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Abstra ct:

This chapter states and explathst a Learning Design is the result of a knowledge engineering process
where knowledgeindcompetencies, learning design and delivery models are constructed in an integrated
framework.We present a general graphidanguage and a knowledge editor that has been adapted to
support the construction of learning designs compliant with theUMSpecification.We situate LD

within a taxonomy of knowledge modelsamely themultiactor collaborative systenwe move up one

step in the abstraction scale, showing that the process of constructing learning designs can itself be viewed
as a un#of-learning (or a “unit of-design”): designerscan be seen as learnihg constructing learning
designs individually, in teams and withiadf support This viewpoint enabless to discuss and compare
various “design plays'Further,the issue of representing knowledge, cognitive skills and competesc
addressedrhe association between these “content” models and learning desigonets can guide the
construction of learning designs anelpto classify them in repositories of LD templates

Keywords : learning design, educational modeling, knowledggsed systesn graphic languages,
knowledge modeling, competerbgsed learning desigiMS-LD, learning design repositories.

1. Introduction

Building high quality learning designs is a very important tagka demanding onét is a difficult task

that we have started to address a decade ago by progressively building an instructionalingngineer
method (Paquetteet al. 1994, 2005aPaquette 2003 a delivery systen{Paquette et al, 200pland a
graphical knowledge edito(Paquette 1996, 202

In this orgoing work and infor the present discussiothe point of view thah Learning Design ighe
result of a knowledge engineeringrocessis put forth,where knowledgeand competencies, learning
design and delivery models are constructed in an integrated framework

In thenextsection of this articlea generic graphiel modeling languagés ddined, MOT (modeling using
objecttypeg whichwas developeds the backbone of our instructional design methodoldaxonomy
of modelswill be presentedand learning designwill be characterizedn this taxonomyas multiactor
process models.

The following section will pesentthe MOT+LD editor, as a Specialized Graphid Modeling Tool for
IMS LearningDesigns as well as somexamplesand aprocesdo engineetearning desigh We advocate



that thisconstructiorprocesanalsobe modeledas a multactor process model in order analyze and
improve he learning design methodology.

The last section presents othdypes of MOT modet which representdomain knowledge and
competenies that can be uskto plan, support staff roles and evaluate the qualitlearning designs
Finally, we propose that the domain acoimpetency modelsan providea classificationschemefor a
library of learning design template

2. Graphic al Knowledge Modeling

Whendesignersstart building a Learning Desigtwo basic quesitns arise “Which knowledge must be
acquiredand whatare the target competencieseducational objectivefer that knowledg@” and“How

should the activities and the environmbatorganizedo achieve knowledge and competency acquisition?
To help desigers solve these questios, we havedeveloped agraphial knowledge modelingnethodand

tools. In this sectionwe briefly present the basis for a modeling language to provide operational support
to designers.

Goals of the MOT graphic language

It is often said that a picture is worth a thousand words. That is true of sketches, diagrams, and graphs
used in various fields of knowledg€onceptualmapsare widely used in education to represant

clarify complex relationships between concepts facilitate krowledge construction by the learners.
Flowchartsare graphial representationsf procedural knowledger algorithms composed of actions and
decisionsthat trigger series of actionsn a dynamic rather than statizvay. Decision treesconstitute
another fam of representation used in various fields, particularly in deeisiaking expert systems,
establising influerce or cause/effectrelations between various factorsBuilding a decision treeis
equivalent to building series of rules which will constituthe knowledge base of the expert system.

In the last ten yearour main goal has bedn generalize and consolidate various forms of gragphic
representationswhich are usefulfor educational modelingusing an integrated graphed symbol
vocabularyIn (Paquette 1996, 2002, 200&e have shown thdifferent kinds of models can be modeled
more preciselyusing the same grapha language(syntax and semanticdy utilizing typed objects
(concept, procedures, principlesy well astyped links.With this st of primitive graphic symbols, it is
possible to buildvery different graphic models, from simple taxonomies to ontologies, more or less
complex learning designs, delivery process, decision systems, methodesties its generalityhe
MOT graphical representatical languagehas beemrovensufficiently simple and friendlyo be used by
persons with netechnical baagroundin many different contexts through the yedisdelling facilitates
thought orgamation and communication between humaadout the knowledgeas the graphic
representation model, evolves As will be see, it can also be usé both at a specialized domain
knowledgelevelandat ametaknowledgeleve| such ascognitive skills and competenciesFinally, the
graphical MOTplus edibr exportsits modelsto different kinds of XML formats, including IM&D and
OWL, for machine processing.

