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Abstract. In the last few yeas the problem of developing sequencing o
course material has become an important reseach isaue, particularly the stan-
dardization o metadata for educaional resources. Our work aims at provid-
ing an environment of authoring and presentation d pedagogcd multimedia
contents adapted to the end-user. This environment must increase the produc-
tivity of the teader by suppating the reuse of contents already developed in
other contexts (by him/her or others). This goal is achieved by means of a
model of educational comporents. In this paper, we define aset of operators
used to buld courses by assembly of comporents. The murses thus defined
are then instantiated for ead learner acrding to hig’her profile. To classfy
component our approach uses an ortology to describe the domain model,
where eat nocde represents a aoncept. There exists ®vera kinds of hierarchi-
cd andrhetoricd relationships between concepts in the domain model.

1 Introduction

With the widespread adoption d Internet and web techndogies, new forms of edu-
cational applications are gpeaing. We can easly ndice that leaning paradigms
are changing. Not only learning anytime and anywhere is required, but also flexible
leaning environments that allow to leaners to adapting courses acwrding to their
personal preferences and sKill s.

The disemination d knowledge on Internet requires the availability of teading
contents adapted to dfferent puldic. The commercial propasals currently existing
fadlitate the generation d courses. However, these propcsals could na satisfy the
keen and pressng cemand market. Indeed, with ead credion o course, the cntents
are ompletely redefined. However, the fast development of techndogies in the
field of the Internet and the Web all ows exchanging information more dficiently.
The aithors of course reuse increasing external documents and want to effedively
reuse [3] their own dacuments (entirely or partly). Smart-leaning projed [1] pro-
poses an approach based onthe generic course nation to conceive pedagogcd se-
guences. The goal of our work isto provide an environment of authoring and celiv-



ering d teading contents adapted to the endruser [2] by combining components
(cdled teading dojeds [9]). These cmmporents, available on the Web, could be
accessd, and exchanged between teaders belongng to a community. All these
comporents will constitute a @mmon hkase of knowledge, thus encouraging the
sharing d the teaching resources [6].

Our system of training is based onthreemodels. the domain model which represents
the @ncepts covered by the curses, the user model which keeps the profile of
leaners, the educational comporent model which describes comporent contents
related to the domain model. The delivering process uses these three models to se-
led the most adapted comporents and to gather them in a wherent way acordingto
the teading oledives and leaner's profile. In this article, we emphasize on the
pedagogcd model and the aithoring and celivering processs. In sedion 2 we
position ou approach to related works. Sedion 3 gves an overview of our propcsal
focusing onthe domain model. The sedion 4 dscribes educaional comporent
model and its asociated composition medhanisms. Sedion 5 pesents authoring and
delivering processes and finally, a conclusionis propased in sedion 6

2 Related Works

A Leaning Management System (LMS) is a high-level, strategic solution for plan-
ning, delivering, and managing al | eaning events within an arganizaion, including
online, virtual clasgoom, and instructor-led courses. The focus of aLMSisto man-
age leaners, keeping track of their progress and performance acoss al types of
training adivities, but is nat generally used to crede murse @ntents. In contrast,
the focus of a Leaning Content Management System (LCMS) is on course mntents
credion. It gives authors, instructional designers, and subjed matter experts the
meansto creae eleaning contents more dficiently. The primary businessproblem
a LCMS solves is to crede just enoughcontent just in time, to mee the needs of
individual leaners or groups of leaners. Rather than developing entire murses and
adapting them to multiple audiences, instructional designers crede reusable mntent
chunks and make them avail able to course developers throughou the organization.
This eliminates dugicate development efforts and all ows for the rapid assembly of
customized content.

Asthe very first work in the field of LCMS, the principal goals were fixed: adapta-
tion (to leaners), flexibility (rather than precompasition fixed) and the scadability
(indwstrial prodiction withou propartional cost). An answer can be foundwith these
three goals using the mncept of pedagogcd comporent. This concept was arealy
largely studied and certain standards exists (Dublin Core [18], LOM [16], SCORM
[19], ARIADNE [20]). All these works are conwverging to the ideaof leaning do-
jeds, which must spedfy their contents using bah descriptive metadata and more
semantic information. The former contains generic information such as authors, type
of media used, whereas the last describes pedagogcd objedives, what the leaner
will understand a be ale to accomplish uponcompletion d the leaning, some
medhanism of evaluation to measure whether or not the goal was achieved and a



description of the content. These standards allow right now the definition of plat-
forms of learning resources sharing, thus supporting the creation of a collective
intelligence [22]. However, these standards do not fully take into account the se-
mantics of the components and do not precisely describe the composition of the
learning objects.

