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Summary 

WP3 focuses on the design and development of a GRAPPLE authoring tool to support authors in writing 
adaptive courses. In the GRAPPLE project, also Virtual Reality (VR) course material is considered. This may 
range from some simple 3D objects to complete virtual environments. To be able to allow adaptation of VR 
material, an authoring tool that allows authors to specify how adaptation should happen inside a virtual 
environment is necessary. This authoring tool is one of the authoring tools used in GRAPPLE. For this 
reason, the design of the VR authoring tool is part of the work package 3, which deals with the authoring of 
conceptual adaptation structures. This report is structured as follow: 

·  Chapter 1 gives an introduction by describing the relevant task, the purpose of the deliverable and 

the objectives of this specific authoring tool. 

·  Chapter 2 presents the state of the art and related work. 

·  Chapter 3 defines possible types of adaptation for VR in the context of E-learning.   

·  Chapter 4 gives the design of the VR authoring tool. 

·  Chapter 5 presents conclusions. 

As the development of the GRAPPLE system is an ongoing activity, the design described in this document 
will be continuously updated to follow the improvements and refinements of the GRAPPLE developments. 
This will be reflected in the deliverables D3.4b and D3.4c. 
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1 Introduction 

1.1 Task and Deliverable Description 

This report is deliverable D3.4a of WP 3. This deliverable is related to task T3.4. In the original proposal the 
task and the deliverable were formulated as follows: 

T3.4 Definition of methods and tools for authoring adaptive VR learning material (VUB) 
To integrate VR learning material in the adaptive learning environment, it is necessary to provide authoring 
tools for adaptation in the objects inside the Virtual World as well as in the Virtual World itself. Focusing on 
navigation, a mechanism will be developed that allows authors to specify specific adaptive navigation 
possibilities inside a Virtual World (e.g., guided tours) as a part of the authoring process. 

 
D3.4a Design of an authoring platform for adaptive VR learning material (VUB, M12) 

An authoring environment (software) will be realized in T3.4 that allows creating conceptual adaptation 
structures for existing VR content. If possible the adaptation will be defined using the standard (or perhaps 
extended) CAM language. This deliverable describes the design specification of the authoring environment. 

The objective of the report is to provide a description of the design of an authoring tool for existing VR 
learning material, so that the VR learning material can be adapted and used in a learning environment 
provided by GRAPPLE.  

1.2 Objectives of the VR Authoring Tool 

The aim of this authoring tool is to allow an author of a course to define how adaptation should happen 
inside a Virtual Environment (VE), i.e. a 3D world composed of 3D and 2D objects. To support this, the 
author should be able to use a number of predefined adaptation rules (VR CRTS). He could also be able to 
define additional VR CRTs using a number of predefined adaptation types and adaptation strategies. The 
authoring tool should also allow authors to preview 3D materials.  

1.3 Outline of the report 

The report will continue with reviewing, in chapter 2, the state of the art and related work that has been done 
in the context of adaptation for Virtual Reality as well as for (3D) Games. Based on this information, chapter 
3 will introduce the different types of adaptations for Virtual Reality that can be supported in the context of 
GRAPPLE. Then, chapter 4 will describe the design of the authoring tool itself. More in particular, its relation 
with the other authoring tools used in GRAPPLE, its architecture, its user interface (UI), and its output will be 
explained. Chapter 5 concludes this report. Two appendixes are included to describe more technical details 
of the design. 

2 Related work 

This chapter will start by reviewing some work using 3D or VR for E-learning. We provide this section to 
illustrate that VR and 3D is indeed feasible in the context of E-learning. The second part of the chapter will 
describe related work that is also dealing with adaptation in a 3D learning environment. 

2.1 E-learning in 3D environments 

In this subsection, a number of 3D environments developed for E-learning will be reviewed. The purpose of 
this section is to show the possibilities of 3D environments in the context of E-learning and to illustrate that in 
the future more and more 3D learning material may become available. Some work is based on existing 
Virtual Reality (VR) platforms (more specifically VR for the web) and others on Game platforms. More and 
more, game platforms are used for purposes other than pure entertainment (see e.g., the Serious Games 
initiative1). 

Barab et al. (2005) have used a commercial gaming environment to develop a multiuser, virtual learning 
environment to immerse children, ages 9-12, in educational tasks. It allows users at participating elementary 
schools and after-school centres to travel through virtual spaces to perform educational activities, talk with 

                                                      
1 http://www.seriousgames.org 
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other users and mentors, and build virtual personae. 3D aspects are provided through the game platform 
and customization is provided, but here there is no real adaptation in the sense of adapting the objects 
populating the virtual world at real-time according to the student’s background and knowledge.  

Livingstone and Kemp (2008) introduce a learning environment approach integrated with SecondLife2 (an 
online 3D virtual world) and Moodle3 (a course management system). Their approach is called Sloodle. It 
mimics the structure of a Moodle course homepage with 3D objects (see figure 1). When the course designer 
repositions web content blocks, the corresponding objects are automatically repositioned. Sloodle does not 
provide any adaptation to the user’s profile. But it is interesting to see the use of SecondLife as learning 
environment as well as the use of virtual objects specific for E-learning. They have also developed gestures 
of avatars (see figure 2) specific for E-learning. 

 

Figure 1. Sloodle 

 

Figure 2. Gestures of Avatars in Sloodle 

Alexiou et al. (2004) have presented a virtual laboratory, which is designed and implemented in the 
framework of the VirRAD European project. This laboratory represents a 3D simulation of a radio-pharmacy 
laboratory, where learners, represented by 3D avatars, can experiment on radio-pharmacy equipment by 
carrying out specific learning scenarios. The work also does not produce adaptations at real-time according 
to the student’s background and knowledge. 

                                                      
2 http://secondlife.com/ 
3 http://moodle.org/ 
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Moreno-Ger et al. (2008a) describe a design and implementation methodology for medical simulations that 
avoids the high development costs of VR-like simulations (see figure 3). Their methodology takes into 
account that educational games and game-like simulations cannot be independent artefacts and therefore 
must be integrated with co-existing courses and training modules. For their work, they use <e-Adventure> 
(see further on) which is an educational game engine and which also has different plug-ins with the objective 
of integrating the educational games with online learning environments compliant to IMS Learning Design 
specification.  The work is interesting, but it is mainly 2D and not true 3D environments. 

 

 

Figure 3. <e-adventure> used for medical simulation 

De Byl (2009) presents an Embedded Authentic Serious game-based Learning Experiences (EASLE) 
architecture which has been developed to assist in the definition of game based applications. De Byl makes 
the remark that contemporary game design architectures place a great emphasis on storylines and character 
development in a top-down approach. For him, this is not adequate and for this reason, EASLE allows 
designer to specify game aspects by building up a foundation layers where each successive layer refines the 
previous one and makes a Gameplay more complete. The layers are Story, Scenes, Icons, Theme, Game 
rules, Gameplay mechanics and Genre. This work does not allow adaptations based on the user’s 
background and knowledge, but it does provide a methodology to develop game-based learning 
environments.  

The Alive X3D project4 is to bring the power of 3D gaming and simulation technologies to e-learning 
platforms and to educational experiences. It is based on the observation that most of the 3D environments 
for teaching focuses mainly on the distribution of existing learning materials coupling with tools for 
communication. The Alive X3D project adopts Web 2.0 in a move towards interoperable and reusable 3D 
learning objects, forming a Web2.0 – Web3D hybrid approach (see figure 4). Their work does not take into 
account any adaptation, but it shows how virtual environment can be used in the context of E-learning on the 
Web. 

                                                      
4 http://www.alivex3d.org 
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Figure 4. AliveX3D 

KM Quest5 is a Web-based simulation game aiming at developing core knowledge management skills with 
situated problems using collaborative learning. It is a team-based game in which 3 players are responsible 
for a fictitious company called Coltec. In that game, players are given an introduction to the basic concepts of 
knowledge management and training on game. The training consists of a limited form of the game with 
restricted choices and fixed events during the guidance, coaching and immediate feedback is given. 3D 
aspects are provided through the game platform. Also here, there is no real adaptation in the sense of 
adapting the objects populating the virtual world at real-time according to the student’s background and 
knowledge. 

Virtual U6 is a project started in 1997 aiming at creating a computer simulation of university management in 
game form. It is based on the idea of creating a “SimCity” for universities. It has been now used across 
universities on America and demonstrates the use of games for E-learning (see figure 5). 

 

Figure 5. Virtual U 

 

Like KM Quest, 3D is provided through the game platform, but there is no true adaptation. 

                                                      
5 http://www.kmquest.net 
6 http://www.virtual-u.org/ 
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2.2 Adaptation & 3D Environments 

The previous section did show that there exist different efforts in merging E-learning with 3D Virtual 
Environments. In this section, we will review related work in the context of adaptation and 3D virtual 
environments. Recall that the purpose of adaptation in E-learning is to personalize the course material to the 
profile of the learner. This section has a large overlap with the section “State of the Art & Related Work” in 
the deliverable D4.2a, which deals with the adaptive delivery of VR. This is because in most work on 
adaptation for 3D environments, there isn’t a strict distinction between the authoring and delivery. So, that 
kind of work is relevant for both deliverables. To indicate the overlap between the two deliverables, the 
sections that are exactly the same are indicated by means of a vertical line in the left margin in both 
documents. 

Brusilovsky et al. (2002) have developed an approach that supports different navigation techniques in the 
context of 3D E-Commerce. Their approach is based on Adaptive Hypermedia methods, which they have 
extended to Virtual Environments (here a 3D shop). They have introduced:  
 

Direct Guidance. This technique is based on the principle used in adaptive hypermedia where the 
user receives the best ‘next’ link according to his background. They have extended this principle to 
VR where the link is replaced by a viewpoint in the virtual world and where the best viewpoint 
according to his background, is given to the user. 
 
Hiding. This technique is based on the principle used in adaptive hypermedia where the navigation 
is restricted to a set of links. To realize this, they create different viewpoints for a specific object. 
These viewpoints are inside a scene sphere and as a result, the user cannot view any object out of 
this sphere. They have defined a new technique called Gaze Fixation where users can walk past 
the object with a system-generated orientation. It allows users to still control their position but not 
their orientation. 
 
Sorting. This technique is based on the principle used in adaptive hypermedia where the links are 
sorted according to the user’s goal. A standard adaptive hypermedia application creates links 
related to a specific topic and arranges them according to their relevance. They have extended this 
principle to 3D environments by introducing Point of Interest navigation that adjusts the viewer’s 
motion speed logarithmically in relation to the distance from an object of interest. 
 