Syntax of the MOT Graphic Language

Concepts(or classes of objedts procedures(or classes ofactions) andprinciples (or classes of
statementspropertiesor rules) arehe primitive objectsof the MOT graphial language. Other primitive
objectsare instantiations of these three kinds adfissesthat correspondo single individuas. These

individuals arerespectivelycalledexamplestracesandstatements



MOT modelsare thus composed of up to six types objecs or knowledge unitsThe objecttype is
represented b geometrical figuras shown on figure, vhereeachclass orindividualis represented by
a name within the figureClasses can belated to corresponding typesinflividuals by an instantiation
(1 link.

T

Classes T | e - | - g
| Concept (_Procedure ) | <_Principle >
Individuals | [ [ T I |

[ Example || [ Trace | | [ Statement!

Figure 1—Types of knowledgeunits in MOT

Tablel presents variousossiblesemantidnterpretatios of these graphic symbols.
Type Interpretationsand Examples

Concept - Object classes: country, clothing, vehicles, ...
- Types of documents: forms, booklets, images, ...
Tool categories: text editors, televisions, ...
Groups of people: doctors, Europeans, ...
Event classes: floods, conferences, ...
Procedure - Gereric operations: add up numbers, assemble an engine, ...
- General tasks: complete a report, supervise production, ...
General activities: take an exam, teach a course, ...
Instructions: follow a recipe, assemble a device,...
Scenarios: the unfolding of a film, afmeeting,...
Principle - Properties: the taxpayer has children, cars have four wheels, ...
- Constraints: the task must be completed within 20 days, ...
Cause and effect relationships: if it rains more than 5 days, the
harvest will ben jeopardy;...
Laws: any mé&al sufficiently heated will stretch out,...
Theories: all of the laws of the market economy,...
Rules of decision: rules to select an investment, ...
Prescriptions: principles of instructional design principles, ...
Regulating agent or actor: the writer who cosgm®a text, ...

Tablel
— Interpretation of various types of knowledge

Therelationswe usebetween objectare represented by links bearing a letter that specifies the type of
relation. There arsix basic ypes of relations ofinks that connect the various types objecs to form
more complex models.

The mstantiation link (I), connects abstract knowleddelasses)to correspondingtypes of
individuals



The composition link (C) connectsa classto other classes either componentattributes or
constitutive partof concepts, sulprocedures of procedures or component principles of more
complex principles or set of principlethe Glink can also connect andividual to component
individuals.

The specialization link(S) connects te abstact knowledge of the same type which oneis a
subclassof the other ongin other words, the secoralassis more generic or more abstract than
the first one

The precedence linKP) connects two procedures or principles of which the firstroost be
completed or evaluated before the second starts trace, it also connects individual actions of
statements to other subsequeadtvidual actions or statements

The inputproduct link (I/P) connects a concept and a procedirmm an inputconcept to the
procedurgexamples of the concept are possible input&)om a procedure toward® an output
or produced concegexamples of the concepegossible outputsf the proceduie

Theregulation link(R) connects grincipleto anotherclass in the case of a concephe principle
defines the concept bgropertiesto be satisfied (sometimes called “integrity constraints”), or it
establishes a law or a relationshgiween two or several conceffer example rules)the
regulation linkfrom aprinciple towards g@rocedure or another principlaeans that the principle
controlsthe execution othe procedure or the selection of other principfes example a rule
based system controlling the execution of a process from the outside



Types of Mode Is: Ontologies and Learning Design

Thesebasic classsor individualobjectscan be Set of

combined into increasingly complex systems Examples

structured knowledge.For example, it is (

possible to represent conceptual ma Factuel |4 Setof Traces

flowcharts (iterative proceduresand decision N setof

trees, and also other types of models useful Statements || Taxono e an
educational modeling. —

Component
Conceptual 1—{5'/ Systems

Models 4\3\ -
Hybri

Figure 2presents five maisategorieof MOT
mode$ which are subdivided into sulypes

(seePaquette2002for more detailys o Series b
Of particular interest hereis the clasg Knowledae S| _—
“processes anchethods'within whichlearning Modol Procedural i4-5—] _procedures
design is included and “laws and theories’ s Definitions,
1 Iterati N d

composed of concepts that can be organine: proratve || horms and
specializd hierarchies or  pawhole \ /S/
! ; N i, . ] p
hlerarchles, and p_r|n0|p_les demng their brescritive o] Lawsand
properties and relationstgp Particular cases s Models
are onblogy models describng knowledge
domains and competencies.

