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Abstract—This paper presents a concept how a learning (Bull et al., 2008; Nussbaumer et al., 2008). Additionally

environment can be established in 3D space and how it can
be adapted to the competence state of a learner. In contrast
to existing Learning Management Systems learning paths
are spatially represented in 3D space. In this approach the
learner can immerse into a virtual learning landscape
consisting of learning objects and is guided by highlighting a
path through the landscape. Path creation is based on skills
which are assigned to learning objects and which make up
the learner model. Principles of the self-regulated learning
approach is realised by visualising the learner model in 3D
space and by giving the learner freedom for the own
learning process. An implementation of this approach is
realised in the Second Life virtual world which is connected
with a Web service managing the adaptation strategy.

the visual models can be interactive to enable learners to
control their learning process. This approach should
stimulate the learners to reflect on their knowledge and
learning process. On a more general level this approach is
described in the scientific literature in the context of self-
regulated learning, which is described in the next section.

This paper presents an approach how a virtual reality
environment can be used to present learning material to
the learner. In contrast to other systems the learning path
is not a logical sequence of learning objects, but the
learning objects are arranged in 3D space in order to
represent the path in a spatial way. The adaptation strategy
is based on Competence-based Knowledge Space Theory

(see next section), which adapts the learning path to the
competence state of the learner. A detailed description of
this approach is given in Section lll. Implementation
details and system architecture is described in Section IV.

Index Terms—Adaptation,
Virtual Reality.

Competence, E-Learning,

l. INTRODUCTION

Adaptation and personalisation have been active and I.
lively areas of research over the last two decades, which o _
have often been reflected in scientific literature (forA. Adaptivity and adaptive systems
example Brusilovsky et al., 1996; Conlan et al., 2002; De The concept of adaptivity has a long tradition in
Bra et al., 1999). The educational context has been one ichnology-enhanced learning, for example it has been
the most important application domains. Adaptive systemapplied in Intelligent Tutoring Systems (ITS) to some
have been created which are capable of adapting theiktent, user-model-based Adaptive Systems (AS), and
behaviour and output to the learners’ needs anddaptive Hypermedia Systems (AHS) (Brusilovsky,
preferences. An important system property is the ability t2000). Following the discussion in (Brusilovsky, 1996; De
adapt the sequence of the learning material (also call®ta et al., 2004), users (learners) differ in terms of
learning path) to the learner's knowledge level. (learning) goals, pre-knowledge, individual traits and

Learning Management Systems (LMS) are computeneeds, as well as pedagogical parameters. Based on these
systems which mange the learning process on the level olfiaracteristics adaptive presentation (adaptation on the
learning material. Usually they allow for creating andcontent level) and adaptive navigation support (direct
storing learning content and they are responsible faguidance, adaptive ordering, hiding, and annotation of
presenting content to the learner in a more or ledinks) are the most important features which can be
meaningful and intelligent order. Simple and non-adaptiv@rovided by an adaptive system. Domain models and user
systems like Moodle (Moodle, 2009) enable the contennodels are defined in order to specify relationships
author and teacher to manually sequencing the learnidiptween users and content, which forms the basis for the
material. More sophisticated systems like AHA! (AHA!, adaptation functionality. In educational applications these
2009) have implemented strategies to dynamicallyelationships typically represent the knowledge about

sequencing the content and to adapt the sequence to tharners and content. Furthermore, adaptive systems
learner profile. usually contain adaptation models which determine the

Traditionally, sequencing has been done by presentir@laptation strategy of those systems. In this way an
one learning object after another to the learner. From @daptive system can help the learner to navigate through a
pedagogical point of view this is often criticised, becaus&°Urse by providing user-specific paths.
the learner has no control and overview on the own
learning process. In order to overcome these shortcomings
the Open Learner Model approach aims at making visible
the model which is used by a system to adapt its behaviour

THEORETICAL BACKGROUND
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B. Competence-based Knowledge Space Theory information (Shneiderman, 1996). Information
(CbKST) visualisation is the transformation of abstract data and

