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Abstract

Training in the IT sector is vitd. With technologies evolving
ever fagter, people are required to learn new skills dl the
time. Ingtructor-Led Training (ILT) is popular and a useful
method of training but is expendve and companies are
looking towards Computer-Based Training (CBT) to provide
cheaper methods of educeting the work force. There are
dready many CBT applications in the marketplace, al of
which use 2D interfaces. This paper examines the necessary
requirements for a 3D interactive training application, and
looks at the technologies that exist to support and implement
such an application. The god is to build a prototype
interactive training application that dlows users train with
3D modds and have the gpplication monitor and guide the
user through training tasks.

1 Introduction

Applications and technology are evolving rapidly and
employers are finding it necessary to spend more time and
money training their employees. Computer-based training
(CBT) is gaining widespread acceptance in the marketplace
as a chegp supplement or even dternative to Instructor-led
training (ILT). Virtual Redlity (VR) technology is being used
for training in many different sectors but because of the cost
of implementing the technology, it is il inaccessible to the
marketplace a large. The Virtud Redity Modding
Language (VRML) is a technology that can bring VR over
the Internet and onto the desktop and make 3D much more
accessble to the end-user. An Internet-based training
application has been crested, that can provide task-based
training in a Virtua Environment (VE) while o taking into
condderation the latest training methodologies and interface
design issues.

1.1 Task-based Simulations

A task-based simulation in the context of Computer-based
Training (CBT) is an gpplication that Smulates or replicates
a user-task in the real world [CBT, 1995]. Generdly, tasks
ae confined to gSmulating user-tasks in computer
applications. For example, the gpplication could Smulate the
look and fed of Microsoft Access and the particular task
could be to create a new database. Tasksinvolve anumber of
geps, some of which may have multiple correct answers. It
should be possible for the user to complete the task in the
application whatever way they choose and they should not be
able to eadily digtinguish between the smulation and the redl
goplication within the confines of the tak a hand.
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Obvioudy, it is not posshle to completdy smulae the
whole gpplication but the god is to alow the user as much
freedom as possible so they are not shepherded towards the
answer.

1.2 Defining the Interface

To define an interface for 3D task based smulations, there
aretwo main consderations

- provide interface components to easily dlow the user to
mani pul ate the 3D environment

- provide interface components to dlow the user to
receive information about the task at hand

In the firgt ingtance, the user will be working with a 3D
environment. They will require the ability to manipulate 3D
objects. In many cases the user will dso require the ability to
navigate within the environment, i.e. they will need to be
able to move around objects and be able to change their
perspective of the environment.

Secondly, the user will be interacting with the 3D modd by
executing some task. The information on the task and steps
needs to be presented. Also, there should be a method of
alowing the user to inform the application when they have
finished working with the 3D mode. Then the gpplication
needs to present feedback on the task and lastly, they need
the ability to tell the application that they would liketo see a
demongtration of the task.

These requirements lead to two different types of interface
components. one that provides the 3D functiondity
necessary and one that provides the more straight-forward
2D functiondlity.

1.3 VRML

The Virtua Redity Modeling Language (VRML) is a file
format for describing interactive 3D objects and worlds.
VRML is desgned to be used on the Internet, Intranets, and
loca client systems. VRML isaso intended to be a universal
interchange format for integrated 3D graphics and
multimedia. VRML may be used in a variety of application
aress uch as enginering and scientific visuaisation,
multimedia presentations, entertainment and educational
titles, web pages, and shared virtua worlds.



2 Research

2.1 Virtual Reality

‘Virtud Redity’ (VR), initidly coined by Jason Lanier
[Lanier, 1989, is used by many different people with many
different meanings. There are some people to whom VR has
avery specific meaning and who think about Head Mounted
Digdlays (HMD), Glove Input Devices and Immersive
sysems. Some other people dretch the term to include
movies, books and even pure fantasy and imagination
[Isdale, 1998]. To help clear up the confusion about what VR
actudly is, Professor R.S. Kdawsky defined a generic model
of a VR sysem [Kadawsky, 1996]. Essentidly, when a
person interacts with a Virtua Environment (VE), they
become engaged in a closed loop. The user interacts with the
VE representation, which in turn is based on a modd. The
effects of thisinteraction are fed back to the user through the
modification of the modd based on the user’s input and so
the cycle begins again. Lanier himsdf describes Virtual
Redlity as an immersive, interactive smulation of redistic or
imaginary environments.