. . Processes Control Rules
In (Paquette et al 20@p the relationship S/

between both types of mosléd presentecs Processes anE 5_4 Methods
Methods

the foundationof the MISA methodwhich will s
be discussdfurther. Collaborative

Systems
Figure 2 -Taxonomy of KnowledgeM odel Categories

Learning Designs as Collaborative Systems

The Processesand methodslass ofknowledgemodesl, shownin figure 2 is a classthat groups models
mainly composedy proceduresvherecomplex proceduresredecomposed into simpler ones, each with
their inputs and product$hree subcategoriecan be discerned

In “simple processésthe execution of proceduresashievel by simple decision principles; the
flow of control is embedded within the procedures in an algorithmic way.

In “methods, the execution of the procedures is controlledabset of principlesthese principles
can be heuristic rulegoverningthe flow of control from outside the procedures that compose the
model.

In “collaborative systenisthe execution of procedures is controllad collective/collaborative
decision principlesthe control is distributed between formal rules embedded and described within
the model, and actors ®nified by human participantisat apply contrdio the procesbased on
evaluations madat runtime.

From thesedefinitions, it is possible to characterize the innovation that learning design brings to
educational modeling. SCORNKhsed scenarios for example are sometimes simple processes, and
sometimes (very rarely in practice) methedseresimple sequecing (IMS-SS 200} of activities is done

by formal rules defined in the system.



IMS Learning [Bsign because theyavour collaborative systemsadds a new dimensiorio simple
sequencing systemg\ctivities are controlled by a combination of actors (makidecisions at rutime)
and formal rwds: simple orcompletion rules in LD level Amore or less elaboratadle-based systems
(conditions) in LD level B, and rule-based systems mixed with actor notification in LD level C
Notificationsrequest actors texercisesome control on the learning processording to thactivationof
certain conditions

¥ MOT Plus {1.24.2) - [Fig 3.10.MOT : Collaborative Systemn( Modéle standard )]
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Figure 3— An example ofa MOT collaborative system model

Figure 3offersa MOT model of a collaborative system very similar to learnirgggiewhere activities are
represented as procedures (ovals), input and output resources as concepts (rectangles) and actors by
principles or control objects (hexagons). “Modele standanéanthat the general MOPlus editor is

used This general modelingool has served ashe basis for thedevelopment of theMOT+LD editor,
describedn the next section.

3. MOT+LD, a Graphic al Learning Design Editor

In this sectionour graphical learning design editdvilOT+LD describedit is based on theamegraphial
language explainedin the previous section.This development stems frofOT'’s sophisticated and
mature graphial capabilitiesthat werealready in place and ready to be adapfeuy object can be
decomposed into subbmodel on any number of leveBach objectanbe associateth OLE compliant
files, enablinga concrete walkhroughof a model Moreover a standard feature of the MOTplosdel
editor makes itpossible to associate learning design componentsymponents fronother comodes,
such as a@omainknowledge model.

In Griffiths and al.(2009 a survey of learning design tootsn be foundncluding othergraphic editors
showing the interest and adequacy of graphical modellintpe IMSLD best practice documents (IMS



LD 2003), the UMLmodeling gstemincludes activity diagramsnd others that can be used to represent
parts of learning designglthough UML is now a standard in software engineerarg] widely usedthe
differentdiagrams ar@ot very well adapted to the task of building learrdegigrs. Another proposal is
the LAMS software which is not LDcompliant lut simplifies learning designertasks providing a drag
and drop mechanism for assembling a limited set of learning design compalentelieve that this
approach is interestingut not powerful enough to support the whole LD specification.

The MOT+LD graphical editor enables designers fidly describe the structur@nd concepts inherent in
ILevel A unitof-learningand produce a standard LD XML schemaoi/is on-going to extad the editor

to levels B and CIn Griffiths and al(2005), this approach is considered “significant, not only because it
provides an example of a powerful and expressive-tegkl LD editor, but also because the structure of
LD are mapped onto a grapai language which appears to be very remote from the specificabon”.

aim isto providea way closer to instructional dgiser's needs forbuilding LearningDesignsalleviating

the designer from having to deal wiXML, but at the same itm@rodudng automaticallya completely
IMS-LD conformantXML manifestfile from the graphs.

