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Abstract. This paper presents an ontology-based framework for repur-
posing learning object components. Unlike the usual practice where lear-
ning object components are assembled manually, the proposed framework
enables on-the-fly access and repurposing of learning object components.
The framework supports two processes: the decomposition of learning ob-
jects into their components as well as the automatic assembly of these
components in real-world applications. For now, the framework supports
slide presentations. As an application, we will present in this paper the
integration of this functionality in MS PowerPoint.

1 Introduction

Learning objects are often stored in a final presentation form. Such a
static representation is neither suitable for flexible content reuse, nor
adaptable to the needs of a learner. In many cases, specific parts are
assembled manually by copy and paste actions. However, it is possible
to reuse learning objects in a much more sophisticated way if their com-
ponents can be accessed on-the-fly. This requires a more innovative and
flexible underlying model for learning object components [2].

In earlier work, we developed an ontology (ALOCoM) for learning ob-
jects that is a framework for learning objects and their components [10].
The ontology defines learning object component types, as well as re-
lationships between these components. As such, the ontology enables
structuring of composite learning objects and is a solid basis for the pro-
posed dynamic approach. In this paper, we describe a framework that
transforms existing learning objects from their tool specific formats (MS
Office, OpenOffice.org) into a representation compliant with the ALO-
CoM ontology. In this transformation process, the framework disaggre-
gates learning objects and provides direct access to their components,
enabling their reuse in dynamic compositions of new learning objects.
For now, the framework supports slide presentations as they are one of
most common used learning object types [8]. Often a teacher wants to



repurpose a slide or an image, a reference, a definition or just a text frag-
ment of a particular slide. In our approach, we decompose the presenta-
tion into these individual components and store them into the learning
object repository. As such, these components are accessible on-the-fly.
The disaggregation of a slide presentation proceeds in three steps. In
the first step, the presentation is parsed and decomposed into clear seg-
ments, namely its slides and each slide is further decomposed into its
title, paragraphs, lists, list items, images, diagrams and tables. In the
second step, text patterns are applied to categorize these segments into
more meaningful components like definitions, examples, references, intro-
ductions and summaries. Finally, components are described by metadata
using the Automatic Metadata Generation framework [1], improving the
findability of relevant components.

Having in mind the widespread use of MS PowerPoint [8], we have created
a MS PowerPoint add-in that allows searching for components in the
learning object repository from within the MS PowerPoint application.
When a teacher is creating a new slide presentation, (s)he can search
for definitions, slides, examples, references and images (s)he wants to
repurpose. Available components are displayed on the Clipboard and
can directly be added to the slide presentation.

In the next section, we briefly outline the ontology that formalizes lear-
ning object types and their components. In section 3, we present the
ALOCoM framework and section 4 illustrates the transformation of MS
PowerPoint slide presentations. Section 5 provides more details about
the classification of components and section 6 elaborates on annotating
components. In section 7, we will demonstrate the integration of the
ALOCoM framework into MS PowerPoint. Related work is presented
in section 8 and conclusions and remarks on future work conclude this

paper.

2 The ALOCoM Ontology

In earlier work, we developed the ALOCoM ontology as a generic Ab-
stract Learning Object Content Model (ALOCoM - see Figure 1) for
learning objects and their components [10]. The ontology distinguishes
between content fragments (CFs), content objects (COs) and learning ob-
jects (LOs). CF's are learning content elements in their most basic form,
like text, audio and video. These elements are uncombined with other
elements. COs aggregate CFs and add navigation. Navigation elements
enable structuring of CFs in a CO. Besides CFs, COs can also include
other COs. Finally, LOs aggregate COs around a learning objective.

We defined content types for each of these components. We introduced
CF types such as an image, text, and audio and video sequences. For
defining CO types, we investigated existing Information Architectures,
like the Information Block Architecture developed by Dr. Horn [3] and
the IBM Darwin Information Typing Architecture (DITA) [9]. These ar-
chitectures define information types (e.g. concept, principle, task) and
their building blocks (e.g. example, definition, analogy). As a starting
point, we defined CO types and their structure using DITA concepts,



since DITA is a recent architecture with rich documentation and online
support [9]. Besides CF and CO types, the ontology identifies LO types.
For now, only a slide presentation LO type is defined. Finally, the onto-
logy defines the relationships between the LO components. Aggregation
and navigation relations are specified. Aggregation relationships between
components are represented in the form of a ”hasPart” and its inverse
”isPartOf” ontology properties. Navigational relationships are specified
as a list that defines the order of components in a CO or LO. For more
information about the ontology, see [4].
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Fig. 1. Abstract Learning Object Content Model

