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Issues on Intelligent Web-Based Education:
Structuring the Subject Matter

Giovanni Adorni, Diego Brondo, Mauro Coccoli, and Giuliano Vivanet

E-Learning & Knowledge Management Laboratory - DIST,
University of Genoa, Viale F.Causa 13, 16145 Genoa, Italy

{giovanni.adorni,diego.brondo,mauro.coccoli,giuliano.vivanet}@unige.it

Abstract. The aim of this paper is to present a knowledge based model
for the design and development of units of learning and teaching aids.
The idea behind the proposed model comes from the analysis of the
open issues in instructional authoring system, and the lack of a well de-
fined process that merges a system for the knowledge organization of
the domain with a pedagogical strategy. Within this paper we define an
Educational Concept Map, a logical and abstract annotation system, de-
rived from fundamental theories of instructional design, created with the
aim of guaranteeing the reusability of the teaching materials and of the
whole knowledge structures. Authors can create lessons or entire courses
starting from an ontological structure characterized by the integration
of hierarchical and associative relationships between the educational ob-
jectives.

Key words: Web-base education, ontologies, learning content design

1 Introduction

During the last years, Web-based education (WBE) has become a very important
branch of educational technology. For learners, it provides access to information
and knowledge sources that are practically unlimited, enabling a number of op-
portunities for personalized learning and collaboration, with clear advantages of
classroom independence and platform independence; for teachers and authors of
educational material, it provides access to Web resources and authoring tools for
developing Web-based courseware. In the context of WBE, educational material
is generally distributed over a number of educational servers [1]. The authors
(teachers) create, store, modify, and update the material working with author-
ing tools on the client side. Likewise, learners use different learning tools to
access, browse, read, and consult the resources fulfilling their learning tasks.
The evolution of Artificial Intelligence (AI) during the first fifty years of this
discipline has made the AI technologies an interesting framework and tool for
supporting education processes. Intelligent Web-based education (IWBE) results
from applying intelligent technologies to WBE. However, with reference to the
application of Artificial Intelligence based technologies into IWBE, Mizoguchi
and Bourdeau [2] highlighted some open issues, namely: a deep conceptual gap
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between authoring systems and authors; authoring tools are neither intelligent
nor particularly user-friendly; knowledge and components embedded in IWBEs
are rarely sharable or reusable; the authoring process is not principled; there is a
gap between instructional planning for domain knowledge organization and tu-
toring strategy for dynamic adaptation of the IWBE behavior. The importance
of knowledge reusability and subject matter analysis have been long recognized
by instructional designers with the aim of supporting meaningful learning pro-
cesses through a careful knowledge selection, organization, and sequence [3]. A
relevant problem concerns the fact that there are no canonical representation
of knowledge structures (because any of them can be seen from different points
of view, showing different structures). As Ohlsson [4] highlighted, this fact has
such relevant implications for authoring systems that it should be stated as the
”Principle of Non-Equifinality of Learning”, according to which ”The state of
knowing the subject matter does not correspond to a single well-defined cognitive
state. The target knowledge can always be represented in different ways, from dif-
ferent perspectives; hence, the process of acquiring the subject matter have many
different, equally valid, end states”. It should be clear that a large number of
possible instructional paths representations exists and the problem is to find the
appropriate content and presentation for the specific educational purpose which
has been defined [5].

In this paper, the authors’ attention will be focused on the formal repre-
sentation of the subject matter structure (and the related educational goals) in
the context of learning environments. In addition, an Educational Concept Map
(ECM) model [6] for learning content design will be proposed.

The final goal of this research is the design and development of an authoring
environment able to support also a formal representation of the subject matter
structure. This system, CADDIE (Content Automated Design & Development
Integrated Editor), is under development at the E-Learning & Knowledge Man-
agement (ELKM) Laboratory of the Department of Communication Computer
and Systems Science of Genoa University [7]. It will exploit the ECM model pre-
sented herein for the design and the development of learning paths and related
teaching aids. CADDIE can help teachers and instructional designers at different
stages of their work: macro-design of courses or single units of learning; micro-
design, linking learning resources to related topics into the ECM; editing and/or
developing learning resources; semantic-based indexing of resources. CADDIE
will enable instructional designers and teachers to organize courses in respect of
the non-linear structure of knowledge representation that humans have in mind
so that meaningful learning processes can be significantly supported [8].