Annotation.  In adaptive hypermedia, a link can be displayed differently according to the user’s 
interest. For instance, the colour of a link can be changed or its visualization can be changed. They 
have extended this principle to 3D environments in two ways: either by drawing an arrow pointing 
to the possible interesting object (see left side of figure 6) or by using the flashlight technique that 
highlights the object of interest (see right side of figure 6). 
 

 

Figure 6. Adaptive navigation technique 
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Santos and Osorio (2004) have introduced another approach for adaptation in Virtual Environments.  Their 
approach is called AdapTIVE (Adaptive Three-dimensional Intelligent and Virtual Environment) and is based 
on agents, called Interactive and Virtual Agents (IVAs) that assist the users and help them to interact with the 
environment. These agents help the user to discover the environment by providing him more information 
about interesting products, and by guiding him to his preferred area or products. Figure 7 displays the 
architecture of the proposed approach. They have applied their approach to E-commerce and Distance 
Learning systems. 
 
 

 
 

 

Daschelt et al. (2002) have developed an approach that provides adaptation to the user’s device. Their 
approach suggests different alternatives with respect to the screen space usage for the same 3D interface 
element and information presented. Furthermore, 3D content is also considered in media adaptation. For 
instance, they describe a showcase where the seat capacity of a conference room can be adapted (see 
figure 8). The work presented in this paper is more on adapting the content for large audience, but not on 
personalization. 
 

 

Figure 8.Virtual Conference  

Figure 7. Santos and Osorio Software architecture 
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Moreno-Ger et al. (2008b) have developed an approach called <e-Adventure> which is an educational game 
engine designed to facilitate the creation of interactive educational content. It supports an adaptive model. 
The <e-Adventure> platform also includes a visual editor that facilitates the creation of the documents that 
describe the games (see figure 9). The platform can be integrated with a virtual Learning Environment 
(Moreno-Ger et al., 2008d). In their approach (Moreno-Ger et al., 2008c), the engine queries the Learning 
Management System for a set of properties (like for instance, the grade of a student) that are used to adapt 
the game. The games are defined so that different values of those properties will change the initial state of 
the gamer and as a consequence the game will be adapted. In this work, the content is adapted at the 
beginning of the game based on the student’s profile. The work presented is very interesting in the context of 
GRAPPLE as it does provide an authoring tool allowing authors to create courses and it does provide some 
adaptations. However, the adaptations are only done between sessions or during an evaluation. 
Furthermore, the content is mostly 2D, no true 3D. 

 

 

Figure 9. <e-adventure> Authoring tool 

 

Celentano and Pittarello (2004) have developed another approach for adaptive navigation and interaction 
where a user’s behaviour is monitored in order to exploit the acquired knowledge for anticipating user’s 
needs in forthcoming interactions. The approach uses sensors that tell when an object has been interacted 
with. These sensors collect usage data and compare them with previous patterns of interaction. These 
patterns represent sequences of activities that users perform in some specific situation during interactive 
execution of tasks and are encoded in Finite State Machines. Whenever the system detects that the user is 
entering a recurrent pattern of interaction, it may perform some activities of that pattern on behalf of the user. 
Their approach focuses more on the navigation and interaction.  

In 2000, Chittaro and Ranon (Chittaro & Ranon, 2000) has described how to introduce adaptation inside e-
commerce. Their approach is called ADVIRT. A set of personalization rules exploits a model of the customer 
to adapt features of the VR store, such as the display of products through the concept of shelf, display spots 
and banners. They have also customized and personalized the navigation and different layouts of the store. 
The work reported in this paper focuses on E-commerce.  

In 2002, Chittaro and Ranon (Chittaro & Ranon, 2002) have introduced a software architecture for adaptive 
3D web sites called Awe3D (Adaptive Web 3D) which can generate and deliver adaptive VRML. Awe3D has 
three modules namely a Usage Data Sensing module, a usage Data Recorder module, an adaptive engine 
and 3D content creator. The Usage Data Sensing module is to monitor user’s interaction with 3D Virtual 
Environment and sends the relevant events through the Internet. The Usage Data Recorder module is 
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responsible for receiving the events sent by the Usage Data Sensing module and for recording them in the 
user model. The adaptive engine is responsible to perform inferences needed to update the user model and 
given the current user model to compute a set of adaptation choices for requested adaptive content. The 3D 
content creator accepts content request from the client. 

In 2007, the same authors has explained in a paper entitled “Adaptive 3D Web site” (Chittaro & Ranon, 
2007b) that adaptation can happen for navigation and interaction in order to help the users in finding and 
using information more efficiently. For navigation and interaction, they proposed direct guidance, hiding, 
sorting and annotation based on the work of Brusilovsky et al. (2002). Furthermore, they suggested an 
alternative approach for sorting and annotation by using virtual characters that act as navigation guides to 
show users the path to an object or to a list of objects of interest, and to provide annotations in the form of 
additional information on navigation and interaction possibilities. An example of a humanoid character is 
shown in figure 10. 

Based on their previous work (Chittaro & Ranon, 2004), Chittaro and Ranon have extended the E-learning 
platform EVE (Chittaro & Ranon, 2007a). They introduced Adaptive EVE that is tailored to the knowledge 
level of a student and to their preferred style of learning. In that approach, they try to re-create the feeling of 
learning like in real-life. The student has to perform exercises and learn new materials adapted to students’ 
background. To achieve adaptivity in the context of EVE (Chittaro & Ranon, 2008), they have used the AHA! 
engine which was originally developed for adaptive hypermedia applications. Figure 11 provides an overview 
of their architecture. They have associated every concept in the domain model with related code in the 
Virtual Environment. When a student queries a specific concept by clicking on the object, the system will 
display the corresponding VE code depending on the current user’s level of knowledge. So the AHA! engine 
will use the user model and adaptation model to choose which 3D contents should be presented to student. 
To demonstrate their work, they have developed a course on X3D where the 3D content adapts to the 
student’s background. 

 

 
Figure 10. humanoid character 
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Figure 11. E-learning adaptive environment 

 

This work is certainly close to the work to be developed for GRAPPLE. This work is not generalized enough 
so that any author can use an authoring tool for creating courses having 3D adaptive virtual environment. It 
certainly provides us with a lot of information on what to adapt and how to perform the adaptation. More 
information on X3D is given in (Brutzman & Daly, 2008). 

 

2.3 Discussion 

This section has presented work related to the use of Virtual Reality and 3D material in the context of E-
Learning. This section also presented some work done in the context of adaptation for Virtual Reality. Not all 
of the work on adaptation of Virtual Reality is oriented towards E-learning. Nevertheless, it provides us a 
good basis for defining different types of adaptation that could be used in the context of Virtual Reality for E-
learning. Most of the work on adaptation for Virtual Reality was done for one case (or one specific 
application) and is not general in the sense that it will easily be usable for other types of applications. As far 
as it concerns authoring tools for VR adaptation, only one related work was found. The <e-adventure> 
platform includes a visual editor that allows authors creating a course and provides some means for 
adaptation. However, the work is mainly for 2D and the adaptation is only performed between sessions, i.e. 
by assessing the learner at the end of one section and then adapting the complete content the next time the 
learner starts the course again. So, the adaptation is not done at runtime.  

3 Adaptation for VR in the context of GRAPPLE 

Based on the related work chapter, this chapter will consider possible adaptations for Virtual Reality (VR) in 
the context of GRAPPLE, to adapt VR learning material (3D objects as well as complete Virtual 
Environments) to the learner’s profile. This chapter will start by reviewing the different components of a 
Virtual Environment (VE). Then, based on the different components identified, possible adaptations for VEs 
in the context of GRAPPLE will be identified and described. The adaptation types and strategies identified in 
this chapter will be used as actions in the CRT specifications to express the adaptation behaviour of a CRT 
(see also chapter 4).  

 

3.1 Different Components of VR 

In this section, we will first review the different parts of a VE. A VE is a 3 dimensional virtual world, called the 
scene, containing (3D and 2D) objects. Objects may have behaviours (e.g., move, transform, animate) and it 
may be possible for the user to interact with them. Furthermore, sound may be important and multi-user VEs 
also have to deal with communication. Therefore, a VE is usually built up of six main components, namely: 

·  The scene  
·  Objects 
·  Behaviours 
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·  Interaction 
·  Communication 
·  Sound 

Note that a VE is implemented using VR-technology; therefore a VE is sometimes also called a VR-
application. For GRAPPLE, we will only consider VE and 3D graphics specified into X3D, which is an XML 
based file format for representing 3D computer graphics (Brutzman & Daly, 2008). 

We now describe each of the components into a bit more detail. 

3.1.1 The Scene  
The scene corresponds to the environment, also called the virtual world, in which the objects are located. It 
usually contains the following components: 

- Lights  
- Objects  
- Viewpoints 
- Cameras 
- Physical properties (like for instance gravity) 

3.1.2 Objects 
The objects are the entities that are populating the scene. In general, these are 3D objects but also 2D 
objects are possible. 3D objects have a geometrical form (or shape) and material properties like texture, 
colours. Furthermore, objects have a position and an orientation in the scene. 

3.1.3 Behaviours 
Objects inside a VE may have behaviours. For instance, they can move, rotate, change size or have more 
complex behaviours like performing some simulation of real life behaviours.  

3.1.4 Interaction 
The user must be able to interact with the VE and its objects. For instance, a user may be able to pick up 
some objects and drag them to another place. Interaction may be achieved by means of a regular mouse 
and keyboard or through special hardware such as a 3D mouse or data gloves (Gutierrez et al., 2008).  

3.1.5 Communication 
Nowadays, more and more VEs are also collaborative environments in which remote users can interact with 
each other. To achieve this, network communication is important. Although collaborative environments are 
becoming more and more important, we will not consider them in GRAPPLE. Therefore, adaptation of 
network communication will not be considered in this document.  

3.1.6 Sound 
VEs may also include sound. Some research has been done over the last ten years in order to simulate 
sound in VEs. Sound can also be considered as a component of the scene. 

 

3.2 Adaptation Types for VR 

A VE can be adapted in many different ways. As described in the previous section, a VE contains a number 
of different components. In principle, adaptation can happen for each of these components. For GRAPPLE, 
we will first focus on adaptation for the objects, the behaviours and the interaction. For the scene we will only 
briefly mention what adaption can be performed, but not yet elaborate on it. If the available resources permit 
it, this type of adaptation will be considered in a later stage. Sound will be considered as a property of the 
scene. Communication will not be considered because the focus of GRAPPLE is not on collaborative 
learning environments. 