; information into a form that can be recognised and
Knowledge Space Theory (KST) and its competence nderstood by humans. In this sense, information

e S o Eiomient exampies hlfualiaion can be. seen 'as'an meriace 1o absrac
framework (Hockemeyer, 2003). KST constitutes a sounli! orkr)na(tjmn spf?ces. I obe>;]p oring large volumes of data
psychological mathematical framework for both tan be or?e e .ectlv.ey. y umar.ls. ) )
structuring knowledge domains and for representing the Information visualisation techniques are widely used in
know|edge of learners. Due to (psycho|ogica|)web-based. SOClal_ software (eg graph visualisation is
dependencies between problems prerequisite relations céged to outline online community networks and tag clouds
be established. The knowledge state of a learner @€ often used to provide overview on collaboratively
identified with the subset of all problems this learner igagged Web content) and especially in knowledge
capable of solving. By associating assessment problerfd@nagement (e.g. visualisation of large knowledge
with learning objects, a structure on learning objects cagtructures for providing overview and interface to it). In
be established, which constitutes the basis for meaningfGPntrast to these application ~areas, information
learning paths adapted to the learners knowledge statdsualisation is barely used in e-learning applications.
Competence-based Knowledge Space Theory (CbKST) An emerging field of applying information and
incorporates psychological assumptions on underlyingnowledge visualisation is the area of Open Learner
skills and competencies that are required for solving thModels. These models are visually outlined and presented
problems under consideration. This approach assigns to the learner in order to provide the possibility of
each problem a collection of skills which are needed tinspection them. Learners might want to know about the
solve this problem and to each learning objects those skillmasis for the calculations of the system. According to (Bull
which are taught. Similar to the knowledge state &t al., 2008) opening up these models might increase self-
competence state can be defined which consists of a setreflection and motivation of the learners.

skills which the learner has available. Furthermore, there

may also be prerequisite relationships between skKills.

CbKST provides algorithms for efficient adaptive . CONCEPTUALAPPROACH

assessment to determine the learner's current knowledge ) ) ) )

and competence state, which builds the basis for In this section an approach is described on a conceptual
personalization purposes. Based on this learndevel how a virtual learning landscape can be created in

information, personalised learning paths can be created. SD space, which is capable of automatically adapting to
P arp the learner and of providing guidance and feedback for the

C. Sdf-regulated Learning learner.

~ Self-regulated learning has become increasinglyy,  The educational perspective
important in educational and psychological research. : ) o i

Compared to adaptive learning systems, the tenor in seli- Basically the learning material is created in 3D space by
regulated learning is to give the learner greatepontent authors. They create and plag:e learning objects in
responsibility and control over all aspects of (technology? 3P landscape, whereby learning objects are more or less
enhanced) learning. There are only few attempts trying téitéractive 3D models which convey specific knowledge
build a complete model of self-regulated |eamingchunl_<s. Itis up to the content author how sophisticated the
(Puustinen & Pulkkinen, 2001). Most of these models dea@arning objects are designed. They can consist of simple
with self-regulation as a process that involves goal settingXt documents, contain images and diagrams, or they can
and planning, monitoring and control processes, as well &S0 contain movies which are played. Furthermore
reflection and evaluation processes. From this it becomd@armning objects can also be complex 3D models which
apparent that self-regulation is closely related to metd€present three-dimensional information, for example
cognitive strategies. In (Dabbagh & Kitsantas, 2004) signolecules. The learner (represented as avatar) can walk
self-regulatory processes and their significance to Welhrough this landscape and make use of the several
based learning tools have been identified. For example (K@rning objects. In this way a learning landscape emerges
goal setting is supported by communication tools, such A¥hich, however, is still static and has no adaptive features.
e-mail communication with a tutor, (b) the use of task Positioning of learning objects in the virtual world is
strategies is supported by content delivery tools, such @one by the content author manually. This is important
concept mapping software to organise course content, (bpcause the spatial position may also contain information
self-monitoring is supported by use archived discussiowith respect to content. For example, the solar system
forums, (d) self-evaluating is supported by the use oflomain may be structured in the way that the planets are
rubrics, evaluation criteria, and peer feedback, (e) timkearning objects and the spatial position represents the real
planning and management is supported by communicatigrositions of the planets. For this reason positioning must
tools concerning time budgeting, and (f) help seeking isot be done dynamically by the system, though in some

supported by hypermedia tools. cases this would be a possibility to express the learning
_ S path. Obviously it is a requirement for the virtual world
D. Information and knowledge visualisation that a content author can create 3D objects and freely

