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ABSTRACT

The IMS Learning Design Specification (IMS-LD) peess new
challenges to learning delivery systems. To cormptia this speci-
fication, delivery platforms must understand diéietrr learning
strategies and course structures, must manageactti environ-
ments, must allow for standard learning objectsgrdation, must
deal with conditions and rules to be validated wmtime and must
support notifications.

In this chapter, we take a look at these requirésieam the view-
point of an open delivery system, Explor@-2. Ex@eR is the re-
sult of a research stream that started a decadeataigsé-
université’s LICEF research center. Explor@ hasised, right
from the beginning, on a resource (or learning apjmanagement
orientation, making it possible to assemble a tetlacational sup-
port tools, documents and services to be sharegseatl programs,
courses or activities delivered by an organizatidre chapter pre-
sents Explor@-2’s basic learning design informatiaydel and
analyses how Explor@-2 can deal with IMS-LD commtlieourses —
how it can deliver units of learning modelled ertigth the IMS-
LD level A specification or with the IMS-LD level Br C specifica-
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tions. The chapter ends with some conclusions tnduesearch
and development to be done in order to build & ilIS-LD com-
pliant delivery system as well as on some promisiingctions for
developing powerful and adaptive distance leareimgronments.

Introduction

In chapter 6, we have described a methodology, MfS8Adesign-
ing and developing learning systems as well asswitware tools,
MOT and ADISA, developed to support this methodglothe rela-
tionship between the design products of the metloggaand the
IMS-LD specification has also been shown. In thnapter, we look
at the IMS-LD specification from a delivery viewpoby presenting
the Explor@-2 delivery system (Paquette 2001, 1999 Explor@-
2 delivers courses designed using the MISA mettaggobr another
method, it must represent the four models: knowdedgdel, in-
structional model, media model and delivery model.

This chapter is divided into four sections. Sectigorovidesa gen-
eral presentation of Explor@: its evolution andrent global archi-
tecture. Focusing on the instructional model, sec# presents an
UML model of Explor@-2 learning design informatiorodel as
well as its instructional activity structure edit&ection 2 shows
how we can use this editor to build a represematican IMS-LD
Method that can be delivered using Explor@-2. Fartthe compo-
nents of Explor@-2 that correspond to the IMS-LEBafication

will be presented. Although integrating IMS-LD IéBeand C in
Explor@-2 should be straightforward, we proposseiction 4 an al-
ternative approach to deal with personalizationjsadg and notifi-
cation, which suggests further interesting studiefiow to design
and integrate external global applications (ad@soranagers, help-
ing systems, intelligent tutors, etc.) to the IMB-Epecification. The
conclusion gives some hints on where to go nextoemidow to han-
dle the inherent complexity of powerful, flexiblesthnce learning
systems.
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1- Explor@-2 General Presentation

Explor@-2 is the result of a research stream tiaatesl a decade
ago at Télé-université’s LICEF research center. i@l research
efforts (Paquette, 1995) focused on a Virtual LewyiCenter (VLC)
model, architecture and prototypes. To build theC\fhodel, object-
oriented modeling techniques were applied suclaeshson’s use
cases methodology (Jacobson, 1993) and the Objedelvig
Technique, OMT (Rumbaugh et al., 1991), to iderdg#ys of actions
that different actors would do while interactinghimn a virtual cam-
pus. Five actor types were identified then: thereg the trainer, the
content expert (informer), the designer, and theagar. Sixty-three
roles that can be played by these various act@styyere defined.

Right from the beginning, the ambition was to bualdistance learn-
ing operating system capable of supporting a waoétoles within
a variety of delivery models such as High-tech iibsted Class-
room, Web/multimedia self-training, Online trainjri@ommunity of
Practice or Performance Support Systems. From ®2999, we
have conducted various research and developmeecssup-
ported by the Quebec Information Highway Fund dedG@anadian
Telelearning Network of Centers of Excellence (TCH). This
work has lead to the implementation of our Virtuearning Cam-
pus (VLC) architecture using Web-based technoltg{999, the
Explor@-1 implementation of our VLC model was cosetptl and a
number of distance learning courses were develapddielivered
through it, mainly at the Télé-université, but alsilot applica-
tions at Hydro-Quebec and in professional assaciati

The Explor@-1 system had a set of innovative fegttinat are still
pioneering.

