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Using an Instructional Engineering Method and a
Modeling Tool to Design IMS-LD Units of
Learning

Gilbert Paquette, lleana de la Teja, Michel Léon&watin Lund-
gren-Cayrol, Olga Marino

CIRTA(LICEF) Research Centre, Télé-université, Méat

ABSTRACT

This chapter discusses how to build IMS learningjgles focusing
on three aspects, instructional engineering, mngebols and
graphical design techniques. First, we proposeitiséituctional de-
signers use a systemic and systematic instructemgiheering
method to build Units of Learning conforming to thS-LD speci-
fication. MISA, a mature instructional engineerimegthod will
serve as the basis to our design approach. Seaengkesent a
graphical modeling tool, MOT+, and a representatemmnique that
was created to support instructional engineeringOT+, con-
cepts, procedures and principles are used to tesalli IMS-LD
components as well as their relationships. We elibis graphical
language to be closer to instructional designariat it represents a
more pedagogical viewpoint than software engingegiraphical
languages like UML, while still enabling an automatanslation
from graphical models into a machine-readable IMBSXML.

Third, we will provide an example of the designgasses involved
in building learning designs, from the preliminanyalysis to the
definition of a unit of learning method, the cehpart of the IMS
Learning Design.

Introduction

The fast evolution of learning technologies hastiplig¢d the num-
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ber of decisions one must take to create a digatbiearning system
(DLS). While it is true that a majority of the fird/eb-based appli-
cations have been mostly used to distribute inftionamore and
more educators have become aware of the needleygmd simple
uses of information and communication technologiéss context
has generated a much-needed interest for pedagogtiaods and,
more generally, for the field of Instructional Dgrsi(Wiley 2002).

The term “Educational Modeling Language (EML)” wiast intro-
duced in 1998 by researchers at the Open Univestitye Nether-
lands (OUNL), as a response to Instructional Deaigh pedagogi-
cal concerns towards standardization and interbyéyaneeds. The
work on Educational Modeling Languages (Koper 20@hy the
subsequent integration of a subset in the IMS LirgrDesign
Specification (IMS 2003a), is the most importaritiative to date,
to integrate Instructional Design preoccupatiorns the interna-
tional standards movement. In particular, it déssia formal way
to represent the structure of a Unit of Learning #re concept of a
pedagogical method specifying roles and activities learners and
support persons can play using learning objects.

The IMS-LD specification leaves open the choicenefructional
methods and modeling tools that can support desgsgnehe proc-
ess of building learning design specification, esgby for those
aiming at distributed, networked or on-line edumatiExtensive re-
search and development in the field of Instructi@esign has led
to a large body of methodologies. We believe thatlhstructional
Engineering approach (Paquette 2001a) and the ingaBystems
Engineering Method (MIS#A. is especially well suited to help de-
signers build IMS-LD compliant Units of Learning.

This chapter is structured into four sections. iBact presents the
instructional engineering viewpoint on the IMS-Lpesification.

Section 2 outlines the MISA instructional enginegrmethod and
its relation to IMS-LD. Section 3 presents the MQJraphical rep-

1 MISA is the French acronym for Méthode d'ingéieietes systémes d'apprentis-
sage



resentation language and situates MISA/MOT+ as drlibg an
educational modeling language with its XML machieadable out-
put. Section 4 presents a practical learning desage of a complex
unit of learning.

1. Instructional Engineering viewpoint on the IMS-LD specifica-
tion

Instructional Engineering can be defined Asriethod that supports
the analysis, the design and the delivery planihg learning sys-
tem, integrating concepts, processes and principtesstructional
design, software engineering and knowledge engimge(Paquette
2003, p. 56).

1.1 Defining Instructional Engineering

Located at the crossroads of instructional desigftyare engineer-
ing and knowledge engineering, from which it intemost of its
properties, Instructional Engineering, is a patdcgystemic and
systematic method in the field of educational peabkolving. It is
founded on the system sciences (Le Moigne 199508it®73) that
defines the concept of a system as a series &f umitynamic inter-
action, organized in order to achieve specific goal

The origin ofinstructional desighgoes back to John Dewey (1900),
who, a century ago, claimed the development ofirsterlinked sci-
ence" between learning theories and educationatipes. Since the
fifties, the evolution of this new discipline hasdn carried by influ-
ential researchers such as B.F. Skinner (1959 mkeBruner

(1966) and David Ausubel (1968). In the seventreseightiesin-
structional theoriedrave blossomed through the work of researchers
such as Gagné (1970), Scandura (1973), Merrill(, 97hda

2 In American literature, this discipline is knows 4nstructional Design (ID)",
"Instructional System Design (ISD)" or "Instructarscience" (Reigeluth,
1983; Merrill, 1994) depending on theoretical inaliion. In Europe, one of the
pioneers of the field used the term "Scientific &gpafy" (Montessori, 1958).
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(1976), Reigeluth and Rogers (1980), Collins arev&ts (1983), to
name a few. These instructional design models lagakries have
been built on solid foundations and present an @ésgive body of
work. However, today it seems necessary to renevintructional
design methods and tools to support the creati@isifibuted
Learning Systems (DLS) that are heavily dependenbfmrmation
and communication technologies.