The abilities of humans to recognise visual informatiorinove and position them in 3D space.
are highly developed. Patterns, colours, shapes andLearning paths are an important property of
textures can rapidly and without any difficulty be technology-enhanced learning systems. As described in
detected. On the other hand, the perception of text-bas&gction 2, Competence-based Knowledge Space Theory
content is much more effort than the perception of visugICbKST) provides psychologically sound methods to
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create meaningful learning paths. In traditional learning The described design also bears possibilities for
systems they are realised as a sequence of learningllaborative learning, if the used virtual world provides
objects, whereby the learner has a next-option to movemmunication features between different persons.
forward. In 3D space there is a different situation, sincénstead of a single learner, the walk through the learning
learning objects are permanently positioned and thkndscape can be done by a group of learners. Then they
learner walks through the space. Therefore methods acan talk about the subject matter, their difficulties of
needed which indicate the path through the learningnderstanding, and what they actually do understand.
landscape. For example, objects can be highlighted Hyurthermore, a tutor can accompany a learner through the
pointing a spot light to an object which should be learnetkarning landscape for the reason of direct communication
next. In computer graphics light sources are well knowtand help.

concepts in 3D worlds which most of them have

implemented. Another method would be to highlight aB. Thetechnical perspective

learning object by adding a marker object to each learning Following the design described in (Nussbaumer et al.,
objects which can change the colour to indicate that thig007), the overall design of the system is split into two
learning object is the next one. parts. First the virtual world with a 3D interface contains
Realising a learning path is done by successivelthe learning objects (learning content) and is used by the
highlighting one learning object after another one. Thidearners to interact with the system. Second the logical
mechanism bears also the possibility to highlight morgart (CoKST Web Service) stores domain model and user
objects at the same time if they are equal (at the sanmodel and is responsible for the adaptation strategy. For
level) regarding the logical sequence. In this way théhe sake of flexibility these two parts are separated into
learner can freely choose between them, which gives moteo systems which communicate with each other over the
control to the learner. A further level regarding self-Internet using SOAP protocol (see Figure 1).
regulated learning is obviously given by the fact that the
learner can freely move in 3D space and can deal with ar -

learning object in the learning landscape independent « Virtual World CbKST Web Service

the highlighting state. Obviously this is a very natural way 'y

of providing self-regulated learning possibility, since it

comes from the general system design and is not ¢ i Domain User

explicitly created system feature. X Model | | Model
In order to implement an adaptive strategy and tc

arrange learning objects accordingly a knowledge @ Adaptive

representation model is needed. Basically a domain has CorST Strategy

be defined which comprises a subject matter at a Extension >

appropriate size. For example the Pythagorean Theore

can be a manageable domain for pupils. Learning objec
are the Co.mponems.Whmh teach the domf""” and Whlc.h t ure 1. The overall system architecture. The learner interacts with
lea_mers 'nt_eraCt with. Furthermore, skills are_' ,defme he virtual world and an extension inside the virtual world connects to
which describe knowledge of learners on a cognitive levelhe cbkST web Service for providing adaptation, guidance, and
Skills are related to learning objects in the way thateedback.