2 Related Works

Since their origins, Knowledge Representation theories have been applied in
the context of Computer-Assisted Instruction (CAI) with the aim of supporting
Intelligent Tutoring Systems (ITS) [10][11] by means of a formal representation
of: the subject matter to be taught; educational goals; the learner’s state at the
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Issues on Intelligent Web-Based Education: Structuring the Subject Matter 3

beginning and during the instructional path; and the learning model, including
learning strategies and instructional context [12]. With regards to the first issue,
Stelzer and Kingsley [13], whose work has inspired part of this study, proposed
a comprehensive theory for organizing and describing subject matter structures.
In their theory, founded on the paradigm of axiomatics, these structures are
composed by content (content elements consist of Primary Notions, Secondary
Notions, Basic Principles and Established Principles) and tasks (in order to
specify tasks, the behavioral objectives of the instruction must be known at
the beginning of any instructional design process). Moreover, they introduce the
notion of dependency between content and task components so as to restrict the
order in which contents can be presented in the course of learning processes.

Over the last decade, we have witnessed a revival of studies related to the
representation of learning content structures. The major contribution to these
topics has come from studies on Educational Modeling Languages (EMLs) [14]
and the Semantic Web field [15]; it is worth to notice that in this latter case it
has been oriented to the problem of the domain knowledge representation rather
then to knowledge structures representation for learning purposes.

An EML provides a formal conceptualization of the learning process regard-
less of instructional theories, describing learning units not only to allow software
applications to interpret an EML script, but also to promote the reuse and
the exchange of these descriptions among different e-learning environments [16].
Nowadays, IMS Learning Design [17], which evolved from OUNL-EML Educa-
tional Modeling Language (OUNL-EML) by Open University of the Netherlands
(OUNL), is probably the most widespread EML. It aims at representing the
”learning design” of ”units of learning” in a semantic, formal and machine inter-
pretable way. IMS LD specification focuses its attention on the learning scenario
as a whole and not specifically on subject matter structure representation.

Mart́ınez-Ortiz et al.[16], classified EMLs into the following categories: evalu-
ation languages (languages allowing designers to describe learning process stages
in which problem-solving or question-answering are involved in an abstract way);
content structuring languages (languages allowing designers to arrange the in-
structional resources in sequence, always taking into account learner’s needs
and performances in order to enhance learning experiences); and, finally, activ-
ity languages (languages focused on the activities during the learning process).
They defined as ”content structuring languages”: Learning Material Markup
Language (LMML) by University of Passau [18]; TArgeted Reuse and GEner-
ation of TEAching Materials (Targeteam) by Universităt der Bundeswehr [19];
AICC Course Structure Data Model (AICC-CSDM) [20]; IMS Simple Sequenc-
ing (IMS-SS) [21]; and, finally, ADL Sharable Content Object Reference Model
2004 (ADL SCORM) [22].

In the recent years, other different approaches to the learning content struc-
ture representation have been proposed [23][24][25][26]. Felix and Paloma [27]
presented a framework based on an instructional application model, called Xedu,
that provides entities representing instructional components and that will drive
the instructional design process.
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Pechenau et al. [28] proposed a theoretical model, named COUL-M (COn-
ceptual Units’ Lattice Model), for representing the domain knowledge of an
instructional system.

A great contribution to the problem of knowledge structure representation in
learning design has come from the Semantic Web field (typically, these researches
are based on an ontological approach to the conceptualization process) [2][29][30].

A learning content structure ontology should be based on several kinds of
links that represent different relationships types among subject matter topics;
the most common associations in these ontologies are ”prerequisite links”, which
represent the fact that one concept has to be learned before another, other
common relationships are traditional semantic links, such as ”is-a” and ”part-of”
(categorizing topics into classes and subclasses). In more elaborate ontologies,
the formal representation can include a vocabulary to classify educational units,
such as definition, example, or exercise [29]. Stojanovic et al. [31], referring to
ontology-based metadata in the context of e-learning environments, discuss the
use of metadata for describing the structure of learning materials.