Software engineeringrings some interesting solutions to meet de-
mands required by innovative technology used in CHf®m a tech-
nical point of view, a Unit of Learning, and itsttibuted environ-
ment, is an information system consisting of a clemprray of
software tools, digital documents and communicaservices. This
environment allows learners and facilitators t@fatt using infor-
mation and communication technologies. By adapofgvare en-
gineering principles to instructional design prpies, Instructional
Engineering proposes well-defined processes amdiples that
help produce deliverables, precisely describedymtsdof these
processes. Moreover, multi-agent systems offeroal geay to repre-
sent the enacted learning designs at delivery éisn@ set of agents,
persons and digital objects, interacting to helpsof the agents to
learn and others to facilitate learning.

Knowledge engineering a methodology developed in the field of
expert systems and artificial intelligence over e thirty years.
Knowledge engineering focus on identifying andicturing knowl-
edge to explain it, using a symbolic or graphiealguage represen-
tation to facilitate its use by persons and/or cotepsystems.
Knowledge engineering has been applied in educ#bitmild intel-
ligent tutoring systems [Wenger, 1987] and alseuggoort systems
for designers [Merrill, 1994; Spector et al., 19%R¢cently, the fo-
cus has shifted to machine-readable knowledgetategaiming at
a new generation of the Web (Berners-Lee et alpR00 anin-
structional engineeringnethod, knowledge modeling processes or
the workflow are at the forefront. The workflow neddjuides the
designer in his tasks to define content and ohjestusing them as
an orientation for the design of instructional sa@ws, learning ob-



jects (or educational resourcess well as the learning system de-
livery processes.

1.2 Relationship between Instructional Engineerin@nd the IMS
Learning Design specification

Developing high quality distance learning coursas loe a difficult
and expensive task. On-line course developmens fo@ main
challenges: viability and quality. A key concepstemerged as a
response to the concern of viability, the concépensability. Basi-
cally, reusability means being able to use an e¢uea resource or
learning object (LO) in different educational cofigeor courses,
possibly supported by different independent orropterated e-
learning delivery systems, which demands for adsiechway of de-
scribing those learning objects. In the past feary, a vast move-
ment towards international standards for learnibjgads has been
initiated. Duval & Robson (2001) present a revidwhe evolution
of standards and specifications starting with tiuli Core meta-
data initiative in 1995 up to the publication oéthearning Object
Metadata (LOM) standard in 2002. A host of othexcsfcations
have been published since then.

But what about quality? High quality learning oltgeare necessary
but not sufficient to produce a high quality couoseaunit of learn-
ing. When, how, for what and by whom will those Lisused?
The IMS-LD specification offers a standardized i@passociate
learning materials (learning objects), activitiesl actors in a learn-
ing scenario. Furthermore, having an XML format tten be read
by any compliant delivery system, IMS-LD bridges tiap between
the process of designing a course and that ofeahg it. What is
still needed, to ensure quality of a course, isrtsure the quality of
the learning scenarios produced by the design pso@&asically, in-
structional engineering methods like MISA, and sddte MOT+
and ADISA guide and support course designer(s) throughrbe p

3 We will use here the terms learning object, edanat resource or simply re-
source as synonyms throughout this chapter.

4 ADISA (Distributed Workshop for Learning Systemsgiheering) is tools de-
veloped at Télé-université. It is a web-based systeat supports course de-
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ess of designing high quality learning systemssosharios, in par-
ticular, by ensuring coherence through systematauichentation of
all aspects of the design process and productsireatic propaga-
tion of many pieces of information as well as aeysc view of the
process.

Figure 1 presents a general view of the relatignbkiween instruc-
tional engineering methods and tools, and EML/IM34pecifica-
tions. The remaining part of this chapter focuses presentation of
MISA as an instructional engineering method and M@$¥ a mod-
eling tool to support this process. In Chapteni® discuss the
DLS delivery process by analyzing Explor@, an opgstem for
learning and content delivery developed at the-Téigersité in
Quebec.

Misa  Instructional Platform,

MOT Engineering LCMS, LMS,

ADISA  Methods and delivery
Tools Systems

|

EXPLORA

Instrgctior_]al —_— DLS Delivery
Engineering

= o' =

Figure 1- Interrelations between MISA 4.0, IMS-LD Design and
Explor@

2. An Instructional Engineering Method for Learning Design

signing teams in the elaboration and integratiothefvarious elements of the
MISA method.



Implementation

This section presents a synthesis of our work strirctional Engi-
neering at Télé-université in Québec (Canada). Weresent the
main MISA 4.0 Instructional Engineering Method campnts and
concepts, and then introduce a more detailed gtguriof the de-
sign processes inherent to the instructional madaich in turn will
assist instructional designers in producing IMS-ddnpliant Units
of Learning.

2.1 The MISA 4.0 Instructional Engineering Method

A knowledge modeling approach is used to defindrib&uctional
Engineering method itself, its concepts, proceasésprinciples.
This R&D initiative started in 1992 and has ledhie MISA 4.0 ver-
sion (Paquette 2001a, 2002a) and to its suppdrtdalbled ADISA
(Paquette et al 2001). The editor MOT+ is embeddelde ADISA
system and accessible through a web browser frgmvarkstation
linked to the Internet.

