telling about legends and 

stories that capture our culture as it is passed along from generation to generation. Indeed, 

stories have a big influence on our lives. 

Interactive storytelling allows people to be actively involved in the story that was created. 

Imagine a story world where you can pick up an object, open a door and really interactively 

explore all the mysteries and wonders around you. Imagine a story world that changes 

according to the person who explores it, where different stories are created out of the same 

world for different audiences. 

By using the interactive storytelling tool, the story can be adapted for different audiences. 

This adaptability and interactivity can play an important role in making interactive 

storytelling a powerful tool in education and tourism to teach people more about certain 

information, e.g. cultural artefacts. 
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Thesis focus 

The work presented in this thesis is a method and software tool that enables users to develop 

different stories from one virtual world according to the virtual identity through whose eyes 

the participant experiences the story. It discusses interactive storytelling and virtual 

environments and then highlights how interactive storytelling can be used in virtual 

environments. It presents the virtual identity approach and highlights how this approach is 

different from the traditional approaches that were followed. 

Thesis layout 

Chapter 2 discusses interactive storytelling and how it is different from traditional media. It 

highlights the goals and principles that should be followed when an interactive story is 

created, what a story world is and how these principles can be applied within a story world. It 

presents the different techniques that are used in interactive storytelling to create animation 

and other approaches of storytelling such as role-play, comic traditions and interactive 

mysteries and drama. It then discusses virtual reality and the different virtual reality systems. 

It presents the elements and issues of virtual environments, authoring tools and the 

advantages of using authoring tools. It also highlights the application areas of virtual 

environments. It discusses how interactive storytelling can be used in virtual environments, 

how virtual characters are used to create interactive stories in virtual environments and how 

the use of virtual environments can solve some of the problems that are encountered with 

interactive storytelling. 

In chapter 3, the theoretical approach for interactive storytelling using virtual identities is 

presented. It discusses how interactive storytelling can be used in virtual environments with 

the use of virtual characters. It presents the virtual identity approach and a taxonomy for 

defining a virtual identity. It highlights how the taxonomy can be used with the virtual 

identity approach to create an interactive story and how the virtual identity approach can 

provide solutions for some ofthe problems that are experienced with interactive storytelling. 

Chapter 4 discusses how the interactive storytelling tool is implemented. It presents the 

A V ANGO framework and highlights how C++ and Scheme are used to create an application. 

It discusses the modelling that was required for the virtual environment. It presents an 

overview of the interactive storytelling tool and then discusses the C++ nodes and Scheme 

scripts that are created. It then highlights how a GUI can be added to the interactive 

storytelling tool to make it user-friendlier. 
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Chapter 5 discusses an interactive story that is created with the interactive storytelling tool. It 

presents information regarding Cato Manor and how the interactive story develops. It 

highlights the virtual identities that are created and presents the results that are obtained when 

the application is run on a monitor and in GMD's Cyberstage. 

Chapter 6 provides conclusions of the dissertation and discusses future work with regard to 

the interactive storytelling tool. 

Appendix A provides the complete taxonomy that can be used to define a virtual identity. 

The taxonomy is discussed in chapter 3. 

Appendix B provides the code that was used to implement the interactive storytelling tool. 

The implementation ofthe interactive storytelling tool is discussed in chapter 4. 
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Chapter 2 

"... all of life presents itself as an immense accumulation ofspectacles. Everything 

that was directly lived has moved away into representation. " 

Guy Debord, 1967 [58} 

Background 

The first section of this chapter discusses interactive storytelling and highlights how it differs 

from traditional media. It highlights the different storytelling approaches and how interactive 

storytelling can enhance them. It discusses the goals and principles of an interactive story, 

what a story world is and how these principles can be applied in a story world. A brief 

overview of virtual reality and different virtual reality systems is presented in the second 

section of this chapter with the emphasis on authoring tools and their advantages. It also 

discusses application areas of virtual environments with the emphasis on the educational field. 

2.1. Interactive storytelling 

Interactive storytelling is a way of telling stories in such a manner that the user is actively 

involved and can interact with different objects in the story world. The author of the story 

world doesn't specify the actual events that take place, but only creates the rules under which 

the characters interact. The player then creates and experiences the events in the story world 

under the guiding rules of the artist. 

Many stories can be created from a single set of external events through a process called 

"story-morphing". Story-morphing [6] is the semi-automatic generation of stories for use 

with emotionally intelligent multimedia agents. 

One can ask why interactive storytelling is important. Thorn feels that interactive storytelling 

is important and says: 
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" ... I can not imagine a single area of human thought or activity which can not be embodied 

in a print-based book or magazine and I also can not imagine a single area of human thought 

or activity which can not be embodied in an interactive storytelling medium. I can imagine 

many areas which can be better embodied in interactive storytelling than in paper-based print 

such as science, math, art and music ... " [34] 

Realism is important for good storytelling, because of the following: 

� � It provides a familiar context that allows the story to take shortcuts - if the story takes 

place in a fantasy world, everything about the context would have to be explained 

� � It is a constant source of variety in the story 

� � A realistic context inherently limits the character’s options - any good plot situation 

requires limitation to be imposed upon the characters in order to keep the characters 

interesting 

� � Many readers look at fiction to inform them about the world 

� � The more realistic the situation of the story is, the more relevant the theme is going to 

seem to the reader 

� � It helps the reader to identify with the portrayal of the character 

However, sometimes the freedom of doing things you cannot do in reality and seeing things 

in a non-realistic way is better than portraying true realism. Therefore, each application 

should portray the level of realism that is applicable to the specific situation. 

To accomplish interactive fiction, the user should be given a sense of existing in a story world 

and it should be done in such a manner that the user is left with a feeling of free will. 

With interactive storytelling, the question is how much interactivity should be allowed in 

order to still obtain the goal; for example teaching children about culture. Grahame Weinbren 

proposed that the computer should respond to the user’s interaction by saying: 

" .. .I am not interested in an interface which would cause the viewer to believe that he has 

created the story. Not only is this a false belief, but it also presupposes an invalid esthetic. 

Art functions to widen one’s perception and experience, not to narrow it, to show the viewer a 

vision of the world, not to make him imagine he has invented one ... I believe the requirement 

that the viewer make choices is not liberation but a burden. My position on this issue goes 

against the purported link between choice and freedom fundamental to western ideology. The 

connection between freedom and responsibility for what appears on the screen (without 
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having chosen it) that interests me. The general paradigm that I propose is that of a machine 

that answers to a viewers response ... " [96] 

Usually interactivity and storytelling is directly proportional. In other words, the more 

interactivity there are, the less storytelling there will be. Therefore, the right balance should 

be found for the specific application. 

The traditional methods of lectures, print, video and audio are narrative media, because they 

require a storyline and put the teacher in the role of storyteller and the learner in the role of 

listener. 

One of the key benefits of interactive media is the lack of imposed structure that gives much 

greater freedom of control to the user. According to D. Laurillard [30] learners that work on 

interactive media with no clear narrative structure display unfocused and inconclusive 

learning behaviour. Laurillard says: "Narrative structure is one of the most important ways in 

which the instructional message comes to be understood ... " [30]. 

However, the learner doesn’t always know enough to be given full control. Novices cannot be 

expected to set appropriate goals or plot a reasonable path, for they will under-specify the 

problem, be distracted by irrelevancies and can fail to meet the objective. 

Interactive storytelling can solve this problem, because it allows the user to interactively 

explore the story world and leads the user by means of a non-sequential narrative. Therefore 

one could say that interactive storytelling combines the advantages of narrative media with 

that of interactive media. 

However, in order to achieve the goals that are set with the use of interactive storytelling, 

such as joy and enlightenment, certain principles should be followed. 

2.1.1. Goals and principles of interactive storytelling 

Certain principles should be followed to achieve the goals that are set with the use of 

interactive storytelling. According to H. Hirsh [9], the seven principles for a character-based 

interactive story are the following: 

1. � The participant should direct the protagonist character’s improvisational behaviour and 

interact directly with other characters in the story. This will draw the participant into an 

immersive, first person experience. 
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2. The participant’s joy will arise from immersive participation in the story, if the plot has 

been artfully designed to carry the participant along. Controlling the story outcome and 

exploring a puzzle, is not enough to ensure joy for the participant. 