We will now describe possible adaptations for the objects, the scene, behaviours and interaction. We call 
these possible adaptations Adaptation Types (AT).  
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3.2.1 Adaptation Types for Objects  
Objects populating the VE have a visual appearance in terms of a geometry (shape) and material 
properties (colours and textures). To adapt a VE to the needs of the learner, it may be necessary to 
change the visual appearance of an object during the lifetime of the VE. We illustrate this with some 
examples. To visually indicate that an object has not yet been studied we may want to give it a different 
colour or make it smaller; when a learner is studying a complex object (like a planet), the visual 
appearance of the object could change according to the aspects being studied (size, temperature, 
geography, …) or become more detailed while more and more knowledge is acquired.  

Therefore, the first category of adaptation types for objects is concerned with the adaptation of the 
visualization of an object i.e. how to display it, and how to hide it. To adapt the display, we have 
identified four adaptation types: 

�  Semi-display: this adaptation type is used to display the object in a semi-manner, e.g., by having a 
semi-transparent bounding box around it. In other words, semi-display consists of adding a box 
around the actual object and by making that box semi-transparent.  

�  changeSize:  this adaptation type is used to change the visual appearance of an object by 
changing its size. 

�  changeMaterialProperties: this adaptation type is used to change the material properties (colour or 
texture) of an object.  

�  changeVRRepresentation: this adaptation type is used to change the visual representation of an 
object completely by replacing it by a different representation.  

Two adaptation types are concerned with hiding an object:  

�  semi-hide: this adaptation type allows the visual appearance of objects to be semi-hidden. This is 
similar as the semi-display but now the purpose is to hide the object in a semi-manner. 

�  remove : this adaptation type allows removing an object visually. 

Furthermore, like in classical textual learning material, it is necessary to be able to mark objects. A 
reason for marking an object is for instance to draw the attention of the learner that the object has (or 
has not yet) been studied. In VR, marking an object can be done in different ways.  We distinguish two 
different adaptation types for marking because they are essentially different in terms of VR:  

�  spotlight: by putting a spotlight on an object the object becomes more visible than other objects and 
can be considered as marked.  

�  highlight:  here the marking is done by drawing a box around the object where only the edges of 
the box are displayed. 
 

Note that marking is considered different from changing the material properties (like the colour) of an 
object. By marking an object we don’t change any property of the object.  

In a VR learning environment, it may be useful to attach annotations to the VR objects. Annotation can 
be used to attach explanations. It may be necessary to adapt the annotations to the profile of the learner. 
Therefore, the following adaptation types are identified: 

�  displayAnnotation: this adaptation type allows displaying an annotation associated with an 
object. 

�  hideAnnotation: this adaptation type allows hiding an annotation associated with an object. 

3.2.2 Adaptation types for the scene 
As explained in the previous section, the scene can have properties. We distinguish between physical 
properties, lighting, sound, and the material properties of the scene itself. It may be useful to be able to 
adapt these properties as well. For example, lighting can be used to visualize that some parts of the VE 
have already been visited or are not yet accessible.  

However, as already indicated, we will not yet elaborate further on possible adaptation types for the 
scene. If the available resources permit it, this type of adaptation will be considered in a later stage. 
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3.2.3 Adaptation of Behaviours 
Behaviours are used to make the VE dynamic, i.e. to create environments where objects are active and 
show some behaviour like planets which are rotating and comets which move through the universe.  Also 
for behaviour, it may be useful to consider adaptation. Possible adaptation types for behaviours are:   

�  enableBehaviour  : this adaptation type allows enabling a behaviour associated with an object. 
�  disableBehaviour : this adaptation type allows disabling a behaviour associated with an object. 
�  changeBehaviour: this adaptation type allows changing behaviour by modifying the values of its 

parameters. 

3.2.4 Adaptation of Interaction 
By interaction we mean interaction between the end-user and an object. There are different ways to 
interact with an object, e.g., by clicking on an object, by touching an object, by passing closed by an 
object, or by manipulating (for instance rotating) an object. Furthermore, interaction can trigger some 
behaviour. For example, by interacting with an object the end-user can move it or start an animation. To 
fully adapt the VE to the needs of the learner, it may be necessary to adapt the interaction. For example, 
as long as the learner has not obtained a certain level of background knowledge he should not be able to 
manipulate a certain object. Adapting interaction comes down to enabling or disabling the possible types 
of interaction provided for an object. Possible interaction types considered for objects are: touching, 
clicking, passing by, and manipulation. The adaptation types for interaction are: 

�  enable: this adaptation type allows enabling an interaction type for an object. 
�  disable : this adaptation type allows disabling an interaction type for an object. 

3.3 Adaptation Strategies for VR 

In this subsection, a number of VR Adaptation Strategies (AS) particularly useful in the context of e-learning 
will be discussed. Such an adaptation strategy goes beyond the adaptation of a single object. They can have 
an impact on several aspects of the VE or on a larger part of the VE.  In principle, adaptation strategies can 
be defined by means of the adaptation types defined earlier. We also have included adaptations strategies 
that are more like conditional adaptations, for instance the ‘displayAtMost’ strategy will hide an object after it 
has been displayed a given number of times. In general, a course author will use these VR adaptation 
strategies (in the author tool) to define how to adapt the VE rather then the individual adaptation types.  

A first group of strategies are those that will have an impact on how the learner can navigate through the VE. 
We have distinguished the following adaptation strategies for navigation: 

�  restrictedNavigation  
This adaptation strategy allows an author to restrict the navigation in the VE by allowing it to happen 
only among a given list of objects. In other words, the learner will only be able to navigate from an 
object to another object in the given list of objects. Furthermore, the navigation can be restricted to 
either jumping or walking.  

Jumping means going from one object to the next without viewing the part of the scene between the 
objects.  

Walking means following a path in the scene from one object to the next.  

The list of objects that can be visited can be specified in different ways, e.g., based on the user 
knowledge or based on the objects that are pre-requisite of each other.  

Possible Scenario: This strategy can be used by the author of a course to force the learner to visit 
and explore only a pre-defined number of objects in a pre-defined way.   

�  navigationWithRestrictedBehaviour 
This adaptation strategy allows the author of a course to restrict the possible behaviours of objects 
while the learner is navigating. The restricted behaviour can apply on all objects or on a specified list. 
Also here, the list of objects can be specified in different ways, e.g., based on the user knowledge.  

Possible Scenario: This strategy can be used to first allow the learner to explore the VE but without 
having the objects showing any behaviour; afterwards when he is familiar with the environment 
behaviour can be enabled.  

�  navigationWithRestrictedInteraction  
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This adaptation strategy allows an author of a course to define that navigation through a list of 
objects is possible but without being able to fully interact with them. Again, the list of objects can be 
defined in different ways. It is also possible to have this restricted interaction for all objects in the VE. 

Possible Scenario: This strategy can be used to first allow the learner to explore the VE but without 
allowing him to interact with the objects; afterwards when he is familiar with the environment 
interaction can be enabled.  

�  TourGuide 
The tour guide strategy can be used by the author to provide a tour guide to the learner to explain 
the context of the course. The tour guide will take the learner through a tour in a VE. 

Possible Scenario: Like in real life, a tour guide can provide an easy and efficient way to learn about 
objects in a large and unknown VE. 

 

The following adaptation strategies allow the author of a course to specify that the learner can navigate 
freely in the VE. We distinguish two types of free navigation strategies, namely completelyFree and 
freewithSuggestions.  

�  completelyFree  

This adaptation strategy will allow the learner to navigate freely in the VE. 

Possible Scenario: This strategy can be used in an exploration-based learning style to let the learner 
explore the VE without any constraints in terms of navigation. 

�  freeWithSuggestion 

This adaptation strategy will allow the learner to navigate freely in the VE but in addition, some 
objects will be “suggested”. This is none by marking them (using the adaptation type for marking an 
object, i.e. spotlight or highlight). Also here, the list of suggested objects can be specified in different 
ways.  

Possible Scenario: This strategy can be used to give the learner a lot of freedom but still provide 
some guidance.  

 

A second group of adaptation strategies are those that allow adapting a group of objects: 

�  filterObjects  
This adaptation strategy allows the author of a course to filter the objects that should be available 
(visible) in the VE. The filter is possible according to a certain criteria applicable on objects such as 
user-knowledge or user-background. 

Possible Scenario:  The author can use this strategy to only show to the learner the objects that he is 
allowed to learn according to the pre-requisite rules.  

�  markObjects  
This adaptation strategy allows the author of a course to mark (e.g., highlight) a number of objects in 
the VE. The marking will be done for all objects satisfying a certain criteria such as user-knowledge 
or user-background. 

Possible Scenario: This strategy can be used during the course to draw the attention of the learner 
to the objects still to visit. 

 

A next group of adaptation strategies are strategies for displaying an object: 

�  displayAtMost  
This adaptation strategy allows an author to specify when an object should not be displayed 
anymore. This can be given by means of criteria like user-knowledge or by how many times it is 
allowed to display the object. 

Possible Scenario: The author can state that once the object has been displayed 10 times, it should 
not be displayed anymore. This will help learners to focus on the objects still to deal with.  

�  displayAfter 
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This adaptation strategy allows an author to specify when an object should be displayed. This can be 
given by means of a criterion like user-knowledge or by means of a time criterion. 

Possible Scenario:  The author can use this strategy for instance to keep the scene dynamic and 
interesting by displaying some objects only after a random time.  

 

A next group of adaptation strategies are strategies for adapting the behaviour of an object.  

�  behaviourAfter 
This adaptation strategy allows an author to indicate when the behaviour of an object should be 
executed. This can be given by means of a criterion like user-knowledge or by means of a time 
criterion.  

Possible Scenario:  The author can use this strategy to state that the behaviour for a specific object 
should start only when the knowledge of the learner is above a certain threshold.  

�  behaviourAtMost 
This adaptation strategy allows the author to specify when a behaviour should be disabled. This can 
be given by means of a criterion like user-knowledge or by how many times it is allowed to execute 
the behaviour. 

Possible Scenario: The author can use this strategy to specify that if a behaviour of a specific object 
has been executed 10 times, then the learner must know it and it can be stopped to avoid that the 
learner will “playing” with it.  

�  behaviourSpeed  
This adaptation strategy allows the authors to specify the speed of a behaviour associated with an 
object. 

