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The need for e-learning systems that support arsbveet of pedagogical
requirements has been identified as an importaneisn web-based education.
Until now, significant R&D effort has been devotadning towards web-
based educational systems tailored to specific gmglaal approaches. The
most advanced of them are based on the IEEE Lepnfréchnology Systems
Architecture and use standardized content strumjubased on the ADL
Sharable Content Object Reference Model in ordeertable sharing and
reusability of the learning content. However, sharf learning activities
among different web-based educational systemsrstillains an open issue.
On the other hand, existing Learning ManagementeBys (LMS) provide
authoring tools that are only tailored to the caljitads of the specific system
in hand. The open question is how web-based edunedtsystems should be
designed in order to enable reusing and repurpasingarning activities. In
this paper we first discuss the limitations of therent state-of-the art learning
systems and authoring tools and investigate theofishe Learning Design
framework as a mean to address those limitatiohenTwe present a high-
level architecture of a SCORM compatible authowrmgl runtime system that
utilizes the Learning Design principles to provittee means for designing
activity-based learning systems. Finally, we disctie use of ASK-LDT, an
authoring system developed based on the proposéitemture, in the design
of complex learning activities.

INTRODUCTION

During the last years, several tools have beenldpegd in order to support the process of web-based
authoring and several learning systems have be@teinented tailored to specific pedagogical appreach
Several systems already exist supporting the psoogsweb-based authoring for providing active l&agn
constructive learning, collaborative learning, itenal learning, conversational learning, contekaed
learning, reflective learning etc. (Jonassen E®@0@, Marra and Jonassen 2001, Carr 2001, Meli$. 081,
Gonzales EtAl 2003).
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Currently, there are several educational e-comagusitories and networked infrastructures avaélabhging
from federated or distributed learning repositotiesrokerage platforms (Duval et al. 2001; Guthale2001;
Friesen et al, 2002; Nejdl et al 2002; Olivier drider 2003; Quemada and Simon 2003, Simon EtAl 2004
Nevertheless, the level of learning content redisaliemains relatively low, due to the fact thdtasing of
learning activities across systems has not beeressiedd yet. This limitation prevents systems fremsing the
same learning scenarios, leading to significantaegedagogical effort for reusing learning contendifferent
contexts. On the other hand, existing Learning Menzent Systems (LMS) provide tools for web-based
authoring that are tailored to the capabilitieghef specific system in hand. As a result, reusimd) repurposing
of learning activities and content is not suppoited consistent manner (Brusilovsky and Nijhawag2).

In this paper we first examine the limitations bétcurrent state-of-the art learning systems arhoang
tools and investigate how the Learning Design fraor& can be incorporated in the architecture ofGO8M
compatible authoring and runtime system in ordeaddress those limitations. To this end, we defin@bstract
high-level architecture that utilizes the Learnidgsign principles to provide the means for desigmadagogical
scenarios that can be reused in different contndsacross different web-based educational plaform

The paper is structured as follows: In section &,discuss the problem of sharing learning actiwibiased on
the current state-of-the-art learning systems’ itecture, investigating the limitations of thosestgms. Section 3
presents the principles of the Learning Design &aork, emphasizing in modeling of learning actastiand
briefly discusses the need of standardizing theltgl notation schema used to describe learnitigites. In
Section 4, we present an architectural definitibracSCORM compatible authoring and runtime systbat t
addresses the identified limitations incorporating Learning Design framework. Finally, we disctiss use of
ASK-LDT, an authoring system for learning scenadeseloped to implement the proposed architectarthe
design of complex learning activities.

SHARING LEARNING ACTIVITIES

Content Repositories

Currently, there are many systems which are inténdecollect, share and reuse the dispersed legarnin
resources and present the end-user a uniformactetb search, access and evaluate the resourclesling the
ARIADNE Knowledge Pool System (http://www.ariadne-@g/en/system), the Campus Alberta Repository of
Educational Objects (CAREO) (http://www.careo.ortije U.S.-based Science, Mathematics, Engineenag a
Technology Education Digital Library (http://www.ete.org), the Educational Network Australia
(http://www.edna.edu.au), the Gateway to Educatibtaterials (GEM) digital library (http://www.gemia.org),
the Scottish electronic Staff Development LibraB8e$DL) (www.sesdl.scotcit.ac.uk), the LearnAlbdratal
(www.learnalberta.ca), the COLIS (www.edna.edu.aloiipwse/0), the Multimedia Educational Resource fo
Learning and Online Teaching (MERLOT) (www.merlog) the Universal Brokerage Platform for Learning
Resources (www.educanext.org), the World Lecturdl Haww.utexas.edu/world/lecture/), the Globewide
Network Academy (www.gnacademy.org), the McGraw-Héarning Network (MHLN) (www.mhln.com) and
others. Most of them offer high quality resouraeshie form of learning objects (Richards 2002;I&jthn 2003;
McGreal 2004) that are also metadata tagged (Friesal, 2002; Olivier and Liber 2003; Sampson E2802,
Sampson and Karampiperis 2004; Sampson 2004).