3. � The participant’s interaction with other characters should be meaningful and coming from 

the natural course of events in the story world. This will preserve the participant’s illusion 

of immersion and feelings of active participation. 

4. � The story world should be densely populated with other characters in order to permit 

many possible interactions that will not all be discovered during the first visit. This will 

enable the participant to revisit the story world, finding new joy and enlightenment with 

every visit. 

S. � The participant’s interactions with other characters should involve mixed initiative. The 

participant should decide when to and with whom to interact. The other characters should 

display similar autonomy, approaching the protagonist to offer, suggest and demand 

interactions. 

6. � The participant’s interactive choices and experiences should shape the detailed story’s 

contours that are constructed around the underlying narrative arc. 

7. � The participant’s story experience should be monitored and orchestrated by an adaptive 

story master who directs and modulates the behaviour of other characters, to ensure that 

the experience is joyful, rapturous and enlightens the participant during each visit. 

Interactive stories should achieve the following artistic goals for the participant: 

� � Joy - the interactive story should be created in such a way that the participant experiences 

feelings of pleasure 

� � Rapture - the interactive story should captivate the participant and temporarily distract 

the participant from the real world 

� � Enlightenment - the interactive story should improve the participant in some aspect of 

thought, understanding or feeling 

In the principles mentioned above, Hirsh often refers to the story world. Therefore, the 

question arises: what exactly is a story world? 

2.1.2. Story world 

A story world is a world that is based on a story. It takes actors and actions created by the 

story world builder and present them to the user for exploration and play. 
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A story world consists of: 

� � Actors - persons in a story world 

� � Verbs - the actions of the story 

� � Stages - locations where dramatic activity takes place and an actor cannot exist outside 

the bounds of the stage 

� � Objects - objects in the story world that the user can manipulate and interact with 

� � Things - objects that are transferable between actors and whose ownership can be 

assigned to an actor 

A traditional linear story follows a sequential course that is predetennined by the creator. 

However, a story world allows interactivity and enables choices within the story that 

detennine how the story develops. 

A video game concerns physical or narrowly intellectual challenges and limits its user to 

choices of a spatial or logical character. On the other hand, a story world concerns actors and 

human emotions and pennits choices of an interpersonal or dramatic nature . 

When the story world is created for the use in virtual reality, then we refer to the story world 

as a virtual world. 

In a story world animation is used to present the different events that take place as the story 

develops. Many animation techniques are used in interactive storyteIling, such as flipbooks, 

key framing, motion capture and procedural animation. 

2.1.3. Animation in interactive storytelling 

Interactive stories use a wide variety of methods for animation. Some of the methods being 

used are flipbooks, key framing, motion capture and procedural (computer programmed) 

animation. 

Flipbooks [55] consist of a stack of blank pieces of paper or thin cardstock that are stapled to 

fonn a book. A slightly different picture is sketched on each page and as the book is rapidly 

flipped, the sketches appear to move. 

With Key framing [86] the positions of the moving objects at important times are specified by 

the animator. Frames could be specified for the animated character crouching down, 

preparing to jump, then for the character in mid-air and finaIly for the character absorbing the 
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shock of landing on the ground. The object attributes for additional frames between the key 

frames are then calculated by the motion control system. There must be enough additional 

frames to ensure smooth motion and shape change from one key frame to the next. 

Motion capture [87] involves measuring an object's position and orientation in physical space 

and then recording that information in a computer-usable form. Once the data is recorded, 

animators can use it to control elements in a computer generated scene. 

With Procedural animation [38] rules are established for a system and an initial state is 

defined for objects in the system. The object locations or parameters for subsequent frames 

are computed by applying the forces or behaviours that are defined for the system by the 

conditions that were established in the previous frame. 

Interactive storytelling is used in many areas that we are familiar with, such as role-play. 

During a role-play the players are actively involved in the story and their actions influence the 

storyline. 

2.1.4. Role-play 

Role-playing is in essence storytelling where the players are the main characters in the story. 

The players are deeply and actively involved in the story and they influence the direction and 

resolution of the story. The players aren't resistant or even aware of the information and skills 

that they are learning. 

Role-playing is a form of game that takes the participants into an interactive story. Each 

player takes on the role of a character in the story and interacts with the other players and the 

imaginary world around them. The game master creates the story and the other characters 

that the players will interact with and makes sure that all the players follow the rules of the 

game. 

The Roleplay Workshop uses a game, Abantey [31], to teach real life skills in a creative and 

imaginary setting. The goal of Abantey is to use a role-playing game as a teaching tool. The 

children are actively involved and therefore they learn new life skills through participation. 

Comic traditions do not allow the viewer to be actively involved in the story. The different 

traditions, namely the cartoon tradition, poster tradition and cinematic tradition, do however 
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The cinematic tradition has the features: 

.. is the most important value 

.. The most If'nl'"\{)rt!'l are the use of and the down 

of the scene into panels 

.. Action is portrayed in the following way: 

characters are displayed close-ups and from every 

iii" The move in a ,,,n·,p,,, of directions 

iii" l1vl<IVU is portrayed llVlua,!';"''' of panels, panel only shows a 

completed action 

.. Rely on minimal dialog and a few captions, but mostly to convey the 

The tradition comics are too complicated to follow 

panels are too and there to carry a on their own, the way a 

motion can. 

In film, the cannot pause different scenes to ,",VI<I':>I'"",1 what is but 

with storytelling the scene can be illustrated in as much detail as 

participant is to explore the environment at 

Comic do not allow user-interaction and therefore the user doesn't influence the 

outcome. interactive and interactive rYl>J,,,tpr. allow the user to 

and to the outcome of 

2.1.6. Interactive drama and 

of a with and the of 

many You control your own direction by action you but a 

master storyteller subtly your destiny. 

A typical plot (story experience) follows pattern are, where an incident 

to rising ","",lVI', then builds up to climax and denouement. 

OZ [14J is a computer system that was developed to allow authors to create and nr",,,pt,t 

interactive The system's consists a world, several 

the a theory ofpresentation a drama manager. 
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2.2. Virtual Reality 

Imagine representing a world in a way that enables the viewer to be actively involved and to 

interact with objects in the world. This can be achieved with the use of virtual reality (VR). 

But what exactly is virtual reality? 

Several definitions of virtual reality exist which include: 

" ... virtual reality makes possible the carrying out of actions which produce, in real time, the 

corresponding reactions which we are able to experience in real time ... " [7]. 

"Virtual Reality is a way for humans to visualise, manipulate and interact with computers and 

extremely complex data" [7]. 

In reality humans interact with the world around them with both their bodies and minds, but 

in hypermedia interactivity is very minimal. Therefore, an important question comes to mind: 

what constitutes a continuous interactive representation? 

Virtual reality enables users to be fully involved in the digital stories. In a projection-based 

stereoscopic display the users are both physically and virtually inside a story. Their whole 

body can therefore function as an interface that receives and sends auditory, visual and tactile 

signals to the computer and vice versa. 

Virtual reality is designed to give the user a type of mediated experience that has never been 

possible before - one that seems "real" and "natural", one that seems like it is not mediated 

and that creates a strong sense of presence [43]. 

Painting, sculpture, drama, cinema and television separated the audience completely from art. 

Virtual reality melds the experience and representation, instead of separating them. Virtual 

reality is therefore simultaneously a picture and bodily experience. 

Virtual reality allows new relationships that differ from the dramatic tradition, i.e. one is 

simultaneously actor and director and one is constructing a narrative, a protagonist of that 

narrative and its audience. 
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Window on World Systems (WoW) is VE and a conventional 

i!<ln,nlrla is where a video input of 

One could say that virtual reality is the combination of art and "'''' •..,,,,,''­ to 

IIIcreate three-dimensional worlds where users can freely 

with the virtual world in real time. 

Battletech [1] is a VR virtual theme park that mid 1 it 

simulates futuristic warfare in which remote users do robotic war 

Each player is informed that slhe is the fighting against the 

of evil. These "forces of evil" are the other who are labouring under the same 

illusion. 

It is important to note virtual (VR) refer to the 

same thing. In this thesis the term virtual environments 

There are many different 

input devices. Some of the 

mapping, Fish tank virtual 

can with to display issues and 

on World Systems (WoW), video 

and mixed 

(Augmented) reality. 

monitor is used to display the visual 

user's silhouette is merged with a 20 ,",VIll'.,."",. user watches a monitor that 

shows his body's interaction with Tank VE is a Canadian VE system that was 

reported in the 1993 [85], which combines a stereoscopic monitor 

display using LCD Shutter with a mechanical head tracker. A conventional monitor is 

used, the head position measured and to estimate eye position to provide a correct 

perspective view of a small environment. 