MOT+LD Graphic Vocabulary

Basically,all the MOT objects and linkspplicableto LD were usedand interpretd with much of the
same general semargicFigure 4 shows the resualy equivalences and symbolisrResources are
represented by five kinds of concgphe LD methodcomponentgactions)are represented by seven
kinds of proceduresyhereasactors and rules are represented by five kiofd principles Individual
objectsare represented bindividual symbols (also called “factstgpresentindearning objecties and
prerequisites, metadata, items, and four other types of ®bpetled to describhe conference, send
mail and indexsearclservices

RESSOURCES ACTIONS ACTORS BASIC SPECIFIC
(Concepts) {Procedures) {Principles) QF.FJEE'::'S
acts

Environment
a

Prerequisites
Learning object ar L
outcoms

EXTEMDED SPECIFIC

L‘““In’ I_
objectives u

OBJECTS
RULES {Facts)
Conference {Principles) r ’
Metadata ]
.'.—\
! Mumberte ’
Send4viail b select#1 ;:' tem J
* :
F, ...'.
Search by { Time limit#1 ) Class
index - L 4 P —
o TN / On ,
l:./ Support Y { completion ) Index by CIJPJ
\__.ﬁ,ctl'lﬂty_. A ".‘._ 8 5/ I_‘=l

Figure 4- MOT+LD basic vocabulary



The same basic links as in the general MOT langueaye be appliechoweverwe had to consider a
number of new constrairston links between subtypespecified in the IMS Information and Binding
modelin order to poduce a valid XML manifest file

Figure 5underlinesthe relative complexity of the LD information modéMS-LD, 2003 but helps to
understand it betteit shows a rather straigbtward use of the componentli@k. An environment is
composed of other ginonments recursively or of othéypes ofresources, learning objectsutcomes
andbr services. Learner and staff rglaad also itemsan be organized isets ofcomponentierarcles
Methods are decomposed into plays, which are decomposed intevlicts are decomposedto role-
parts representedh our modelby role associated to thactivity at any depthfinally terminal activity

structure are decomposed into learning activities, support activities i@ference to aexternal unitsof-
learning (UoL).

Figure 5- MOT+LD link constraints

The use of input/produttP-link and precedence-link is clear and unambiguoviEhe precedence link is
usedbetweerprocedures onlpelow thePlaylevel. The I/P link is usednly below theAct level,from an

input resource to @rocedureor conversely from a procedurdo its resource outcomeThis is more
precisdy put than the specificationtself, since theLD XML file does ot distinguish between input
resourcesand outcomg whereas the outcome is a necessary ingredient of a Learning Design from a
designer’s point of view



The instatiation I-link associate learning objectives and prerequisites aomethod or to learning
activities. Activity structure, learning andgupportactivities learning and staff rokor resources (except
environment and index search) canalssociated to items pointirig a location where thghysical file of
the objectsarefound

Finally, the regulatiorR-link associate learner and staff roles #&ny environmenbr activity structure
learning or support activityr it mayassociate a time limit to any action except a methad also used
to associate a completion rule to any action exaapictivity structure an@ UoL. Thenumber to select
rule is Rlinkedto an activity structure where options areposed.

Technically, subtypes of theriginal MOTPIlusobject typesvereadded andnew graphiel symbolswith
standardized labels (as shown on figures 4 ard 8ijstinguisheach subtypdérom the othes of the same
type had to be developedhe most difficult technical part was to extend the native MOT XML schema
and toparse itinto the IMSLD XML schema.

A postvalidation mechanism wdslilt into the tranation programinformingthe designewhethera rule

of the IMSLD specification is violated andhere to find it in the modeThe number of possible
violations is reducedhile designing the modbly limiting the choice of possible links between-$yes
accordingto the constraints showam figure5. Also, some of the constraints for metadata association and
the description of the services not presented lhave been covered. Finally, many examples were tested,
including thewellknown complexXVersailles exampléseelMS 2003Best Practies) modelledn figure 6

The MOTPIus XML manifest filesvereuploadedn the RELOAD edito{RELOAD 2004, a formbased

LD editor. This exercishas shown very small discrepancies between our analysis of the specification and
theirs. Minor corrections weraade to the MOT+LD editor to arrive at the present version.

As illustrated infigure 6, he upperwindow shows that th®ethodis composed of onelay, composed of
8 Acts. Act 6 has been decomposed by a graph not shiowhre figure, composed of activistructurs
describing thenegotiationday for each country, similar to thErance NegociatioDay’ model presented
in the second model in figure Binally, each of the learning activs within this activity structure is
structurel the same way as tremaller model in the bottom right hand corriEhis model presenthe
FranceSerbia side-room discussionin an environment composed & conference servicand the
discussioractivity as well as theiitems pointing to corresponding resources.