» Contrary to the general authoring system paradigxn,
plor@-1 focussed on a resource (or learning objesdid
learning management, making it possible to assembét of
educational support tools and resources to be dlz@ress
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programs, courses or activities delivered by amoiation.

* The system had more flexibility compared to théitranal
learner-trainer-manager trio, enabling the dabnibf any
set of actors.

» Each course could be designed to meet differerdsiee-
plementing different pedagogical approaches, byguaiva-
riety of proprietary or third-party tools, made dahble to
learners, course designers and other facilitasoi) as in-
structors, content experts (informers), traininggram ad-
ministrators, etc.

* An Advisor Editor, enabled the designers to buikktof
rules that would trigger help/assistance in varimuss
(questions, messages, visual cues) when certaghtmons
were met by values in the user properties trackeithd sys-
tem.

* The Explor@-1 system was designed to support tiega-
tion of existing Web courses without changing thermat
or assistance structure, thus allowing an orgaioizab
transform its training/learning methods progredsgive

* Finally, the open modular structure of the systeatdenit
possible to significantly reduce design time, sjregdp the
implementation and allowing periodic updates bydhsign
team or the online tutor. Environment maintenarise be-
came much easier. Once the first course was impitde
each additional course integrated into Explor@ @dd lim-
ited to a few Web pages and hyperlinks to existiogu-
ments.

From 1999 to fall 2002, we conducted a third m&&D effort
within Technologies Cogigraph, a spin-off from T-@ldéiversité re-
search center. The Explor@-2 system was developedhaple-
mented at Télé-université and at Canal Safaniits SavoirNet de-
livery infrastructure.

1 Canal Savoir is Québec’s university televisionroiel grouping most universi-
ties in Quebec and some colleges. It has startdivéosify its educational sys-
tem to support different combinations of Web anddélivery models.
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Figure 1 — High Level Architecture of the Explor@sgstem

Figure 1 presents a conceptual view of the coreitcture of the
Explora-2 system. It deals with four types of okgeactors (or
roles), learning objects (or resources), knowlealyg competency
(or content), and operations structures (or fumsjoActors operate
functions composed of operations (or activitiesgrehearning ob-
jects are used or produced. Knowledge and competedescribe
the information owned, produced or processed byracprocessed
in operations or contained in resources. Four spording manag-
ers store and retrieve information in a databasestcuct informa-
tion structures and display information to users.

As was stated before, Explor@ has a resource maragerienta-
tion allowing for the integration of learning objs@nd services in a
learning scenario. The resource manager showgundi2 (Paquette
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et al, 2004 in press3 the Explor@-2 component in charge of this
managemenilhe two upper componentsgarning Object Aggrega-
tor andLearning Object Launchepperate on the learning objects
themselves found in one or more repositories, &xtan servers
somewhere on the Web. The six other componentslate to
metadata management services. Locally, LearnirjgdDbetadata
(LOM) records referencing the resources are stbyetthe Explor@-
2 resource manager in a relational/XML database.

_l Build new LOs Learning Display LO _l
Leaming | __ __ __ _ __ __ _ _ N Objects | | Learning
Object 3 (Assets) Object
Aggregators : Repositories Launcher
: Find location & Trelmsport : 0
Provide list of LOs | Describe
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Figure 2 — Main Components of the Explor@-2 Resailanager

The Explor@-2 system provides designers with thmaen ways to
aggregate learning objects into larger resources.cbrresponding
designer’s tools are tiiResource AggregatptheRole Environment
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Editor and thelnstructional Structure EditorThe Resource Aggre-
gator is a simple tool to build Web pages filledhhyperlinks to
resources found using the metadata repositorieslsagents. The
Role Environment Editarggregates resources into an environment
according to the roles of an actor. Using this &dlia designer iden-
tifies the different roles an actor has to plagicourse or a Learning
Event, and defines it indirectly by creating aniemvment made of
spaces (menus) grouping resources assisting antaaarry out its
various roles.

The most important aggregation tool is the Expld&@structional
Structure Editor It enables a designer to import or build a tree
structure describing a Learning Event (or a coscsmario) group-
ing activities where resources are used or prodbgedrole. This
editor is the Explor@-2 version of a learning dasglitor. It helps
designers to construct a runtime learning modetidguuntime, a
progression tool shows to students their progressimugh the
learning event based on the structure producetidogesigner with
the activity editor.