Immersive are 

viewpoint is 

systems is 

which 

with a Head Mounted Display (HMD) and the 

virtual world. A variation of immersive 

are used to create a "cave" or room 

updated in real-time. 

remote sensors in 

Mixed 

world with the senses of a human operator. 

or ,",""'1111"''''' Simulation Systems is a merge of Telepresence and 

VE 
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stereo ---"---.1 system with a 3x3 meter floor on which 

virtual space is graphics workstations. It is a a 

much improved image audio display. It has an that 

allows the generation It eight audio channels 

sound is distributed to its eight """un..", located at the lower/upper corners. 

The Responsive Workbench is a three-dimensional table where the screen IS 

changed to a horizontal, top version. This view replaces the 

flat screen and surfaces, i.e. in an 

environments, etc. as computer-generated stere()SCOpIC and 

projected onto the A guide uses the virtual working Pt’’’’’"’(Yt’’It’Y’lPt,t while 

others can observe 

There are many issues with regard to virtual that relate to 

interactive highlights some lenlents and issues by 

discussing interaction in a physiological 

and psychological environments. 

2.2.2. Elements and of virtual environments 

Virtual world 

A virtual world is a world where the user can experience interactively, in 

other words a world that is created for a virtual environment. 

A virtual worth entering (inviting the user to enter), worth spending time in 

(captivate and a medium of expression Best said that virtual worlds 

should and not be an exact world [73]. 

This can by providing """•r_T1’1pr,,, want to create 

own and experiences. Therefore <.>111rhl’l,rl to section 2.2.3) can 

play an ’t’Y’\’nf’>l-T<l.,t role in the future development 

A continuous interactive representation is more complex by the fact that the mind is 

very to restructure itself to compensate for or to a changing reality. According 

to William one comes to accept the polygonal representations as one interacts with a 
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virtual world and the virtual world becomes just as valid as world. phenomenon 

is often referred to as cognitive plasticity [8]. 

The design of virtual worlds must 

interaction or that navigate the user 

character should be either 

Theoretically the user should be able to move 

instances the creator of the virtual world 

Sound can also play an It1"Ilr1{Yrt<’ln 

vary in tone, pitch or H!V.,u;:.ny �

someone or something. �

can move around with an �

When the virtual world is In ..•n,,’’’H’F’’ �

of the story line isn’t known in �

and gestures, can �

the user. �

Within a virtual world three 

� Interactions with the environment 

� Interaction with the objects in 

� Social interaction with 

Interaction is one of the major 

should create a sense of .,.."p•e"".,,,,," 

virtual environment as 

Presence 

Lombard Ditton 

ore:seIlce as 

to 

can 

possibilities for 

a virtual world, the 

through the environment. 

virtual world, but in some 

them. 

world more enjoyable. It can 

e.g. to warn of the presence of 

to position of the object or 

it the full progression 

as walk cycles, dances 

response to 

virtual world) 

Vlf(mrrlent (e.g. picking up an object) 

talking to other virtual characters) 

of virtual environments. However, a virtual world 

participant, to ensure that slbe will experience the 

conceptualisations of presence. Some of them are 

actor a 
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Presence as realism 

This conceptualisation concerns the degree to which a medium can produce seemingly 

accurate representations of events, objects and people, i.e. representations that look, sound, 

and/or feel like the real thing. There are two key types of realism, namely social realism and 

perceptual realism. Social realism refers to which extend a media portrayal reflects events 

that do or could occur a non-mediated world, i.e. whether it is plausible or "true to life". 

Presence as transportation 

Three types of transportation can be identified, namely you are there, it is here and we are 

together. 

You are there 

With this type of transportation the user is transported (teleported) to another place. This 

concept is often used in discussions of virtual reality where users are taken to a VE that leads 

to a suspension of disbelief that they are in a world other than where their bodies are located. 

It is here 

With this type of transportation another place and the objects within it are transported to the 

user. When we watch a television programme, we don’t experience being taken out into the 

world as much as experiencing that the world is being brought to us. 

We are together 

With this type of transportation two or more communicators are transported together to a 

place that they share, e.g. video conferencing and collaborated virtual environments. 

Presence as immersion 

This conceptualisation emphasises the idea of perceptual and psychological immersion. 

Perceptual immersion is the degree to which a VE submerges the perceptual system of the 

user. Psychological immersion refers to situations where users feel immersive presence and 

this results to them being involved, absorbed, engrossed and engaged. 

Presence as social actor within medium 

This conceptualisation refers to situations where users’ perceptions and the resulting 

psychological processes lead them to illogically overlook the mediated or even artificial 

nature of an entity within a medium and they will even attempt to interact with it. 

The German word "umwelt" is used to express the organised point of view ( experience) that is 

unique to any creature and depends on that particular creature’s sensory and cognitive 

apparatus [79]. 
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Many writers are interested in writing virtual narratives, but the complex computer coding 

that is required daunts them. Thorn said: " ... Other writers in the group also voiced a desire 

for tools which will allow their words and work to flow through technology rather than being 

entombed ... " [34]. 

The reason for developing an authoring tool for interactive stories in virtual cultural and 

educational environments is to make the development of interactive stories available to 

experts with minimal expertise in the creation of virtual environments and to enable 

researchers and educators to exploit this technology without relying on expensive production 

efforts. 

When taken into consideration the vast amount of application areas of virtual environments 

and the power of virtual environments that can be used for education, tourism and training (to 

name but a few), the eminent need of an authoring tool becomes very clear. Most of the 

present authoring tools for virtual environments are mostly interface libraries to standard 

programming languages (CAVE Library, DIVE) or provide minimum support for defining 

walk-throughs through the virtual world and interaction with the objects in the virtual world. 

Therefore, an authoring tool that will allow people with the minimum technical background to 

create interactive stories for different user profiles can have a big impact on many application 

areas, especially education. 

The choose-your-own-adventure approach [24] to writing interactive fiction results in a tree 

structure with an explosion of nodes. An example is illustrated in figure 1. When following 

this approach the writer must anticipate all possible directions, which is almost impossible. 

Boss co""lams 

IBoss complams I IBoss complams 

Figure 1: Choose-your-own-adventure approach ofwriting stories 
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An authoring tool should provide users with tools for an 

application. These tools should be intuitive to use, 

compelling content and produce behaviour at run-time that is vv"""","" .. author's 

and content. 

VE authoring tools that have some support for usen-",... ",>"<.t, 

metaphors such as paths, scenes and scripts to describe what a user pv,"\pr,pnC'P" and what 

interactions with the environment are allowed. 

[56] focuses on are ""'1-''''''''''' of learning 

from that 

the actor to mOlvi,mi""" his own by own 

perception and accumulated pVln""r'ipr1f'P account. 

The QuickWorlds [39] program was to ",..,..""rl'" with a mechanism to make 

virtual models available to their students as program with very 

little effort. 

In 1998 Crawford said the following: 

"There simply isn't anything out there that you create (And if 

there were, they'd have to work around my i'.Cllmn,rpI1P1'1'''' are plenty of text 

adventure generators, role-playing game intelligent agent 

programs, screenwriting tools, and i1'1"\,,,,.,,,,,,,,,i,,,,,, nlcr\(,r<>",,,, - but if you want to build 

genuine interactive storytelling, "m'''TT"'\'' is by virtue of being The Only." 

[24] 

The Erasmatron [24] is an thl1''',111)" tool that is used to create interactive story worlds. It 

enables non-technical to create interactive stories without worrying about C pointers 

and memory problems and to problem of exploding nodes when following the 

choose-your-own-adventure (refer to 1) by using probabilities to anticipate possibilities 

and still maintain a compelling storyline. 

Authoring the authoring of photo-realistic virtual visits of 

use in the fields of architecture, simulation, 

,",UI..,",aUUll, etc. CyberMonument [57] provides 

tools for heritage and historical 
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CyberCity [57] provides authoring tools for photo-realistic visits of large 3D urban 

multimedia databases in a European telematics context. 

XP [16] is a framework for VE applications that takes care of many of the basic tasks of 

creating virtual worlds and it is easily extendable. It is based on Performer, the CAVE 

libraries, a sound library and C++ and was used to build The Thing Growing [16]. 