learning objects are teaching specific skills. Furthermore,

following Competence-based Knowledge Space Theory,

skills are structured through prerequisite relations between As outlined in Figure 1, an extension to the virtual

skills meaning that certain skills should be learned beforgorld has to be implemented. On the one hand this

other skills. extension is connected to the learning objects and skill
A further element of the conceptual design is astructure object and controls the behaviour and state of
feedback object which gives information to the learnethem. On the other hand it is also connected to the CbKST
about the learned skills. As pointed out above, by using Web Service where it gets the information how it should
domain model for content structuring, skills are defineccontrol the learning landscape. Obviously the virtual
including prerequisite relations between them. The skillsvorld must allow integrating program code which can
of a domain and their prerequisite structure ar&lso make connections over the Internet to Web Services.

represented in 3D space as a 3D skill structure model. If a|f a learner has done a learning object, then this has to
learning object has been done than specific skills havge indicated by clicking on the marker object attached on
been taught by this learning object. These skills can bge learning object. The marker object changes its state
highlighted in the skills structure model by changing thgcolour) and sends a message to the CbKST extension that
colour of the respective skills. For example learned skillg has been clicked. The CbKST extension passes this
can be green, the other skills can be grey. information to the CbKST Web Service and retrieves a
This approach follows the idea of opening up usemessage which learning objects should be done next.
model to the learner, which is supposed to stimulate selffter that the CbKST extension initiates that the
reflection and motivation (see Section 2). Howeverjespective learning objects (or attached markers) change
instead of presenting this information as list or 2Dtheir state to indicate that the learner should continue with
diagram, in a virtual world the structure can bethem.
represented as 3D model. The skill structure model is |n addition to indicating the next learning objects the
visible all the time, as long as the learner is not too fagkill structure object also has to be updated. After a

away from it. No extra window is needed for thelearning object has been done, the CbKST extension also
presentation of this information.
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gets the current skill state and sends this information to thekill structure object with nine skills. In this example,

skill structure object which changes its appearanckarning objects are realised as simple text panels,

according to the current skill state. however they also could be more complex models. Each
These two communication flows outline that alearning object has a marker at the bottom which shows

communication infrastructure is needed. Object in théhe current state of the learning object. There are three
virtual world have communicate with the control modulePossible states, green means that the learning objects has
(CbKST extention) and the control module has tdoeen done by the learner, orange means that this object

communicate with the CbKST Web Service. should be done next, and grey means that this object

In order to achieve adaptation, guidance, and feedbac ould be done later. The skill structure model shows the
' ’ Kills for this example domain in a prerequisite structure.

an adaptation module is needed, which is designed as il can have two states, green spheres are already

sgtrr\gceérig t?(l)sr p(l:g(l:guItgt?nglgt%rghr(’:r\usrrfgrrncr;gltlln%tlaigrn;r; cquired skills and grey spheres are not acquired skills.
implemented. Furthermore domain and user model ar he learner who walks through the learning landscape is

located there which the algorithms need for the"represented as the avatar in the front (Figure 2) and in the

calculations. The separation of this component form thBaCk (Figure 3).
virtual world brings independence from the

implementation inside the virtual world. In this way morek
flexibility can be achieved, since the Web Service only
has to be developed once, even if different virtual world:
are employed.

IV. |IMPLEMENTATION

For the implementation the popular Second Life
(Second Life, 2009) has been chosen as virtual worlc
Compared to other similar virtual worlds, such as (Sui
Wonderland, 2009), Second Life has reached a reasonal
technical maturity level, since development already ha
been ongoing for ten years. However, every virtual worlcg
can be used for the implementation if the technica=
requirements are fulfilled. =

The logical part which is responsible for managing thejs
knowledge representation model, for managing the usd _
model based on the knowledge representation model afagr
for generating the learning paths on a logical level igigure 2. A learing landscape with six learning objects and a skill
implemented as a Web Service in a Tomcat environmergtructure model at the beginning. The orange marker of one learning
It can be contacted via standard Web Service interfac®iect indicates that the learner should do this object first.

(SOAP, XML-RPC).

The most important requirements for the virtual worldge-
are the possibility of authoring the 3D objects ancis
manually positioning them. Furthermore, it must be abl
to connect to a Web Service via SOAP or XML-RPC in
order to get information regarding learning path and use\
model. Next it must be possible to add small program
(scripts) to 3D objects which can do control tasks, such ¢
starting learning path service or connecting to Wel
Service. Finally, the virtual world must offer the
possibility to dynamically change properties of 3D
objects, such as changing the colour of an object.