Possible Scenario: The author can use this strategy to make a behaviour e.g., a simulation of a real-
world behaviour, slower depending on the learner’s knowledge to allow him to observe the behaviour 
more carefully.  

 

The last group of adaptation strategies contains strategies for the interaction with an object. 

�  InteractionAfter 
This adaptation strategy allows the author to specify when the user can interact with the object. This 
can be given by means of a criterion like user-knowledge or by means of a time criterion.  

Possible Scenario: The author can use this strategy to ensure that the end-user has enough 
knowledge about the object before he can interact with it. 

 

 

�  InteractionAtMost 
This adaptation strategy allows the author to specify when the user cannot interact with the object 
anymore. This can be given by means of a criterion like user-knowledge or by how many times it is 
allowed to interact with the object.  

Possible Scenario:  The author can use this strategy to limit the interaction with an object. Again, it 
may be important in some situations to force the learner to explore new objects rather than sticking 
too long to some well known objects.  

Figure 12 provides an overview of the adaptation types and adaptation strategies identified for VR.  
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Figure 12: Overview of Adaptation types and strategies 

 
  

4 VR Authoring tool 

This chapter has three sections. As the VR Authoring tool can be considered as a part of the GRAPPLE 
authoring tool, the first section will review the GRAPPLE authoring tool and will explain the relation between 
the general authoring tool and the VR authoring tool discussed here. The second section will describe a 
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number of scenarios relevant for the authoring of VR content. Starting from these scenarios, general 
requirements for the tool will be formulated. The third section will present the architecture of the tool, its user 
interface and its output. 

 

4.1 Relation with the GRAPPLE Authoring Tool 

The GRAPPLE authoring tool will allow authors to create an adaptive course by (1) defining or reusing a 
conceptual structure of the domain of a learning application (the Domain Model (DM) ) (see D3.1a), (2) the 
necessary concept relationship types (CRTs) (see D3.2a), (3) the conceptual adaptation model (CAM) (see 
D3.3a), and (4) to link contents to concepts (see also D3.1a). Different software modules, also called tools, 
will be realized to support this process, however these modules will be offered to the author by means of a 
shared user interface. An overview of the complete GRAPPLE architecture is given in figure 13. First a short 
explanation of the different components is given. More details can be found in the deliverables D3.1a, D3.2a, 
and D3.3a. Then, we will explain the relation between the general authoring tool and the VR authoring tool.  

 

 

Figure 13. GRAPPLE Software Architecture (taken from deliverable D3.1a) 

 

4.1.1 The General Authoring Tool’s Components 
 

Domain Model Tool 

The Domain Model is a formal representation of a set of concepts within a domain and the relationships 
between those concepts.  

In Figure 14 (taken from deliverable D3.1a), the architecture of the Domain Model (DM) component is 
represented: the top layer or interface layer is the Domain Model Editor that provides the user interface to 
the author. The Domain Model Engine is in charge of the definition/creation of new concepts and related 
relations and of management of the existing concepts made available by an authoring community. The 
Domain Model Engine allows to access, update and retrieve data from the DM repository and to access and 
retrieve information from the Content repository. 
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Figure 14. Domain Model tool (source: D3.1a) 

 
There is a strong dependency between the Domain Model and the Conceptual Adaptation Model (CAM): in 
the CAM tool, the concepts and relations created with the Domain Model Component will be used to define 
the CAM. 

For more information about the Domain model tool, we refer the reader to the deliverable D3.1a. 

 

CRT Tool 

The adaptation is mainly based on concept relationship types (CRTs) that allow the author defining 
prerequisites, inhibitors and other pedagogical relation types. CRTs can be defined in the CRT tool. In the 
CRT tool, also the adaptive behaviour of a CRT is defined. This will be done using the GRAPPLE Adaptation 
Language (GAL) (see deliverable D1.1a). Once created, the CRTs provided by the CRT tool, can be used in 
the context of the conceptual adaptation model (CAM) to define the actual adaptive story line for a course.  

For more information about the CRT tool, we refer the reader to the deliverable D3.2a. 

 

CAM tool 

The CAM builds upon the CRTs and defines the actual adaptations. This means, (various) CRT relationships 
are applied to DM concepts and adaptation rules are selected and assembled in order to make up a final 
adaptive story line. The CAM tool allows an author to make up such a final adaptive story line for a course by 
selecting CRT relationships and apply them to DM concepts. More information on the CAM tool is available 
in deliverable D3.3a. 

 

4.1.2 The VR Authoring Tool 
In principle, the VR authoring tool has the same purpose as the general authoring tool but it is targeted 
towards the authoring of VR learning resources. They are several reasons for having a dedicated VR 
authoring tool. First of all, as we have seen in chapter 3, there exist many different ways to adapt VR 
learning material and, although some of them can be seen as extensions of adaptations for text resources, 
they are very specific for 3D material. This implies that for the authoring of VR material, additional CRTs will 
be needed which are only applicable to 3D content. A second reason for having a dedicated authoring tool 
for VR is the fact that most of the specification of the adaptation needs to happen at the level of the actual 
resources. This is not the case for classical material. Most of the adaptation types for classical material are 
not dependent on the resources itself. Hiding a piece or text or grey a link can be specified independent of 
the actual text or the actual link. This is different for VR. For instance, as behaviours are usually strongly 
connected to an actual 3D object, it is not possible to replace a behaviour by any other behaviour. Similar, it 
is also not possible to replace one 3D object in a VE by any other 3D object, as this object may not fit into 
this VE. In addition, it is necessary to provide a preview of the VE while specifying the adaptations because 
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otherwise the author needs to specify adaptations blindly, which may be very difficult. For instance, 
specifying a navigation path inside a VE may be much easier if the author can do this while being able to 
inspect the VE. Finally, having a specific authoring tool for VR also has the advantages that authors that 
don’t use VR material will not be bothered with the additional functionality needed for VR. 

Although, the VR authoring tool has the same purpose as the general authoring tool, it will not re-implement 
all the functionality of the general authoring tool. Rather, the VR authoring tool will complement  the 
functionality of the general authoring tool. Functionality that the author can do with the general tool will not be 
supported by the VR authoring tool. As this way of working may force the author to switch between the two 
authoring tools, it will be a requirement for the final system to integrate the user interfaces of both tools as 
much as possible and make them as consistent as possible. So, this leads to the following requirement: 

R0: The VR authoring tool should be easily accessible from the general authoring tool. The user interface of 
the VR authoring tool should be as much as possible consistent with the user interface of the general 
authoring tool. 

 

4.2 Scenarios for the VR Authoring Tool and Related Re quirements 

To understand when the VR authoring tool is used and why, we will explain three different scenarios. These 
three scenarios are based on the same context. The context of the course is the following: A teacher wishes 
to teach the solar system to his students. He feels that describing the solar system only by means of text and 
illustrations is not appealing enough for the students that he envisages. Therefore, next to plain text 
explaining the solar system from a scientific point of view, he also wants to provide 3D material.  

From this initial specification, we see that the target users of the VR authoring tool are in principle the same 
type of people as the target users of the general GRAPPLE authoring tool: authors of courses (in general 
teachers). However, in order to be able to use VR learning material in the course or to have a course that is 
completely designed as a virtual environment, some knowledge about VR is required. The more complex 
types of adaptation the course author wants to make, the more knowledge the author will need about VR. 
For instance, in order to replace one 3D model by another 3D model (like in scenario 1, given further on) little 
or no VR knowledge is required. However, in order to be able to make advanced adaptations to a truly virtual 
learning world (see scenario 2), more knowledge about VR is needed. In this case, the user of the VR 
authoring tool needs to understand the different types of adaptations possible in VR. However, no deep 
technical VR knowledge is needed for using the VR authoring tool.  So to summarize: 

TARGET USERS: course authors with some basic understanding about adaptation possibilities for VR 

For the creation of the course, the author has created, using the Domain Model tool of the general authoring 
tool, the Domain Model (DM) containing concepts such as: Solar System, Sun, Planet, Satellite, Moon, 
Rotation, Structure, Orbit, Jupiter, Earth, etc.; and relationships between these concepts like Sun is-part-of 
Solar System, Jupiter is-a Planet and domain specific relations such as Planet rotates-around Sun, and 
Structure of Planet (see figure 15 – note that the graphical notation used is not necessarily the one that will 
be used in the Domain Model Component). 
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Figure 15. Domain model of the solar system 

 

4.2.1 Scenario 1: VR-resources for individual concepts 
The teacher has some 3D models of planets and satellites and he wants to include them in the course. 
Therefore, the author will connect these resources to the corresponding concepts in the DM. For instance, 
he associates an X3D file containing a 3D representation of Jupiter with the DM concept Jupiter; for earth he 
has several 3D models (X3D format), which he all connects to the DM concept Earth. He makes sure that all 
these VR-resource are associated with a label “VR” (see figure 16 – again the notation used is just a 
possible example notation). The Domain Model tool of the general authoring tool supports all this 
functionality. 
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Figure 16. Domain model concepts of the Solar System with VR resources 

 
Next, the author needs to create the adaptive story line of the course.  For most of the story line he can use 
the general CRTs available in the general CRT Component. E.g., he expresses that all the is-a relationships 
from his DM should be treated as prerequisite-relations from the CRT tool, i.e. the supertype is a perquisite 
for the subtype (like Satellite is a prerequisite for Moon). Furthermore, he also wants to express that a 3D 
representation of a concept will only be shown when the learner already has some knowledge about the 
concept. For this, he selects a CRT7 that allows him to select the type of resource (if the rule is not yet 
defined in the CRT tool, he has to define it first), e.g., 
 

- If user knowledge about <X> is above <level> 
then present resource for <X> where label = “VR” 

 
Because, the author has different 3D representations for earth, he also wants to be able to specify which 
resource to use in which learning context. Therefore, he will use a CRT that allows him to select a specific 
resource, e.g., 
 

- If <condition> for  <X> 
then present resource for <X> = <resource>  

As follows: 

1. If visit(Structure) for Earth  
then present resource for Earth = Earth Resource 1 

                                                      
7 Note that the syntax and the CRTs used here may not be the one used in the actual CRT tool. 
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2. If visit(Rotation) for Earth  
then present resource for Earth = Earth Resource 2 

Where “Earth Resource 1” and “Earth Resource 2” are actual VR-learning resources (see figure 18).  Note 
that it is also possible to select resources based on user knowledge. 

The VR adaptation needed here is mainly limited to the selection of different resources. Selection of 
resources can be done by the general CAM tool. It is a general functionality also needed for non-VR learning 
material.  