AV ANGO [67][95] is a programmmg framework for developing distributed interactive 

virtual environments and is built on top of IRIS Performer. It allows authoring of 

applications by defining scenes, paths and interaction with the virtual objects the scene. 

Camera paths are then created to provide the user with alternative paths through the 

environment. It is discussed in more detail in section 4.2. 

Both artists and cultural workers would like to construct VE narratives and therefore the 

creation of tools and techniques that will assist them in doing so, become quite important. 

VE offers a new way of experiencing fiction. Authoring systems will play an important role 

in the creation of innovative art projects and moving culturally based VE experiences beyond 

fly-throughs and reconstructed ruins. 

2.2.4. Application areas of VE 

Virtual environments are used in many areas that range from art and entertainment, to medical 

applications. Virtual environments are an interesting medium for the education and 

entertainment industry, since they are a novel medium for developing and experiencing 

content. They are also used in military training and flight simulation, arcade games, 

architectural and interior design, exercise equipment, virtual sex, underwater exploration and 

training and assessment of surgical skills [43]. 

Virtual environments supports a constructivism approach to learning, i.e. 

� � Knowledge is constructed from the experience the child obtains from the virtual world 

and processes in which the child engages 

� � New knowledge is best constructed when users engage in personally meaningful tasks 

� � Authentic context is pedagogically important 
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construction, by engaging the children classroom activities that require an extensive use of 

culturally significant artefacts to encourage them to develop a positive attitude towards school 

mathematics and to enable children to extend, reflect, generalise and apply their knowledge. 

In contrast with the traditional classroom curriculum, children are offered endless 

opportunities to become acquainted with mathematics in a way that they can relate to. This 

approach enables children to see where mathematical concepts occur in daily life and can 

therefore help to change their attitude towards mathematics. 

Visual representations support learning in numerous ways and in many applications better 

understanding of specific concepts is obtained through visualisation. Visualisation allows the 

demonstration of specific concepts without being language specific where translation could be 

required. Illiterate people can also associate themselves easier with visual representations 

where reading text is not required. 

The ideal learning environment is one that encourages students to question facts and seek 

challenges. In [80] the following is stated about virtual environments and education: " ... the 

goal of real education means is not just to teach and have students master the content. Real 

education is to excite students’ interest and virtual reality has the possibility to do this." 

Virtual environments can become a powerful educational tool, because they allow access to 

the unreachable or unrealisable, can provide multiple or alternative representations, can help 

to make abstractions more concrete and are a medium for interactive, collaborative and 

engaged learning. 

Although virtual environments are applied to many educational situations, they are also used 

for training purposes, cultural applications and art and entertainment. 

2.2.4.2. Other application areas 

Virtual environments have the power to make simulation-based learning much closer to real›

life experience. Virtual environments have proven to be very valuable, especially in domains 

where training is expensive or hazardous, e.g. surgery, air combat and control of complex 

equipment. Virtual reality provides realistic perceptual stimuli and therefore is an adequate 

simulation for a wide range of situations, for example Steve (Soar Training Expert for Virtual 

Environments) [13] is a pedagogical agent that was developed to explore the use of virtual 

environments for an intelligent tutoring system. 
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. .
combination of ImmerSIOn and the digital computer makes virtual 

an exciting [94]. 

worldwide are aware of environments to 

and demonstrate cultural heritage. Roussou team have a 

of the of Miletus a [62] at the Foundation for the 

Virtual environments can play an important role many art applications. Kochalka said: 

" ... Art is one of our most basic means for understanding the world us. We process 

we’ve experienced recreate it in form. Often this brings revelations 

we could not come sheer reason." 

is a way for the to express and can open our eyes to new 

perspectives. Kochalka 

we encounter a work of physical world away as we step 

new Weare ma world. What makes this so captivating is that it’s a 

reinvention of the world, and secret Art turns us 

out." [33] 

The Multi Mega (MMB) [50] [51] the CA VB (VB application) expands one Maxi-

page of the Multi Book multi-media installation. When the user enters the the 

Multi Mega Book is in front of him/her. can then turn and move through the 

pages into various of the worlds within. 

[7J is an sculpture of 2 metres that stands on top of a hill, rnn'1f'r'Qf'(1 in a 

of visitor is able to situations within the virtual world) 

to see f’A,,,,,"","",nli!l’u,, consequences (effects) in 

head-mounted toPlaceholder was a research enabled two 

move around environment to interact with each and four animated "",ttt>,,,.. 

Crow and two persons could also become one of these 

critters. As user approached, critters and sources located the virtual 

environment stories about """'H"'''' 

VActor [5J performance software is used in the Nintendo Super Mario live 

presentations by Broadsword to animate Ratz the In both cases, on the 
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skills of their actors, who find the medium liberating. Charles Martinet said: " ... when I 

realized how well it works, all of a sudden I became the character. I wasn’t controlling a 

puppet, I was the puppet." [5] [53] 

Virtual environments are applied in many areas. The combination of interactive storytelling 

and virtual environments can bring many new possibilities and application areas to light. 

2.2.5. Summary 

This section discussed virtual reality and what virtual environments are. It presented the 

different VE systems and the elements and issues that are related to virtual environments. It 

highlighted authoring tools and the advantages of using authoring tools in virtual 

environments. It discussed the different application areas of virtual environments and in 

particular education. 

The next chapter discusses the theoretical approach that was followed for the interactive 

storytelling tool. It presents how interactive storytelling is used in virtual environments. It 

discusses virtual characters and highlights the virtual identity approach and how it can be used 

in interactive storytelling. It presents how this approach can provide a solution for some of 

the problems that are experienced with interactive storytelling. 
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Chapter 3 

"People create meaning through narrative or stories. They access new learning 

opportunities and new ways ofbeing through stories ... " 

V. Lalioti and C. Jackson [JIJ 

Theoretical approach 

In this chapter, the theoretical approach for interactive storytelling using virtual identities is 

discussed. It discusses how interactive storytelling can be used in virtual environments with 

the use of virtual characters. It presents the virtual identity approach and a taxonomy for 

defining a virtual identity. It highlights how the taxonomy can be used with the virtual 

identity approach to create an interactive story and how the virtual identity approach can 

’provide solutions for some of the problems of interactive storytelling. 

3.1. Virtual characters 

Interactive storytelling can be a powerful tool for cultural and educational purposes. People 

create meaning through stories and stories provide a new means of accessing learning 

opportunities. Therefore, stories can be used to support learning opportunities in a dynamic 

and fun way [11]. 

When interactive storytelling is used in virtual environments, there should be a way for the 

user to identify with some kind of representation while exploring the VE. This can be done 

wi th the use of virtual characters. 

Virtual characters use a multi-modal approach that includes speech recognition, text-to›

speech, real-time morphed schematic faces and music. Virtual characters have varying 

degrees of freedom, because they can receive explicit instructions (e.g. facial expression), 

general instructions (e.g. given the emotion and the text to pick their own facial expression) 

and a degree of freedom (e.g. where they pick the emotion based on their personality). 
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Interactive storytelling gIves the participant more freedom than the traditional media. 

However, a number of aspects can limit the benefits gained from its use in virtual 

environments. 

3.2. General problems of interactive storytelling 

Although interactive storytelling gives the participant more freedom, a number of aspects 

relating to the character knowledge of the virtual world, narrative flow, the internal 

consistency of the story, the handling of time and finally the ease of creation can limit the 

benefits from its use in virtual environments [63] [64]. Taking a closer look at each of the 

aspects reveals the following: 

Character's Knowledge ojthe Story World 

In a typical, non-interactive story, the characters understand the world and have knowledge 

about their world, for example a character knows the contents of the drawers and closets in 

his/her apartment and there is no need to open them to see what they contain. But in an 

interactive story world, the user does not have this knowledge and needs to explore the 

different objects as if s/he was a total stranger to the world. This approach can be used for the 

creation of interactive stories in certain virtual environments, like in mysteries and heroic 

quests where the user will engage in new and unfamiliar worlds. However, in many 

applications of virtual environments it is important to provide more guidance and share some 

of the character's knowledge with the user. For example, in applications of virtual 

environments for education and cultural learning, knowledge about the story world should be 

incorporated in the interactive story so that the user can acquire it through this facilitated 

interactive experience. 