Second Life offers all these requirements sufficiently 2§
Objects can be easily created without experience in CAL=
A simple interface allows the author to create new object.
to change properties, and to add textures. Scripts can
added to each object, which controls their behaviour. #
simple scripting language is used which can be learned 5
an author has little programming skills. This language
provides a function to access a Web Service via XML ESEEEOE
RPC an_d gets the result of this call as an event for furthﬁrgure 3. A learning landscape with six learning objects and a skill
processing. structure model after the learner has already done two learing objects

A prototype of the implementation has nearly beerigreen markers). The orange markers indicate that these learning objects
finished, which follows the conceptual approach describe@f® appropriate to do next. The skill structure model shows the acquired
in Section 3. Figure 2 and Figure 3 present a screenshotBi's (9reen spheres).

a setting in Second Life with six learning objects and a
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Figure 2 shows the situation at the beginning of théearner, than it is blocked for all other learners. However,
learning process. One of the learning objects has ahis does not force other persons to be kept out from the
orange marker, which indicates that the learner should dearning landscape unless they do not interact with the
that one. In the skill structure model, no skill is marked asystem. A possible solution can be to copy the whole
acquired. Figure 3 shows the situation after the learnégearning landscape and put it on a different place.

has done two learning objects (objects with green priyacy is another issue which has to be thought of. The
markers). Two learning objects have orange markersyills structure element shows the current skill state of the
which indicates that one of them should be done next. Thgarner, however, everybody who is in the vicinity can see
learning is free to choose in this situation. The skilkhis. Not everybody likes to be inspected by others. So
structure model shows that three skills are acquired some considerations have to been made about that.

obviously these skills are conveyed by the two learning
objects with the green markers.

Each of the markers and the skills are attached with
scripts. These scripts have the duty to control th
appearance of the marker, to handle the interaction wi
the user, and to do the communication with the main2
control element. If a learner has finished a learning objeck,]
then the respective marker has to be touched. The script of
the marker changes the colour from grey to green and
reports to the main control element that this learning
object has been done. The main control element (tHel
CbKST extension) does the communication with the
CbKST Web Service and controls the markers and skill
structure model. After a learning object has been done, the
main control element contacts the CbKST Web Servic ]
and gets information about the updated skill state an
which learning object should be done next. Then this
control element send messages to the markers of tig
involved learning objects and a message to skill structure
element to update its state.

V. CONCLUSIONAND OUTLOOK (6]

In this paper a novel approach has been presented how
adaptation of learning paths can be realised in virtudf]
worlds. The adaptation strategy is realised in an external
Web Service which controls the adaptation behaviour of a
virtual world. Theoretical basis for the adaptation is th
psychological sound Competence-based Knowledg ]
Space Theory which already has been applied in
traditional learning systems several times. Combinin
CbKST with virtual reality provides new possibilities
regarding self-regulated learning, since the leaner can use
the inherent properties of the 3D world by freely moving
around in 3D space. A learning path is offered to the
learner, the does not restrict the learner to the giveld®l
sequence. [

Future development will concentrate on pre- and post-
assessment. If pre-assessment is conducted than the
learning path can be adapted to the pre-knowledge of the
learner. A post-assessment reveals the actual knowledge]
of the learner and can indicate which learning objects
eventually should be processed again. Both types of
assessment deliver sets of skills the learner has available,
which can be visualised on the 3D skill structure object %3]
different colours. For example, skills which have bee
taught, but are not available in the post-assessment be
visualised in red colour. [14]

There is a restriction in the usage of a learning
landscape. Since highlighting of learning objects markers
and skills can only be done once at a time, a learni
landscape can be used by only one learner at the sawg]
time. A control object is needed where the learner ca
start the learning path service and stop it. As soon as thf7]
learning path service has been activated by a specific

=
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