According to them, several types of structuring relations between chunks
of learning material may be identified, such as Prev, Next, IsPartOf, HasPart,
References, IsReferencedBy, IsBasedOn, IsBasisFor, Requires, IsRequiredBy. On
the other hand, it is interesting to highlight that such a kind of metadata repre-
senting relationships appears in conventional metadata model, such as the IEEE
Learning Object Metadata [32] at the Relation level.

3 The Educational Concept Map Model

The ECM is a logical and abstract annotation model (Fig: 1) created with the
aim of guaranteeing the reusability not only of teaching materials, but also of
knowledge structures (moving the generalization level from the contents to the
definition of the contents’ schema). It derives from fundamental theories of in-
structional design which can only be briefly discussed here. According to Merrill’s
[33] and Gagné’s [34] theories, once the learner profile is known, the instructional
design process should start from the definition of a hierarchical organization of
learning objectives describing what students should know or be able to do at
the end of the instruction. This hierarchy of learning goals provides the gen-
eral framework for contents selection. The preliminary organization of learning
objectives and contents into a hierarchical structure (making logical order of
learning content explicit) comes also from the Ausubel’s theory [8]. He intro-
duced the notion of ”advanced organizer” as a way to provide the cognitive
structure, or, in other words, the mental scaffolding during meaningful learn-
ing processes. Referring to these theories, the ECM model has been developed
in an ontological structure characterized by the integration of hierarchical and
associative relationships. Firstly, it asks the authors to focus their attention on
learners’ profile (in particular educational background, learning and cognitive
styles) and objectives. Basing on these elements, the model suggests identifying,
within the discipline’s subject matter, the key concepts and their relationships
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Issues on Intelligent Web-Based Education: Structuring the Subject Matter 5

Fig. 1. Educational Concept Map Model

so as to identify the most effective strategies of contents presentation and to
support the activation of meaningful learning processes.

Educational objectives, according to the model, can be represented as Sin-
gleObjective or ComposedObjective, the former aren’t decomposable into sub-
objectives, the latter are constituted by two or more sub-objectives. Single units
of learning including topics (SingleUoL) will be associated to the first class;
while composed units of learning (ComposedUoL) including SingleUoL or Com-
posedUoL will be linked to the second class. The model is based on a hierarchical
and recursive organization (through the is-a relationship) of learning objectives
to which corresponds a layered structure (n levels with n integer positive) of con-
tents. Moreover, it is worth noticing that the relationship between an objective
and a unit of learning is always necessarily a 1:1 association (a SingleUoL cor-
responds to a SingleObjective). An Educational Concept Map can be therefore
defined by the syntax:

< ECM > ::=< UoL > +
< UoL > ::=< SingleUoL > | < ComposedUoL >
< SingleUoL > ::=< Topic >
< ComposedUoL >::=< ECM >
< Topic > ::=PrimaryTopic|SecondaryTopic

In addition, it’s possible to define propaedeutic relationships between two ob-
jectives, and, as a consequence, there will be an equal association between the
corresponding units of learning. Once the logical scheme of educational objectives
is determined, it’s possible to identify and organize the schema of contents based
on a taxonomic learning units organization (in fact, each objective is pursued
through the corresponding UoL). Then, for each unit of learning, the ontology
needs to specify the topics, the key-concepts on which the UoL is focused. Topics
can belong to the two following classes [6]:
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6 Giovanni Adorni, Diego Brondo, Mauro Coccoli, and Giuliano Vivanet

PrimaryTopic: this class identifies the ”prerequisites”, in other words the con-
cepts that the student must know before attending the course (the set of these
topics, which will not have instructional resources associated, represent the
knowledge-requirement of the course);

SecondaryTopic: this class identifies the concepts which will be explained in
the course of the unit of learning (this kind of topics will have specific learning
materials associated).

The relationship between a primary and a secondary topic is named is-primary-
topic-of. Primary topics have to be specified for each unit of learning, in order
to allow the UoLs reusability in various instructional processes. In consequence
of this the same topic could be considered as primary topic within a unit of
learning, and as secondary topic in a different one.