1 A version of the MOT+LD editor is available on the CICE Web sitew(cice.ory) or on tle Unfold Web site
(http://www.unfoldproject.net:8085/UNFOL )/




Figure 6 - MOT+LD link constraints

LD Engineering Processes and Meta LD Models

A simple design process providedin the MOT+LD user guide Sevenstepsindicate the main tasks
involved inengineeringan IMSLD Unit of Learning: 1- Open an LD template 2- Add prerequistes and
learningobjectiveslinked to the Methodobjectto guide theengineeringof the UoL method3- Specify
actor roles and hierarchiespecifyingminimum and maximum for each rolé- Developthe instructional
strudure (Method, Plays, Acts and Refgarts)as defined by the LInformationMode| 5- Add items to
resources, activities, rolemddappropriatenetadatao learning objestand servicess- Savethe model as
a LD Manifest and revisaf necessaryr- Expoit the manifest to a L[Player

Obviously, these are only the main proces3éry areinsufficient to guideeffectively the processbut

they summarizehe fundamental of engineeringa LD Model Many elements are missingrerequisites

and learning objeises could be obtainedy modeling thelomain knowledge anassociating ito target
competencies. Also, the gap between entry and target competencies give designers clues on the scope of
the UoL and its corresponding knowledge model. Finally,diasussedn the last section, target
knowledge and competenstatementshelp orient designers on the types of learning strategies and
activity structures to seledtor examplegonceptual and procedural knowledge notlearntin the same

way; to acquireghe canpetencyto apply an administrative procedureléss demandinthan acquiing a
competencyo build and adaguch procedures

1C



A couple of years agdhe MISA instructional
engineering method, its operations, products and
principleswere modeled using aaarly version of
the MOT softwarePresently,a new modebf
MISA using the MOT+LD softwareis being
developedwithin the framework of the IM&D
information model.

Figure 8 represers the MISA methodas one of
many possibleengineeringmethod to createa
“Unit-of-Learning. This MOT+LD modekhows
two plays, one for Web delivery and the other for
classroom delivery.Many other plays are of
course possibleln the Classroom playonly the
first act is needed since the UoL will be delivered
directly by the professor In that case, onlythe
stes 1-2-3-4 of the aboveengineering methodre
required.

In the Web delivery play, the designer (or the

design team) will havaddtwo moreacts besides

the LD model composition. Act 2 is where the

components are itep@d to be assigned to

concrete resources, activity assignments or

participants and also where services are Figure 8 — MISA as a LD (meta)ymethod
described more precisely. Act 3 simply produces

a validated LD XML file for deliverypurposes

A general instructional engineering method like MISA needs to be adapted to many possible situations.
The preceding discussion opens the wayingestigate a variety of ways to adapt MISA as a LD
construction methodescribed as alternate “designysa In the modelin figure 9,a fragment of one of

the possible models féxct 1is modelledHere*learner roles” are replaced by “designer roles” and “staff
roles” by IMS-LD facilitator roles”

“MISA for Web delivery is presentedn figure 9 as themain activity structure inAct 1. It starts bythe

design team’preliminary analysis of training needs, target population, available resources, delivery and
cost constraints, etdollowed by four processes, again modeled as activity structures, staradlel.
Thesecorrespond téhe design team'mle-parts such aghe content expert, the instructional designer, the
media designer and the delivery specialistfigure 9, one of the roleparts is thecombination of the
Instructional DesignerRole and the Instructional ModelingActivity, the only Activity Structure
developed in this modeNote that the other activity structures on figure 9 need to be expanded in a
similar way.

The instructional modeling activity structure is the one that corresplmedtly to theengineeringf the
learning design. It is supported by a staff role where anllMSacilitator coaches designers using an
IMS-LD guide and a LD forum included in a commundif¢practice environment. Designers start by
stating instructionalorientation principles and procedd developthe UoL using an environment
composed of the MOT+LD editor, the PALOM@arning object manadgesnd the RELOAD tool. Then
knowledgeunitsand competenciese associatetd learning activities and to resourgasing metadata).