Delivery of Learning Design: the Explor@ Systemas€ 9

TEC 6350

£ Activity Editor

Guide de présentation du travail noté 2

eeeeee

Completed Act 1

Act 115 now complete. Before o présentation
starting act 2, you should now pass
a test. Just click on the buttan below
to display the test.

6310 pages,

oo Bicivity 5
B T Roled

L fytivity B

- COrnplete act 2

7 Complete

s publics
@
&

................

Figure 3 — Screen display of a student deliveryrenment

The left-hand window, in Figure 3, presents theiltesy Instruc-
tional Structure corresponding to the IMS LD MethBthy, Act,
Activities and Role parts displayed in the ExploB@rogression
tool and produced by the Explor@-2 editor.
For each node and leaf, the user (learner or stafflaccess services
and learning objects (tools, documents and servmersinent to the
play, the act or the activity by double-clicking the corresponding
title. Three such resources are shown:
e Adirect link to an online conference (forum) seevi
* Avideo lecture, which can be viewed in segmentasoa
whole, accompanied by a PowerPoint presentatiorotdret
pertinent resources to enhance subject comprehrensio
* An exercise guide matched to the Act 1 Activity 1.

The “Completed Act 1” window, at the center, is whéeedback is
provided to the user when Act 1 is completed eiblemause the
learner clicks a box or when the time-limit setthg designer is ex-
ceeded. The progress bar shows whether or nosstdrenas com-
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pleted the act. As a user progresses from oneitgdiivanother, the
completion level is calculated for the Play leveMeell as the
Method level, all according to rules set forth bg tourse designer
in the Explor@-2 Instructional Structure editor.

2- The Explor@ Learning Design Information Model

Explor@-2 provides designers with a set of toolbudd a runtime
learning design specification and support learnersiaff using
Web-based instances of this learning design. Indfg-2, using

the instructional structure editor, a designeriogmort (from

ADISA, MOT, or any useful XML tree structure edif@n instruc-
tional structure or build it from scratch, assoeiesources to the
structure, describe time, collaboration and evauatules, associate
knowledge and competencies, add advices and assgisgoestions,
specify a progress/completion mechanism and findigcribe advi-
sor/assistant rules governing actions in the enwirent.

The Instructional Structure in Explor@-2 startshaatroot repre-
senting the main Learning Event: a program, a e@asnodule, etc.
(the method element in IMS-LD).The second levelasposed of
smaller Learning Events nodes (plays in IMS-LD) tten be de-
composed (through IMS-LD acts and activity struesyrat any
number of levels until we reach terminal nodesesponding to
Learning Units (activity structures in IMS-LD witio sub activity
structures). Below are terminal nodes that cornedpo activities
(learning or staff single activities in IMS-LD) the MISA instruc-
tional scenario. Finally, below these terminal reotteere are the in-
put and output resources from an activity (the mmrment in IMS-
LD).

A corresponding conceptual model is shown on figuréree leaves
are special kind of nodes. Any node may have aatatresources,
advice and assessment questions. They can als@ lpotdyression
rule that specifies if the sub-nodes are to begs®ed in sequence or
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in parallel, possibly with options, such as do 2@ nodes. The
completion of sub-nodes will affects the progressevel of a par-
ent node, according to the progression rule assatta the parent
node.

Additional elements can be associated to the |lealveee instruc-
tional structure, corresponding to properties, saghequired com-
pletion time, collaboration time and type, assesdrtag and weight
(percentage of the evaluation). The system addethlements val-
ues and propagates the cumulative value to theppkr levels of the
instructional structure corresponding to Learningt¥and Learning
Events.

Besides the Instructional Structure, the desigaarkwild a knowl-
edge and competency tree structure and assign &dge/land com-
petencies to activities that are regrouped upwaddassigned to lar-
ger activity structures. This association inforims kearner on which
learning events, learning units, and/or activitiglé have him work
on certain knowledge and competencies. An alteraatay to asso-
ciate knowledge is to use the instructional stmectditor to add a
text description of the competencies to any nodeafrof the struc-
ture or to recover a learning object describingkihewledge from a
learning object repository.

