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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.
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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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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 FEstablished 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.

Martinez-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 Universitat 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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