2.1.1 Typesof VR

There are three basic vaieties of VR sysems non-
immersve (desktop) VR, sami-immersive (projected) VR
and fully-immersive VR.

Non-immersive VR is the mogt common and inexpensive
type of VR. In its mogt basic form it congsts of little more
than a computer generated VE and conventiona input
devices. There is no sense of immerson — or being in the
VE.

Semi-immersve VR is characterised by a fixed wide-angle
display of over 60 degrees in diameter. The most common
type is projected VR where multiple users gather in a room
resembling a small film theatre while watching a VR display
on alarge screen that curves towards them at the Sides giving
them awide angle view of about 130 degrees.

Fully-immersve VR is the form of VR that most people
imagine when talking about Virtud Redlity. It conddts of a
head coupled Visud Display Unit. Any movement of the
users head is fed into the system and the users view is
updated accordingly. This gives the user the fedling of being
immersed in the system and there is no visud sense of the
physica world or even of a computer interface [M. Bricken,
1991]. Fully-immersive systems generaly include haptic
devices which dlow the user to fed smulated 3D objectsin
the VE. The most common type of haptic device is the
“cyberglove’. Other haptic devices include the exoskeleton
and the thermode (which provides the sensation of
temperature).

2.1.2 Attributes of VR

VR has been categorised by some people asjust an extenson
of Multimedia sysems [Dede, 1992]. In an effort to
empiricaly measure VR in rdation to other computer-based

systems, [Zdter 1992] has defined a framework based on 3
independent varigbles: Autonomy, Presence and Interaction.

Autonomy reflects the extent to which an environment
operates on its own - without requiring user input. Presence
reflects the extent to which the user feds immersed in the
system.Interaction reflects the systems responsiveness to the
usersactions.

Each system can be categorised as having various levels of
autonomy, presence and interaction. For example, TV ishigh
on autonomy and low on interaction, with presence being
variable depending on the user and the program. Computer
tutoridls are low on autonomy and presence but high on
interaction.

VR can be high on dl three, depending on how immersive it
is. Desktop VR provides the lowest level of presence.
Depending on the VE, the leved of autonomy can be high.
For example a red-time VR dmuldion is highly
autonomous.

It has been shown that varying these three parameters in a
learning technology has a profound effect on the amount of
learning performed. Interaction must remain high. This helps
to keep sudents focused and motivated. If presence is high,
users ae less likdy to be digracted by outside
circumstances. High autonomy is advantageous in learning
environments where time is an important factor.

2.2 Theory of Learning

There has been a change in the under-lying theory of how
people learn by use of technology-based educationd
sysems. It is due to this shift in thinking, that VR has found
uses in education. In fact, educational computing has gone
through three mgjor changes and VR has opened up afourth,
caled “ Condructivism”. [Winn, 1993]

Condructiviam is based on the belief that the nature of the
interaction between the student and indruction is a
determinant of learning of equd if not greater importance
than content or how information is presented [Merrill, 1993].
Indeed, this theory prescribes that al knowledge is derived
through interactions [Spiro et d., 1991]. The basis of this
theory is that esch individua has his own internal
representetion of the outsde world and when he interacts
with the world, he amends hisinternd structure of the world.
Because each individud is unique, people cannot share
“first-person” knowledge but only with the use of symbols,
exchange “third-person” knowledge. In other words a person
cannot know what it fedls like to be another person, they can
only form “third-person” knowledge of the experience
[Winn, 1993]. Two people will build sSmilar interna
gructures of the world but each will have their unique
interpretation of these structures.

The relationship of congructivism to VE isthét it provides a
theoretical framework for the type of learning that is aready
taking place in fully immersve VE's The key to the
compatibility of VR with congtructivism liesin the notion of
immersion. According to congructivist theory, knowledge



congtruction arises from first-person experiences that can
never be entirdly shared. Immersive VR dlows first person
experiences by removing the interface between the computer
and the user. It dso dlows the user to learn through
interactionswith the VE and it is through the interactions that
the knowledge isformed.

2.3 Graphical User Interfaces

Each VR system has some sort of control pand or interface
for the user to interact with. The interfaces vary widely
depending on the type of VR, the input/output devices
available and the method in which the interfaces are crested.
The type of interface used has a significant bearing on the
user’s perception of the gpplication [Norman, 1986].

