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Abstract. This paper investigates basic research issues that need to be
addressed in order to reuse learning objects in a flexible way. We propose
an ontology based approach. Our ontology for learning objects defines
content structures and relationships between their components. A con-
ceptual framework for structuring learning objects and their components
is introduced. Architectures like Horn’s Information Blocks and the Dar-
win Information Typing Architecture are investigated as an approach to
define learning object component types.

1 Introduction

Learning objects are often regarded as traditional documents. The interest is
to re-use and re-purpose the learning object in its entirety. In many cases, a
paragraph, a sentence or an illustration of a document is re-used by copy and
paste in new and different documents. However, it is possible to reuse learning
objects in a much more sophisticated way if we can access the components of a
learning object and re-purpose them on-the-fly. This requires a more innovative
and flexible underlying model of learning object components [DH03]. In earlier
work we developed an abstract model that defines a framework for learning
objects and their components [VD04]. Much more detail is required in order to
develop a flexible architecture that enables on-the-fly composition of learning
objects. It is necessary to develop an architecture that enables:

– Structuring of learning objects and their components
– Interactions between learning objects and their components

Separating structure from content is an important step towards reusability. In
this paper we will focus on structural aspects of learning objects and their com-
ponents. In the next section, we briefly outline our abstract learning object
content model. In section 3, we further detail this content model and introduce
a conceptual framework for an ontological approach for structural aspects of
learning objects. Information architectures, like Horn’s Information Blocks and
the Darwin Information Typing Architecture, are introduced in order to define
learning objects and their components in a precise way. Conclusions and remarks
on future work conclude this paper.
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Fig. 1. Abstract Learning Object Content Model

2 Abstract Learning Object Content Model

We developed an abstract model that roughly outlines learning objects and their
components [VD04]. Figure 1 illustrates the model. We distinguish between:

– content fragments
– content objects
– learning objects

Content fragments are learning content elements in their most basic form, like
text, audio and video. They represent individual resources in isolation. Content
objects are sets of content fragments. They aggregate content fragments and
add navigation. A content object can include other content objects. At the next
level, learning objects aggregate content objects and add a learning objective.
Various learning object content models, like the SCORM Content Aggregation
Model1 and the Learnativity Content Model2 are more or less a specific profile
of our abstract model. We need this general model to develop an architecture
that allows interoperability of learning objects and their components developed
within a different content model. It would be nice if a SCORM learning object
can reuse learning object components of a CISCO3 learning object and vice
versa. In the next section, we will further detail our model.

1 http://www.adlnet.org/
2 http://www.learnativity.com/
3 http://www.cisco.com/
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Fig. 2. Content Fragment Classification

3 Learning Object Ontologies

Separating structure from content is an important step towards reusability.
Learning Object Content Models provide a common representation of learn-
ing objects and their components. Fine-grained descriptions of these learning
objects and components are needed to allow for interoperability and on-the-fly
composition. For example, if a learner needs a graph, it should be possible to
search at component level rather than having to guess what type of learning
object might contain a graph.

We will focus on structural aspects of learning objects and introduce a con-
ceptual framework for an ontological approach. In this way, structured content
with proper and consistent semantic labels can be created so that applications
can understand the structure. The benefits of an ontological presentation lie in
the capabilities of explicitly defining concepts, their attributes and relationships
[QH04]. Thus, an ontology based approach can help us to more strictly define
the learning object components we outlined in section 2.

3.1 Content Fragments

We can take our general learning object content model as a starting point to de-
velop a learning object ontology. An ontology used to describe content fragments
can make an early distinction between classes that describe continuous elements
and classes that describe discrete elements. Subclasses of continuous elements
can be audio, video, animation, etc. Discrete elements can be subdivided in still
images, graphics and text. Figure 2 illustrates this classification.

3.2 Content Objects

Content fragments can be aggregated into content objects. Defining an ontology
for content objects includes the definition of content structures and relation-
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Fig. 3. Content Objects

ships between their components. Figure 3 represents two content objects, their
components and relationships between them. In the next section, we introduce
approaches to define these content structures and relationships in a precise way.