Nevertheless, although the available content rémiss offer high quality learning objects, and swrer,
those objects are tagged using a common metadatasac(that is, the IEEE Learning Objects Metadttadard
(IEEE LOM 2002)), still reusing learning content different contexts requires significantly extradpgogical
effort (Mohan EtAl 2003). The authors of this papetieve that, this is due to the fact that mosstarg state-of-
the-art web-based educational systems architecte@lgson the content delivery and the metadata uUsed
describing it, but come short in supporting thecess of web-based authoring and learning activitiesy-
exchange.



Current State-Of-The-Art Learning Systems

For the purpose of our work, a learning activity te formally defined as a triple containing thateat that
is delivered by an educational system, the actarigipating in the learning activity (such as fearner or a
group of learners, the tutor etc.) and their cqoesling interactions. These interactions includeedhtypes,
namely, interactions with the learning contentgeiattions with the educational environment andrauions
between the participating actors.

In this section we present the current state-ofatttelearning systems’ architecture investigatirigp t
limitations of those systems in the process ofigjdearning activities.

Currently, there are several vendors that prowegening platforms, such as such as Blackboard kBtzard
2005), WebCT (WebCT 2005), Lotus Learning Spacé/(IBbtus 2005) and Learn eXact (LearnX 2005), being
standard conformant. Those platforms are basetieiEEE Learning Technology Systems ArchitectureSA)
standard (IEEE LTSA 2001, O’'Droma EtAl 2003). Thitandard specifies an architecture for information
technology-supported learning, education and tngisiystems that describes the high-level systeigresd the
components of these systems, using a five-layactstre. The LTSA Layer 3 specifies the main compésand
interfaces in the architecture of learning systefifeese components (shown in Figure 1) form a maioks
describes how the different entities in the leagrigstem interact with each other.
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Figure 1: LTSA system components (IEEE LTSA 2001)

There are three types of components defined ih TI8A Layer 3, namely:

- Processegdepicted as oval shapes in Figure 1) are the kaiex] services, inputs, and outputs of the
learning system. Processes refer to users’ anémysbmponents that cause changes in the state of th
system.

- Stores.Two types of stores (represented as rectanguégreshin Figure 1) are described in the reference
model. These relate to repositories of data that lwa accessed by users using search, retrieval, and
updating methods. In practice, the stores correspoithe system’s database structures.

- Flowsare described in terms of connectivity and thetgpinformation exchanged. These are illustrated
as arrowed lines between the processes and stofggure 1. Essentially, flows depict the interawt
that take place between the various processestares ®f the LTSA system.

In the LTSA reference architecture the element teoti of a learning activity is represented asaestalled
learning resourcesand the interaction of a participating actor witle content is represented as a flow called
multimedia This flow is a unidirectional flow from the deéixy system to the actor. This means that intenastio
from the actors to the content are not supportethbyeference architecture. Moreover, the elerfamtors” of a
learning activity is represented in the referengehitecture as two processes calledrner entityand coach
respectively. The learner entity represents arradtin of a human learner and the coach entitgtestraction of
a human teacher. The interaction between the leamn@ the teacher is represented directly as a @alled
learning preferenceand indirectly through the process of evaluatind the behavior and assessment flows. The
IEEE LTSA architecture considers two actors, naméhe learner and the teacher and defines interecti



between them. Interactions between individual leesmre not described in the system components. legtead,
they are abstracted in layer 1 (see figure 2)
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Figure 2: LTSA Learner/Environment interactions (IEEE LTSA 2001)

From figure 2 we can notice that interaction betw#dee environment and the learner entity is undiomal,
while interactions between individual learners aoetracted with no reference on how the learnistesy should
support those interactions.