The relationships among secondary topics can be [6]:

is-requirement-of: it identifies a transitive and propaedeutic association among
two or more topics (e.g., it may be used with the aim of specifying the logical
order of contents);

is-related-to: it identifies a symmetric association among closely related top-
ics (e.g., it may be used with the aim of creating learning paths without
precedence constraints);

is-not-related-to: it identifies a symmetric relation of indifference between two
or more topics (e.g., it may be used with the aim of making explicit the
absence of association among topics);

is-suggested-link-of: it identifies not-closely related concepts (e.g. this rela-
tionship type may be used in order to suggest in-depth resources, internal
or external to the contents repository).

These relation types have been selected with the aim of allowing teachers
and instructional designers to create different learning paths (with or without
precedence constraints among topics). More formally, a prerequisite is defined
as follow: given a ECM and a set {t1, . . . , tk} of topics T :

ti ∈ T is defined ”prerequisite” of tn,⇔ ∃ is−primary−topic−of(ti, tn)
with n = 1, . . . , i− 1, i + 1, . . . , k

Similarly, it is possible to define the ”learning outcomes” as follow: given a
ECM and a set {t1, . . . , tk} of topics T :

tj ∈ T is defined a ”learning outcome” ⇔% ∃ is−requirement−of(tj , tn)
with n = 1, . . . , j − 1, j + 1, . . . , k

Subsequently to the ECM design, it will be possible to associate educational
resources to the single nodes (Learning Objects, text documents, audio and/or
video files, etc.) [6]. Once the resources are linked to the topics, the Educational
Concept Map can be published on the Web and the relationships suggest the
different navigation strategies of the underlying subject matter. More precisely,
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each Web page related to a topic contains link to topic(s)/page(s) which is(are)
considered prerequisite(s) on this ECM (by means of is-requirement-of relation-
ship), link to related topic(s) (by means of is-related-to relationship), link to
suggested readings/topic(s) (by means of is-suggested-link-of relationship).

Such maps can also be used to generate linearized path useful to produce
a lesson or a document about a subject matter. In this latter case a Suggested
Paths Strategy is necessary, by means of is-requirement-of relationships. Dif-
ferently from some of aforementioned EMLs, the ECM model allows authors
to define alternative learning content presentation strategies, in order to offer
personalized learning paths. The definition of this strategy, introduced also in
reply to the non-equifinality problem, derives from the Cognitive Flexibility The-
ory [35], according to which learning processes (especially in ill-structured and
complex domains) requires a multiple representations of content and the criss-
crossing of the conceptual landscape which should be revisited from different
directions with the aim of acquiring an advanced knowledge [36].

Let us to consider the following example to explain such strategy, where only
is-requirement-of relationships are used, represented as oriented arcs (see Fig:
2). Let us also consider the idea of preparing a lesson on a given argument, using

Fig. 2. Example of Educational Concept Map where only is-requirement-of relationship
is used

the previous ECM, with R as learning outcome starting from a topic D: then
the following paths (string of nodes) are possible:

(DGLPR)
(DGMPR)
(DGHIQR)
(DENMPR)
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8 Giovanni Adorni, Diego Brondo, Mauro Coccoli, and Giuliano Vivanet

Where the the maximum distance ∆max (the number of topics) between the two
topics on the graph is 4. We define, at this point, a Topic Aider (TA) as a chunk
of knowledge (for instance, an example, an integrative reading, an exercise, a
self evaluation test) somehow useful to complete the description of a topic or for
a better understanding of the topic itself.

The Suggested Paths Strategy works as follow:

1. For every path between two nodes, and for every node of the above path,
reading the string from left to right do:
(a) insert before a node on the string all the possible subpaths from Prima-

ryTopics to that node, reading the graph from top to bottom;
(b) prune: reading the new string (as generated at step 1.a) from left to right,

delete possible node repetitions (keep only the first letter of a node);
(c) compute the real distance ∆Sij on the string of every contiguous node

(nodes with ∆ = 0) of the graph;
(d) insert suggestions if a string exists with ∆Sij > ∆max, insert a sugges-

tion for a Topic Aider of the node i (TAi) before the node j;
2. Order of the suggested paths: order the generated strings following the cri-

teria of: number of ∆Sij > 0, and on equal terms for increasing
∑

∆Sij .
3. Allow the user to choose one of the path of the list at step 2.