Internal consistency 

Any story must be coherent; that is, at any point in the story the circumstances at that specific 

point must be consistent with everything that happened beforehand. This does not mean that 

stories must be predictable, rather that they should make sense in a satisfying manner. 

However, the core of interactivity is freedom and therefore a conflict arises between the user's 

desire to do as s/he chooses and the story world creator's desire to impose a plot and 

characterisation on the user. The difficulty with using interactive storytelling in virtual 

environments is to ensure that a high degree of user freedom is combined with the story in a 

coherent way at every instance of the virtual experience. 
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Narrative flow 

Traditionally, every story consists of an introduction, rising action, a climax, falling action 

and a conclusion. With non-interactive stories this can be accomplished because the author is 

in complete control of the story and the characters. With interactive stories the user is outside 

the control of the author and therefore it is very difficult to ensure that when the dramatic 

climax takes place in the story, the user is there and ready for it. This is known as the 

Problem ofNarrative Flow [63]. 

Adventure games try to solve this in a number of ways: 

" Limiting the interactivity by either cutting down the interactivity so that the user 

cannot stray from the plot or giving the user a lot of interactivity that is not necessarily 

meaningful and does not affect the plot. This solution is obviously taking away some 

of the power that interactive storytelling can give to the user. 

" Not taking the user's readiness for the climax into consideration › the story world is 

alive and exists around the user, regardless of what slhe is doing. Therefore, in this 

solution, the user is not allowed to influence the story through any interaction. 

" Advancing the plot along with the user's advances › the user’s actions are linked to the 

advancement of the plot and therefore this approach absolutely guarantees that the 

user is ready for the climax. However, this solution is mechanistic and the story only 

progresses when the user performs the right actions. 

Time 

In traditional narrative, the story and the discourse are divided. When reading a novel, the 

storyline is constructed from the discourse that it is presented. Therefore, time of the 

narrated, time of the narration and time of the reading do not necessarily coincide. 

Christian Metz, as quoted in [65], says that: 

"Narrative is a ... double temporal sequence ... There is a time of the thing told and a time of 

the narrative (the time of the signified and the time of the signifier). This duality not only 

renders possible all the temporal distortions that are commonplace in narratives (three years 

of the hero’s life summed up in two sentences of the novel or in a few shots of a 

"frequentative" montage in film, etc.). More basically, it invites us to consider that one of the 

functions of narrative is to invent one time scheme in terms of another time scheme." 
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It is obvious that presenting in an interactive story becomes more because of 

the interactive nature of the representation of time in time is a 

particular important environments were the 

can vary for different users or even same user during use of virtual 

environment. 

of the main problems with interactive storytelling in virtual environments is the 

in creating an interactive story. Most writers and storytellers or no 

knowledge of programming. On the other hand, the existing authoring 

environments are very specialised and a user experienced in programming. 

are generally defined as tools computer-based instruction to 

[66]. Authoring tools for should allow nrr"""rc to concentrate 

story instead of the 

to section as paths, scenes and to 

what the user experiences and is allowed within the 

authoring tools provide solutions to the creation of interactive story 

provide some internal consistency defining what interaction is allowed in 

world, and ensure consistency using for predefined paths. Predefined can 

also provide a solution for the Problem of Narrative but are still limiting 

",,"""""""" In addition, the problem of time about the world remains 

and user experiences the story world one that of the specific 

avatars the emphasis was on appearance of the user in the VE. 

can rather limiting. Virtual can provide a solution for this 

problem. 

3.3. Virtual identity approach 

of an avatar in virtual lronm,enlts concentrates on the 

appearance user in the virtual it is rather limiting. To 

overcome limitation, the term virtual [11], is used and expanded in 

this 
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A virtual identity is detme:d knowledge about peI'CelJtlcm of environment, 

virtual embodiment physical simulation virtual embodiment. 

Virtual identities virtual existence relate to interaction with the environment, 

their reaction to their cognition of environment and their emotional 

reactions. 

The Virtual Approach introduced in [II] allows creation of multiple 

identities/persona, allows users to engage with different vll"U",,," users to enter new 

or challenging cultural in a facilitated (allows of different 

with regard to age, sex culture) and different way users choice of either 

experiencing the through the adoption one the identities or by 

interacting with 

approach is by providing a taxonomy (framework) to define a virtual identity 

according to the 

• Characteristics a virtual identity is born with 

• Characteristics the virtual identity's 

• Characteristics the virtual identity's 

• Embodiment virtual identity 

• Behaviourall'h,'"''l'tPM''''''''' of the virtual 

This framework to virtual identities, in terms socio-psychological, 

gender and embodiment [11][99][100], and it is in more detail in the next 

section, 

3.4. Taxonomy for defining virtual identities 

The multiple identity approach social psychology is used, is negotiated 

in different contexts. It is means a full of real 

identities, since imitate framework 

is defined to different real or virtual identities 

and is 

The taxonomy that is 

highest level a virtual 

values, embodiment and 

to define a virtual identity consists out many 

is defined by the characteristics it is born 

as illustrated in figure 2. 

At the 

background, 
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Characteristics the virtual identity's embodiment identity's height, 

width, disabilities. An identity's is not a straightforward 

value that can be perception of to 

culture and even from to person. Perhaps it can as an 

identity actually t'tPFI"j"lt''' are illustrated in 9. 

Height Width Attractiveness Disabilities 

Figure 9: The main characteristics I7P<'rn,n/ the virtual identity's embodiment 

The virtual identity's disabilities can expanded to motion, hearing, as 

illustrated in figure 10. 

Embodiment 

I 
Disabilities 

r 

I 

Motion Hearing Vision Speech 

10: Expanding the characteristics virtual identity's embodiment 

 
 
 



Characteristics describing the virtual identity's behaviour 

Characteristics describing the virtual identity's behaviour are expanded to the virtual identity's 

emotion and motion, as illustrated in figure 11. 

Behaviour 

Emotion Motion 

Figure J J." The main characteristics describing the virtual identity's behaviour 

The virtual identity's emotion can be expanded to the identity's mood and the identity's motion 

to hopping, walking and running (see figure 12). 

Behaviour 

J 
Happy 

I 
Jumpy 

I 
Emotion 

i 
Sad 

I 
Irritated 

l 
Angry 

(aj Emotion 

Behaviour 

Motion 

Hop Walk Run 

(bj Motion 

Figure 12: Expanding the characteristics ofthe virtual identity's behaviour 

The complete taxonomy is illustrated in Appendix A. 
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It is to note no means we are saying that framework is complete, it is 

a means of our of how a virtual can be defined. The virtual 

are not imitating identities. They are not to represent a specific 

but to act as a guided cultural learning experience. were and 

sometimes exaggerated, we should keep in mind how suc:ce:SSllLlI cartoon characters can 

learning, e.g. Teletubbies, (the dinosaur) and (the penguin). 

this section a taxonomy defining a virtual was discussed. The next cp.r'.,,..,.., 

how the can be used with the approach. 

Using the taxonomy with the Virtual Identity Approach 

This section discusses the taxonomy can be used the virtual identity apt:;Iroalcn. 

A virtual identity can defined by combining one or more characteristics 

in the framework. For example to create a you can use 

.. The age and characteristics from the characteristics that the is bom 

with 

� � The language characteristic from the describe 

background 

41) The tolerance, openness and confusion from the values 

characteristics that describe the values of the identity 

41) � The height characteristics characteristics that the 

embodiment 

These characteristics are used to define an within a virtual environment. 

The interactive story not enfold through but through the of the 

virtual environment by virtual identity. We will now discuss the can occur 

and how these transitions are influenced by a in the virtual identity’s 

3.5.1. Viewing the world 

exploring a eyes of an one needs to provide user with a 

realistic view of the from 

which the identity will rI ...,·,· ...·",... the virtual if the user is VE 

through the eyes of a slhe will view it from a lower viewpoint than when views the 

through the eyes an adult. This needs to in the application. 

 
 
 







provides solutions to some of the problems that are encountered with interactive storytelling, 

as discussed in the next section. 

3.6. Solution to problems of interactive storytelling 

In section 3.2 the following problems encountered with using interactive storytelling in virtual 

environments were discussed: 

� Knowledge about the world 

� Internal consistency 

� Problem of Narrative Flow 

� Time 

� Ease of creation 

The Virtual Identity Authoring approach provides solutions to some of these problems as 

explained below. 