ADL Sharable Content Object Reference Model (SCOR#fines the IEEE LTSA reference architecture by
specifying missing interactions. More preciselye tBRCORM 2004 (ADL SCORM 2004) provides a reference
interaction model between participating actors &aining content, and describes within a commohrtigal
framework for computer and web-based learning theaton process of reusable learning content as
"instructional objects”, calledharable content objec{&COs). SCORM describes that technical framewgrk b
providing a harmonized set of guidelines, spedifices, and standards based on the work of sevestihct e-
learning specifications and standardization bod€X0RM consists of three parts, namely:

- Content Aggregation Model (CAMJhe SCORM CAM describes the content componergd us a learning
activity, how to package those components for emghafrom system to system and how to describe those
components to enable search and discovery. The @Advhotes the consistent storage, labeling, paclagin
exchange and discovery of learning content. The B@GCAM model contains information on Metadata,
Content Structure and Packaging.

- Run-Time Environment (RTEJhe purpose of the SCORM RTE is to provide a radan interoperability
between SCOs and LMSs. SCORM provides the meansdoring content to be interoperable across maltip
learning systems regardless of the tools usedemterthe content. The three components of the SCEBRE
areLaunch Application Program Interfac¢APl) andData Model.Launch includes defining the relationship
between learning systems and SCORM content suttaitaCORM-conformant content is dependant upon a
SCORM-conformant learning system to be deliveretidiaplayed to the learner. The SCORM API provides
set of predefined methods for purposes of commtinit®etween a learning system and the SCOs iclem
The SCORM Run-Time Environment Data Model, provitiess data elements that can be used to “get” and
“set” data from and to a learning system.

- Sequencing and Navigation (SNhe SCORM SN covers the essential learning sysemponsibilities for
sequencing content objects during run-time andaatig SCOs to indicate navigation requests. The SRIOR
SN is based on the IMS Simple Sequencing (SS) Sgegtadn v1.0 (IMS SS 2003), which defines a method
for representing the intended behavior of an aatthdearning activity such that any conformant leagn
system will be able to sequence discrete contemntpooents in a consistent way. It defines the requir
behaviors and functionalities that SCORM-conformdearning systems must implement to process
sequencing information at runtime. More specifigail describes the branching and flow of learngugtent
in terms of an Activity Tree, based on the resafta learner’s interactions with launched contdrjects and
an authored sequencing strategy. The SCORM SN ideschow learner-initiated and system-initiated
navigation events can be triggered and process=iilting in the identification of learning contefutr
delivery.

Based on the definition of learning activities aplés, the IEEE LTSA reference model with the mefnents
introduced by SCORM can provide learning systenz #re capable of representing learning activitied
engage learner and tutor and define interactiohsdmn them and interactions with the content. Thendssues
in modeling of a learning activity include the désston of interactions between the participatimdes and the



environment, as well as, the definition of multiplrticipating roles (e.g. multiple learners workiogether) and
the interactions between them.

Current State-Of-The-Art Authoring Tools
Nowadays, there are several vendors that providenimg Management Systems incorporating authoring
tools that are based on the SCORM reference model.

The main limitation of the SCORM-based coursewarth@ring tools is that they are based on a “single
learner model”. This model assumes that a leamtrdcts only with content objects and that thenieg
activities are content-based activities engagimglélarner in the learning process. Thus, the sagmpovided by
SCORM-based courseware authoring tools in the aumfpgrocess is limited in supporting the createmd
sequencing of single learner, content-based legrattivities. To this end, such authoring toolslede the
design of activities based on state-of-the-art gedial approaches such as constructive learnimitgborative
learning etc. Moreover, since interactions betwisglividual learners and/or between a learner andt@ are
abstracted in the SCORM reference model with neresice on how a learning system could support those
interactions, SCORM-based authoring tools limit theteroperability between systems to only content
interoperability. These tools do not allow the dgdmon of such interactions leading to possiblyfetient
interpretation of learning activities between diéfet systems.

On the other hand, a wide variety of hon-SCORM confint systems exist providing specific pedagogical
approaches including active learning, constructlearning, collaborative learning, intentional leam
conversational learning, contextualized learnirglective learning, such as ActiveMath (Melis 20Qihbrecht
2004), MetaLinks (Murray 2002), NetCoach (Weber POODCG (Vassileva and Deters 1998), Interbook
(Brusilovsky EtAl 1998). The main drawback of thasestems is that they are closed, self-containetésys that
cannot be used as service componéatsk of reuse suppar{Brusilovsky 2004). Additionally, due to theirosle
architecture they cannot support all the requinedctionalities in a learning process since theynoaruse
external serviceslgck of integratio. On the other hand, even if an open and scakaé&onment has been
implemented, the supported content and learningasi®s are a-priori designed to serve and suppspeaific
pedagogical approach. As a result they are noribflexn supporting different pedagogical approached they
require extensive redesign effort in order to bedus different domains.