Hypermedia systems also address the issue of adaptation to end-users. Adaptive
hypermedia learning systems use the results of the research undertaken in the field
of Intelligent Tutoring Systems (ITS) and of the hypermedia [2], keeping the
strengths and avoiding the weaknesses of each approach. ITS-style interests look to
replace teachers by intelligent computer programs that automatically select and
sequence learning objects for students. ITSs control the overall process of training.
This global control forces the authors to define courses completely and dedicateto a
very limited public. Learners feel very constrained. The hypermedia exploits the
multi-media nature of their resources. They propose, on the opposite, to leave learn-
ers free navigation during the course. The major disadvantage isthat it isimpossible
to control the process of training. These two approaches are excessive.

The adaptive hypermedia learning systems try to define the medium between con-
straining users, limited to actions necessary to achieve teaching objectives and the
complete freedom of learning. InterBook [21], one of the first examples of adaptive
hypermedia, is dedicated to computer programming training. It proposes to navigate
in a course using adaptive annotations (showing the educational status for each tar-
get: "ready for training”, "recommended”, "not ready"). It introduces a domain
model (ELM-ART)[4]. Multibook [13] concentrates on user adaptivity with a focus
on multimedia elements. It proposes to model users using four dimensions (learning
aim, background knowledge, teaching method, contents type). These systems have
good functionalities but this approach is difficult to scale.

3 Overview of our proposal

This section presents the logical architecture of our system. It is based on the refer-
ence model for the adaptive hypermedia applications: AHAM (for Adaptive Hyper-
media Application Model) [15], which is an extension of the Dexter hypermedia
reference model.

The division into Domain Model (DM) and User Model (UM) provides a clear sepa-
ration of concerns when developing an adaptive hypermedia application. After a
presentation of the DM, we will describe the UM.

To present our approach, we illustrate in Fig. 1 the three levels of modeling we have
defined.
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Fig. 1. Modelinglevels

3.1 The Domain M odel

Our approach wses an ortology to represent al concepts from the knowledge do-
main. The ontology contains a hierarchica description d important concepts in the
domain. Thus, additional relations between concepts may be defined using rhetori-
cd relationships.

Let the domain model be a graph G = <C, A>, where C are nodes representing con-
cept from the domain model and A are acs representing relationships between two
concepts. There aetwo kinds of passble relationships.

3.1.1 Hierarchical relationship

We define ahierarchy T, for each spedfic domain (Fig. 2) (Computer Sciences,
Biology, Eledronics, Physics, etc.). This one is defined usng the
"broader/narrower" relationship. Concept A is broader than concept B whenever the
following hdds: in any inclusive seach for A al items deding with B shoud be
found Conwversely B is narrower than A [5].

All concepts inside the hierarchy T, except roat concept, must have arelationship
“is-narrower-than” with ore axd orly one concept. All concepts insides the hierar-
chy T, can have zeo or many "is-broader-than" relationships. The root in eac T,
hierarchy is the most general domain concept and the leaves are the most spedfic
domain concepts, i.e. nodes having zero "is-broader-than" relationships.



3.1.2 Rhetorical Relationship

Two domain concepts have a rhetorical relationship if this one exists independently
of how both concepts are developed. Preparation relationship is a contra-example,
because it depends on how authors explain each concept. For example, whereas
component A requires preparation in concept B and concept C; other one, develop-
ing the same concept, can require only preparation in concept A, because its author
only develops an introductory level about this subject.

There is a set of predefined rhetorical relationships took from [10]; however, the
system administrator can extend these ones.

a) Antithesis: concept A is an antithesis to concept B. Conversely concept B is an
antithesis to concept A.

b) Background: concept B is a knowledge that provides facilities to understand con-
cept B.

c¢) Contrast: concept A is an alternative theory for concept B. Conversely, concept B
is an aternative theory for concept A.

d) Extend: concept A develops and adds new elements to concept B. Conversely,
concept B is extended by concept A.

€) Restatement: concept A is a re-expression of the Concept B. Conversely, concept
B isre-expressed by concept A.