Knowledge about the world 

Each virtual identity is empowered with knowledge about itself, which it uses to perceive and 

interact with the virtual world. Therefore, although the virtual identity does not have 

knowledge about the story world, it does have knowledge about itself, for example its cultural 

background, age and gender. This partially defmes its perception of the world and allows 

different interactions to the virtual world for each identity. 

Internal consistency 

Each virtual identity is allowed certain interactions within the virtual world according to its 

knowledge about itself. Therefore, all the user actions are coherent and go along with the 

story. By following this approach, internal consistency is maintained. 

Problem of Narrative Flow 

In our approach, the story unfolds as the user explores and interacts with the world, through 

the embodiment of a virtual identity. The interactive story created by this experience is not 

one with a specific climax and therefore the narrative flow problem is avoided. 

Time 

To allow change in time, we introduced transitions, both forward and backward in time. This 

will result either the change from one identity to another or the change of the age 
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characteristic of the same identity. When the user interacts with an object in the virtual world 

that brings back memories, then a temporary change in the age characteristic of the virtual 

identity will result for example a flashback on its childhood, or the lowering ofthe height and 

thus the user’s point of view. In the second case, a transition from a child virtual identity to an 

adult identity results in a first experience through a child’s eyes and then through the adult’s. 

Traditional interactive stories in virtual environments tell a story where the user can explore 

the virtual environment, but they occur in a rather linear fashion with only a transition in time 

and one perception of the virtual environment. The virtual identity approach allows things 

that traditional interactive stories in virtual environments don’t. The user can perceive the 

virtual environment through the eyes of the virtual identity and therefore get a realistic feel 

for the virtual environment. By exploring the virtual environment as different identities, the 

user can obtain many different views of the virtual environment and can experience the story 

from many different angles. This approach also allows the use of many additional transitions 

as discussed in section 3.2. 

3.7. Summary 

This section discussed the virtual identity approach and a taxonomy that defines a virtual 

identity. It presented how the taxonomy are used with the virtual identity approach by 

highlighting how the viewpoint is changed, how interactions are defined for a specific identity 

and transitions that the virtual identity experiences. It discussed how this approach solves 

some of the problems of interactive storytelling and how it provides additional flexibility in 

facilitated guidance and interactive storytelling in virtual environments. 

The next chapter discusses how the interactive storytelling tool is implemented by 

highlighting the A V ANGO framework and A V ANGO’s Sound Server. It presents the 

modelling that was required and an overview of the system. It discusses how the nodes are 

linked and scripts that are used. A possible GUI for the system is also presented. 
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4.2. Sound Server 

The sound server runs on any SGI machine and supports many audio interfaces, including 8›

channel ADAT compatible sound output devices. It is based on IRCAM’s MaxlFTS real-time 

sound processing system [67]. FTS is an extensible signal-processing kernel that provides the 

low-level modules that are required to build sophisticated processing applications and sound 

synthesis. Max is a graphical programming environment that is used to interactively built 

FTS programs and allows the control and monitoring of states in a signal-processing program 

running in FTS. 

A V ANGO provides a set of scene graph node classes that define auditory scene elements. 

Different nodes describe the nature of the sound source, the mapping of event to synthesis 

parameters, the rendering resolution, the radiation pattern and the characteristics of the 

acoustic environment. These nodes communicate with the sound server, which invokes and 

controls the corresponding sound synthesis and rendering processes. 

The A V ANGO node fpSoundSource is used to playa sound file in the virtual environment. 

In our system, the following fields of this node are used: 

� � Earnode - this field identifies the location from where the sound comes from, i.e. the 

sound’s point of origin 

� � PlayMode - this field identifies whether the sound IS played only once or 

continuously 

� � SpatMode - this field identifies whether the sound is ambient, statically spatialised or 

dynamically spatialised 

� � SoundName - this field identifies which sound file is played 

To test the interactive storytelling tool in a virtual environment a model has to be created or 

an existing model has to be used. We used an existing model, but had to make a few 

adjustments to the model before we could use it. 

4.3. Modelling 

We used a model of a Cato Manor shebeen (township tavern) that was created by the CSIRI. 

To use the model, a few changes had to be made: 

1. � The scale of the model had to be changed - the scale was too big and caused 

problems when the application was tested in GMD’s CyberStage. Therefore the scale 

1 CSIR is the South African Council for Scientific and Industrial Research. 
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had to be changed into its natural physical proportions to enable a realistic immersed 

feeling 

2. � The model had to be exported to *.obj format with 3D Studio Max. 3D Studio Max 

then created material files (* .mtl). 

3. � The material files were opened with Adobe Photoshop and converted from *.tga to 

*.rgb. 

4. � The * .obj file of the model was converted to open£1ight format (* .£1t). 

5. � The *.£1t file of the model was opened in Inventor and a hierarchy was added by 

creating OOF nodes. This was done to create hooks to the objects to enable 

interaction with the objects. 

6. � The textures were added to the model in Inventor. 

In order to use the audio and video files that were provided by the CSIR, MediaConverter had 

to be used to convert the audio files to *.aifffiles and the video files to *.mov. 

4.4. Overview of the system 

The interactive storytelling tool provides a means of creating virtual identities that perceive 

the virtual environment differently and are allowed different interactions according to the 

specific application. The next section presents an overview of the interactive storytelling 

tool’s system. 

The system consists of C++ nodes and Scheme scripts. The C++ nodes are used to define 

critical functionality. The Scheme scripts instantiate the required nodes, call methods on 

these nodes, set their field values and define relationships between them. 

The fp Virtualldentity node defines a virtual identity. It contains fields that relate to the virtual 

identity’s characteristics, fields that relate to the way the identity perceives the virtual 

environment, fields that relate to the movement of the virtual identity and fields that trigger a 

specific event. 

The fields that relate to the characteristics of the virtual identity are the characteristics that are 

defined in section 3.4, i.e. characteristics that the virtual identity is born with and 

characteristics that describe the virtual identity’s background, values, embodiment and 

behaviour. 

The fields that relate to the way the identity perceives the virtual environment are UserHeight 

and UserBelly that are linked to the viewpoint of the virtual identity. 
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The fields that trigger an event will depend on the specific application. The events will be 

defined in the Scheme scripts that are used for the specific application. This is done with the 

use of the JpScriptDragger node that is discussed in section 4.1. 

Each virtual identity is associated with a script in which 

1. The model is defined and added to the scene-graph 

2. An object ofJp Virtualldentity is created and the field values are set accordingly 

3. The virtual identity is connected to the viewer 

4. The virtual identity is connected to the mover 

5. The hooks to the 0 bj ects 0 f the virtual environment are loaded 

6. Interactions and events are defined 

The complete code of the interactive storytelling tool can be viewed in Appendix B. 

The interactive storytelling tool enables users to create interactive virtual environments that 

are perceived through the eyes of the virtual identities. A graphical user interface (GUI) will 

make the system user-friendlier and therefore easier to create various virtual identities and 

stories. 

4.6. GUI 

A GUI is not created for the system, but can easily be added to make the system user›

friendlier. The functionality that should be supported by the GUI are selecting the 

characteristics of the virtual identity, providing the user with a list of the objects in the scene 

and allowing the user to specify which objects can be moved by the identity and which 

objects triggers an event when selected. If the object tliggers an event, a list of possible 

events should be displayed. A possible GUI for the interactive storytelling tool is illustrated 

below. 
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Chapter 5 

"Cato Manor was once a melting pot of Indian and African cultures, a vibrant, 

makeshift community of 100,000 people who wrote their own rules and survived 

and thrived for halfa century in the shadow ofthe city that excluded them" 

B. Lynch [68] 

Authoring an interactive story 

This chapter discusses an interactive story that is created with the interactive storytelling tool. 

It presents information about the background of Cato Manor and how the interactive story 

develops. It highlights the virtual identities that are created and presents the results that are 

obtained when the application is running on a monitor and in GMD’s Cyberstage. 