3 An Ontology-based Framework for
Component Repurposing

Our main focus is on the development of tools for disaggregating lear-
ning objects into their components (i.e. disaggregators) as well as for
repurposing learning object components in real-world applications (i.e.
aggregators). For now, we developed a framework that provides both
functionalities for slide presentations. Since the most popular tools for
slide presentation authoring are MS PowerPoint and OpenOffice.org [8],
the proposed framework focuses currently on slides presentations au-
thored using these tools. The framework decomposes MS PowerPoint
and OpenOffice.org slide presentations and assembles components into
new MS PowerPoint and OpenOffice.org slide presentations on-the-fly.
The disaggregation and re-aggregation processes are illustrated in Fig-
ure 2. In the disaggregation process, a slide presentation is parsed and
disaggregated into clear segments (slides, paragraphs, lists, list items,
images, diagrams and tables). In the second step, these segments are



categorized into more meaningful content objects like definitions, exam-
ples, references, summaries, overviews and introductions. We use text
patterns to classify these content objects. In the last step, content ob-
jects are annotated using the AMG framework [1]. These transformation
steps will be further explained in the next three sections.
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Fig. 2. The ALOCoM framework
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The opposite (aggregation) process searches for components in the lear-
ning object repository and adds them to a slide presentation. Since au-
thors prefer to use authoring environments they are familiar with, this
functionality has to be integrated in present authoring tools. We have
currently developed an add-in for MS PowerPoint. The same functiona-
lity will be provided for OpenOffice.org. Section 7 illustrates the use of
the PowerPoint add-in, while the next one gives implementation details
of the procedure for disaggregating slide presentations created in MS
PowerPoint.

4 Parsing MS PowerPoint Slide Presentations

In the first transformation step, MS PowerPoint slide presentations are
disaggregated into structured components. A slide presentation is de-
composed into its slides and each slide into its title, paragraphs, lists,
list items, images, diagrams and tables. We use the Microsoft Power-
Point .Net API for this transformation.

Microsoft Office Presentation objects are arranged in a hierarchical order,
as shown in Figure 3. The two main classes at the top of the hierarchy
are the Application and Presentation classes. An Application object pro-
vides a wrapper around the entire application. Each Presentation object



represents a single Presentation document. Each of these objects has
many methods and properties that allow manipulating and interacting
with it. A Presentation has a Slides property that returns a collection
of all the Slide objects in the presentation. A single slide is retrieved by
specifying its name, index number or slide ID number. Each slide has
a Shapes property that returns a Shapes collection representing all the
elements that have been placed or inserted on the specified slide, slide
master, or range of slides. This collection can contain drawings, shapes,
OLE objects, pictures, text objects, titles, headers, footers, slide num-
bers, and date and time objects appearing on a slide, or on the slide
image on a notes page. Text objects contain presentation related infor-
mation, enabling us to infer the structure of the text. For instance, if the
Bullet property of a paragraph is set to visible, we transform the text
fragment into a list. More generally, all content, structure and presenta-
tion related information is retrieved and transformed into an explicitly
structured format.
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Fig. 3. PowerPoint Object Model

Figure 4 shows an excerpt of a MS PowerPoint slide presentation after
being transformed into an ALOCoM compliant format.

<SlidePresentation>

<slide>

<title>Overview< /title>
<slidebody> <!-...—> </slidebody>
< /slide>

< /SlidePresentation>

Fig. 4. A slide presentation in the ALOCoM XML format



5 Categorization of content

The next step involves the categorization of the segments of the previous
step (paragraphs, lists, list items) into more meaningful content object
types, like definitions, examples, references, overviews, introductions and
summaries. Due to the lack of strict compliant rules for creating content,
this is not a trivial task. However, for the categorization of some of
these content object types (definitions, concepts) research has been done
and solutions exist. For instance, a system called Definder uses rule-
based techniques to extract definitions from medical articles [7]. Definder
uses cue-phrases (e.g. is the term for, is defined as, is called) and text
markers (e.g. — —, ()) in conjunction with a finite state grammar to
extract definitions. Based on this system and research of Bing [6], we
identified patterns that are suitable for recognizing definitions, examples
and references in presentation slides.

5.1 Definition extraction

The following patterns are applied to identify definitions of concepts:

1. {is|are} [adverd] {called | known as | defined as} {concept}

2. {concept} {refer(s) to | satisfy(ies)} ...

3. {concept} {is|are} [determiner] ...

4. {concept} {is|are} [adverd] {being used to | used to | referred to |
employed to | defined as | formalized as | described as | concerned
with | called} ...

5. {What is} [determiner] {concept}?

6. {concept} {- | : } {definition}

7. {definition} [of] {concept} {-|:} ...

Legend:

{} - compulsory field

[] - optional field

adverb - e.g., usually, normally, generally,...
determiner - e.g., the, one, a, an, ...
definition - definition of a concept

For example, using pattern number five from the presented patterns
list, content of a slide with title ”What is an ontology?” is categorized
as a definition of the ontology concept. Similarly, a list item containing
the text ”an ontology is a specification of a shared conceptualization”,
will be classified as being a definition according to the third pattern.
Although some authors use braces (e.g. () <> [|) to wrap definitions,
they are not used to detect definitions in our work. Braces are also used
to wrap examples, illustrations and descriptions, so they will not help us
in distinguishing between these components.