MISA is based on a problem solving approach. Théhle starts by
(1) identifying the educational problem, its coriterd constraints as
well as general orientations, (2) defining preliamnsolution, (3)
building the LS architecture including elaboratafrthe knowledge
and competency model as well as the instructiomalet) (4) design-
ing instructional materials, (5) modeling, produrend validating
learning materials and (6) specifying LS delivergdual(s) as well as
maintenance and quality management. The 6 phadétSia are il-
lustrated in Figure 2.



Design
principles
MISA
processes

Learning needs P
and situation

Phase 6
Prepare
Delivery of LS

Phase 1
Define Problem
and Customize
MISA

Phase 5
Produce and
Validate
Materials

Phase 2

Define

Preliminary
Solution

Phase 4
Design

Instructional
Materials

Phase 3
Build LS
Architecture

Figure 2: The Main MISA Process and its 6 Phases ‘

The whole process is guided by a set of desigreiplies that must
be taken into account when building high qualitstaince learning
systems:

» Self-Management and Meta-cognition principlEgplicit
association of a skill to a set of knowledge unitsere the
skill’s generic process guides the design. Off&edent
learning paths and personalization options to e se
managed by learners. Promote self-managementtoy in
ducing support tools like progress reports. Proexgalicit
meta-cognitive activities, such as for examplevidiial and
group product and process formative task evaluation

* Information processing principlegnclude rich and diversi-
fied static and dynamic information resources, tye@lated
to activities. Provide access to search, annotaéind model-
ing tools to manipulate resources as well as pribaiutools
adapted to each task.

» Collaboration principlesCollaborativeand individual ac-
tivities must sustain onanother. Adapt the modalities of
collaboration to the generic process in which thiéabora-
tion is proposed. Allow for both synchronous anghasro-
nous interactions. Provide management tools fordinat-
ing collaborative activities within the LS.

* Personalized Assistance principl&ncourage heuristic and
methodological guidance rather than algorithmicsassce.
Including multiple facilitators, both human and rmime, to
provide a flexible learning environment. Providsiatance
mainly on the learner’s initiative.

In each of the phases 2 to 6, MISA also proposesi¢ivelopment
along four axes: knowledge, instructional, learmmgterials and de-
livery model.

TheKnowledge Modetenters on a graphical representation of the
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Learning System’s content domain. In this moded,dbmain’s
facts, concepts, procedures and principles ardagisg and interre-
lated with precise links. Then target and preratgiompetencies
are associated to units of knowledge, thus identifprerequisites
and learning objectives for the Instructional Modlbsequently,
knowledge units and competencies are attributéelaiming units,
instruments or resources used in the learning.units

The Instructional Modelis essentially a network of Learning events
and units, to which knowledge and target compeésnare associ-
ated. Each learning unit is described by a learstenario specify-
ing learning and support activities linked to reses in the envi-
ronment. Resources holding content (called instnig)e are
associated with a subset of the knowledge model.

TheLearning Material Modelsire useful to describe materials
(learning objects), their media components, sodomiments and
presentation principles as well as other speciticataimed at
graphical designers and learning material producers

Finally, Delivery Modelsare produced to show how and where ac-
tors use or provide the learning materials anduess such as
tools, communication means, services and locatseq in the
learning system. Each Delivery Model is a multituserkflow,
where actors use or produce resources, while aagudlifierent
roles. These processes correspond to organizatgseds, such as
group organization, staff assignments, technichd,vesource de-
livery, and so on, which must be prepared to ensonr@oth net-
work-based or distance learning deployment.

The MISA Learning Engineering process producesiipations
grouped in documentation called Design Elements) (B#sulting
from sub-tasks in the 6 phases presented in figuidese DE are
also organized according to the four axes withrhgzhasePres-
ently, MISA 4.0 comprises 35 basic sub-tasks, each produane
DE, numbered, as shown in table 1, from 100 to &4e@.first digit
denotes the phase, the second, the axis or mautktha third, the
sequence number within the axis.
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The first task in each axis (shown in table 1) aimmdefine orienta-
tion principles pertinent to the axis model andelolasn the general
principles stated in the Problem Definition phaleese principles
help define one or more graphical modédd italicsin table 1)
built using the MOT+ knowledge representation teghe and tool
(Paquette 1999, 2002b). Graphical models are thie B in each
axis, the backbone of the MISA method. Most ofdtteer tasks, in
MISA, describe properties of objects in these madelg., compe-
tencies, learning units, resources, roles) as agelheir relationships.
MISA also includes revision and validation task$mase 5, which
allow the cyclic evolution of the learning systeesijn and reduce
the risk of costly errors. Phase 6 mainly servesperify the de-
ployment and delivery aspects of the learning syste

Problem Definition

100 Organization’s Training 104 Target Populations 108 Reference Documents

System 106 Actual Situation

102 Training Objectives

Knowledge Model Instructional Model

210 Knowledge Model Orientation Principles220 Instructional Principles

212 Knowledge Model 222 Learning Event Network

214 Target Competencies 224 Learning Unit Properties
310 Learning Unit Content 320 Instructional Scenarios

410 Learning Instrument Content 322 Learning Activity Properties

610 Knowledge/Competency Management 420 Learning Instrument Properties
620 Actors and Group Management

Learning Materials Model Delivery Model

230 Media Principles 240 Delivery Principles

330 Development Infrastructure 242 Cost-Benefit Analysis

430 Learning Materials List 340 Delivery Planning

432 Learning Material Models 440 Delivery Models

434 Media Elements 442 Actors and User’s Materials
436 Source Documents 444 Tools and Telecommunication

630 Learning System/Resource Managememt46 Services and Delivery Locations
540 Assessment Planning

542 Revision Decisions Log

640 Maintenance/Quality Management
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Table 1 — MISA 4.0 Design Elements/Tasks and PtediycAxes