There are severd ways to cregate the control pand for a VE
using ether 2D or 3D controls. It is possible to design an
interface as part of the 3D modd. Such an interface would
float in front of the users field of vison and remain in sight
no matter how the user moves around. This is cdled a
Heads-Up Display (HUD). There is not much room on the
HUD to display dl the information required in a 3D task-
based training application — such as the task text and the step
details. This point indicates the necessity of using 2D
interface components to dlow the task and steps information
to be easily displayed.

Idedlly a 2D interface should be designed such thet:

- itisindependent of the 3D mode! or content

- it can beeadly replaced without affecting existing
content

- it providesthe interactivity necessary for
communicating with the 3D mode

In short, it is better to provide this information outside of a
VRML modd and use Java or HTML to manage the 2D
interface.

2.4 Usesin Training

VR has many applications, the main one being in training
and education. VR has been used for many years in the
Aeronautical Industry for training pilots and is now an
indispensable toal. Filots would be unable to gain experience
in critical Stuations and the training of new pilots would be a
lot more hazardous. VR has dso been found useful in the
military sector, with virtud combat missons and virtua
tactical warfare being used for training.

VR has aso found other aress of use. Much research has
gone into its use in education and training [eg. Fox et d.,
1994; Youngblut, 1998] Fire fighters have fought virtua
blazes, surgeons have training on virtud patients [Warrick,
1996] and Engineers have built virtua machines. VR has
many uses for education but how does a person decide when
VR isbeneficia for usein training.

2.5 Evaluating Knowledge Retention

[Hdl et. d, 1998] developed a VR application to evauae
users knowledge retention and compared their resultsto a 2D
verson of the gpplication. Users were required to recal a
ten-step procedure for operating severa devices distributed
aound a room. The 2D verson used graphics and
photographs to display the devices. Buttons and windows
alowed users to get information on the devices. The 3D
version provided a virtua room with the devices distributed
throughout the room. Users were required to navigate
between the objects and a glove input device was used to
manipulate controls on the devices.

Andysis of the performance of groups of users on each
gpplication type showed that users of the VR application had
marginaly higher test scores but the test groups were too
amdll to provide concrete atigticd evidence that VR was a
better technology for training. Rather, the conclusions were
that the indructiond design methodology was more
important than the actua technology being used. Training
programs that encourage the users to learn and think will
aways out-perform training programs that smply rely on a
new technology.

2.5.1 NICE project

The NICE (Narrative-based, Immersive,
Congtructionist/Collaborative Environments) project
[Roussos, 1997; Johnson et ., 1998] was a research project
whose god it was to cregte a virtua learning environment,
based on the congructionist theory. The design of NICE
supports the congructionist view that learners assmilate
knowledge by engaging in sdf-directed learning activities
which are accomplished through constructive tasks. Users
discover rdationships between variables through the direct
manipulation and examination of objectsin the VE.

Users were not presented with tasks or objectives or directed
in the environment, which reduced the possibility of them
learning. This lack of directness leads to the conclusion that
congtructionist theory is more successful if users have agod.
Their conclusions dso indicate that while VR brings “added
vaue’ to training, thereislittle reason to use VR in areas that
are dready well met by conventiona pedagogy. They dso
sressthat the learning god of VR applications must be hard.
In other words, the objective must be difficult to obtain
through the use of exiging learning models and the
advantages of VR must be utilised in the learning process.

3 Implementation

3.1 Objectives

The overdl objective is to build a sample application that
demongtrates the use of VRML as a medium for 3D task-
based training smulations. Idedly, the gpplication should be
reussble. It should be possible to insert various 3D models
eadily without having to redesign or develop parts of the
application. To achieve this, a number of sub-goals must be
reached.



- De€fine an interface for the user to interact with the 3D
moddl

- Build the 3D modeds and build the interactivity into the
modds

- Devdop a judging mechanism that can be abstracted
from the example and applied in generd

- Devedop a demondration mechanism that can be
abgtracted from the example and gpplied in generd

- Integrate the components together

To make the application reusable, it should be posshble to
insat 3D VRML modds that meet some defined
pecification without having to make any changes to the
basic gpplication. The criticd components are how the
gpplication can communicate with the modd to determine
the status of objects that pertain to the steps in the task and
aso how these objects do their own demonstrations under
the ingtruction of the application.