MODELING LEARNING ACTIVITIES

The need for standardization

Reusing learning activities across different leagrsystems requires that all components of a legractivity
can be modeled in a commonly understandable forav{iRgs EtAl 2002, Koper 2001, Koper and Manderveld
2004) and that those platforms include the strattoomponents required for the support of learrdotivities
(Koper and Olivier 2004). A first step is to agree common ways for representing learning scenaaiub
describing the interactions between participatioigg (learners, tutors, etc) and educational systeservices.
The ultimate goal is to structure the learning sc@s in such a way that separates them from tamileg
resources. Thus, learning resources can be reuskih wifferent scenarios and scenarios can be edssed
when populated with different resources. Moreovepurposing of learning activities in a consisterdnner
requires authoring tools that are capable of hagdine machine understandable representation féisaming
activities (Koper and Tattersall 2005).

To this end, standardization efforts on learninghtmlogies have led to the IMS Learning Design
specification (IMS LD 2003) which provides a starttlanotation language for the description of leagnin
scenarios. This specification promises the capghili describing a wide variety of learning actiegt based on
different pedagogies. IMS Learning Design has thiéitya to define the role of different actors inethearning
process, enabling the definition of both teachdrdad student-led scenarios. This specificatiofdbuipon the
IMS Content Packaging specification, thus can irgegsingle learner (SCORM-compatible) activitiesnore
complex activity-based learning scenarios.



The Learning Design framework

The core concept of the Learning Design framewsrthat regardless of the pedagogical strategynéearattain
learning objectives by performing a specific ordétearning activities. Multiple roles can partiatp in learning
and/or support activities of the training procéldsis formalization has the potential to describgide variety of
learning activities based on different pedagogies.
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Figure 3: Learning Design Rationale

The core components of the Learning Design Framewaa shown in figure 1 and summarized below:

- Rolecomponent specifies the participating roles inrg®y activity. There are two basic Role types: the
Learner and theStaff These roles can be sub-typed to allow learneisay different roles in certain
types of learning activity such as task-based,-ptdg and simulations. Similarly, support staff dam
sub-typed and given more specialized roles, suchutm, Teaching Assistant, Mentor, etc. Thus, Role
set the basis for multi-user models of learninge Tiame that a certain role is given depends on the
underline pedagogy and the setting in use. In simstances a learner is called a ‘student’, wheneas
others a ‘participant’. The names of staff roles t@ even more diverse, e.g., teacher, traineor,tut
facilitator, mentor, assessor.

- Activitiesare one of the core structural elements of tharriimg workflow’” model for Learning Design.
They form the link between the roles and the sewviim the learning environment. They describe the
activities that a certain role can undertake withirspecified environment. They also specify their
termination conditions and the actions to be takeon termination. There are two basic types of
activities: Learning Activitiesand Support Activities A Learning Activity is directed at attaining a
learning objective per individual actor. A suppactivity is meant to facilitate a role performingeoor

more learning activities. Le a |

The Learning Design framework is implemented in & LD specification at three Levels. Learning iges
Level A includes the following elements: a seriéadtivities (assessment, discussion, simulatipajformed by
one or more actors (learners, teachers etc.) s,rglean environment consisting of learning objemtservices.
Level B adds properties (storing information abauierson or group), and conditions (placing coimgsaipon
flow). Level C adds notifications (triggered events.g., if a student asks a question, the teanbeds to be
notified that a response is needed).

Activity
Structure



TOWARDS NEXT GENERATION ACTIVITY-BASED LEARNING SYS TEMS
ARCHITECTURE

The Authoring System

In this section, we present the high-level architex for authoring of learning activities that cdnés the
components of a SCORM compatible authoring systéth the Learning Design framework. The key design
principle in this architecture is the separatiortha learning design process from the content gaogaprocess.
This separation enables the design of learningasmenby defining the participating actors, thepmsse of a
learning system to their interaction with the léagncontent and the services provided by the learsiystem in
such a way that is independent from the learningerd. Thus, it enables the same learning scetati@ used
with different content, as well as, different leagscenarios to use the same content objects.
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Figure 4: Authoring System Architecture incorporating Learning Design

Figure 4 presents the proposed authoring architettased on the Learning Design framework desciiibéuke
previous section of the paper. This figure showes structural components of the authoring system thei
interconnection paths. Interconnection between @orapts is modeled by associations (directed arrolsse
associations represent direct connections or thestract away details of more complex connection and
communication patterns (e.g. indirect communicaliased on events).