At authoring-time, these kinds of relationships supply pedagogical helps; they pro-
vide information about global coherence among different concepts. In thisway, it is
easier to define alogical sequence for conceptsin a course.

Relationships
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Fig. 2. Domain model fragment for Computer Science

An important point designing our system is to choose an adequate formalism for its
representation. We have chosen to use a Description Logic (DL). DL languages are
one of the most popular knowledge representation systems [11]. The interest of this
formalism is that it offers a good balance between simplicity and expressive power.
Besides it offers some reasoning mechanisms such as automatic concept classifica-
tion or subsumption which are very interesting in our approach.



We use DL to represent knowledge & different levels: the domain concepts level,
and the comporents level. The principal advantages of this approach is to suppy
pedagogcd helps at authoring time, to fadlit ate the seach of comporents using a
high-level query language and to simplify the ald o a new comporent by dving
possble relationships between this one and the existing ores.

3.2 The User Model

Adaptive leaning systems may adapt to the learners experience, knowledge, goals,
or preferences [4, 14]. We have considered the last three apedsin the design d our
User Model (UM).

The UM is an owerlay model [7], which contains individual information about eat
leaner. Some of this information is given staticdly by the user (e.g. his’her graphi-
cd preferences) while some others can be catured o modified dyramicdly by
analyzing his/lher behavior (e.g. his’her level relative to the concepts). For eadh
leaner we maintain an evaluation d higher level relative to ead concept. A UM
can be define with the coude:

UM =<preferences, domain-level> with preferences = {<attribute, value>}

and domain-level ={<learner, role, concept , educational -state>}

where learner corresponds to the user Id, the role is optional, it isalink between a
concept and an educationa comporent (e.g. introduce, defing). A concept is taken
from the domain-model, educational-state is one value in (‘not-visited', 'visited',
knowledge-level) and knowledge-level is a level among the set {'very low', 'low’,
'medium’, 'high’, 'very high}.

If we have no information abou the user, stereotypes are used. These ones are pre-
defined by system administrator taking into acourt the student popuation charac-
teristics.

4 The Educational Component Model

This dion pesents the formal definition o an educaional comporent and the
different operators that allow the construction d more cmplex comporents. The
semantic of these operators is described to determine the rules of coherence when
the comporents are combined.

4.1 Educational Component

An Educaional Comporent is a unit of composition with an interface providing
information abou requirements for its use, couding, or replacement during the
techndogy-based leaning. This unit can be used independently or for composition
by third parties.



A component can be primitive (atomic) or composed (structured). It is related to a
concept by specifying the role it plays in this concept. A component can play sev-
eral rolesin a concept and it can be attached to several concepts. It means that the
component develops one or several aspects of the concept.

It should be noticed that the component granularity is fixed by its author and that we
do not define any constraint on this even if a fine granularity will imply a better
reuse of the component.

A course followed by a learner corresponds to the instantiation of a component ac-
cording to hig’her profile (Fig. 1).
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Fig. 3. An Educational Component

A component is described by a set of metadata:

Component-Metadata=<Coid, Educational-Characteristics, Composition, Seman-
tic> with the following definition:

Coid isthe component unique identifier in Database D.

Educational-Characteristics isa set {M}, i = 1...k. where M, = <tag, value>. This
set is used to describe non-functional properties for the components. Our approach
uses Learning Object Metadata [16] (e.g. <"title", "Relational Databases'>, <"au-
thor", "Dupont™).

Composition is null if the component is primitive or is an acyclic directed graph
denoted by a canonical expression (see Fig. 4) if the component is structured.
Semantic is defined by the tuple <Contents, Input, Output> described in the follow-

ing.

4.1.1 The Component Contents

Contents = {Rc}, where Rc = <Coid, {role}, concept>. The set of rolesis included
in the set R={"analyze", "apply", "compare", "define", "demonstrate”, "describe",
"evaluate", "experiment”, "history”, "illustrate”, "introduce", "summarize'}. These

roles are based on the Educational Ontology [12].



Examples: <C,, {"define"}, "Data-Model" >
<C,, {"define", "evaluate"}, "Data-Model ">
<C,, {"introduce"}, "Data-Model ">

4.1.2 The Component I nput

A prerequisite relationship is a relation between one component and one domain
concept. It means that, during the learning process, a user must know this concept
before using the component. Each component C, has a set of prerequisite relation-
ships. Each relationship is represented by the tuple:

Rp = <Caoid, {role}, concept, knowledge-level> where knowledge-level take one of
the following values: {"very low", "low", "medium", "high", "very high"}.