Referring to the previous example we will have:

A D G L B E N M P C H I Q R
!

3
! !

4
!

!
4

!
!

4
!

!
7

!

On the base of previous step 2 the
∑

∆ij = 3 + 4 + 4 + 4 + 7 = 22. On the
base of previous step 1.d, the Suggested Path is:

(ADGLBENMPC[TAG]HIQR)

And so on with the other possible paths shown in (3).

A D G B E N M L P C H I Q R
!

2
! !

1
! !

4
!

!
3

!
!

4
!

!
7

!

On the base of previous step 2 the
∑

∆ij = 1 + 2 + 3 + 4 + 4 + 7 = 21. On
the base of previous step 1.d, the Suggested Path is:

(ADGBENMLPC[TAG]HIQR)

A D G C H I Q L B E N M P R
!

1
! !

6
!

!
4

! !
4

!
!

7
!

!
8

!
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On the base of previous step 2 the
∑

∆ij = 1 + 4 + 4 + 6 + 7 + 8 = 30. On
the base of previous step 1.d, the Suggested Path is:

(ADGCHIQLB[TAD]EN [TAG]MP [TAQ]R)

A D B E N G M L P C H I Q R
!

1
! !

1
! !

1
! !

4
!

!
3

! !
1

!

On the base of previous step 2 the
∑

∆ij = 1 + 1 + 1 + 1 + 3 + 4 = 11. On the
base of previous step 1.d, the Suggested Path is:

(ADBENGMLPCHIQR)

The Suggested Path List among which the user could choose is:

1. (ADBENGMLPCHIQR)
2. (ADGBENMLPC[TAG]HIQR)
3. (ADGLBENMPC[TAG]HIQR)
4. (ADGCHIQLB[TAD]EN [TAG]MP [TAQ]R)

We don’t have a single path (the ”best” according to some minimum principle)
but a list of paths to suggest to the author leaving the final choice to the author
him/herself, is to answer to the non-equifinality problem posed by Ohlsson [4].
The ”suggested” order lists is on the base of the principle of reducing as much as
possible the distance of two topics of the list which are contiguous on the graph.

4 Discussion and Future Work

An Educational Concept Map allows creating learning paths and instructional
resources more easily interoperable and reusable, because the concept represen-
tation is independent of its implementation. The same concept network could
be used for designing different courses. It might be thought to the possibility of
delivering a course whose content needs to be personalized according to different
learners (with different educational objectives, skills and pre-knowledge). In this
scenario, the ECM holds steady, and what changes are the specific instructional
resources associated.

Once the ECM logical model has been defined, the ISO/IEC 13250 Topic
Maps [9] standard has been selected as knowledge representation language for
its implementation. Topic Maps (TM) are an ISO multi-part standard designed
for encoding knowledge and connecting this encoded knowledge to relevant infor-
mation resources. The standard defines a data model for representing knowledge
structures and a specific XML-based interchange syntax, called XML Topic Maps
(XTM). The main elements in the TM paradigm are: topic, association and oc-
currence. According to ISO definition, a topic is a symbol used within a topic
map to represent one (and only one) subject, in order to allow statements to be
made about the subject. An association represents a relationship between two
or more topics. An occurrence is a representation of a relationship between a
subject and an information resource. Therefore, two layers can be identified into
the TM paradigm:
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10 Giovanni Adorni, Diego Brondo, Mauro Coccoli, and Giuliano Vivanet

– the knowledge layer that represents topics and their relationships, allowing
to construct the ECM model;

– the information layer that describes information resources, to be attached
to the ECM topics.