So, in this scenario, there is no need to use the specific VR authoring tool. However, to allow adaptations of 
the VR learning material itself, the VR specific authoring tool should be used. This is illustrated in the 
following scenario. 

 

4.2.2 Scenario 2: A truly virtual learning world 
The teacher has at his disposal a complete virtual 3D environment about the solar system displaying the sun 
and the different planets, as well as their behaviours, and he would like to create a true adaptive VR course 
for the solar system starting from this VE. He wants the learner to be able to navigate through the VE, 
interact with the objects (sun and planets) in the VE, view textual explanations associated with the different 
objects and watch their behaviours (rotation, orbit, etc.). To avoid that the learners don’t know what to do or 
where to start, as well as to avoid that learners play too much with the objects, the author wants that the 
environment adapts according to the knowledge of the learner and the material studied. For instance, two 
possible adaptations could be done: when a learner has finished all study material about Jupiter, the virtual 
planet will be marked and interaction with the virtual planet will be disabled; when studying the rotation of the 
planets around the sun, the student will be able to observe this behaviour in the VE; otherwise this behaviour 
should be disabled. 
 
To achieve this, the author performs the following steps: 
  

1. Similar as in scenario 1, the author will connect all the VR resources needed (i.e. the complete VE 
as well as all individual resources needed inside the VE and possible alternative resources that he 
wants to use in the adaptation) to the corresponding concepts in the DM. This can be done with the 
general DM tool. A possible result is illustrated in Figure 17. 

2. The author then decides to specify adaptation for the VE at hand and starts the VR specific 
authoring tool for this resource.  

3. This VR authoring tool will allow him to upload the corresponding DM.  
4. He will then create the adaptive story line, by using VR-specific CRTs that will be available in the VR 

specific authoring tool. The format of these CRTs will be similar as the normal CRTs except that their 
adaptive behaviours are expressed in terms of adaptive behaviour specific for VR. Examples of such 
rules could be:  

 
If concept “X” is a prerequisite of concept “Y”, 
then mark “X” by spotlight and “Y” by highlight 

If first visit  
then navigationWithRestrictedInteraction 

If an appropriate CRT is not yet available, the author can add it (or ask a more experienced person 
to do it for him) using the CRT definition functionality provided by the VR authoring tool.  

In general, the conditions in the CRTs have a pedagogical nature (like user knowledge, prerequisite, 
etc), but it also conditions that are purely VR based (like “looking to”, or “nearby”) will be possible. 
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Figure 17: DM concepts with resources 

 

From this scenario, the following requirements can be derived: 

R1: The VR authoring tool should allow defining new VR specific CRTs. A CRT is VR specific if its adaptive 
behaviour is expressed in terms of the adaptation types and adaptations strategies defined in section 3. Also 
the condition can be specified in terms of VR actions 

R2: It must be possible to open a specific VE in the VR authoring tool. Opening a VE in the VR authoring tool 
will provide a preview of this VE.    

R3: The VR authoring tool should allow defining an adaptive story line (CAM) for VE. To achieve this, CRTs 
can be selected from the available list of VR specific CRTs and instantiated with DM concepts and VR-
resource available for these DM concepts. 

4.2.3 Scenario 3: A hybrid scenario  

In this scenario, the author wants to use a combination of classical learning material and a VE. While in 
scenario 2, the actual learning environment is the VE and all adaptation is performed inside this VE, in this 
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scenario the main learning environment is a classical non-VR environment where adaptation can happen 
and the VE needs to respond to these adaptations. We illustrate this again with the solar system example. 
The author wants to offer a combination of classical learning resources and the VE described in scenario 2. 
He also wants to specify that when the learner starts he will be offered a number of textual learning 
resources as well as the VE. Inside the VE, the name of the planets already studied should be annotated 
with a green colour, while the names of the ones still to be studied should be annotated with the red colour. 
Next, the author also wants to specify that when the learner is studying a concept (e.g., the sun) (using the 
textual learning material), then a spotlight should be placed on this object in the VE.   

 
To realize this scenario, the author has to perform the following steps: 
 

1. Similar as in scenario 1 and 2, the author will connect all the VR resources needed (i.e. the complete 
VE as well as all individual resource needed inside the VE and possible alternative resources that he 
wants to use in the adaptation) to the corresponding concepts in the DM. This can be done with the 
general DM tool.  

2. For defining the adaptive story line for the classical learning environment, he will use the general 
CAM tool. There, a rule needs to be used to trigger the presentation of the specific virtual 
environment resource. For example: 
 

If visit(SolarSystem) then present resource for SolarSystem = Solar System VE  
 

3. To specify the adaptation inside the VE “Solar System VE“, the author needs to use the VR-specific 
authoring tool in a similar ways as in scenario 2. Using this tool, the author will add the VR specific 
adaptations. 
 

From this scenario, no additional requirements can be derived. 

 

4.3 Design of the VR Authoring Tool 

4.3.1 Architecture of the VR Authoring Tool 
Similar as the general authoring tool of GRAPPLE, the VR authoring tool will be implemented as a Web 
application (see Figure 18). Based on the requirements formulated in the previous section, we see that, 
compared with the general authoring tool, the VR authoring tool only needs a component to support the 
definition of CRTs and a component to define CAMs. The VR specific authoring tool does not need a specific 
DM component.  To store and retrieve information from the CRT library, the DM library and the CAM 
repository, the VR authoring tool will use the same web services as the general authoring tool.  

 

Figure 18: VR Authoring tool – Web application  
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Figure 19 provides an overview of the architecture of the VR Authoring tool. The VR authoring tool has the 
following components.  

The frontend of the tool will provide the main functionality to the author: the CRT component, the CAM 
component, and a previewer. The previewer will allow the author to preview 3D objects and VEs.  

Furthermore, there is the Loading component that is responsible for retrieving the necessarily information 
from the different libraries and repositories (using the available GRAPPLE web services) and for retrieving 
VR resources.  The Saving component is responsible for storing all the information defined by the author. 
This are newly defined CRTs, but also CAM specifications. At the time of writing this document, the storage 
format of the CAM specifications is not yet fixed. Most probably, the format will be GAL (GRAPPLE 
Adaptation Language) code. To be able to test the authoring tool independent of the GAL specifications, we 
have opted to use an intermediate XML format (see appendix 1). The Saving component will use XSLT to 
transform the XML specifications into GAL code (see section 4.3.3 and appendix 2).  

The next subsections will describe the UI of the VR authoring tool.  

 

 

Figure 19. Overview of the architecture of the VR Authoring tool 

4.3.2 User Interface of the VR Authoring Tool 
As explained the VR authoring tool will provide three main functionalities towards the author: a CRT 
component, a CAM component, and a previewer. At the time of writing this report, the user interfaces for the 
general CRT and CAM tool were not yet fixed, neither has been decided which implementation language to 
use for the interface of the authoring tools. Therefore, tentative prototypes of the user interface for the CRT 
component and the CAM component are given in respectively Figure 20 and Figure 21.  

The user interface of the CRT component (Figure 20) allows the author to define a new VR specific CRT. To 
avoid that the author has to know the syntax for a CRT, he can compose a CRT by selecting an option from 
a selection list for each part of which a CRT is built up.  The template for the resulting CRT will appear in the 
window below the selection lists. The button “Save” allows the author to save the result. The button “Cancel” 
allows the author to cancel the process of defining a new CRT. 

The user interface of the CAM component (Figure 21) allows the author to define the adaptive story line 
(CAM). To do this the author can select a VR specific CRT using a selection list. In the window below this 
selection list, the template of the selected CRT will be shown. Once the author has chosen a CRT, he will be 
able to instantiate it with specific values and resources.  When dealing with VR resources, the author can at 
any time preview these resources. He has the option to preview an individual VR object or to preview the VE 
for which the adaptation story is defined (see requirement R2 in section 4.2.2). The button “Save” allows the 
author to save the result. The button “Cancel” allows the author to cancel the process of instantiating a CRT. 
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Figure 20:  Prototype of the VR specific CRT component 

 
Figure 21: Prototype of the VR specific CAM module 
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4.3.3 Output of the VR Authoring Tool 
As at the time of writing this report, the GRAPPLE Adaptation Language (GAL) (see deliverable 1.1a) is still 
subject to changes, we decided to also provide an XML output for the CRTs and the CAM specifications 
produced by the VR authoring tool. This will make it possible to start developing and testing the VR authoring 
tool independent from the development and changes in GAL. Later on, XSLT and XPath (Ulman & Dykes, 
2007) (Dollard, 2007) will be used for mapping the VR specific CRTs and CAMs to GAL code.  In appendix 
2, we explain how this transformation process will work.   

 

5 Conclusion 

This report presents the work done for deliverable 3.4a: Design of an authoring platform for adaptive VR 
learning material. We have first reviewed work on VR in the context of E-learning. We also have investigated 
the state of the art about adaptation for VR and about authoring tools for VR. We found that the work done is 
in context of authoring tools for adaptation of VR is very limited. Next, we have defined a set of adaptation 
types and adaptation strategies for VR in the context of E-learning. These adaptation types and adaptation 
strategies will be used to express the adaptation behaviour for the VR specific CRTs. Then, based on a 
number of typical scenarios, we have formulated the main requirements for the VR authoring tool. Based on 
these requirements and the general constraint that this VR authoring tool should fit in the general authoring 
tool and architecture of GRAPPLE, we proposed the design of the tool. For this, we have specified the global 
architecture of the tool, its user interface, and we discussed its output.  
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Appendix 1: XML Specification for CRTs and CAM spec ifications 

In this appendix, we will give the XML DTD specification for the VR CRT and CAM specifications.  Some of 
the VR CRTs have X3D fields for allowing adding X3D instructions. By default it is X3D, but these XML 
specifications can also contain other type of instructions (not necessarily X3D), like for instance COLLADA 
(Arnaud and Barnes, 2006). This obviously depends of the type of VR plug-in that will be used to visualize 
the VR (see also deliverable D4.2a). The VR plug-in must also have Scene Authoring Interface or Document 
Object Model (DOM) possibilities. In other words, our approach is flexible enough to include different types of 
VR instructions. In the context of GRAPPLE, we assume X3D is used. 
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A1.1 Adaptation Types for VR 

As explained earlier, adaptation types for VR support adaptation for the objects, for behaviours and 
interaction.  

A1.1.1 Adaptation Types for Objects 
 

ATs for the visualization of an object 

There are a number of ATs for the visualization of objects. We will now provide their XML specification. 