The main components of the proposed architectwréharfollowing:

- Learning Design subsysterhis part of the authoring system is based onue of IMS Learning Design
specification in order to provide the pedagogiadigner with the environment for defining learngtgnarios.
The main scope is to enable the definition of genelomain independent learning scenarios thatbeansed
by the content packaging system in order to crieaming activities based on the use of the legroibjects
stored in the content repository.

- Content Packaging subsysteithis part of the authoring system enables theuladipn and packaging of
learning scenarios with the learning content. I system implementation, the development of such
packaging tool is based on the commonly used IMBt&d Packaging v1.1.3 specification and the supdor
metadata for indexing the content components afnieg activity is based on the IEEE Learning Object
Metadata standard.

- Learning Resources Metadata Authoring & ManagemsutsystemThis part of the authoring system
supports the metadata authoring and repository geamant. The main goal of this component is to hewn
easy-to-use and accessible from anywhere platf@patde of authoring, storing, managing and delther



educational metadata produced for supporting sesyemnd retrieval of learning resources.

The Runtime System
In this section, we present a high-level architextior the Learning Design runtime system. The #egign

principle of the runtime system architecture is ¢apability of invoking distributed services defihia the design

of learning activities. The distributed services & activity-based services, that is, serviceshhae embedded

a learning scenario (e.g. a simulation game wititsig learning objectives and guidelines on hovathieve the

learning goal), or content-based services, thatepjices providing educational content withoutc#igelearning

objectives.
Figure 5 presents a service-based architecturedauntime system that supports the integratiodisfributed
services in the design of learning activities. Tirein components of the proposed architecture aréottowing:

- Roles Activity HandlerThis part of the runtime system is responsible sfetting up the different runtime
instances (runs) based on the role part definitiorthe Learning Design manifest. This handler ouetthe
different activity scripts for the different paipating roles in the learning process.

- Sequencing Rules Handlefhis part of the runtime system controls the seging information (flow of
activities) defined in a runtime instance basedseguencing rules (conditions) defined over learrand
support activity properties. These rules repregentmethod which will be used for navigating oves flow of
activities defined in the Learning Design manifest.
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Figure 5: Learning Design Runtime Architecture

- Environment Controller This part of the runtime system is responsible éontrolling the required
environments for each activity defined in the attisequence. At design time (authoring phasestfavare
environments, which an activity utilizes are defin@he environment controller will initiate a sdamequest
for the corresponding services (e.g. forum, chat)eand will initialize them using the corresporglin
parameters defined at design time.

- Resource Controller Similarly to the environment controller the resm controller is responsible for



requesting the resources associated with a spésdfining activity at design time.

- Runtime Rendering Modul&his part of the runtime system invokes the sewiretrieved by the environment
and the resource controller in order to provide Hwual services. The rendering process uses the
corresponding rendering schemas retrieved fronRéralering Schemas Pool

ASK-LDT: AN AUTHORING TOOL FOR LEARNING ACTIVITIES = BASED ON IMS
LEARNING DESIGN

Description of the ASK-LDT
The ASK Learning Designer Toolkit (ASK-LDT) (Samps&tAl, 2005) is a tool supporting the proposed
architectural approach for learning activities auihg (see figure 6).

Cb
Figure 6: Internal Architecture of ASK-LDT

The ASK-LDT is based on the use of IMS Learning iDespecification in order to provide to a pedagadi
designer the environment for defining complex l@agnscenarios. The produced learning scenariosoconfo
the IMS Learning Design v1.0 Level B specificatiothe ASK-LDT, also, supports metadata for learning
resources that conform to the IEEE Learning Objéetadata 1484.12.1-2002 standard.

Pedagogical



Figure 7: ASK-LDT authoring process

Based on the Learning Design framework principlles,authoring process that the ASK-LDT supportsisia

of the following steps (figure 7):

Definition of Pedagogical Elementat this step the ASK-LDT supports the pedagogaesigner in defining
the activity types he/she wants to support in anieg scenario, as well as, in defining a notaschema for
each activity type specified. During this step tlesigner has the ability to characterize each iactiype as
“learning” or “support” activity.

Definition of the EnvironménAt this step a designer defines the particigatioles in the desired learning
scenario, as well as, the environments in whichatttivities are taking place. An environment carahértual
environment such as a virtual laboratory, an oe-that, a discussion forum etc., or a softwareagpbsed as
a service such as an annotation tool, a searcheetg.