Ta:

Q

task frame

cloge steps button
Show steps button
Done button

Mavigate to map button
Reset task button

Figure 1 Application interface

HTML / JavaScript

1

steps/ieedback frame
change view buttons

3.1.1 Interface design

Figure 1 shows a screen-grab of the interface that has been
implemented for this project. The graphic shows the VRML
contrals for an “Examing’ paradigm. The developer can
choose which set of controls to digplay depending on the
VRML content — “Examing’ or “Movement”. It is dso
possible to have both sets of controls available to the user.

Figure 2 shows the gpplication Sructure. The user can
interact directly with the VRML modd using the VRML
interface. For accessing task details such as the steps or
feedback and resetting the task or exiting the task, the user
interacts with the Java applet. For changing views in the
modd or activating the demongtration, the user interacts with
the HTML pages for the steps and feedback respectively,
both of which contan JavaScript functions that send
messages to the Java applet. The gpplet is wired up to the
VRML mode for communicating requests and for receiving
information back.

viewpoint navigation
seek button

zoom button

rotate button

pan button

undo/redo move button
straighten button
help/preferences

kup I.‘

VRML

User Input

Figure 2 Application structure



3.1.2 Java Task applet

The Java Task applet Stsin the task frame and providesthe
interface for the user to control the task. The following
functiondity isavailable:

- Digdlaying stepsfor the task

- Judging the user on the task

- Disgplaying the correct and incorrect feedback
- Resdting the task to theinitid state

The applet has been designed so that is a generic component
of the application. The developer can change the 3D models
and the task without having to rewrite the applet or changeit
in any way. Thiswas possble because the architecture of the
models was defined so that there is dways a generic interface
for the gpplet to communicate with. Aslong asthe 3D
models meet the pecifications, they can be integrated into
the gpplication.

3.1.3 3D Model Design

Building 3D task-based simulations means building objects
and eventsthat reflect redity, ie. red-world actions. In
generd these interactions can be broken down into a number
of discrete actions. The basic actions needed in an interactive
3D application are:

- Moving viewpoints/ changing the view
- Navigating though environment

- Sdecting an object

- Moving an object

Examples of each of these interaction types have been
developed in the 3D modd s designed for the application.

3.1.4 3D Model Architecture

Each 3D modd integrated into the application has one
common fegture. That is acomponent that tracks theinternal
changesin the model and provides an interface for the Java
applet to communicate with. This component is caled the
“Global Test script node’.

Java Task applet

<4——p| node

When the gpplication applet isfirg gtarted, it formstwo-way
links with this component (

Figure 3). Once these links are established, the Java gpplet
can recelve messages from and send messages to the VRML
modd. For example, when the Done button is clicked in the
Javaapplet, amessageis sent to the VRML modd,
requesting the status of the steps. The Globa Test script node
keeps track of thistype of information and sends amessage
back to the gpplet. The gpplet can then determine what
feedback to provide the user on the basis of the step States.

For the demongtrations, the gpplet again sends a message to
the Global Test script node, which activates the gppropriate
demondtration. The demongtrations (which may be
animations) are developed as part of the 3D mode and are
linked into the Globa Test script node.

3.2 Building the Models

A number of 3D modds have been built to test various
agpects of the gpplication. Thefirst mode is quite smple and
was designed to test the Java applet and the generic
components of the application. The second concentrates on
the ements of VRML that dlow interactivity and
demongtrates the types of interactivity that is possible. The
third highlights the generic design of the application by
showing how apre-built model can be integrated into the
application with the minimum of effort.

3.2.1 Test Model

To test that the architecture for the application was suitable, a
smple VRML world was designed to represent an
interactive 3D modd. The judging model and rules for
performing steps were gpplied to this modd. The 3D modd
used in this example, Smply has 4 spheres which can be
moved left or right by clicking on them. The task is to move
al the spheres to the right hand side. Theinitid state of each
sphereisin the left position. The task is judged to be correct
if dl spheres are in the right pogition. The user is able to do
and undo each step. However there are redtrictions on the
order in which the spheres can be moved. These rules are
incorporated into the VRML modd in the Globd Test script
node, which manages the steps.