2.2 MISA Instructional Model

An Instructional Engineering method like MISA invek the inter-
action of many specialists such as content expedsuctional de-
signers, media producers and training managersa(seé€Chapter 8).
Each of these main actors is central to one ofdheaxes, but they
all interact and intervene in all axes as well. Wik now focus on
the instructional model axis, where the instrudciatesigner is the
main actor.

In producing design element 220, the instructiatesigner will set a
number of orientation principles, formulate a leagmetaphor,
identify the type of learning event network or cgeistructure, spec-
ify types of learning scenarios, collaboration, teorh assessment
(see chapter 7), resources, documents, serviadetiree to which
activities can be customized and any other instvoat principles,
which could help construct the global learning desiorresponding
to the educational problem. Seventeen typologigs baen thor-
oughly researched and integrated in the MISA méghsapport
documentation as well as in ADISA.

Based on these principles, the instructional desigull proceed to
design element 222, where he will construct thenieg design’s in-
structional model, called tHeearning EveniNetwork which is a
generic term to describe a module, a course, @ngprogram, etc.
In IMS-LD, it corresponds to the structure of thetllbod, that is, in-
formation on number of Plays, Acts and Activityustiures included
in the Unit of Learning.

In MISA, a Learning Event Netwotik composed of learning events
(LE) and/or learning units (LU) (which are termimarning

events), resources, links and rules. Composititks|{C) are used to
represent the hierarchy of nested learning evatgs,seen as the
course structure. The precedence (P) link is us@adicate whether
a LE/LU is prerequisites to another. Resourcesruats (link I/P
going in) to Learning Events/Units or their produgtnk I/P going
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out). Rules express the conditions applied (linkd_earning
Events/Units, for instance, a choice to be made/dat alternative
Learning Events/Units or a specification of thedkof evaluation,
collaboration or adaptation that will take placeidg the Learning
Event/Unit. Figure 3 shows an example structurhefCourse:
Equipment Maintenance, which is composed of fivelubes, where
four are terminal learning events and thus calledrhing Units, and
one is a Learning Event, decomposed into two Legrhinits.

Learning Event 2 -
Course EL 002
Equipment
maintenance

Learning Unit 2.5
Reflect on your
learning
Text:
Equipment
parts and
functions

Learning Event 2.1
Analyse
equipments

Learning Unit 2.3
Dignose equipment
failure

Learning Unit 2.1.1
Analyse the structure
of equipments

Learning Unit 2.1.2
Analyse the Analysis Identification
functionality of specification Record:
equipments Cause of Error

Figure 3 Example of a MISA Learning Event Network

Each Learning Unit consists of one Instructionar&eio describing
the relationship among actors (facilitators aradriers), activities
and resources,. The set of activities performelbasners is called
the Learning Scenario. It includes all required pratiuced re-
sources, links and rules. The set of activitie$guered by facilita-
tors (ex.: tutors, teachers, evaluators, etcllied the Assistance
Scenario.

The next step is to buildlearning scenario moddor each Learn-
ing Unit, where the designer takes into accoumgfeiband entry as
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well as prerequisite competencies, which wereedihed in the
Knowledge Model. We have shown elsewhere (Paq@étiéa) that
it is possible to derive the learning scenario frigeneric skill pro-
posed in the target competency (or in a learningabive) for that
learning unit. For example, if a target competesteyes that learn-
ers should learn to diagnose equipment failurggneric diagnostic
process will provide a workflow or task model coragd of the in-
dividual diagnostic tasks including their inputspgucts, and con-
trol principles:

An Assistance scenario is created when the desagds to this ba-
sic flow of tasks, an instructional interventioras¢gy. For example,
in an expository approach, an instructor will use workflow model
to present segments of the diagnostic processcémstructivist ap-
proach, diagnostic problems concerning equipmelutréawill be
proposed to the learners and the instructor wélthe diagnostic
workflow model to give advice to learners carrymg the tasks.

MOT+ graphical models use ovals to represent pnoe=d In in-
structional scenario models, they are used to septeactivities that
are performed by actor roles that are representexinall hexagons
holding the letter L for learner or F for facilitet(equivalent to staff
in IMS-LD). Rectangles represent resources in therenment, la-
beled | for instruments, T for tools, S for sergcand C for com-
munication means. Unmarked resources are outcorndsged by
the actor during an activity. White hexagons repnéshe four kinds
of rules labeled P for progression, E for evalugtio for collabora-
tion and A for adaptation rules. R-links are usedelate actors to
activities. For resources an I/P-link is used, ingfoutgoing
to/from an activity. Activities can be linked tchetr activities by
precedence links (P-link) expressing a sequenegtofities. Rules
found in the Learning Event Network model are aised in the In-
structional Scenario model. Rules of progressigaluation, col-
laboration and adaptation are represented by egbexand can be
R-linked to activities.