·  Semi-display 

The semi-display AT changes the visual appearance of an object by semi-displaying it. For 
instance by creating a semi-transparent shape around that object. Therefore the id of the VR object 
that will be semi-hidden is needed. Note the id is used by the VR plug-in to retrieve a particular 
object from the scene in order to find information about it like its position. Then it needs VR code 
that will contain the code for displaying a semi-transparent shape. Here the VR code could contain 
code for displaying a semi-transparent box or sphere. This is left to authors that know enough 
about the VR code to specify a shape with its transparency. As already explained, the VR code 
should be X3D but in principle another 3D format is also possible.  

The XML DTD specification is as follow: 

<!-- comments 
  idobject : id of the object to be semi-display 
  VRCode : specify the shape of the box surrounding object referenced by id 
-->  
<!ELEMENT VRCRTSemiDisplay(idobject, VRCode)> 
<!ELEMENT idobject  EMPTY> 
<!ATTLIST idobject 
   id                    CDATA #REQUIRED > 
<!ELEMENT VRCode  EMPTY> 
<!ATTLIST VRCode 
   code                CDATA > 
 
Note that a default code will be provided. 
 

·  changeSize 

The changeSize AT changes the visual appearance of an object by changing its size. This AT 
therefore specifies the id of a VR object for which the size needs to be changed, as well as the new 
size. 

<!-- comments 
  idobject : id of the object for which the size of the object will be modified 
  SIZE : specify how the size object referenced by id will change and in which direction X, Y, Z 
-->  

<!ELEMENT VRCRTChangeSize(idobject, SIZE)> 
<!ELEMENT idobject  EMPTY> 
<!ATTLIST idobject 
   id                    CDATA #REQUIRED > 
<!ELEMENT SIZE  EMPTY> 
<!ATTLIST SIZE 
   X                CDATA #REQUIRED 
   Y                CDATA #REQUIRED            
   Z                CDATA  #REQUIRED> 
 
 
·  changeMaterialProperties 
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The changeMaterialProperties AT changes the visual appearance of an object by changing its 
material, i.e. colour and texture. Therefore, it specifies the id of the object for which the material 
properties will be changed. 

<!-- comments 
  idobject : id of the object used for which its material properties will be changed 
  Colour : specify the colour in rgb 
 Texture : specify the location of a file containing the texture to be applied 
-->  
<!ELEMENT VRCRTChangeMaterialProperties(idobject, Material+)> 
<!ELEMENT idobject  EMPTY> 
<!ATTLIST idobject 
   id                    CDATA #REQUIRED > 
<!ELEMENT Material(Colour | Texture)> 
<!ELEMENT Colour  EMPTY> 
<!ELEMENT Texture  EMPTY> 
<!ATTLIST Colour 
   R                CDATA #REQUIRED 
   G                CDATA #REQUIRED 
   B                 CDATA #REQUIRED> 
<!ATTLIST Texture 
   Textue_path     CDATA #REQUIRED> 
 
     
·  changeVRRepresentation 

The changeVRRepresentation AT will change the visual appearance of an object by changing its 
visual representation. Therefore, it specifies the id of the object for which the visual representation 
will be changed and the way to do this. This last issue can be specified either by code or by 
invoking a file containing the new representation. Note that default code for the VRCode will be 
provided. The changeVRRepresentation AT has the following XML DTD: 
 

<!-- comments 
  idobject : id of the object used for which its visual representation will be changed 
  VRCode : specify implicitly the X3D code for the new visual representation 
  File : specify explicitly the location of the file containing the X3D code for its new representation.-
-->  
<!ELEMENT changeVRCRTRepresentation(idobject, Representation)> 
<!ELEMENT idobject  EMPTY> 
<!ELEMENT Representation(File | VRCode) 
<!ATTLIST idobject 
   id                    CDATA #REQUIRED > 
<!ELEMENT VRCode  EMPTY> 
<!ATTLIST VRCode 
   code                CDATA > 
<!ELEMENT File  EMPTY> 
<!ATTLIST File 
   File_path         CDATA > 
 
 

ATs for Hide 

There are two types for hiding an object namely Semi-hide and Remove. 

·  Semi-hide 

The semi-hide AT is similar to semi-display, i.e. it will draw a semi-transparent shape around the 
object. This AT therefore specifies the id of the VR object that will be semi-hidden. It also specifies 
VR code that will contain the code for displaying a semi-transparent shape. This AT has the 
following XML DTD specification: 

<!-- comments 
  idobject : id of the object being semi-hide 
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  VRCode : specify the shape of the box surrounding the object referenced by id and which will be 
obscured by the box -->  
<!ELEMENT VRCRTSemiHide(idobject, VRCode)> 
<!ELEMENT idobject  EMPTY> 
<!ATTLIST idobject 
   id                    CDATA #REQUIRED > 
<!ELEMENT VRCode  EMPTY> 
<!ATTLIST VRCode 
   code                CDATA > 
 

Note that default code for the VRCode will be provided. 
 

·  Remove 

The Remove AT removes an object completely from the scene. Therefore, only the id of that object 
is required. 

<!-- comments 
  idobject : id of the object used being removed 
  -->  
<!ELEMENT VRCRTRemove(idobject)> 
<!ELEMENT idobject  EMPTY> 
<!ATTLIST idobject 
   id                    CDATA #REQUIRED > 

 

Mark 

There are two types of ATs for marking an object namely Spotlight and Highlight. 
 

·  Spotlight 

For this AT, the id of the object on which a spotlight will be directed to, is needed. It also requires 
some VR code to tell what type of spotlight, its position and orientation. That way the VR plug-in 
knows how to render the spotlight.  
 
<!-- comments 
  idobject : id of the object which will be light up by a spotlight 
  VRCode : specify the X3D code to create the spotlight and orientate it towards the object  
                   referenced by idobject 
-->  
<!ELEMENT VRCRTSpotlight (idobject,VRCode)> 
<!ELEMENT idobject  EMPTY)> 
<!ELEMENT VRCode  EMPTY> 
<!ATTLIST idobject 
   id             CDATA #REQUIRED > 
<!ATTLIST VRCode 
   code         CDATA #REQUIRED > 
 

Note that a default code for the VRCode will also be given. 
 

·  Highlight 

This AT is similar to spotlight. It requires the id of the object that needs to be highlighted. It also 
requires some VRCode to know how to highlight, like for instance drawing a red frame-box. Its XML 
DTD specification is as follows: 
 
<!-- comments 
  idobject : id of the object being lightup 
  VRCode : specify the X3D code to create the highlighting of the object  
                   referenced by idobject 
-->  
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<!ELEMENT VRCRTHighlight (idobject,VRCode)> 
<!ELEMENT idobject  EMPTY)> 
<!ELEMENT VRCode  EMPTY> 
<!ATTLIST idobject 
   id                    CDATA #REQUIRED > 
<!ATTLIST VRCode 
   code                CDATA #REQUIRED >        

Note that default code for the VRCode will be given. 
 

Annotation 

These ATs provide two ways of handling annotation by either displaying an annotation or removing an 
annotation. 

 

·  AnnotationDisplay 

The AnnotationDisplay AT requires the id of the object that will be annotated. It also requires the 
text and some VR code telling how to draw the text so that the VR plug-in knows how to render the 
text and where. It has the following XML DTD: 

 

<!-- comments 
  idobject : id of the object to be annotated 
  TEXT : specify the text that will be displayed around the object.  
  VRCode: it provides the X3D code that needs t be used along the TEXT to display a text around 
                 the object referenced by id object. -->  
<!ELEMENT VRCRTDisplayAnnotation (idobject,TEXT,VRCode)> 
<!ELEMENT idobject  EMPTY)> 
<!ELEMENT TEXT  EMPTY)><!ATTLIST idobject 
   id              CDATA #REQUIRED > 
<!ELEMENT TEXT  EMPTY> 
<!ATTLIST TEXT 
   text          CDATA  #REQUIRED > 
<!ATTLIST VRCode 
   code         CDATA #REQUIRED > 
 
Again a default code for the VRCode will also be given. 
 

·  HideAnnotation 

The HideAnnotation requires having the id of the object for which the annotation should be hidden. 
Its XML DTD specification is: 

<!-- comments 
  idobject : id of the object to hide the annotation -->  
<!ELEMENT VRCRTHideAnnotation(idobject)> 
<!ELEMENT idobject  EMPTY> 

 

A1.1.2 Adaptation of Behaviours 
For the adaptation of behaviours we have two types of adaptation in our specification.  

 

·  EnabledBehaviour 

The EnabledBehaviour only requires the id of the object for which the behaviour must be enabled. 
Furthermore, there is some VR code required to instruct how to enable a behaviour. The XML DTD 
is as follows: 
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<!-- comments 
  idobject : id of the object for which its behaviours should be enabled 
 VRCode : It contains the X3D code of the behaviour 
 Reference : It can point towards a file containing the behaviour 
-->  
<!ELEMENT VRCRTEnabledBehaviour((idobject,(VRCode | Reference))+)> 
<!ELEMENT idobject  EMPTY> 
<!ELEMENT VRCode  EMPTY> 
<!ELEMENT Reference  EMPTY> 
<!ATTLIST idobject 
   id                    CDATA #REQUIRED > 
<!ATTLIST VRCode 
   code                CDATA #REQUIRED >    
<!ATTLIST Reference 
   ref                CDATA #REQUIRED >        
     

 
 

·  DisabledBehaviour 

The DisabledBehaviour AT only requires the id of the object for which the behaviour must be 
disabled. 

 

<!-- comments 
  idobject : id of the object its behaviours should be disabled-->  
<!ELEMENT VRCRTDisabledBehaviour((idobject)+)> 
<!ELEMENT idobject  EMPTY> 

 

A1.1.3 Adaptation of Interaction 
Adaptation of interaction has two possibility: an object can be interacted with or not.  

·  EnabledInteraction 

The EnabledInteraction AT only requires the id of the object for which the interaction must be 
enabled. It also takes a VR code to specify how the interaction should happen like for instance by 
touching the object or go over it. 

 

<!-- comments 
  idobject : id of the object for which the interaction will be enabled 
 VRCode : It contains the X3D code of the interaction -->  
<!ELEMENT VRCRTEnabledInteraction(idobject VRCode)> 
<!ELEMENT idobject  EMPTY> 
<!ELEMENT VRCode  EMPTY> 
<!ATTLIST idobject 
   id                    CDATA #REQUIRED > 
<!ATTLIST VRCode 
   code                CDATA #REQUIRED > 

 
·  DisabledInteraction 

The DisabledInteraction AT only requires the id of the object for which the interaction must be 
disabled. 