Example: The relation <C,, {"define"}, "first order logic", "high"> defines that
component C, requires preparation at "high" level on “first order logic" concept with
"define” role.

4.1.3 The Component Output

The output is defined by an acquisition function. This function maps for each couple
(c, r) concept and role defined in the contents of the component C, two possible
values. either new tuple is added in the user model <c, r, new-value> or a FAIL
value is returned.

For example, if the component C,, is validated, the couple ("Data-Model", "define")
belonging to the C,, contents is added to the user model with the value "medium"
(<"Data-Model", "define", "medium">).

4.2 Composing Educational Components

A structured component is an acyclic directed graph whose nodes represent primi-
tive or structured components and the arcs represent a crossing condition.

A course then becomes a set of components interconnected by didactic relations
making it possible to keep coherence, to define the order of the topics and to adapt
the course. This composition is obtained by applying operators of composition of
learning components.

4.2.1 Component Operators

We formalized different operators of composition allowing to build (possibly recur-
sively) a complex component starting from primitive components (or of structured
components in the recursive case).

Canonical operators

(i) sequence: (C SEQ C) learners have to access components C and C, C, can be
accessed only if C, is successful;

(i) parallel: (C,PAR C) learners have to access components C and C, C and C, can
be accessed independently;



(i) alternative: (C, ALT C) learners have to access component C, or C,.
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Fig. 4. Example of a structured component

The example shown in Fig. 4 can be expressed with an expression:
C,, = C, SEQ (C,ALT(C, SEQ (C, PAR C))))

Aggregation operator:

(C AGG C) isahigh-level operation (such as components merging) which can not
be handled (in certain cases) by canonical operators. Aggregation operator is used to

merge two components with a merging condition.

Example: if we consider the following component C,,=(C, SEQ C.), the expression
C, AGG C, (C,.C, SEQ C,.C,) means that the component C, of the structured
component C,, is attached to the component C, of the structured component C,,. We

then obtain a new component visualized in Fig. 5.

Ci10 AGG G (€4C, SEQC,Cy

Cs

c, |seq

C;

Fig. 5. Example of aggregation

4.2.2 Semantic of the operators

When the components are composed, it is important to process the new entries and
exits of the resulting component automatically. The rules that guarantee the coher-
ence of the built components are listed in the following table.




Table 1. Semantic of the operators

Prerequisite Acquisition
CseqC pre(C) aq(C) O ag(C)
catcC Min(pre(C), pre(C)) Min(ag(C), aq(C))
C par C pre(C) O pre(C) aq(C) Dag(C)
Cagg C pre(C) ag(C) O aq(C)

For example, the prerequisite of a sequence of components is equivalent to the first
component' s preequisite.

4.2.3 The Component Properties

These properties define strong dependent components:

(i) cause-effect relationship (C, > C): C isthe effect of C ;

(ii) achievement relationship (C, < C): In order to achieve C, it is necessary that C
happens.

These properties will be used by the system during the authoring process.

4.3 Failure Handling

Previous expressions do not handle unsuccessful component access. We introduce
the notion of failure to explain what happens when a learner does not validate a
component [8]. A component is unsuccessful when its acquisition function returns
FAIL. We introduce the negation (noted —) to write an unsuccessful component.

Failure expression:

-~C SEQC:: after afailureof C try C;

-~ C": after afailure of C, try it again n times (almost);

- C, SEQ FAIL: after afailure of C, propagate the failure to the overall component.

ClO
Cs -SEQFAIL C,
o
c, c, se ar
se
3 g C4
|, success
-------- » failure

Fig. 6. Example of visual expression of failure

In the example shown Fig. 6 the visual expression has the following meaning:
-~C/: after afailure of C, try 3 timesagain;



- C, SEQ FAIL: after afail ure of C,, propagate failureonC,;

- (C, PAR C,) SEQ C,: after afailureon (C, PAR C) try C,.
If the handiing d failure is siccesful the composition continues as if there was no
failure. In the other case, the fail ure is propagated to the overall comporent.