Figure 4 also displays the actor’s environment eph¢produced
with the role environment editor presented aba&e): environment
in the learning system groups the resources fdr aator into one or
more spaces like self-management, information,uresoproduc-
tion, collaboration or assistance. Figure 4 alshicaites rules that
can be assigned to any node to build an advis@tesyfor the us-
ers. This important aspect corresponds to IMS-L2IkeB and C
and will be discussed later.

2 See chapter 6 for a correspondence between Misinelogy and IMS-LD.
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Figure 4 — The Instructional Structure of Explor@-2

3- Integrating IMS-LD (level A) specification in Explor@-2

We will now focus on the Instructional Structureitdpresented in
figure 5. On the bottom left side of the window, ge functions to
add or suppress nodes and leaves of the instratstnicture (Add
node, add leaf, remove). It is also possible toarhpn XML struc-
ture built with the MOT+ Editor embedded or nothe ADISA in-
structional design support system to MISA (see t&hef).
Selecting any node, a designer can assign progregssies on how



Delivery of Learning Design: the Explor@ Systemas€ 13

to proceed within the corresponding event, unadivity, either in
sequence, in parallel or with options. Designersalao use the edi-
tor to assign other node and leaf attributes ssafuaation, evalua-
tion weight, assignment, advice, annotation capgbilhey can also
associate to nodes in the instructional structeegning objects
pointers stored as LOM records, to be launchedratime.

B Activity Editor

[ structure [ Planmeation | Progression | Advices

El-Method

Lo Aty 3
...... IComplete act 1
B-Act 2

B--Rale 1

§ ieActivity 5

B--Role 4

i Activity 6
...... Complete act 2
...... Cornplete Play 1
- Play 2
TR

Add ode @ Add Lear f Remove

TestProgression @ TestWorking plan

Figure 5 — The Instructional Activity Structure Exdi

Using this editor it is possible to build a reprgsd¢ion of an IMS-
LD Method and an Explor@-2 user progression a®tigedisplayed
in figure 3. Figure 6 presents a concrete insttatiaof the activities
of that structure. Here, the Method correspondsltearning Unit
called Module C and the plays present two alteveatourse deliv-
ery models from which a learner has to choose feh delivery
(play 1) or classroom delivery (play 2). Play 1 sigts of two Acts
in sequence. In the first Act, learners preparenaiisar by consult-
ing resources, participate in a discussion foruthoeduce a pres-
entation; tutors animate the forum; experts proadece to learners
in and outside the forum. In the second Act, learaeliver the
presentation while assessors take note to produegauation re-
port (this activity could figure in a third act)igare 6 shows that
two of the three role-parts in Act 1 have been deted; one of the
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learners has still to produce a text. If the leantieks the check box
of this activity, the system displays a validatgurestions with two
possible answers, each triggering an advice on tehd next.
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B 7l Play 1 -Weh Delivery (Sequence)
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ol useful advice.

1 Play 2 - Classroom Delivery (Sequence)

Figure 6 — The Instructional Activity StructureRitintime

Explor@-2 has a built-in bottom-up propagation nagtsm to as-
sign a progression level to each node of the ingtmal structure
calculated from its leaves, which can be used dtwigde feedback
using completion requirements for acts, plays emttethod as
specified in IMS-LD.

When the user selects a leaf of the tree strucherean declare it
completed. If the designer has prepared an assesguonestion, only
a right answer will turn on the completed requiratfeag; if there

is no question, the flag will be on by default éierna certain time
limit selected by the designer. If all the role4gan an act are com-
pleted, in whatever order, the act is completedll ithe acts are
completed in the specified sequence, the playnspbeted. If the re-
quired number of plays is completed, the methasbmpleted.
When an act, a play or a method is completed, @bfeek message
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can be displayed

This example can be generalized to any method, isigativat the
Instructional Structure in Explor@-2 is generic eglo to build any
unit of learning modelled with the IMS-LD specift@n. In practice
the corresponding XML files could be produced eitmea MOT
model or a slightly modified activity editor, anelad into the in-
structional structure.