5 This approach is similar to the KADS softwareieegring methodology (Breu-
ker et al, 1999)
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Figure 4 illustrates a MISA instructional scenaepresentative of
such a workflow model.

Assessment
results

=aury

Feedback

Coach
learners

Distribute
systems to

Liste of default

ystem to List of PDocument components
analyse modules and transfer
components
If no more

modules,
end

6 - Add
default to list
and report

D

1- Analyse
schema of
the system

2- Choose
a module

Selected

module
-
] 5- Compare
3- Identify 4- Select a component
list of component to anorm
components

L A

1
|
o) P
Module If norm If norm not
components satisfied, go 4 satisfied, go 6

)

Figure 4 An example of a MISA scenario for learning to diage
equipment failures

In the learning scenario subset (white ovals) neex (label ) per-
form 6 activities, starting with the analysis of@ectronic system

for troubleshooting. A collaboration rule (label &ates that they
work in teams of 2. Progression rules (label P)ndeiterative cycles
between activities until the complete electronistegn has been ana-
lyzed. Through these cycles, each team of leaurs@s learning ob-
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jects (label 1) as inputs and produces intermedateomes, which
finally results in a list of default components.itfgan assistance
scenario (grey ovals), facilitators (label F) startdistributing the
system to be analyzed by the teams of learnens,gtaviding feed-
back using a forum and document transfer, andlfiqpabviding as-
sessment services to learners.

The instructional model encompasses five typessdurces: in-
struments (documents/materials), tools/applicatieasvices, loca-
tions (where learning is carried out) and commuiecameans
(such as “broadband”, mail or face-to-face). Thestegories are
expanded into sub-classes creating a complemetyfaoiogy to the
IEEE LOM Learning Resource typologyn our definition, an in-
strument is the only type of resource that holdgeat. More pre-
cisely, they are associated to a sub-model in th@fedge Model.
We distinguish the “instrument” concept from thedining materi-
als” because they can, in general, be producedfereht media
formats. Usually, instruments are small piecesffrmation con-
sulted or produced as a result of performing aivictind which, in
turn, can be grouped and implemented in a one oe media for-
mats (to increase accessibility) to create a aetyque of learning
material, such as a tutorial, handbook, guide.dtcparticular,
evaluation material, such as a questionnaire, exagssay, is also
associated to a knowledge sub-model and the taogepetencies
are linked to the knowledge units in that sub-mod@kese compe-
tencies are the basis on which evaluation is deeel@nd carried
out.

The method MISA itself has been modeled using ti@TM knowl-
edge representation technique and tool. The relstip between
MISA'’s tasks has been clearly and systematicajpyagented using
a process graph for each of the tasks. In the MiS8éumentation,
this information is presented in the context tdbfeeach design

6 See (IEEE 2002), Group Educational 5.2 Leariegource type: exercise,
simulation, questionnaire, diagram, figure, graptex, slide, table, narrative
text, exam, experiment, problem statement, sedszsent and lecture. Inter-
ested IMS-LD groups propose that this typology $thdne extended to include
for example Unit of Learning and instructional neth.
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element (DE). Table 2 presents this type of contExnformation
for the task “Define the instructional scenarioghich produces the
DE 320 — Instructional scenarios. The list of RiErsee on the left,
include some input information useful to the tadskt produces the
DE 320, the list of DE to the right, uses informatprovided or
produced in task 320.

Source , Target
104 Target Populations 222-3 Learning Event Network
212 Knowledge Model 224-3  Learning Unit Properties -
214 Target Competencies 230-3 Material Production Orientation

Properties

220 Instructional Model Orienta-
tion Principles

240-3 Delivery Orientation Principles

322 Properties of Each Learning | A
Activity

330 Development Infrastructure

222 Learning Event Network

224 Learning Unit Properties

230 Material Production Orien-
tation Properties

340 Delivery Planning

410 Content of the Learning In- | A
struments

420  Properties of the Instructional
Instruments and Guides

240 Delivery Orientation Princi-
ples

310 Learning Unit Content

Table 2: A context model for an instructional design tasMiSA

To support the propagation of data from one detsigk to the other,
we have developed a web-based instructional engeeork-
bench, ADISA (Distributed Workshop for Engineerifigin-
ing/Learning Systems). For each DE, the contextdaimation ta-
ble uses labels A (automatic), S (source), orfb(mative) to
indicate which data propagation type is used in 3®IPropagation
is automatic when the data is directly used an@seary to carry
out the task in ADISA. Data is displayed in theidgesr’s interface
when he starts the task. Propagation is semi-adiomben the data
from the source need to be accepted by the dedmgrfiere. Informa-
tive propagation means that the designer may cbasmie data in-
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formation that might influence decisions for thektat hand.

The design documents of MISA can be edited inxalle order,
however according to data propagation rules, ancdbeamodified,
published in several stages, stored in archiveplayed on screen
or printed. The data in the design documents areskated into a
unified XML structure, allowing both online and lafle work
through an integrated web-based interface. It easelen as a task
map, allowing data propagation from one task iatfto another,
and also facilitating the information transfer thar systems. Other
than supporting the data propagation between amsh@rtasks and
elements, ADISA supports the coordination of a grotiexperts,
who plans and develops an instructional learnirsgesy, working
both on and off-line.