5. Authoring and delivering processes

We distinguish two main processes. the aithoring processwhich alows to add rew
comporents and the delivering processwhich allows to seled and adapt a course to
a spedfic leaner. The delivering process sippats two main leaning strategies:
goals-based and course-based. To the former, the leaner chocses a spedfic concept
(or combination d concepts), whereas to the last, the leaner chooses a spedfic
component.

5.1 The authoring process

We can dstinguish these diff erent cases:

— The adition d a primary comporent. It consists of describing the different meta-
data of the new comporent (prerequisites, contents, aaquisition, leaning charac-
teristics);

— The adition d a structured comporent. The aithor has to define the canoricd
expresson dencting the composition d the omporent. The system can infer the
description o this gructured comporent using the semantic of the composition
operators;

— The seach o a comporent for a spedfic objedive expressed bya wnjunction o
domain concepts. The system seaches if an existing comporent will satisfy the
objedive. A comporent satisfies the objedive if its aoquisitions are asuperset of
this one. If the seach failed, the aithor can creade anew comporent satisfying
the objedive reusing existing comporents (he/she can use the seach tod to se-
led comporents enforcing alesser objedive) and/or adding rew ones.

These tasks are mainly based on inference mechanisms proposed by description
logic. For example, a seach criterion can be expressed by a DL expresson.

Example:
Let suppcse that an author wants to find comporents having concept “Relational
Model” with role “define” in their contents: [(define.Relational-Model

The expressve power of DL all ows expressng qeries based onconcepts and roles.



5.2 The delivering process

In a course-based model, a learner chooses a comporent in the comporent base and
the system has to adapt this comporent to the leaner’slevel and preferences. Due to
the dternative (ALT) operator, a set S of canonicd expressons may be generated
from the comporent definition. The next step consists in removing from S all ca-
noncd expressons that do nd satisfy the leaner level and preferences. If after this
last step, S contains everal canoricd expressons, we can leave the final choiceto
the user in an interadive way.

Satisfadion can be defined using subsumption in DL. A comporent satisfies a
leaner level, if its prerequisites sibsume the learner level.

Example:

— [define.Relational-Model defines the seach expresson d the learner and returns
the set {Clz' C48' Cloa};

- the system expands the comporent definition o these comporents and returns the
st {C,, C,., C,", Cpos» Cioss Cos} Where C/ stands for canorica expresson j of
comporent C,;

- the system filters this st with the learner level and returns the set {C,/, C
C1032} '

- the system filters with the leaner preferences and returns the set {C,,,'};

- comporent C,,' is delivered to the leaner.

1
1037

In a goal-based model, aleaner chooses a concept (or a wmbination d concepts) in
the teading model and the system has to choose in the comporent base the compo-
nent, which maps the chosen concept. If this comporent satisfies the learner level,
the system has just to adapt it to the learner preferences. If the comporent does not
satisfy the leaner level, the system has to determine the difference between the
leaner level and the comporent prerequisite and then seacch (reaursively) for a
comporent, which corresponds to that difference

If there is no comporent correspondng to the dhosen concept, the system has to
propcse some dternatives (for example seaching for a more general concept).

6 Conclusion

In this paper, we have presented an educaiona model for reusable teading ele-
ments. This model all ows describing a teading damain, users and comporents. We
define an ortology to suppat a general classficaion by concept, to supdy peda-
gogcd helps at authoring time, and to fadlit ate the seach of educationa compo-
nents. Comporents are described by metadata, which integrate their semantics (pre-
requisites, aqquisitions, contents) and educational charaderistics (coming from the
LOM standard proposal). Primitive comporents can be combined using ogerators,
which have aformal definition. Using these models, the system is able to assst the



authoring processwith a sophisticaed search tod and to dffer an adaptive delivery
of courses.

Our approach extends works on standardizaion o leaning resources (LOM [1€],
SCORM [19)) in adding a better description d the semantics of leaning resources.
Besides, these gproaches do nd propase amodel of composition and consequently
canna handle an adaptive delivering process Intelligent tutoring systems [2] pro-
pose semantic models, which are dedicated to a spedfic domain and to spedfic
leaning models. These gproadcies are difficult to generalizeto handle large mrpus
of courses and canna reuse eisting courses.

We till have severa pointsto investigate. First, we have to better define our author-
ing and delivering processes using descriptive based-logic formalism. Some experi-
ments are needed to validate our propcsal. We ae developing a prototype of our
system. The airrent version arealy suppats the comporent model with the associ-
ated operators and a simplified authoring process
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