2 See Palom&O RepositoryManagerhttp://www.cogigraph.com
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Figure 9—MISA for Web delivery Act 1 — Main activities

4. Generic S kills and Learning Design s

The relation$ip between a learning design model an&@nowledge and competency mouetritical. In
IMS-LD, prerquisitesand learning objectivesan bedefined using the IMSRDCEO speiication. In
(Paquetteand Rosca 2004ve have shown thaising unstructured text to define competencies or learning
objectives is not sufficient to help guide the learning desiggineering Furthermore, competencies
should be linked to knowledganitsin the learningdomain,whereboth should beassociated to actors,
activities and resources at any level of the learning desigrthis sectionthe notion of competency
specification is elafiratedby relating cognitive skills t&knowledge our taxonomyof cognitive skillsis
defined,a way to represent theas procedural (metfpknowledge modelss explainedFurtherwe show
how competency modeling can contribute to the guidance of thintpdasignengineeringorocess.

Competency : Cognitive Skills Applied to Knowledge

To say that a person knewomething prerequisitepr that a person must acqugech or such knowledge
(learning objective)s not sufficient. What is needed iso specifya degree or a level of knowledge
mastery Thus, we definea competencysa statemerthatan "actor” has the ability tapplyto a certain
knowledgeunit, a precisecognitive skil] with aspecificdegree of “performanceh a certain context

We definea cognitive skil] asa generic intellectual, soc@ffective or psychamotor ability, such as to
memorize, to transpose, to analyze, to synthesize, to evaluate,-torgeti and so on, whictan be
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appliedin differentknowledge domam If we need moe precision, we can adddegree operformance
specifyingin which situational context the cognitive skifin be appliedn familiar or new contexts, in a
persistent or sporadic way, in simple or complex situations, etc.

Competencies state objectivestie reachedh relation tosome knowledgeor an actual statef the
knowledgethat someone posse3hey alsoidentify the cognitive skill that must be appliethy a learner
or that can bedevelopedor acquir@l through learning activities. Finally, by spiégng a performance
context, competency statementselp designers build useful learning activitiegnvironmentsand
assessment tools to help learners and traiastsheirknowledgeand cognitive skijlwhich in turn is one
way of ensuring some qualigontrol of the learning design.

Possessinga cognitive skill means thata learnercan solve a corresponding class of problems
(Chandrasekarann 1987, McDermott 1988, Steel 1%@@)example if a learner possesses a diagiwosr
classification skill, heshould be able to solve sonukagnosticor classification problems to a certain
performance levgirescribed by the contexanotherview is to seecognitive skills as active procedural
metaknowledge(generic procedusg applied to knowledgéPitrat 1991,1993) A third view considers
the association betweaognitive skills and application knowledgas objects to be learned togettseich

as educational objectigegrinciples and statemen{Bloom 1975, Krathwohl et al 1964, Reigeluth 1983
Martin and Briggs 1986. Integrating allthree viewpoints will enable us to providecognitive skills
taxonomythatmight proveuseful for learninglesign.

A Skill Taxonomy

Table 2presents an overview of the skills taxonomy progo$his taxonomy combines and adapts
artificial intelligence taxonom (Pitrat 1990, a sdtware engineering taxonomyBreuker and Van de
Velde, 1994 Scheiber et al. 1992nd two educational taxonomi€Bloom 1975 ; Romiszowski 198J).
Although the termsare not in direct correspondentable 2 distributes thenonto ten levelsthat lay the
foundatiors for our taxonomy(Paquette 1992003

In this taxonomy,cognitive &ills can be viewed according to three perspectives: agjieneric problem
solving processasprocedural met&nowledgeading onknowledgeor as a learningbjective related ta

knowledge processintask Contrary to the traditionaliew on learning objectiveshereskills areviewed

asknowledgeobjectscanbe describel, analyzel and evaluat by themselvesr in relationto knowledge
domainsof various fields.

Thetaxonomy showedh the left part of table portraysthree layers, from left to right, from the generic
to the specificterm It could be expanded to more layers for additional precidibe.first two layersra
ordered from simple to compte A detailed discussionf the validity of this orderingan be found in
(Paquette 20Q2ogether with ecise definitions and examplekeach skill.