Actually, in Explor@-2, each actor or role hasaten activity struc-
ture (which is not multi-role) and its own resoussezironment, so
additional functionalities will have to be built éxploit the multi-
actor capabilities of the IMS-LD specification. Beeinclude syn-
chronization mechanisms when the completion of enréquires
verifying all or some other roles have also congaeahe Act. We
will then provide an IMS-LD activity editor as aptmn, generate
role environments automatically and activity stuues for each type
of actor, and provide contextual alternate viewBelp an actor situ-
ate the activities within a play. A way to do th&ing the concept of
a function model has been presented in (Paquett®asca 2003).

On the other hand, Explor@ can produce and delnggructional
structures that are more complex than an IMS-LDhdeétsince it is
possible, at any level, to assign to any node grpssion mode
specifying that the sub- nodes are to be compietsdquence, in
parallel or with options. This might pose certainlgems when we
want to translate an Explor@ Instructional Struetuto an IMS-LD
specification to increase reusability and interapéity with other
delivery systems. This problem will need furtherastigation.

3 In the actual version of Explor@-2, that messageniered by the designer in the
assignment attribute of a node and is displayed ibtthe user asks for it. In a
previous version such a message could be dispktytha initiative of the sys-
tem; this functionality will be re-introduced inetmext version.
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4- Integrating Level B and C Specifications in Expdr@-2 or tak-
ing an epiphyte approach

The IMS-LD levels B and C specifications give aduiil possibili-
ties to a simple feedback produced by completets pdia method.
On the other hand, they are minimal to provide &atagn and role
coordination capacities in a distributed learningimnment. As we
see in the IMS-LD best practices document (IMS-10D2), condi-
tions and properties allow for the personalizabbpedagogical
treatments. Instructional designer may, for exanpesonalize the
activities a student has to do, as a result ohbrgprofile and pre-
test scores (ex: 2.1 and 2.3 from the best practioeument) or pre-
vious experience (ex. 2.7) or as a result of reiagm particular
learners needs (ex: 2.10: obtaining learners réfdm a human re-
sources database) the resources to be used itiufaaractivity

(ex. 2.2: the systems find adapted resources aogptite student
cultural group) the composition of groups, takingpiaccount stu-
dents’ profiles (ex. : 2.2) or the selection anguancing of activities
(ex: 2.14). This personalization is achieved bitiag actions
(show, hide, notify and change property) into #&erhing structure,
which are to be triggered when conditions on progeare met.
Those conditions are inserted in different partdheflearning de-
sign, at the Method, Play, and Act level.

It might be worthwhile to look at another possilyikvhich would
be, to leave the design free of conditions andastand to have an
external advising agent monitoring it and eventutking control
when needed. This is the approach taken in Ep{Rdkjuette et al.
1996), which has been applied both to supportucstinal engi-
neering in MISA (Paquette and Tchounikine 2002 tanassist
learners using Explor@ (Girard et al 1999; Lundgeeal 2001).

This approach is based on an external advisorgsys set of soft-
ware agents that can be grafted to an existingdyss¢m. As was
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shown in these articles, Epitalk has many advastager the more
traditional “branching-like” approach where condiits are wired in
the host system. The following principles guides tlype of system:

the actions giving advices or adapting the envirenintan
be added to an existing host system without hatardhange
its code;

the actions and the conditions are based on a nobded
host system constructed by the designers usingraneogy
that he/she chooses for some intended purposea@pet is
accessible to an instructional designer withougpmming
skills);

an advisory editor can be built to support insinral de-
signers in the difficult task of building an adaptiassistance
system: to build an instructional model and assigmditions
and actions to the model;

since the assistance is mediated by a model catetrby
the designer, it enables him/her to address assisiasues
from different viewpoints; for example, one ageotiid
manage the resources proposed to the learner, arolher
one would assist on the coherence of a tutor'svatgions.

Epitalk can in principle be applied to activity nesl for any actor or
sets of actors, thus making it possible to addtessnulti-actor as-
pects of an IMS-LD method. In Explor@fGirard et al. 199Pand
ExploraGrapHDufresne 200}, Advisor editors made it possible to
build a model of the host system and to use itamitain a user
model and define rules triggering actions whenatertonditions
were met. We are now in the process of re-intratyisuch func-
tionalities in the actual Explor@-2 system.