5.1. Cato Manor 

In 1845 Durban’s first mayor, George Cato, was granted land in Cato Manor in compensation 

for a beachfront property that had been expropriated for military purposes. Cato and his 

descendants farmed on this land until the tum of the century, after which the land was 

subdivided into a number of smaller farms. During the next thirty years the landowners hired 

out or sold plots of land to Indian market gardeners. Isolated clusters of shacks that were 

occupied by Africans began to appear along the banks of the Urnkhumbane River. At that 

time Africans were prohibited from owning land or building homes in an urban area and were 

regarded as temporary sojourners. In 1932 Cato Manor was incorporated into the 

municipality of Durban and therefore the shack settlements became illegal. The authorities 

turned a blind eye and people continued to come to the area. In 1943 the squatter population 

had swelled to 17000. 

In 1949 the "Durban Riots" broke out after an Indian man near Durban’s Indian market 

allegedly assaulted a 14-year-old African boy. This lead to two days of anti-Indian violence, 
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developments. During the mid 1980’s major portions ofCato Manor were officially identified 

for development for Indian people and some formal houses were built at Wiggins. 

5.2. Interactive story 

The interactive storytelling tool is tested in a Cultural Heritage application. The story world 

is a shebeen (township tavern) in Cato Manor. The story develops through exploration of the 

shebeen by the user. The user experiences the shebeen through the eyes of the specific virtual 

identity. According to the chosen identity, the user is allowed only certain interactions that 

are appropriate for the specific identity. This enables the user to view the she been from 

different perspectives and angles and to get a true reflection of the culture. 

5.3. Virtual identities 

Three virtual identities were created, namely a Zulu boy, a Zulu man and a shebeen owner. 

Each identity is allowed certain interactions in the shebeen. A shebeen was a gathering place 

where alcohol (i11egal during apartheid) was served, and ideas and goods were exchanged. 

The virtual environment is a shebeen (township tavern) within Cato Manor and contains a 

radio that plays music of that time, photo’s of a soccor match, a boxing match and a jazz 

singer, mugs for drinking beer, chairs and crates to sit down and extra beds and crates that can 

be used when more places to sit are required. 

The photo’s in the shebeen resembles the culture of the people at that time. The soccer photo 

portrays their love for soccer and attending soccer matches. The boxing photo reflects their 

love for boxing matches and the photo of the jazz singer reflects the music that the people 

liked to listen to in those days. 

When the user perceives the virtual environment through the eyes of the Zulu boy, the 

viewpoint is lowered. The user is not allowed to enter the shebeen, but if s/he clicks on the 

shebeen’s front wall the virtual identity is transformed from a Zulu boy to a Zulu man and is 

allowed to enter the shebeen and to do the interactions that are allowed for a Zulu man. 

When the user perceives the virtual environment through the eyes of the Zulu man, the 

viewpoint is higher than that of the boy. The user is allowed to enter the shebeen and can do 

the following interactions within the shebeen: 

� � Click on the soccer photo that will trigger a transition to a soccer match that is 

reflected with a sound file being played that resembles a crowd at a soccer match 
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� � Click on the boxing photo that will trigger a transition to a boxing match that is 

reflected with a sound file being played that resembles commentators at a boxing 

match 

� � Click on the jazz photo that will trigger a sound file to be played that represents a jazz 

song that is typical of the jazz music that the people listened to during those days 

� � Click on a cup in the she been that will cause the identity to sway when he is walking, 

indicating that he is drunk 

� � Move crates around to position them where slhe wants to sit down 

When the user perceives the virtual environment through the eyes of the shebeen owner, the 

viewpoint is higher than that of the boy. The user is allowed to enter the she been and can do 

the following interactions within the shebeen: 

� � Click on the radio to switch it on, that will trigger a sound file to be played that 

represents a radio station of that time 

� � Move tables around in the shebeen 

� � Move spare crates around in the shebeen 

� � Move beds around in the shebeen to create more place to sit down or to put them 

away to create more space for the people in the shebeen 

The user perceIves the shebeen through the eyes of the virtual identity and therefore 

experiences the she been from different perspectives. The application was demonstrated on a 

monitor and in the Cyberstage and the results are discussed in the next section. 

5.4. Results 

This section presents the results that were obtained when the application was tested on a 

monitor and in the CyberStage. The results are highlighted with images that are obtained 

from either the monitor or from a video recording that was made while the application was 

tested in the CyberStage. 

Monitor 

Although the Zulu boy is not allowed to enter the shebeen, for testing purposes he was 

allowed to enter to enable the results to indicate the lowering in viewpoint when the boy 

enters the shebeen. Figures 28, 29 and 30 indicate the difference in the viewpoint of the boy 

and man from the same angle. 
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Appendix B �

Interactive Storytelling Tool Code �
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Iioutput matrix for connecting nodes is the Matrix field 

Ilflag to determine whether the path must be blocked or not �

fpSFBool Blocked; �

Ilflag to determine whether the person is drunk or not �

fpSFBool Drunk; �

Iineed flyer to get the value of the av-mover matrix at the current �

Ilposition of the user to do the translation �

lilink to the current position of the av-mover (fpFlyer) �

fpSFFlyer Flyer; �

Iluser info for connecting to the viewer �

fpSFFloat UserHeight; �

fpSFFloat UserBelly; �

fpSFFloat Speed; �

fpSFFloat Sensitivity; �

lifields for the swaying effect �

Iitime base �

fpSFFloat TimeIn; �

Ilfrequency and amplitude �

fpSFFloat Frequency; �

fpSFFloat Amplitude; �

Ilmethods 

void evaluateO; �

void fieldHasChanged(fpField& field); �

Ilperformer needs this �

static pfType* getClassTypeO {return classType;} �

Iitry to find a path in pfMemory in the inheritance graph l*virtual*1 

pfMemory* castToPerformerO; 

protected: 
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private: 

l/this is for Performer rtti �

static pffype* classType; �

lIto determine whether the Age or Drunk field is activated or not �

int _age; �

int _drunk; �

Ilrelated to the age field - sets the viewpoint according to the age �

float _height; �

fpLink<fpFlyer> _mLflyer; 

}; 

#endif 

Bl.2. C++ file: fp Virtuallden tity. c++ 

11************************************************************* �

II * This node defines the virtual identity in general * �
II * It defines the fields required by all virtual identities * �

II * It only changes the viewpoint * �
II * Other virtual identities inherit from this class � * 
II * and then specializes in the behaviour * 
H* * 

11**************************************************** ********* 

#include "fpVirtualIdentity2.h" �

#include <extensions/movinglfpFlyer.h> �

FP _FC_DEFINE(fpVirtualIdentity) �

pffype* fpVirtualldentity: :classType = NULL; 
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//methods that are always required by Performer 

void fpVirtualldentity::initClassO 

if (c1assType == NULL) 

fpSFFlyer: :initClass("fpSFFlyer", "fpField "); �

classType = new pIType(fpDCS::getClassTypeO, "fpVirtualIdentity"); �

FP _FC_INIT(fpDCS, fpVirtualldentity, TRUE, classType); �

/* virtual */ �

pfMemory* fpV irtualldenti ty:: castT oPerformerO �

return (pfMemory*)this; 

} 

/* virtual * / 

void fpVirtualldentity: :evaluateO 

/lifview has not been changed according to age 

if Cage) 

/* _my_flyer = Flyer.getValueO; 

fpMatrix trnp _mat; �

trnp_mat.copyCmy_flyer->Matrix.getValue()); */ �

if (Age.getValueO <= 12) �

{ �

_height = 1.0; �

UserHeight.setValue(1.0); �

UserBelly.setValue(0 .5); �

Speed.setValue(1 .0); �

Sensitivity.setValue(0.02); �
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Blocked.setValue(TRUE); 

} 

else if (Age.getValueO > 12) 

{ 

_height = 1.8; �

UserHeight.setValue( 1.8); �

UserBelly.setValue(0.9); �

Blocked.setValue(FALSE); �

if (Age.getValueO < 60) 

{ 

Speed.setValue(l.O); 

Sensitivity.setValue(0.02); 

} 

else 

{ 

Speed.setValue(O.OOOl); 

Sensitivity.setValue(O.OO 1); 

_age=O; 

else 

_my_flyer = Flyer.getValueO; 

fpMatrix tmp _mat; �

tmp_mat.copyLmy _ flyer->Matrix.getValue(»; �

fpMatrix new_mat; 

cerr« "In the else loop ... \n" « flush; 

new_ mat.makeldentO; �

new_mat.copy(tmp_mat); �

new_mat.makeTrans(new_mat[3] [0], new_mat[3][I], _height); �
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if Ldrunk) 

lito calculate the translation with the swaying �

fpV ec3 --’position; �

--’position[O] = sin(Amplitude.getValue()) * sin(TimeIn.getValueO * 
Frequency.getValue()); 

new _mat.makeTransVosition[O], new _mat[3][1], new _mat[3][2]); 

Matrix.setValue(new _mat); 

1* virtual *1 �

void fp Virtualldentity: :fieldHasChanged(fpField &field) �

if (&field == &Age) �

_age = 1; �

if (&field == &Drunk) �

_drunk = 1; �
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B2. Scheme Scripts 

Section B2.1 presents the scheme script 

scheme script for the Zulu man and sectio 

r the shebeen owner. Section B2.2 presents the 

B2.3 presents the scheme script for the Zulu boy. 