Learning Scenario Desigrburing this step the designer specifies the #gtsequence of a learning scenario
using a graphical user interface. For each activigydesigner defines the participating roles,eimdronment

in which the specific activity is taken place, aslivas, the method by which this activity will berspleted
and/or terminated (user choice or time limit).

Statistical Analysis At this step the ASK-LDT provides statistics dfetuse of each activity type and
environment in the learning design specified, iheorto visualize the designer’s decisions.

Content Packaginglhis is the final step in the authoring processyitich the content components required to
support the designed activities are specified. diitput of this step is content packages conforrnipe IMS
Content Packaging v1.1.3 specification.

The core design concept of the ASK-LDT is to prevagraphical user interface for the design andesszing

of learning activities, which, on one hand usedamdard low-level notation language for the desimnip of
learning scenarios (so as to be able to inter-exgdearning activities between different systeragy] on the
other hand enables pedagogical designers to useotine design notation (high-level notation) foettefinition
of learning scenarios (see Figure 8).
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Figure 8: Supporting high and low level notation wih the ASK-LDT

The ASK-LDT supports the learning design processlbywing the design of sequences of learning #iss
as well as, the definition of the participatinge®land the corresponding environments for eachgfatiese
activities. It provides several advanced featufegife 9) including the capability to define paipiating roles

based on specific attributes of a user model afetohdvanced control of learning activities segirembased on
the definition of properties and conditions upoarieng flow.
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Figure 9: Supporting learning scenarios design andble definition through a graphical design interfac

The following section presents the use of the AS#arning Designer Toolkit in the definition of learg
activities following the principles of the Learnilgesign framework.

Collaborative Creation of Concept Map Scenario usig ASK-LDT

An example of a learning scenario which can bengefiwith the use of the ASK-LDT is a scenario for
collaborative creation of a concept map. In thisnseio several participants are trying to collabeedy create a
concept map based on their experiences on a spsalfject. For each concept or relation definetherconcept

11



map they are asked to explain (by annotating thieesponding concept or relation) the reasons foiredthis
information.
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Figure 10: Example of scenario for collaborative cacept-map creation
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Following the authoring process supported by theKAB®T the pedagogical designer has to follow the
following steps:

- Definition of Pedagogical Elementi this learning scenario the activity types seware “brainstorming”,
“annotation”, “discussion” and “knowledge expressio

- Definition of the Environmenin these activity types two roles are partidipgit the moderator and the users.
The environments in which these activity typestaking place are discussion forum, on-line chahosation
tool and concept representation tool.

- Learning Scenario Desigmuring this step the designer specifies the dgtsequence presented in figure 9,
representing the desired learning scenario. Fon eativity specified the designer defines the paodting
roles and the corresponding environments.

- Content Packagingln this step of the authoring process, the contembponents required to support the
designed activities are specified e.g. an introohyctext-based component presenting the objecibfethe
whole activity.

The output of this process is a content packagéooming to the IMS Content Packaging v1.1.3 speatfon
that can be delivered through an IMS Learning Designformant learning platform.

In the literature, a number of systems implementimig) scenario exist (Kay EtAl 2003, Mirlad EtAl@40). The
main limitation of those systems is that they dosed systems. Thus, they support only the spelgéming
scenario and that those systems due to their aothie cannot be used externally from other platfoto support
the learning process. By using the ASK-LDT, pedacmglesigners can specify their desired learntanarios
in an abstract way that enables system designdragiement required software components as servises
result, software components can be reused to suggterent learning activities e.g. the same aatioh tool
used in the above mentioned scenario for conceptareation can also be used in a collaborative préewing
scenario.

Moreover, since the learning scenario is not hargdvin the specific learning platform, but actsaascript
delivered by the learning platform, learning platis can support several pedagogical scenariosiagad the
same time reusability of learning activities acrdgterent platforms

CONCLUSIONS

In this paper we discussed the limitations of ttatesof-the-art of learning systems and authoringjst and
discussed open issues and problems concerninguffpoid of learning activities. Based on this disiois, we
investigated how the Learning Design framework lsarincorporated in the architecture of a SCORM aatibfe
authoring and runtime system so as to address thsses. Then, we presented a high-level systehitacture
that utilizes the Learning Design principles to\pde the means for designing activity-based leayripstems.
Finally, we examined the use of ASK-Learning Desigmoolkit, which implements the presented archited
approach, in the definition of a complex learniogrgrio, namely, the collaborative creation of macept map.
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