Cognitive Skills Taxonomy Layers Active meta Generic Cognitive Skills cycle
knowledge problems objectives (Romiszowski)
1 2 3 (Pitrat) (KADS) (Bloom)
q>_, 1. Acknowledge Attention
8 2. Integrate 2.1 Identify Memorize Perceptual
8:’ 2.2 Memorize acuteness and
discrimination
3. Instantiate | 3.1lllustrate Knowledge Search Undestand Interpretation
8 | Specify 3.2 Discriminate | @nd Storage
— 3.3 Explicitate
S I= Transpose/ Translate Procedure Recall
o
) Schema Recall
o 5. Apply 5.1 Use Knowledge Use, Apply
5.2 Simulate Expression
6. Analyze 6.1 Dedwe Prediction, Analyze Analysis
6.2 Classify Supervision,
. Classification,
6.3 Pred|ct Knowledge Diagnosis
9 6.4 Diagnose Discovery
S |7 Repair Repair
O Synthesis
8. Synthesize | 8.1 Induce Planning, Design,| Synthesize
8.2 Plan Modeling
8.3 Model/
Construct
— 9. Evaluate Knowledge Evaluate Evaluation
a Acquisition
>
B 10. Self 10.1 Influence Initiation,
S:J manage 10.2 Selfcontrol Continuation,
Control

Table 2—- Taxonomies of Cognitive Skills
Representation of a Cognitive Skill

Every cognitiveskill in the taxonomycan berepresenteds a MOT procesBy a main procedure in the
metaknowledge domain which is the domainthat categorizeknowledgeand describeprocesses and
principles to transform and acquire knowled@be main procedures broken down into suprocedures
to asmany levelsas neededntil terminal procedures aréound that do not need further decomposition
For each procedure, there is also a description of input or product concepts that feechtieepemerated
by them, as well as principles that regulate the transfer of control betivegeneric procedures.
Cognitive skills or processsarethusstructured sets of generiognitive actions that can bastantiatedo
differentknowledge domainealled application domains.

In table 3,the “5.2Simulate a process” skdlla subclassof the level“5-Apply skills”, arecompared to
the level “8.3Construct a process” skdjlwhich is a subclass of the ‘8-Synthese” skills in the
taxonomy.
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Skill

I nput

Product

Process Flow

Simulate a
process

A processits
procedures, inputs,
products and contrg
principles.

A traceof the procedure :
set of facts obtained

I through the application of
the procedures in a

- Choose inputesourcesbjects (data)

- Select the first procedure to execute

- Execute it and produce a first result

- Select the next procedure and execute it

particular case - Use the control principles to control the

flow of execution

Definition
constraints such as
relaions between
inputs andproducts
of the procesand/or
requiredsteps in the
process

Construct a
process

A description of the
process: its inputs,
products, suiprocedures
with their input and output
andthe processontrol
principles.

- Assigna name to the procedure te b
constructed

- Relatethis main proceduré¢o a specific
input and productesourcerespecting the
definition constraints

- Decompose the procedynespecting the
definition constraints

- Continue to a point where well understood
small procedurearedefned

Table 3— Comparison of two generic skills

From the descriptions of teetwo generic skills, we capasilysee that derning desigraiming at the
acquisition of procedurdnowledgesuch asInformation search on the Inteti will be very different if
the goal (the learning objective) is dmnulatethatprocesr to constructit. In the first case, aumberof
walk-througls of the processwill probably be sufficient, while in the second case, a projmged
scenario wher learners and engaged in a more complex prebtdving activity is a better suited
learning strategyThe description of both processes is however just a sunerample to illustrate the
potential use of competency statements

From Cognitive Skill Models to Activity Structure s

The cognitiveskills are processeswhich areeasily represer@dasMOT modelsThe MOTplus graphon

the left sidein figure 10 ertitled “Meta-knowledge Model, provides a more precise definition of the
“Simulate a process” skillThis cognitive skill is described by its main procedures with its input (the
process to simulate) and its product (a trace of the proddéssemain procedurearedecomposed tn
subprocedures, each beirgssociated withless complex cognitive skillthat provide intermediate
products which arereused by other sytroceduresuntil the processs completedTheresulting tracean

be producedby collecting the individual products of the wdtkough On the graph, four groups of
principlesare addedo constrain concepts or control procedures in the process. Note thaidtalis
totally generic applicableto any specific knowledge domaisuch as Internet processesmnufacturing
processesor others

Figure 10 provides an example on how to baitdactivity structure based on such a cognitive skiltiel

In this activity structurelearners will simulatethe process“Search information on the Internet”
performinglearning activities similar to the sydvocedures of the “simulate a process” sKith.build the
activity structureshown on the right padf the figurelabelled “Learning Scenarigpa graptsimilar to the
generic processs modelled however, taking a “learning activity” viewpointThe specific domain
vocabularyis used, and the fivectivities areformulated in an “assignment styldbrmat As in the
cognitive skill model, the activity structustartswith a description of the process to simulate and bpds
producing a trace repoot the simulation



Figure 10- A learning scenariomodel simulating the “Search the Internet” process

Of course thdearning desigiis not yet complete. For example, resources that help learners achieve their
taskscan be addeduch as a tutorial on the structure of a request or on a final report fisonwé& might
specify somecollaboratve assignments and maybe a description of the evaluation principles that will be
usal to assess the learner's workll these additions should be guided by the skil’'s models’ sets of
principles in order to ensure insttional quality.For example the “completeness principles” can become

a checMist for the learner, or a guide for a trainer to help learners execute the simulation completely.