Information blocks. An ontology for content objects can be based on ’infor-
mation blocks’ developed by Horn [Hor98]. Robert Horn is often referred to as
”the man who kicked the paragraph out of writing” [Nam00b]. He replaced the
paragraph by a block, a chunk of information that is organized around a single
subject, containing one clear purpose. A block can contain text, a list, a table,
a graphic, an audio sequence, a video sequence etc. Horn has defined about 200
types of information blocks, including analogy, checklist, classification list, com-
ment, definition, objective, synonym and theorem. He developed these categories
based on seven types of information:

1. procedure
A task or number of steps leading to a result

2. process
Explanations, describing why a task or process is done

3. structure
Descriptions, describing the structure of a physical, material object

4. concept
Definitions and examples

5. principle
A policy, rule telling what is allowed and what is not

6. fact
Physical characteristics, proposition without proof or argumentation

7. classification
Types of categories, sorting units into classes

The Darwin Information Typing Architecture (DITA). Content object
types can also be based on the Darwin Information Typing Architecture (DITA).
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Fig. 4. DITA [Nam02]

DITA building blocks are, like Horn’s information blocks, chunks of information
organized around a single subject. Each building block has its own information
type. DITA has four primary information types, a generic topic and three core
information types [Pri01]:

– Concept
An extended definition of a process, a function, an organization, an applica-
tion, a theme, ... Typically a concept contains a title, some text, and maybe
an example or a graphic.

– Task
A number of steps, describing how to do something.

– Reference
An overview of the constituent parts, a reference contains mostly data-
oriented information that is often stored in a database (numbers, addresses,
codes...).

DITA has defined a set of inheritance rules, that define how new information
types can be created: e.g. each specialized information type must map to an
existing one, must have characteristics of its parents information type, and must
be more restrictive in the content that it allows.

DITA versus Information Blocks. DITA uses information blocks as an inspi-
ration, since it uses principles of information blocks as a basic unit of information
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Table 1. Horn and DITA information types

DITA Information Types IMAP Information Types
Concept Concept, Process, Structure
Task Procedure
Reference Fact
? Classification
? Principle

and information types. Whereas information blocks have a fixed set of informa-
tion types, DITA information types are more flexible. Specialized information
types can be defined, using the existing ones as a starting point. Horn’s model
refers to text and illustrations (as it is based on pioneering work in the mid
1960’s), DITA deals with a much broader scope of issues [Nam00b].

The DITA architecture defines three information types, Horn defines seven
information types. Horn’s procedure type can be mapped on a DITA task type,
and Horn’s fact can be mapped on DITA’s reference (see also table 1). The
concept, process and structure type are regrouped in DITA’s more general concept
type. Horn defines a concept as definitions and examples, a structure describes
the structure of an object and a process describes why a task is done. DITA’s
concept type is an extended definition of these major abstractions. It is not
clear where we can situate Horn’s classification and principle. Horn has defined
information blocks like classification lists and a classification type. In general,
DITA specifies less information types and information blocks, but provides the
mechanism to extend these information types and blocks.

A DITA Example. Figure 5 illustrates content object types in DITA. These
are well defined aggregations of several content fragments and other content
objects.

– A concept content object contains a title block, a description (optional), a
concept body, related links (optional) and 0 or more other content objects
(topics). The concept body contains among other 0 or more definitions, sec-
tions, images and examples.

– A reference content object contains a title, a description (optional), a refer-
ence body, related links (optional) and 0 or more other topics. The reference
body contains 0 or more properties, sections and examples. A property con-
tains three optional elements: a type, a value and a description.

– A task content object contains also a title, a description (optional), a task
body, related links (optional) and 0 or more other topics. The task body
contains the following optional components: prerequisites, steps, a result,
examples and postrequisites.

All these elements are predefined. We can also introduce other content ob-
jects, for example a slide content object. We define this content object as a sub-
class of the DITA topic class. A slide contains a title component, a description
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Fig. 5. Concept, task, reference and slide content objects

(optional), a slide body component and optional related links. We can further
define these components. A title can contain content fragments like text, terms,
booleans, states or images. The slide body can contain the following components:
a list, a section, an image, an example and 0 or more other topics. A section is
again predefined in the DITA architecture as containing a title, table, text data
and other content objects or content fragments.