As shown above, the Explor@-2 advisory componeth@®fctivity
editor actually includes a simpler advisory systan in Explor@-
1 focused on the student progression in the legr@sign. It has
two components: the Advice Editor and the Studedhtigor. The
Advice Editor allows the designer to tie to eacdexm the learning
design; its weight of importance; its type of preggion (sequential,
modular, parallel or optional); pop-up advices asdessment ques-
tions. The student advisor in Explor@-2 actuallgmarts three
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functions:

» It displays diagnostic questions and pop-up adwidate
navigating in the course site (proactive advisdyramic
advice);

* It makes available contextual advice in an asstetapace of
the user environment where the user can triggeepief ad-
vice (passive advisor — static advice);

» It displays viewers, for example a progress banshg the
students progression both in the instructionalcstme and
the cognitive structure (student self-monitoring).

To give dynamic advice and to display the studeoggess bar, the
advisory system builds dynamically a simple stuaeadel, tracing
student interaction, both with the learning systerd the advisor.
Rules in the Advisor Editor are actually specializtheir conditions
involve properties on the user’s progression, reiog and answers
to the diagnostic questions; their actions are mamtrigger an ad-
vice or a question, and to update progression viewe

In spite of this specialization, those rules deadly have the struc-
ture required to implement in Explor@-2 the levland C of IMS-
LD specification. Indeed, triggering advices cobddtransformed
into sending a message by including email namesddresses.
Showing and hiding is already possible. Propertgification could
be made by generalizing the modification of thegpess bar to
other properties, as was the case in Explor@-1.

From an implementation method point of view, thscdssion leads
us to propose that a next version of the IMS-LDc#fmation should
consider an approach similar to Epitalk, basicalmultilevel design
allowing grafting the advisory system on to thettgystem instead
of including it. This could be done either by chiawggthe XML
binding to address multilevel designs, or altex@y, to limit IMS-
LD to its actual level A and to add a new comparspecification
for an assistance system that can be grafted éM&+.D (level A)
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learning design.

Conclusion - Where to go next ...and further

Educational Modeling Languages and the IMS-LD dpztion

bring important innovation to the e-learning totlged propose new
technical challenges. Next step, on our part, balto analyze the
specification from a delivery point of view to adapr Explor@-2
system so that it can fully process all three lewdlthe IMS-LD
specification. Within the eduSourgaroject, we will also define ge-
neric services that any delivery system should igeto fully ex-
ploit this specification.

Looking further, we believe that a new era of mpogverful and
flexible distance learning system is starting. IM34s a corner-
stone in this direction. Its proposed model of dhoe leads directly
to delivery models of a distributed learning systaan as a set of
multi-actor process models. Pushing this idea @rtbur knowl-
edge, delivery and assistance models are alsodatlggicocess mod-
els in the sense that they describe and relatatsesi objects and
actors. IfPaquette and Rosca 2002e have developed this idea
under the name of function models. Function modedsamodels that
aggregates resources used or produced by usensppétations that
these users perform and possibly other functiaaalguch as assis-
tance services. Function models are promising comms to de-
scribe, model and manipulate the different procetisat take place
in a distance learning course and their relatidhgy allow for the
description, not only of the anatomy of a learnsiygtem, but also of
its physiology, as a dynamic set of interactions.

In the LORNET projectwe intend to develop and to tool the con-

4 The eduSource project, in an ambitious Canadiajegir that aims to implement
a functional network of learning object repositsribased on the international
standards and providing a software suite of tamfnd, reference an use learn-
ing objects in educational applications.

5 LORNET (Learning Object Repositories Networksa isajor 5 years research
network heavily funded by the Canadian governmeiddress these questions
in a Semantic Web and Knowledge Management peiispetitgroups 5 of the
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cept of function model to provide a solution to thieerent complex-
ity of a distance learning system and to encouthgevolution of
the delivery systems towards greater flexibilityg part of the pro-
ject, we will build a collection of Learning Desigimtegrated to
Learning Object Repositories and we will providiedent ways to
aggregate these learning designs with Knowledge@bpnd with
Assistance objects in a unified way through furciwodels imple-
mented as multi-actor coordination interfaces. sehgoals corre-
spond well to the research agenda set forth by DancaHodgins
(2003), where they outline that authoring by aggtieq and design
for content reuse are research issues that matdressed in a near
future, if reusability and interoperability amorgatning resources
are to be attained. Furthermore, by allowing fusrctinodels to mu-
tate, change and evolve, we expect to be ableodupe flexible,
personalized, evolving and even emerging learniinigtsons.
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