Globd Test script 3D Modd

Figure 3 Communication between applet and 3D Modél is through the generic Global Test Script node



3.2.2 Office Simulation

The Office smulation was developed to test not just the
reusability of the gpplication, but aso to test the usability of
VRML for building interactive models. Without interactivity,
task-based amulaions are not practica and an examination
of the techniques available in VRML is necessary to test the
viahility of the language. The Smulation consists of a room
with two desks and a moveable chair. Each desk has diding
drawers. On one desk is a phone, which can ring, and a
standard computer with an adjustable monitor. On the second
desk isalaptop. In the simulation, the user is required to find
aCD which ishidden in one of the drawers, take it and put it
in the laptop CD tray - which must first be opened, and then
open the laptop display. The smulation does not focus on a
learning task as such, but rather highlights the basic e ements
that are necessary for the developer to be able to build an
interactive smulation. Different sensor types, multiple
viewpoints, animated demondrations are al employed in this
task.

Thefirst smulation utilised only touch sensorsto activate the
geps. The office Smulation uses mogt of the different types
of sensorsthat are available.

3.2.3 Medical Simulation

The Medicd smulation focuses on a typica learning task
and highlights an area of use for 3D modds that is
particularly important. It dso tests the usability of the
goplication with pre-built 3D modes and the use of
dternative correct answers.

In this smulation the user is required to identify 4 specific
anthropometric points on the human head out of a possible
forty. The points are placed dl around the head 0 it is
important for the user to be able to move around the head
and examineit in detail - some points are very close together.
The user must match the four specified points with the panels
A, B, Cand D. The user is hot required to pick the pointsin
order and they can redo any of the steps until they think they
have got them dl correct or have given up. Some of the steps
have more than one correct answer and it doesn't make any
difference which one the user picks as both are marked
correct. If the user requests a demongtration of any step, the
viewpoint is changed s0 that the anthroprometric point is
visible and then the point is enlarged to distinguish it from
the other points. It is of course possble to code more
effective demondrations, such as an animation of a 3D hand
pointing at the correct point.

The mode of the head itself was developed by Resder et d.
[1996] and then modified and integrated into the smulation.
The modd initially conssted of just the head and the
anthropometric points. To this, the pands were added and of
course the Globa Test script node. Viewpoints and
Demongtrations for each step in the task were also added.

Once the modd was complete there were over 160 active
events to provide the interactivity and monitor the users

progress.
3.3 Rules for building the models

- Whena3D modd isbeing built for the gpplication there
is no need to worry about how to link the objects
together for the different steps. An abstract model has
been defined which lets developers build the modes in
such a way that dlows them to be easily copied to
different models without worrying about the
interdependencies  between objects. The generd
guiddines for building the models are listed here. The
sample models should be examined in detail to see the
actua implementation.

- Each gtep of the task should have a viewpoint defined
for the object referenced in the task such that the object
in the step is visble in both the beginning and end state.
The user should not be required to change the view in
order to complete the step.

- Each gep should have a script node that can trigger the
demongtration for the step, know when the user has
activated the step and fields for storing the current state
of the sep.

- The object for each step should be grouped together
with the sensor that activates the step and the script that
manages the step

- Each modd should include the Globa Test Script node
and link its objectstoiit.

- Objects should be built with extensve use of the
“Transform” node. (The Transform node is a grouping
node in VRML that defines a co-ordinate system for its
children that is relative to the co-ordinate systems of its
ancegtors. It dso dlows the user to build up a hierarchy
of objects that makes it much easer to navigae
through.)

- Each object used in a step should have a beginning state
and an ending State. For example an object can move
from A to B or changevaduefrom X to Y.

- How an aobject gets from the beginning date to the End
State is left to the developer and depends on the action
being performed. In generd, there are two ways of
arriving a an end gae. A) The object can be animated
going from the beginning to the end date. B) The object
can jump immediately from the beginning dtate to the
end date. In any case there should be some sort of
trigger than can be accessed in order to dlow the
gpplicaion to interact with the step. Thistrigger canbea
script node which controls the object or can be some
event that isimplicitly defined in the VRML modd.

With just these guiddines a designer can build modds
independently of the application. However, if these
guiddines are not followed, then a 3D modd cannot be
eadly integrated into the application.
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Figure 4 Office Simulation

4 Discussion

The overdl god of the project was to build an gpplication
with various 3D modes that demondtrate the applicability of
VRML to 3D task-based simulations in the context of current
learning methodologies. This has been achieved with the
development of the first web-based 3D task-based training
gpplication. The gpplication design provides a framework
that alows different 3D models to be easly integrated into
the gpplication to provide task-based training.