Section B2.4 presents the scheme script wi h the different objects that have hooks and that are 

loaded into the first three scheme scripts. 

B2.t. Shebeen owner 

.. ****** ************* ************** ******************************* " 

.. * * " �
;; * A sound file is played when the user cl cks on the drum * �
;; * To run the program use the following: * �
.. * 1. Start the sound service with sndserv sh -p <filepath> * �" �
.. * 2. Run the script with the following co and: * �" �
.. * Ihome/medicine/avocadolbinlaview. h -0 sndserv:quitte * �" 
.. * * " �
.. ********************************* ***************** ***** **** ***** �" 

(define (mono) (for-each (lambda (scr) (-> -> scr ’StereoOn) ’set-value 0» av-all-screens» 

(define (stereo) (for-each (lambda (scr) (-> (-> scr ’StereoOn) ’set-value 1» av-all-screens» 

;; drag tool to drag around objects, which h ld compatible draggers 

(define drag-tool-right (make-instance-by- arne "fpDragTool"» 

; the point tool 

(-> (-> drag-tool-right ’Name) ’set-value lid ag-right") 

(-> (-> drag-tool-right ’TimeIn) ’connect-fr m (-> time-sensor ’Time» �

(define drag-tool-right-geo (make-instanceiby-name "fpLoadFile"» �

(-> (-> drag-tool-right-geo ’Filename) ’set-Jrlue (in-vicinity av-data-vicinity "av-stylus.iv"» �

(-> (-> drag-tool-right ’Cursor) ’set-value d g-tool-right-geo) �

(-> (-> drag-tool-right ’Tool Manager) ’set- lue av-tool-manager) �

;; the drag tool becomes the default tool fo the stylus �

(-> (-> av-stylus ’DefaultTool) ’set-value dr g-tool-right) �

(-> (-> av-stylus ’Tool) ’set-value drag-tool � ight) 
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;;defining geometry �

;;(av-set-tool-dragger-match "fpPickTool" "fpScriptDragger" �

"fpPickTooIScriptDraggerCon") �

;(fp-set-value av-stylus ’DefaultTool dragTool) �

;(fp-set-value av-stylus ’Tool dragTool) �

(define room(make-instance-by-name "fpLoadFile"» �

(fp-set-value room ’Name "room") �

(fp-set-value room ’Filename �

"lhome/marde/avango/GMD/virtual_identity/shebeen/shebeen.flt") �

(fp-set-value room ’Matrix (mult-mat (make-rot-mat -9000 1)(make-trans-mat 1 40») �

(av-add room) �

..---------------------------------------------------------------- ›,,----------------------------------------------------------------­

;;define the virtual identity �

(define identity(make-instance-by-name "fp V irtualldentity"» �

(fp-set-value identity ’Flyer av-mover) �

(fp-set-value identity ’Age 30) �

(fp-set-value identity ’Sex 0) �

(fp-set-value identity ’Mood "Happy") �

(av-add identity) �

(fp-set-value av-mover ’CollisionResponse 1) �

..================================================================= 
" 

;;connect the virtual identity to the viewer 

(fp-connect-from av-mover ’Matrix identity ’Matrix) 

(fp-connect-from av-viewer ’Matrix av-mover ’Matrix) 

(fp-connect-from av-mover ’UserHeight identity ’UserHeight) 
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(fp-connect-from av-mover ’UserBelly identity ’UserBelly) �

(fp-connect-from av-mover ’Sensitivity identity ’Sensitivity) �

(fp-connect-from av-mover ’Speed identity ’Speed) �

(fp-set-value av-mover ’Acceleration 0.1) �

(fp-set-value av-mover ’CollisionResponse 1) �

.. ================================================================= 
" 
;;get hooks to objects 

(load" .lshebeenPieces.scm") 

(define radioDragger(make-instance-by-name "fpScriptDragger"» 

(fp-set-value radioDragger ’PushCB "(sound-cb)") 

(define nliste ’()) 

(for-each 

(lambda (piece-name) 

(let 

( 

(piece (-> room ’get-hook fp-dcs piece-name» 

(moveDragger (make-instance-by-name "fpMatrixDragger"» �

) �

(display piece-name) (newline) �

(if piece �

(begin �

(if (equal? piece-name "dcs_button_top") �

(begin �

(fp-add-1 value piece ’Dragger radioDragger) �

(fp-set-value piece ’Name "piece-name") �

(display "Dragger connected to ") �

(display piece-name) (newline) �

» �

(if �

(or �

(equal? piece-name "dcs_table_up") �

(equal? piece-name "dcs_table_ground") �
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(equal? piece-name "dcs_crate_l") �

(equal? piece-name "dcs_crate_2") �

(equal? piece-name "dcs_crate_3") �

(equal? piece-name "dcs_crate_ 4") �

(equal? piece-name "dcs3hair_l") �

(equal? piece-name "dcs_chair_2") �

(equal? piece-name "dcs_chair_3") �

(equal? piece-name "dcs_chair_ 4") �

(equal? piece-name "dcs_crate_table_l") �

(equal? piece-name "dcs_crate_table_2") �

(equal? piece-name "dcs3rate_5") �

(equal? piece-name Idcs_crate_6") �

(equal? piece-name "dcs3rate_7") �

(equal? piece-name "dcs_crate_8") �

(equal? piece-name "dcs_cushion_l") �

(equal? piece-name Idcs_cushion_2"» �

(begin �

(fp-add-l value piece ’Dragger moveDragger) �

(fp-connect-from piece ’Matrix moveDragger ’Matrix) �

(fp-set-value piece ’Name "piece-name") �

(display "Dragger connected to ") 

( display piece-name) (newline) 

» 
) �

) �

) �

) �

room-pieces �

) 

.. ================================================================= 
" 
;;define sounds 

(av-assert-extension ’av-ext-sound) 

;;initialize the sound server 

(av-sndserv-reset) 
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(define drag-tool-right (make-instance-by-name "fpDragTool")) �

;; the point tool �

(-> (-> drag-tool-right ’Name) ’set-value "drag-right") �

(-> (-> drag-tool-right ’Time In) ’connect-from (-> time-sensor ’Time)) �

(define drag-tool-right-geo (make-instance-by-name "fpLoadFile")) �

(-> (-> drag-tool-right-geo ’Filename) ’set-value (in-vicinity av-data-vicinity "av-stylus.iv")) �

(-> (-> drag-tool-right ’Cursor) ’set-value drag-tool-right-geo) �

(-> (-> drag-tool-right ’ToolManager) ’set-value av-tool-manager) �

;; the drag tool becomes the default tool for the stylus �

(-> (-> av-stylus ’DefaultTool) ’set-value drag-tool-right) �

(-> (-> av-stylus ’Tool) ’set-value drag-tool-right) �

..============================================================== 
" 
;;defining geometry �

;;(av-set-tool-dragger-match "fpPickTool" "fpScriptDragger" �

"fpPickTooIScriptDraggerCon") �

;(fp-set-value av-stylus ’DefaultTool dragTool) �

;(fp-set-value av-stylus ’Tool dragTool) �

(define room(make-instance-by-name "fpLoadFile")) �

(fp-set-value room ’Name "room") �

(fp-set-value room ’Filename �

"lhome/marde/avango/GMD/virtual_identity/shebeen/shebeen.flt") �

(fp-set-value room ’Matrix (mult-mat (make-rat-mat -90 0 0 l)(make-trans-mat 1 40))) �

(av-add room) �

.. ================================================================= 
" 
;;define the virtual identity �

(define identity(make-instance-by-name "fp Virtualldentity")) �

(fp-set-value identity ’Flyer av-mover) �

(fp-set-value identity ’Age 30) �
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