Graph linearization is another relevant issue which needs to be considered, to
take into account technological constraints regarding, for example, the respect
of standards requirements (such as the ADL SCORM), and in order to support
the learning process tracking of a LMS. The relationships used in the previously
discussed model can be automatically processed and linearized, with the aim of
extracting different learning paths.
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18. Süß, C., Freitag, B.: LMML - The Learning Material Markup Language Framework.
In Proceedings of International Workshop ICL, Villach, Austria http://www.im.
uni-passau.de/publikationen/SF02/SF02.pdf (2002)

19. Teege, G.: Reuse of Teaching Materials in Targeteam. Universal Exchange for Pan-
European Higher Education. http://www.eurodl.org/materials/contrib/2002/
7teege/teege.htm (2004)

20. AICC Aviation Industry CBT Committee: CMI Guidelines for Interoperability.
Revision 3.5 release 2 Apr 2001. http://www.aicc.org/docs/tech/cmi001v3-5.
pdf

21. IMS Global Learning Consortium: IMS Simple Sequencing Information and
Behavior Model. Version 1.0 Final Specification. http://www.imsglobal.org/
simplesequencing/ssv1p0/imsss_infov1p0.html (2003)

22. ADL Advanced Distributed Learning SCORM: SCORM 2004 4th Edi-
tion Version 1.1 Documentation. http://www.adlnet.gov/Technologies/scorm/
SCORMSDocuments/2004\%204th\%20Edition/Documentation.aspx (2009)

23. Gutiérrez, S., Pardo, A.: Sequencing in Web-Based education: Approaches, Stan-
dards and Future Trends. In Jain, Lakhmi C., Tedman, Raymond A., Tedman,
Debra K. (Eds) (2007). Evolution of Teaching and Learning Paradigms in Intelli-
gent Environment. Studies in Computational Intelligence, Vol. 62., 83117. Springer
Berlin Heidelberg (2007)

24. Albert, D., Stefanutti, L.: Knowledge structures and didactic model selection in
learning object navigation. In Hesse, F.W., Tamura, Y.: The Joint Workshop of
Cognition and Learning through Media-Communication for Advanced E-Learning
(JWCL), pp.1-10 (2003)

25. Aroyo, L., Dicheva, D., Cristea, A.: Ontological Support for Web Courseware
Authoring. In ITS02, Intelligent Tutoring Systems, LNCS 2363, Springer, 270-280
(2002)

26. Albano, G., Gaeta, M., Ritrovato, P.: IWT: an innovative solution for AGS e-
learning model. In: International Journal of Knowledge and Learning (IJKL), 3(2/3):
209-224 (2007)

27. Félix, B., Paloma, D.: A Framework for the Management of Digital Educational
Contents Conjugating Instructional and Technical Issues. In Educational Technol-
ogy & Society, 6 (4), 48-59. http://ifets.ieee.org/periodical/6_4/6.pdf (2003)

IV Workshop of the Working Group on “AI & E-Learning” - Reggio Emilia, December 12, 2009 

61



12 Giovanni Adorni, Diego Brondo, Mauro Coccoli, and Giuliano Vivanet

28. Pecheanu, E., Stefanescu, D., Istrate, A., Dascalescu, D.: Conceptually Modeling
the Domain Knowledge For Assisted Learning in an IT Discipline. In Pernin, J.P.,
David, J.P., Michau, F., Peyrin, J.P.: International Conference on Computer Aided
Learning in Engineering Education, pp.215-220 (2004)

29. Pahl, C., Holohan, E.: Applications of Semantic Web Technology to Support Learn-
ing Content Development. In Interdisciplinary Journal of E-Learning and Learning
Objects, Volume 5, Dublin City University, Dublin, Ireland (2009)

30. Chi, Y.L., Lee, H.M.: Building Conceptual Knowledge for Managing Learning
Paths in e-Learning In Knowledge Science, Engineering and Management. Springer
(2006)

31. Stojanovic, L., Staab, S., Studer, R.: E-learning based on the Semantic Web. In:
WebNet2001-World Conference on the WWW and Internet (2001)

32. IEEE Learning Technology Standards Committee: IEEE Standard for Learning
Object Metadata. http://ltsc.ieee.org/wg12/ (2002)

33. Merrill, M.: First Principles of Instruction. ETR&D , 50 (3), p. 43-59 (2002)
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