Each of the three models developed for the gpplication
highlights some of the important aspects of 3D interactive
moddsand their usein training.

- Intefacedesign

- Reuseof gpplication framework

- Incorporation of task-based training recommendations
- Animations

- Different methods of interactivity

- Movement of objectsthrough VRMLs hierarchy

- Mapping red-world user-object interactions to VRML
user-object interactions.

4.1 Application Features

The application was designed with the task-based training
gods in mind. Each of the recommendations were
implemented:

- Task-based judging

- Task gatement dwaysvisible

- Detaled gepsavailable

- Demongrationsfor each step

- Accommodation for multiple correct answers
- Ability toreset task to initia dtate

Each of these functions could be accessed through the
interface. The various components in the interface have a
condstent look and fed. The VRML plug-in has been
integrated seamlesdy into the gpplication. This makes it
easier for the user to learn how to use the interface asthereis
only one style of interface to learn.

4.2 Interface Design

In designing the interface, the style of the VRML interface
was used as a bads for the design for the rest of the
application. This required the look and fed of the interface
elements to be smilar to the VRML interface. It is possible
to design atotaly different interface and replace the exigting
VRML one, but this requires some extra development work
and increase the size of the gpplication to be downloaded.

Locdisation issues were considered in the design of the
interface. There are no interface graphics with text in them.
Each button has a tool tip and a line of help text, which is
coded in the gpplet. It is a sraightforward step to locdise the
interface. Also, the content is very easy to locdise because
both VRML and HTML are text based and trings can be
eadly edited without having to make any changes to the
gpplication itsdlf.

While the use of viewpoints is important and makes
navigation and exploration of a virtud modd easer,
asociating viewpoints with particular steps is somewhat
leading. It is possible for the user to guess the correct action
for agep if the viewpoint is focused on a particular object or
component. It is felt that it would be better to provide a
separate interface for the user to change the viewpoints.
Indeed, the VRML Browser dlows a user to do just that, but
that is only a solution if its interface is used. Another
dternativeisto provide asmple popup list in the Task applet
that the user can choose the views from or even to provide a
3D-spinning cube [Cosmo, 1998] wherethe user can click on
asdetobringup aview.



4.2.1 Building the models

Building the 3D objects and components for the modd can
be time-consuming and use of a GUI based editor is essentia
for developing the models. Cosmo Worlds, which is
probably the best VRML editor available at the moment, was
used to develop the models in the application. Even with the
use of thistoal, it is sometimes necessary to use atext editor
to modify the VRML code directly to get the required results.
This has implications on the levd of IT awareness of the
developer.

The modds that Cosmo Worlds crestes are compatible with
Cosmo Player 2.1 which ships as part of Netscape Navigator
but which requires a plug-in for Microsoft Explorer. Other
VRML plug-ins ae avalable but because of some
differences in implementation, some modds do not work
correctly between different plug-ins. The models developed
for the gpplication have only been tested with Cosmo Player
21 plug-in. To ensure that the gpplication runs in dl
browsers, the application needs to be tested in each of the
different plug-ins available. Building the modes can teke
place independently of the application development because
of the architecture of the application. The Medica
Simulation model proved this as it was developed before the
actud agpplication was designed. Any modd can be
integrated into the gpplication by following the guiddines
outlined in section 0.

4.3 User-Object interactions

One important attribute of a3D modd is the ability to move
objects. For most smulations, this is an important feature
and necessary for the accurate smulation of rea world
events. VRML provides mechanisms for dlowing this and
for most scenarios it is a Smple task to develop the code to
move an object. However, because the gpplication is
redricted to using 2D controls for input (keyboard and
mouse), it is not possible to move objects in 3 dimensions.
Clever design can circumvent this problem.

With complex models, there may be many moving parts and
sometimes objects must move between other moving parts.
For example, in the Office Smulation, the CD in the drawer
moves relative to the drawer when it is in the drawer, but
moves relative to the CD tray when it isin thetray. Thistype
of movement is more difficult to implement but is
neverthdess possble with VRML. Generdly, most user-
object interactions can be catered for but some are more
difficult to code. Complex movements can however be easily
coded using animations which are quite easy to build using a
VRML editor like Cosmo Worlds.