<!-- comments 
  idobject : id of the object for which the interaction will be disabled 

-->  

<!ELEMENT VRCRTDisabledInteraction(idobject)> 
<!ELEMENT idobject  EMPTY> 
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A1.1.4 Adaptation of Navigation 
There are different ways to navigate among objects like jumping, walking, or free navigation. This section 
defines the XML DTDs for the different ways of navigating. 

 

·  navigationJump 

The navigationJump AT describes how the navigation should happen between objects. It specifies 
a list of objects referenced by their ids. This lists specifies that it is possible to go from one object to 
the next one via jumping. It also requires some VR code that defines jumping. Default VR code will 
be provided. 

 

<!-- comments 
  idobject : id of the objects for the user to explore via jumping  
 VRCode : X3d code for jumping from one object to the next one 
-->  
<!ELEMENT VRCRTNavigationJump (idobject+,VRCode)> 
<!ELEMENT idobject  EMPTY> 
<!ELEMENT VRCode  EMPTY> 
<!ATTLIST idobject 
   id              CDATA #REQUIRED > 
<!ATTLIST VRCode 
   vrcode        CDATA #REQUIRED > 

 

·  NavigationWalking 

The navigationWalk is similar as the previous, navigationJump, except that moving from one object 
to the next one is done via walking. 

<!-- comments 
  idobject : id of the objects for the user to explore via walking  
  VRCode : X3d code navigating from one object to the next one 
-->  

<!ELEMENT VRCRTNavigationWalking (idobject+,VRCode)> 
<!ELEMENT idobject  EMPTY> 
<!ELEMENT VRCode  EMPTY> 
<!ATTLIST idobject 
   id              CDATA #REQUIRED > 
<!ATTLIST VRCode 
   vrcode        CDATA #REQUIRED > 

 
·  Free navigation 

With this AT, moving from object to object is done is freely and therefore there is no specification 
about how to navigate is needed. Only a list of ids of object to navigate through is provided. 

<!-- comments 
  idobject : id of the objects to be explored freely i.e. without constraint  
-->  

<!ELEMENT VRCRTFreeNavigation(idobject+)> 
<!ELEMENT idobject  EMPTY)> 
<!ATTLIST idobject 
   id              CDATA #REQUIRED > 

 

 

A1. 2 Adaptation Strategies for VR 

This section provides the XML DTDs corresponding to the adaptation strategies for VR. 
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Navigation 

·  restrictedNavigation 
This restrictedNavigation strategy provides navigation among a list of objects. The navigation 
can be done by jumping or walking. 
 
 

<!-- comments 
  The restricted navigation can be done either via Jumping through VRCRTNavigationJump or 
via walking by VRCRTNavigationWalk 
-->  
<!ELEMENT VRCRTRestrictedNavigation(VRCRTNavigationJump | VRCRTNavigationWalk)> 

 
VRCRTNavigationJump and VRCRTNavigationWalk have been described in the previous 
section. 

 

·  navigationWithRestrictedBehaviour 
This navigationWithRestrictedBehaviour strategy provides a restricted navigation where the 
behaviours of the objects provided, has been disabled. It also provides the way to navigate 
between objects, i.e. jumping or walking. 
 

<!-- comments 
  The   navigation is done either via Jump or Walk and where a number of objects have their 
behaviour being disabled. 
VRCRTNavigationJump : specifies the navigation is done via jump 
VRCRTNavigationWalk : specifies the navigation is done via jump 
VRCRTDisabledBehaviour : specifies a number of object for which their behaviours are being 
                                             Disabled 
-->  
<!ELEMENT 
VRCRTNavigationWithRestrictedBehaviour((VRCRTNavigationJump,(VRCRTDisabledBehaviou
r)+) | ((VRCRTNavigationWalk,VRCRTDisabledBehaviour)+)) > 

 

VRCRTNavigationJump, VRCRTNavigationWalk and VRCRTDisabledBehaviour have been 
described in the previous section. 

 

·  navigationWithRestrictedInteraction 
This navigationWithRestrictedInteraction strategy is similar to the previous one, but with 
interaction rather than behaviour. It means that the user can navigate through a number objects 
in a restricted way, i.e. he cannot interact with these objects. 
 

<!-- comments 
  The   navigation is done either via Jump or Walk and where a number of objects have their 
behaviour being disabled. 
VRCRTNavigationJump : specifies the navigation is done via jumping 
VRCRTNavigationWalk : specifies the navigation is done via walking 
VRCRTDisabledInteraction : specifies a number of object for which their interactions are being 
                                             Disabled 
-->  
<!ELEMENT 
VRCRTNavigationRestrictedInteraction((VRCRTNavigationJump,(VRCRTDisabledInteraction)+) 
| (VRCRTNavigationWalk,(VRCRTDisabledInteraction)+))> 
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·  CompletelyFree 
The CompletelyFree strategy is used to allow an author to provide a list of objects through which 
the learner can navigate freely. 
 
<!-- comments 
  The   navigation is done Freely through the VRCRT : VRCRTFreeNavigation.-->  
<!ELEMENT VRCRTCompletelyFree(VRCRTFreeNavigation) > 

 

·  freeWithSuggestion 
The freeWithSuggestion strategy is used for allowing an author to specify that navigation is 
freely but suggestions should be given to objects to visit by highlighting them. The XML DTD is 
given as follows: 
  

<!-- comments 
  The   navigation is done freely. However, suggestions are provided by either highlighting 
objects or setting a spotlight on them. 
VRCRTFreeNavigation : indicate free navigation 
VRCRTSpotlight : indicate that suggestion is done via spotlight 
VRCRTHighlight : indicates that suggestion is done via highlight -->  
<!ELEMENT VRCRTFreeWithSuggestion 
((VRCRTFreeNavigation, (VRCRTSpotlight)+) | (VRCRTFreeNavigation, (VRCRTHighlight)+))> 

 

 

Adaptation of a Group of Objects 

 

·  FilterObjects 
The filterObjects strategy allows displaying only the objects in a given list of objects.  
 Its XML DTD is given as follows: 
 

<!-- comments 
If : has a condition,  then , else to tell when these objects are filtered 
VRCRTFilterObject : specifies how these objects are filtered. 
-->  
<!ELEMENT VRCRTFilter (if)+> 
<!ELEMENT if (then, else?)> 
<!ATTLIST if condition CDATA #REQUIRED> 
<!ELEMENT then (VRCRTFilterObject)+> 
<!ELEMENT else  (VRCRTFilterObject)+> 

 
<!-- comments 
VRCRTDisplay : display an object 
VRCRTSemiDisplay : make an object semi-transparent 
VRCRTchangeSize ; change the size of an object 
VRCRTChangematerialProperties : change the material properties of an object 
VRCRTChangerepresentation : change the visual representation of an object 
-->  
<!ELEMENT VRCRTFilterObject(VRCRTDisplay | VRCRTSemiDisplay  | VRCRTchangeSize | 
VRCRTChangematerialProperties | VRCRTChangerepresentation)> 

 
VRCRTSemiDisplay, VRCRTchangeSize, VRCRTChangematerialProperties, 
VRChangerepresentation have been specified above. We have created a VRCRTDisplay that 
effectively implies to fully display an object. This tells the VR plug-in to visualized the object 
normally. 

 
<!ELEMENT VRCRTDisplay(idobject)> 
<!ELEMENT idobject  EMPTY> 
<!ATTLIST idobject 
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  id                   CDATA #REQUIRED > 
 
 

·  MarkObjects 
 

The markObjects strategy marks a number of objects by highlighting it or lighting up.  
 

<!-- comments 
If : has a condition,  then , else to tell when these objects are marked 
VRCRTSpotlight : specify spotlight on objects. 
VRCRTHighlight : highlight objects 
-->  
<!ELEMENT VRCRTMarkObjects (if)+> 
<!ELEMENT if (then, else?)> 
<!ATTLIST if condition CDATA #REQUIRED> 
<!ELEMENT then (VRCRTSpotlight | VRCRTHighlight)+> 
<!ELEMENT else  (VRCRTSpotlight | VRCRTHighlight)+> 

 

 

Display 

The display strategies are responsible for displaying  (or not displaying) objects in the scene when a certain 
condition is fulfilled. There are two strategies. 

 

·  DisplayAtMost 
The DisplayAtMost strategy is responsible to stop displaying objects after a certain criteria like 
user knowledge above a certain level, is met. Therefore, it requires a condition and the way the 
object can be display, semi-hidden or being removed. The XML DTD specification is given as 
follows  

 

<!-- comments 
If : has a condition,  then , else to tell when an object is displayed at most 
VRCRTDisplay : display the object 
VRCRTSemiHide : semihide an object 
VRCRTRemove : remove an object 
-->  
<!ELEMENT VRCRTDisplayAfter (if)+> 
<!ELEMENT if (then, else?)> 
<!ATTLIST if condition CDATA #REQUIRED> 
<ELEMENT then (VRCRTDisplay | VRCRTSemiHide | VRCRTRemove )+> 
<!ELEMENT else (VRCRTDisplay | VRCRTSemiHide | VRCRTRemove )+> 
 

VRCRTDisplay, VRCRTSemiHide and VRCRTRemove have been specified above. 
 

·  DisplayAfter 
The DisplayAfter strategy allows a VR object to be displayed once a condition has been fulfilled. 
This strategy uses a condition.    

<!-- comments 
If : has a condition,  then , else to tell when an object is displayed after a certain condition is 
fulfilled  
VRCRTDisplay : display the object 
VRCRTSemiDisplay : semi-display an object 
VRCRTChangeSize : change the size of an object 
-->  
<!ELEMENT VRCRTDisplayrAtMost (if)+> 
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<!ELEMENT if (then, else?)> 
<!ATTLIST if condition CDATA #REQUIRED> 
<!ELEMENT then (VRCRTDisplay | VRCRTSemiDisplay  | VRCRTchangeSize | 
VRCRTChangematerialProperties | VRCRTChangerepresentation)+)> 
<!ELEMENT else  (VRCRTDisplay | VRCRTSemiDisplay | VRCRTchangeSize | 
VRCRTChangematerialProperties | VRCRTChangerepresentation)+> 
 

VRCRTDisplay , VRCRTSemiDisplay, VRCRTchangeSize, VRCRTChangematerialProperties, 
VRChangerepresentation have been specified above 

 
 
 
Behaviour 

There are two types of AS for Behaviour namely BehaviourAfter and BehaviourAtMost. 