3. Graphical Modeling of Learning Designs

In this section, we situate the MISA/MOT+ as an éational Mod-
eling Language (EML), followed by a presentationha graphical
symbolism integrated into the MOT+ graphical editbrstructional
designers will use this graphical representatioguage to build an
IMS compliant Learning Design. Finally, we disctiss advantages
of using the MOT+ graphical representation languaugktool as
well as new features to be added in order to becfuly compli-
ant IMS-LD editor

3.1 MISA/MOT+ as an Educational Modeling Language

In a study on Educational Modeling Languages, Raygliet al.
(2002) give the following definition:An EML is a semantic infor-
mation model and binding, describing the contert process
within a ‘unit-of-learning’ from a pedagogical pgrsctive in order
to support reuse and interoperability

According to this definition, MISA’s specificatiarf an Instruc-
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tional Model is a kind of EML. The set of MOT+ mdsliénherent in
the Learning Event Network, plus the InstructioB8aénarios of
each Learning Unit, represented in a graphical wag,be directly
compared to a semantic information model describhiegcontent
and processes of any unit-of-learning from an udional Engi-
neering perspective. The translation of MOT+ modwis XML

files, automatically or by hand using an XML edjtorakes possible
interoperability and promotes reusability.

The MOT+ editor, which produces models like fig@rand 4, has a
built-in translator that produces an XML descriptmf any such
MOT+ graph. This translator has been used in thé&SRDNeb-
based support system to propagate information froendesign
element to another (Paquette, et al. 2001). Th&dk Hes list the
objects, links, sub-models, their properties arirtimterrelations.
They do not constitute an IMS-LD XML binding, angharser is un-
der development to be added to the MOT+ tool, ¢hattranslate
these XML structures into to standard machine-releddS-LD
XML files.

3.2 A Graphical Language to Represent an IMS-LD Métod
Structure

When activating a Unit of Learning at runtime, Method part of
the XML file is central. This unique element arglsub-elements
control the behavior of the Unit of Learning aslaole, coordinating
the activities of the actors in their various rodesl their use of re-
sources.
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As presented in the previous
chapters, and displayed in
Figure 5, the Method compo-
nents, Plays, Acts and Role-
parts, are all nested within
each other. Plays are alterna-
tive scenarios run in parallel,
while acts in a play are run in
sequence. Within each act,
role-parts are run in parallel,
associating an actor’s role to
an activity (or to a more com-
plex activity structure).

Method

Play 1

complete pla; :
Play 2

complete:play?e

complete method (unit of learning) requirements

Figure 5- An IMS-LD Method

Because the MISA/MOT+ graphical representationesyss ge-
neric, used for many kinds of models, such as eegresenting do-
main ontologies or delivery process models, the M@ditor needs
to be constrained in order to facilitate the madglbf IMS-LD
compliant Units of Learning. To accommodate adl tS-LD
components, a set of graphical conventions have $eecified and
an IMS-LD XML parser for MOT+ is under developmeritigure 6
displays some of the symbolism used.
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Figure 6— An equivalent MISA/MOT+ model to an IMS-&xample

Within MOT+, some combinations of specific grapijenbols, la-
bels and links can be used to describing all th8-IND components
and to produce a compliant XML document.

With the MOT+ IMS-LD adapted user-interface, therusill be
presented with a Method model consisting of ong,Riae Act and
one Activity, which is the smallest possible sturetfor a Unit of
Learning. All procedures, such as the Method, $1Agt, Activities
or Activity structures are represented as MOT+ pdoees (ovals)
and organized as a hierarchy using a compositis C-link). To
facilitate the interpretation and visualizationcoimplex models, the
activities in an act are embedded in a MOT+ subehodstead of
being integrated into the main model as showngarg 6. The
precedence link, P-link, between acts illustrateeguence of acts or
activities. The absence of such links between #ietsvdenotes that
they can be performed in any order (in parallel)leR can be added
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at any level, using a white hexagon symbol, egmpletion rules at
any level.

At the activity (or activity structure) level, rofearts are represented
as the combination of a role R-linked to an adfiait an activity-
structure. A shadowed hexagon represents theaséeciated by a
responsibility R-link from the role to the activity the activity
structure. Icon-labels attached to the role symalpadl on the activity
symbol indicate whether it is a learner (blackidonh) or staff

(white dot icon) role or learning or support adivi

Environments, containing learning objects and ses/are repre-
sented as concept objects (rectangles) and asswtiaactivities
through an input or product I/P-link, dependingvadmether they are
used to carry out the activity (input), or produ¢edtput) by per-
forming the activity. Note that environments carcbenposed of
many resources and services, which can be orgamied sub-
model, using C links to indicate relationships.f@&iént icon-labels
distinguish content resources (white squares) tiarthree kinds of
IMS-LD services: conference (telephone icon), erflaiter icon)
and index-search (folder icon). An internal or emé reference can
be associated to any resource using an instamtiktiok from the
resource to the reference. The reference itenpresented by a fact
symbol (rectangle with cut angles). Learning Obyes and Prereg-
uisites are represented by a fact symbol bearingralabel in form
of upward versus downward pointing arrows, as shiowigure 6.
To respect the IMS specifications, the designerardy attach these
symbols to the Method or to a Learning Activity.