DITA defines aggregational relationships (isPartOf, hasPart). Content frag-
ments and content objects should also be connected by navigational relationships
in order to create (other) composite content objects. Figure 3 represents a very
simple example of two content objects. The upper content object contains three
content fragments (CF1, CF2 and CF3). The second content object reuses the
third content fragment (CF3) and adds another content fragment (CF4). The
third content fragment (CF3) isPartOf both content objects. Navigational rules
are identified. The first content fragment comes before (Prev) content fragment
two and content fragment three. The second content fragment comes after (Next)
content fragment three. The result contains structural relationships like:

CF1 Next CF2
CF3 Next CF2
CF1 IsPartOf CO1
CF3 IsPartOf CO2
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The aggregational relationships (isPartOf, hasPart) are defined within DITA.
Navigational relationships (Next, Prev) can be expressed in the DITA architec-
ture by using map elements. A map describes relationships among a set of DITA
topics. The following examples of relationships can be described in a DITA map
[lan03]:

– Hierarchical (Parent/Child): Nested topics create a hierarchical relationship.
The topic that does the nesting is the parent, and the topics that are nested
are the children.

– Ordered: Topics can be labeled as having an ordered relationship, which
means they are referenced in a definite sequence.

– Family: Topics can be labeled as having a family relationship, which means
they all refer to each other.

3.3 Learning Objects

We detailed content fragments and content objects. Content objects are ag-
gregated into learning objects around a learning objective. We need to define
learning object structures and relationships with their components. A presenta-
tion in the form of slides, a scientific report and an assessment presentation in
the form of a test are examples of learning object types [Som04]. We can model
a presentation as an aggregation of slides. Analogously, we can define questions
and answers in the DITA architecture and model a test as an aggregation of
these components. We are currently investigating some practical experiments
to model these learning object types in the DITA architecture and using DITA
against actual content.

3.4 Use Case

The following example represents an instance of the slide content object we
defined in section 3.2. The slide contains a title and an image component. With
this common specification for learning object components, we can make useful
aggregations and disaggregations.

Suppose a learner wants to reuse an image of a slide. He can manually copy
and paste the image into the new learning object he is creating. Our common
representation for components however, allows to automatically assemble the
image into new contexts. Applications can be developed that understand this
structure and can access the components of the slide. The alternative, manually
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cutting and pasting the image into the new document you are creating, is more
time-intensive and error-prone.

A more extensive scenario involves different types of learning objects. A slide
presentation and a scientific report both contain components like images, exam-
ples and related links. A common representation for these components allows us
to create interoperable learning objects. An example used in a scientific report
can be dynamically assembled into a presentation slide and vice versa. Suppose
a learner wants to repurpose an example of a report and an image of a slide
presentation. He has to open an appropriate application for the report, search
the component he wants to reuse and copy it. The same thing for the image
in the presentation. If we convert the report and presentation to our common
representation, one application can be used to list all components and a user
can select the components he needs. Making new learning objects according to
an XML specification is easy, the main challenge will be converting all existing
documents (sometimes with terrible formatting).

4 Conclusions and Future Work

We detailed our content model to some extent, identifying structured compo-
nents and relationships. We investigated the Darwin Information Typing archi-
tecture and Horn’s Information Blocks as an approach to define learning object
component types. The advantage of using DITA is that the architecture is very
flexible, any type of content structure can be defined. The major drawback is
that there is still a lot to be build, DITA is not yet supported by a set of tools.
Horn’s information blocks are much further evolved, supported by a set of tools
and well documented. The weakness of this architecture is that it is mainly
an authoring environment (focusing on Word templates and writing principles),
rather than an overall information architecture like DITA (dealing with linking,
transformations, etc.) [Nam00a].

The content structures used in above mentioned examples can be easily de-
fined within the DITA architecture. This kind of flexibility needs to be investi-
gated for the architecture of Horn. We are currently investigating some practical
experiments, using these architectures against actual content. The long term
objective of this work is converting any type of document (MS Word Docu-
ment, PDF document, etc.) to a common representation, allowing to create real
interoperable learning objects.

Acknowledgements. We gratefully acknowledge the financial support of the
K.U.Leuven Research Fund, in the context of the BALO project on “BAsic
research on Learning Objects”.
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