 

·  BehaviourAfter 
The BehaviourAfter strategy is responsible to enable behaviours of VR objects after a certain 
criteria like user knowledge above a certain level, is fulfilled.  

 

<!-- comments 
If : has a condition,  then , else to tell when the behaviour of an object is enabled after a 
condition is fulfilled  
VRCRTEnabledBehaviour : enable the behaviour of an object 
-->  

<!ELEMENT VRCRTBehaviourAfter(if)+> 
<!ELEMENT if (then, else?)> 
<!ATTLIST if condition CDATA #REQUIRED> 
<!ELEMENT then (VRCRTEnabledBehaviour)+> 
<!ELEMENT else  (VRCRTEnabledBehaviour)+> 

 

·  BehaviourAtMost 
The BehaviourAtMost strategy is responsible to disable behaviours of VR objects after a certain 
criteria like user knowledge above a certain level, is fulfilled.   

<!-- comments 
If : has a condition,  then , else to tell when the behaviour of an object is disabled after a 
condition is fulfilled  
VRCRTDisableBehaviour : disable the behaviour of an object 
-->  

<!ELEMENT VRCRTBehaviourAtMost (if)+> 
<!ELEMENT if (then, else?)> 
<!ATTLIST if condition CDATA #REQUIRED> 
<!ELEMENT then (VRCRTDisableBehaviour)+> 
<!ELEMENT else  (VRCRTDisableBehaviour)+> 

 

·  BehaviourSpeed 
The BehaviourSpeed strategy allows an author to change the speed of a behaviour. 

<!-- comments 
If : has a condition,  then , else to tell when the speed of a behaviour of an object is changed 
when a condition is fulfilled 
VRCRTBehaviourChange : change the speed of a behaviour 
-->  

<!ELEMENT VRCRTCRTSpeed (if)+> 
<!ELEMENT if (then, else?)> 
<!ATTLIST if condition CDATA #REQUIRED> 
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<!ELEMENT then (VRCRTBehaviourChange)+> 
<!ELEMENT else (VRCRTBehaviourChange)+> 

 

 

Interaction 

Like for behaviour, there two types of strategies for interaction. 

 

·  InteractionAfter 
The InteractionAfter strategy enables interaction for objects after a certain criteria like user 
knowledge above a certain level, is fulfilled. It is defined by the following XML DTD:  

<!-- comments 
If : has a condition,  then , else to tell when the interaction of an object is enabled after a 
condition is fulfilled 
VRCRTEnabledInteraction : enable the interaction of an object 
-->  

<!ELEMENT VRCRTInteractionAfter (if)+> 
<!ELEMENT if (then, else?)> 
<!ATTLIST if condition CDATA #REQUIRED> 
<!ELEMENT then (VRCRTEnabledInteraction)+> 
<!ELEMENT else  (VRCRTEnabledInteraction)+> 

 

·  InteractionAtMost 
The InteractionAtMost strategy allows disabling interaction for objects after a certain condition 
has been fulfilled. It is therefore defined by the following XML DTD: 

 

<!-- comments 
If : has a condition,  then , else to tell when the interaction of an object is disabled after a 
condition is fulfilled 
VRCRTDisableInteraction : disable the interaction of an object 
-->  

<!ELEMENT VRCRTInteractionAtMost (if)+> 
<!ELEMENT if (then, else?)> 
<!ATTLIST if condition CDATA #REQUIRED> 
<!ELEMENT then (VRCRTDisableInteraction)+> 
<!ELEMENT else (VRCRTDisableInteraction)+> 

 

 

Appendix 2: Transformation process from XML to GAL 

When the XML is parsed, the XML representation in memory is represented via the DOM (Document Object 
Model) and according to XML-DTD specification. In our approach, we then use an XSLT processor to parse 
the XML document in order to construct the DOM. Then, XML scripts are used to manipulate the DOM input 
to construct the DOM output (see figure 22). As a result, it is then possible to generate code from an xml-
specification.  

 



D3.4a - Design of an authoring platform for adaptive VR learning material, 30-01-2009 

Design specification of a VR authoring tool Page 44 (47) 

 

Figure 22. XSLT Processor 

 

We will know illustrate this with a simple example involving the VR CRTs. Suppose we have the following the 
following XML DTD: 

<!ELEMENT VRCRTBehaviourAfter (if)+> 
<!ELEMENT if (then, else?)> 
<!ATTLIST if condition CDATA #REQUIRED> 
<!ELEMENT then (VRCRTEnabledBehaviour )+> 
<!ELEMENT else  (VRCRTEnabledBehaviour )+> 
 

The above XML DTD for VRCRTEnabledBehaviour is translated into an XML schema as follow : 

 

<?xml  version =" 1.0 "  encoding =" UTF-8 " ?> 
<!--  edited with XMLSpy v2008 rel. 2 sp1 (http://www.al tova.com) by Frederic 
Kleinermann (EMBRACE) --> 
<xs:schema  xmlns:xs =" http://www.w3.org/2001/XMLSchema "  
elementFormDefault =" qualified "  attributeFormDefault =" unqualified " > 
 < xs:group  name=" ExpressionElement " > 
  < xs:choice > 
   < xs:element  name=" VRCRTEnabledBehaviour " > 
    < xs:complexType > 
     < xs:attribute  name=" Id " /> 
    </ xs:complexType > 
   </ xs:element > 
  </ xs:choice > 
 </ xs:group > 
 < xs:element  name="  VRCRTBehaviourAfter  " > 
  < xs:annotation > 
   < xs:documentation >Comment describing your root 
element </ xs:documentation > 
  </ xs:annotation > 
  < xs:complexType > 
   < xs:sequence  maxOccurs =" unbounded " > 
    < xs:element  name=" if " > 
     < xs:complexType > 
      < xs:sequence > 
       < xs:element  name=" then " > 
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        < xs:complexType > 
         < xs:choice  
maxOccurs =" unbounded " > 
          < xs:group  
ref =" ExpressionElement "  minOccurs =" 0" /> 
         </ xs:choice > 
        </ xs:complexType > 
       </ xs:element > 
       < xs:element  name=" else "  
minOccurs =" 0" > 
        < xs:complexType > 
         < xs:choice  
maxOccurs =" unbounded " > 
          < xs:group  
ref =" ExpressionElement "  minOccurs =" 0" /> 
         </ xs:choice > 
        </ xs:complexType > 
       </ xs:element > 
      </ xs:sequence > 
      < xs:attribute  name=" condition "  
type =" xs:string "  use =" required " /> 
     </ xs:complexType > 
    </ xs:element > 
   </ xs:sequence > 
  </ xs:complexType > 
 </ xs:element > 
</ xs:schema > 

 

In this example of XML schema, VRCRTEnabledBehaviour is used. Obviously, all the others VR CRTs can 
be translated in the same way. We will now specify an XSLT that will map the XML onto a pseudo-language 
having a function called function_VRCRTEnabledBehaviour  with one parameter. Note that this abstract 
language is an example and should be replaced by GAL in the actual transformation. As the specification of 
GAL is not yet available, and for the sake of this example, we use this pseudo-language. Below is how the 
XSLT looks like with that abstract language : 

 

<?xml  version =" 1.0 "  encoding =" UTF-8 "  ?> 
<xsl:stylesheet  version =" 1.0 "  xmlns:xsl =" http://www.w3.org/1999/XSL/Transform "  
xmlns:fn =" http://www.w3.org/2005/xpath-functions " > 
  < xsl:import  href  = " CommonTemplate.xslt "  /> 
  < xsl:output  method =" text "  indent =" yes "  /> 
  < xsl:template  match =" / " > 
    // Generated by the GRAPPLE Application Framewo rk 
    // 
    // This file is automatically generated and the refore should not be changed 
manually. 
     
    < xsl:apply-templates  select =" //if " /> 
     
  </ xsl:template > 
 
  < xsl:template  match =" if " > 
    if( <xsl:value-of  select =" @condition " />  ) 
    < xsl:for-each  select =" then " > 
  then { 
   < xsl:for-each  select =" child::VRCRTEnabledBehaviour " > 
      function_VRCRTEnabledBehaviour( <xsl:value-of  
select =" @Id" />  ); 
     </ xsl:for-each > 
  } 
    </ xsl:for-each > 
 < xsl:for-each  select =" else " > 
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  then { 
   < xsl:for-each  select =" child:: VRCRTEnabledBehaviour  " > 
      function_VRCRTEnabledBehaviour( <xsl:value-of  
select =" @Id" />  ); 
     </ xsl:for-each > 
  } 
    </ xsl:for-each > 
  
  </ xsl:template > 
 
</ xsl:stylesheet > 

 

Let’s apply it now to a concrete case. Suppose the author has the following XML example where 
VRCRTEnabledBehaviour  is invoked once the user’s knowledge is about a value 5 or if the user has 
clicked once. For this scenario, we have the following XML file: 

<?xml version="1.0" encoding="UTF-8"?> 

<!--Sample XML file generated by XMLSpy v2008 rel. 2 sp1 (http://www.altova.com)--> 

< VRCRTBehaviourAfter xsi:noNamespaceSchemaLocation="Untitled1.xsd" 
xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance"> 

 <if condition="User.Knowledge > 5"> 

  <then> 

   <VRCRTEnabledBehaviour Id="456"></VRCRTEnabledBehaviour  > 

  </then> 

 </if> 

 <if condition="User.HasClicked"> 

  <then></then> 

  <else> 

   < VRCRTEnabledBehaviour  Id="123"></ VRCRTEnabledBehaviour  > 

  </else> 

 </if> 

</ VRCRTBehaviourAfter > 

 

Then using the XSLT and XPath, the XML can be mapped onto the following to that pseudo-language. 

 

// Generated by the GRAPPLE Application Framework 
    // 
    // This file is automatically generated     
     
    if( User.Knowledge > 5) 
     
  then { 
    
    function_VRCRTEnabledBehaviour (456); 
      
  } 
     
    if( User.HasClicked) 
     
      
  then { 
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   function_VRCRTEnabledBehaviour (123 ); 
      
  } 
 

Our Authoring tool will stored all the VR CRTs specified by the author as XML and use the XSLT based on 
the XML-DTD specification provided in Appendix 1 and the GAL specification (when available) to transform 
any VR CRTs into GAL, which can then be compiled and be used by the Adaptive Learning Engine of 
GRAPPLE. 

 