4.4 Complexity of Models

As the mode's become larger and more complex, the speed
a which the scene is updated dows dramaticaly. This
crestes an upper limit on the complexity of usable models
that can be devdoped in VRML. Redricting sze,
interactivity and complexity of modes reduces the
authenticity of the modd and decreases its learning value.

Also, the ahility of the user to navigate easly through a
VRML modd is hindered by the complexity of the world as
the refresh rate & which the scene is updated, decreases
noticeably asthe modd becomes more complex.

VRML provides a method of reducing the complexity of
models through the use of LOD (Level of Detail) nodes.
When these nodes are used it is posshle to define
representetions of an object as it should be rendered
depending on its distance from the user. If the user isvery far
away, a smple shape may suffice. As the user gets closer to
an object, more complex representations can be rendered
right up to an extremdy accurate model when the user is
very close to the object. Using level of detail means that
rendering can take place much quicker when the models are
far away from the user. Only when the user getsvery closeto
the component does the highest leved of detail need to be
rendered.

While VRML can produce very detailed modds, it is
sometimes better to use 2D hitmaps as texture maps in
combination with 3D models to produce redlistic looking
modds. The benefit of this is that the size of the modd
remains smal, yet detailed. In generd, 3D models are of
most benefit in VRML, when examinaion of the 3D
Sructure is a vital component of the training methodology.
Aress where it would be of particular use are in biology —
where bone structure and anatomical details can be studied
and examined, and in chemistry where molecular structures
can be eadly represented and manipulated by the user.

45 Training

The Medicd Smulaion demondrated the use of the
application in the context of testing the users knowledge in a
redl task. A typical use for the gpplication and the modd
would be as part of a Human Anatomy Training course. The
3D environment was most useful for this task as it enabled
the user to examine the modd in detail and from multiple
perspectives. Because of the nature of the task, it didn’t have
as much emphasis on the congtructionist mode of learning.
The Office dmulation was much more representative of the
type of environment in which the user must explore and
interact with objects to perform the task.  Some knowledge
of the technical issues and details of the implementation must
be understood when choosing the tasks to develop. This is
not aways possible in practise, as the person defining the
task context or even the task details is not the same person
building the smulations.

5 Conclusions and Future Work

The application developed for this project was a success in
the sense that it met al the objectives and demongtrated how
task-based training can be gpplied to 3D modds The
technologies used in the application dlow it to be run over
Internet environments and the size of the modds are
aufficiently smdl as to dlow it to work across low
bandwidth connections. One minor drawback is the
differences in the implementation of Java and VRML
between different browsers. This makes the development of
any Java applet more time-consuming and difficult, as it



requires the gpplication to be congtantly tested in all different
configuretions.

Because the models are described in text format, it is essy to
reuse parts of one mode in another. If necessary, objects can
be easily scaled or rotated to fit in with other objects. Thisis
a diginct advantage over gpplicaions that use 2D images.
Generdly, 2D images of objects are not displayed at the
same scale and the user can loose the sense of relative size of
objects. The mogt suitable area of use for this application is
for training where knowledge of a 3D gtructure of an object
is vital. Users can manipulate and interact with 3D models
and the application can provide feedback to the user based on
their input. Examples include chemica molecules, internal
organs and architectural structures.

Navigation though VRML models is a little cumbersome
with the interfaces that are programmed into the plug-ins. It
is eeder to examine objects than it is to navigate around
them. 3D games like Quake or Doom have a very user-
friendly navigetion interface. It should be posshle to
implement a smilar Syle interface in the application. Some
further work can be done with the gpplication to make it
more usable and platform independent:

»  Allow variable number of stepsto be placed in atask

» Viewpoint names are not hard-coded but instead
referenced inan INI file or atext file

» Ingtead of using static HTML pages for the feedback, a
better solution would be to have the Java gpplet
dynamically writethe HTML at runtime

» The Java applet will work correctly on al browsers and
with different versons of Java

» The gpplication can provide feedback on each sep the
user peforms. The VRML mode keeps track of dl the
information so it would be quite straight forward to pass
the information on to the user

» The Java applet can cater for locdised versons of the
application

These points are smple enough for a Java programmer to
implement. The difficult issues in the design of a 3D task-
based training application have aready been solved. Overal,
the development of the gpplication shows that training in 3D
environments is possible using today’s technologies, while
implementing the latest training guiddines.
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