At all levels of the learning design structure,difimit completion
conditions can be defined using a white hexagottigfsymbol is
absent, the parser interprets the completion comdits “user-
choice”.

3.3 Using a MOT+ Editor

Graphical representational techniques and toolsfeg instruc-
tional designers from using XML editors and viewarsrder to
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consult either global or partial views of their ggs Although well
suited for software engineering purposes, UML gsagid dia-
grams, as proposed by the IMS Learning Design Besttice and
Implementation Guide are not suited for instructional design, ex-
cept maybe in very simple cases. Complex Unitseafrhing scenar-
ios, especially those involving many actors, areaasily repre-
sented using UML graphs and activity diagrams. Muoeg, it is
important that all the IMS-LD components can begnated using
only one type of graphical model. This would grgatiduce the
learning curve for designers to acquire a technfqueonstructing
IMS compatible Learning Designs, which in turn wibiricreases
the possibility of interoperability and reusability

The advantage of a graphical editor as comparad ML editor

is that designs can be structured and easily neatlifi an iterative
manner, which is common practice for instructicthegigners when
developing training courses and programs. An XMitaedbliges
the designer to declare all components of a Unliteafrning (Roles,
Resources, and Activities), then to specify thehddtstructure and
finally, to list all resource references. In the Oeditor, the de-
signer proceeds by constructing the course stre¢Method, Plays,
Acts, Activities and Activity Structures), then aaigl environments
with its learning objects and services as welludss for progression
and completion in an cyclic fashion. In this wakelpninary designs
and milestones can be presented and validatechbyteembers and
clients, avoiding both costly and time consumindesegns. Once
consent is reached, the MOT+ editor allows thegihesito save the
Unit of Learning as a perfectly compliant IMS-LD XMiocument,
ready to be used in a Content Packaytogl, yet to be developed,
or to be instantiated for a run in a compatiblerbe® Content
Management System, such as Explor@2 or Afutor

Many years of modeling courses and programs, fur boiversities
and companies, have shown the MOT+ strength and use

7 http://www.imsglobal.org/learningdesign/ldv1p0/imhsbestvip0.html

8 For single-user Units of Learning RELOAD
http://www.reload.ac.uk/ex/ReloadSSv1.pdf

% Explor@2 demdttp://lice.telug.uguebec.cand ATutorhttp://www.atutor.ca/
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friendliness for non-computer professionals. Furtiee, the object
oriented paradigm (Paquette 1996, 1999) distingugstbjects that
represent facts, concepts, procedures and prisaiplated by a
standard set of links, is rooted in Instructionakign theories as
well as in Information Sciences, and thus provi@esrong basis as a
notational language for learning designs.

4. An IMS-LD Case Study

In this last section, we will use the VersaillepExence (IMS-LD
2003) to develop and build an IMS-LD compliant LiexdJnit of
Learning using the MOT+ editor. We will then dissubke design
method and tool used to build the model for thiseca

4.1 The Versailles Narrative (extracted from IMS-LD, 2003)

The Versailles Experience is aimed at 14-16 yedrsetondary
school students. Participating schools organizeestts into six
groups, one for each of the countries involvedeagatiating the
original Treaty of Versailles at the end of Worlda¥\I: Great Brit-
ain, USA, Poland, France, Serbia and Italy. Thegteis based on
collaborative learning and the duration is 4 toeeis. The Unit of
Learning has three main phases:

1) A preparatory phasen which students explore the content to
find out what their role is, the context of theitogpted country
and agree on priorities and strategies for thdéanning nego-
tiation. In this pre-negotiation period participsum each school
are organized into the six national negotiatingrngawvhere each
participating school is given six passwords - amecfich coun-
try. These give access to the appropriate materalsa discus-
sion group (dedicated conference) set up for eatbm Ahead
of the actual negotiation, the tasks of the natiteems are to:

* become familiar with their country's objectives

» decide on their country’s priorities — whatyhmost want and
what they can concede,

* become familiar with the objectives of the atbeuntries,

* identify possible negotiating strategies anceaghe favored
approach.
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2) The negotiation itself-or the Negotiation Day, there is a main
negotiation forum with a conference Chair, but ¢hare also
‘side rooms’ for each pair of countries to holdvate discus-
sions. These are set up as dedicated conferentteappropriate
access provided for each team. When agreementsauieed
during negotiations, they are sent to a personiqdethe role of
a Recorder who posts them on a ‘Results Boardtidjaants
have access to the results at any time. Once tq&iagons are
completed, or at a given time towards the end efdhy, partici-
pants are encouraged to review the outcomes afaihe

3) A post-negotiation periodffer the students the opportunity to
disseminate what they have learned in the form basded mate-
rials presenting national perceptions of what thaty meant to
each of the participating nations. In this lastgghatudents re-
flect on what they have learned, writing it up fréime point of
view of what the outcomes mean for their adoptathtiies.
This involves both face-to face activities in eachool as well
as using the country team forums. These are theslated into
Web pages and posted under a preset page for eastryc Stu-
dents then review their collective postings.

4.2 A MOT+ representation of the Versailles Case

We have build a MOT+ model of that learning unging the
graphical conventions presented in the previoupteihaBecause of
the complexity of this learning situation, we néedise embedded
activity structures (labeled by a bulls-eye icosing MOT+ sub-
models.