But the important thing here is that the generic process becomésitiang principle for the learner’s
assignments. In that way, we make sure that he exercises theoggittveskill, in this case “simulating

a process”, while working on the specific knowledge domain, thus building specific domain knowledge
and metaknowledgeat the same time.

Metadata for Learning Design Repositories

Another use of the skill taxonomy is to help identify important metadata for learning design repositories.
Recently, while working on documents to support the use of Educational Modeling Lasiguathe

IMS Learning Design specification (IMISD 2002), it was statedhat “To support reusability of good
learning designs, it is essential that libraries of learning designs can be made available as learning objects
in one or more repositories” (Padteeet al 2005)In (Koper 200%, similar preoccupationare expressed

and discussed
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It is proposed thdearning object repositories under construction in different countries should distinguish
between “content object”, “tool objects” and “process dbjethe latter including generic and specific
learning designs (or scenarioff).a growing library of these learning desigssavailable, theneuseby
adaptation tdo particular knowledge domaimsn increaseNew learning design templates could bétbu

by abstracting generic processes fratarge body of existing scenariastuating the resulting abstraction

in the framework of a generic skills’ taxonomy.

The preceding discussion opeasdoor to organizerepositoies of generic learning design tefages
related to cognitive skills that can provide a way to classify learning designs or scerayidbeir
association to generic graphic knowledgesed modelsin the beginning of the development of our
Instructional Engineering methodology, we fidgzeloped aset of such templates that have been used to
start the construction of learning scenarios in different doméinser enhancedavith a small advisory
systemassisting the designer geleding proper scenarios in different situations (Paquédtts, €994). In

the MISA documentation, later on, and in field applicaticarried ousince, we have collected a large set
of designs that need to be systematically organized as a kind of learning sep@sitoryor handbook.

A more comprehensiveollection is being createdon the corpus of distance learning courses at-Télé
universite.

These learning design templatzmbe organized as a hierarchy indexed leynthincognitive skill they
exerciseandother metadataanbe added tdurther identify the type of knowledge (concept, procedure,
principle, facts) or knowledge model involved in the LD template. For example, it is quite different to
synthesize or construct a taxonomy, or a process, or a decisiothuse@lemanding clarifications
explainingthe performance contegf the LD template

Conclusion

The systematic interpretation of competencies using dbgnitive skills taxonomycreatesa bridge
between competency profiles and instructional enginemimgany waysFor each main knowledgenit,
the gapbetween theentry oractualcompetency and the target competeatyhe learner caguide the
construction of knowledge model$ the gap is large, for exampiarting ata simple memorizing skill
targettingan evaluation skill, then the knowleglghodel will be quiteomplex moresothen if the goal is
just to increase the performance lewdthin an evaluatiorskill.

As discussedtarget competencies and thassociatedcognitive skill process modekovide a solid

foundationto engineer effetive and efficieniearning scenarioensuring some type of quality contad

well as serving as criteria for classifyingarning design template€ompetency modelalso maks it

possible tocreate activities for other actorsin the learning desigraiming to improve coordination
betweemnrolesand to offelappropriatelyadaptedesourcesn each case

In this paperwe have advanced a new strategympetency based design based on a knowledge model,
describing a design process tliatilitates designers tasks tocreatelearning designs which are multi
actor learning processes. An instructional engineering method is itself aachodtiprocess uddo
engineeother multiactor processes for learners and staff. We believe this novel use of LD cagtghed |
on alternative methodologies that walssist in implementinthe IMSLD specificationmore easily and

with a solid instructional design foundation

Learning design based oraghical knowledgemodelingis thebasisof all the discussion carried olgre.

It helps situate the components and the levels of knowledge inhviolhvee more precise and transparent
way. Our goal isnow aimed atproviding userfriendly and powerful toslto educators and designéos
increasdahe production of higher quality leang designs.
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