The main model presents the Unit of Learning stng;tthe LD
Method. The method is composed of one play dividemeight se-
guential acts as shown in figure 7. Each act isnilesd in a sub-
model. Act 1, 2, 4, 5, 7 and 8 are simple Acts #ratnot decom-
posed further, that is they do not contain embedaidity-
structures, just simple role-plays where a roléquars a single
learning of staff activity.
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Act 4 is an example of a simple act as shown iaredg. This sub-
model displays one central activity structure perfed by two staff
roles, a teacher and an expert. The activity sireas composed of
six learners’ roles and their corresponding leayraativities, one for
each country. Each national team (hexagon with @gitame)
uses a private conference (rectangle with telepledrad) to estab-

lish the country’s negotiation strategy. Results lba accessed by
all.
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Figure 9 presents the main model for Act 6 covetirgjactivities on
the negotiation day between the six teams. At émer, there is an
activity structure, “Main_Negociate”, which usesevironment
composed of a general conference in which therénareonference
activities, actually indicating user-rights for tbenference (see IMS
Information Model 3.1.11) : “moderate” played bgtaff person
called “Chair”, and “participate” played by all keers, plus a
teacher and an expert.
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Figure 9 — A Sub-model for Versailles’ Act 6: TNRIN
NEGOCIATIONS

The central activity structure is further decompmbseo 8 other ac-
tivity structures; all performed in parallel, sholy the absence of
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precedence (P) links. Six of them correspond th @ational team
of learners, associated to corresponding role-prattse activity
structure, each developed in a sub-model consiguwithird level of
models (this is shown by the little model icon qper left of the
oval). There are two more activity structures: “€hldegociations”
performed by the Chair role, and “Staff _Negociatibay” per-
formed by Teacher and Expert roles.

Figure 10 presents one of the third level actigsityictures, the one
where the Great Britain (GB) team is involved. Tdwer part of the
figure shows that it is decomposed into five leagractivities where
the GB team is involved in negotiations with eatkhe five other
teams. For this, specialized conferences are opteienvironment
and each activity produces five corresponding ageses (dark blue
rectangles = products).

The upper part of the model in figure 10 illusteatiee exchange of
information between GB learners and staff. Theeetlaree such
learner activities, one where GB learners senddbelts of their ne-
gotiation using an email service, another one whegd-learner,
taking the role of a Recorder, receives resules nmailbox and does
some Web editing, and a last one where this agtgdgasult is re-
turned to GB learners and staff. Note that sincel€aBners are as-
sociated to the central activity structure, it @ necessary to repeat
this association for the other learner activit@g default, it is inher-
ited through the C link.
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4.3 Discussion of the case

This case is probably one of the most complex bhitearning sce-
narios that have been developed so far. In therdam, a teacher
would probably spend many hours explaining it ® ldarners. Col-
laborative scenarios like the Versailles examplg irave great
learning benefits, but are difficult to implementa classroom and
even more so in network-based environmertie advantage of pro-
viding a structural graphical model is that it @so serve as a task
guide for both students and teachers, thus avoldmgthy and re-
peated explanations.

The modeling of learning designs brings the gredtesefits, when
the learning situations involve multiple roles, whéhe activities are
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not sequential, and where their results are retedas other activi-
ties. The process of building a model helps thégdes to clarify his
ideas and communicate them to the learners, whetlzeclass or
acting as an on-line coach.

But there is more to it. If machine support is extpd in a computer-
ized networked environment, it is essential to falize the flow of
activities and precisely identify the actors, theles as well as the
resources used or produced in the environment. @rcgraphical
formalization is done, it can automatically be slated into IMS-

LD XML machine-readable code, without the dire¢cemention
from the designer.

Conclusion

The adoption, at the end of 2002, by IMS of the QUBdlucational
modeling language as the basis for a standardfsjaicin, is great
progress. It enables knowledge-based Instructiéngineering
methods, like MISA, to produce learning designg taam potentially
be read by any compliant LCMS, as is discussebarfdllowing
chapters describing case studies.

We have shown that the IMS-LD specification andNHEA
method complement each other, by proposing aruictsdnal engi-
neering method in six phases, specifying four dkesugh the
elaboration of knowledge and competency model dagegical
model, as well as resulting learning material aelivdry models.
The IMS-LD specification provides a standardizeahfal and ma-
chine-readable representation of a learning desigereas MISA
proposes a systemic and systematic method to dasmyimplement
such learning designs. The MOT+ graphical editsgduto imple-
ment the MISA method, also appears as a promigiagative to
UML modeling, mainly because it is rooted in instianal design
theory and has been built with education and tngiripplications in
mind.

In 2004, we are completing the integration of IMB-telated tools
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in the eduSoureeSuite of Tools application, which already contains
an implementation of standards for learning objegp®sitory inter-
operability. In the five-year term of the LORNEJroject, we will

be working to extend the LD specification to moeagral function

or workflow models (Paquette & Rosca 2002), anddapt our Ex-
plor@2 delivery system to fully exploit the multtar concept
claimed by IMS-LD specification.

On a larger scale, we believe that internatioreatagardization ef-
forts should focus on the very important questibthe association
of knowledge and competencies to the IMS-LD mettmuponents.
In a Semantic Web perspective, this is an essdasilwhere strong
international collaboration is needed.
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