5.2 Example extraction

The following patterns are applied to identify examples of concepts:



1. {example, instance, case, illustration, sample, specimen} [of] {concept}
2. {for instance | e.g. | for example | as an example} [,] [determiner]
{concept} ...

3. {concept} {illustrates | demonstrates | shows | exemplifies} ...

4. {concept} {is|are} [adverd] {illustrated by | demonstrated by | shown
by} ...

5. {Example} {- | : } {ezample}

Legend (new items):
example representing an example of a concept

5.3 Reference extraction

There are more strict guidelines for references, what makes identifying
them easier. For instance, references are often preceded by the sequence
”[identifier]”, where identifier is a number or character sequence. An
other standard uses the sequence "Name (Year)” to start the reference.
This results in the following two identification patterns for references:

1. {[}H{identifier }{]} {reference}
2. {Name} {(}{Year}{)} {reference}

Legend:
identifier - number or character sequence, e.g., 1, 2, NamO1 ...
reference - literature reference

5.4 Summary, overview and introduction extraction

Since we are currently working with slide presentations, we can easily
classify introductions, summaries and overviews by looking at the title
of slides. Slides are classified as summaries if their title is ”conclusion”,
Zsummary”, ”future work” or a combination of these values. Introduction

and overview slides are in most cases entitled respectively “introduction”
and "overview”.

6 Annotating components

The last step of the transformation consists of annotating the lear-
ning object components. We are using the Automatic Metadata Ge-
neration (AMG) framework to automatically describe each component
(http://ariadne.cs.kuleuven.ac.be/amg). The idea behind the framework
is to combine metadata, generated by different sources into one metadata
instance [1]. The first source is the learning object itself; the second is
the context in which the learning object is used. Metadata derived from
the object itself is obtained by content analysis, such as keyword ex-
traction and language classification. The contexts typically are learning
(content) management systems (like Blackboard) or author institution
information. A learning object context provides additional information
about the learning object that is used to define the metadata. In our case,
we developed an extension of the framework that combines metadata by



an inheritance mechanism. The metadata describing a component is also
defined by the parents of this component. For instance, each slide in-
herits the author, language, etc. from the slide presentation it belongs
to. Other metadata fields like for instance the title are overwritten. Also
the main concept of a slide is in many cases more specific than the main
concept of the slide presentation as a whole. Furthermore, dependency
relations between learning objects and their components are described
as relation metadata within a relation element. Through additional at-
tributes the relation element specification allows distinguishing different
relations between parent and child components (”isPartOf’, ”hasPart”)
and between components (”ordering”). As such, we defined an extension
of the AMG framework that deals with an inheritance mechanism and
relationships between components.

7 An application: the ALOCoM framework
integrated in MS PowerPoint

We have created an add-in for MS PowerPoint (Figure 5), which al-
lows authors to repurpose components stored in the ALOCoM learning
object repository without leaving their authoring environment (in this
case MS PowerPoint). The add-in enables authors to search the reposi-
tory for learning object components they wish to repurpose in the slide
presentation they are working on. An author can specify the type of com-
ponent he/she is interested in (e.g. reference, definition, example, slide,
image), as well as keywords or other metadata fields that best describe
the component. All components that satisfy the specified search crite-
ria are added to the Clipboard and the author can easily incorporate
them into the current slide presentation. Another functionality provided
by the developed add-in is related to adding new content to the lear-
ning object repository. Each author can add his or her slide presentation
to the repository by clicking the ”Save into ALOCoM” button. When
this button is clicked, the PowerPoint presentation is disaggregated and
stored into the ALOCoM LOR.

A typical use case goes as follows: Suppose an author is creating a slide
presentation on ontologies. He/she wants to start with a definition, fol-
lowed by three examples. The author enters ”ontology” as keyword and
selects ”definition” and ”example” as types of components that he/she is
interested in. The system then searches the LOR and retrieves all com-
ponents of the selected types dealing with the selected topic. The com-
ponents that are found are added to the Clipboard. The author chooses
the most relevant components from the set prepared for him/her. Fur-
thermore, the author wants to include a reference to a book (s)he wants
to recommend and an image of the book. Again the author searches the
LOR and selects the component he/she wants to repurpose from the set
of retrieved components. The author enhances the slide presentation with
an additional example of an ontology and the presentation is ready for
in-class use. Finally, the author clicks the ”Save into ALOCoM” button.
The slide presentation is disaggregated and also all (new) components of
this presentation are available in the repository.
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8 Related Work

The TRIAL-SOLUTION project is developing tools to create and de-
liver personalized teaching materials that are composed from a library
of existing documents on mathematics at undergraduate level [5]. Ana-
logously to the ALOCoM work, the TRIAL-SOLUTION project defines
an ontology for learning objects that includes mathematical categories
like definition, theorem, proof, or example. The focus of the project is on
document (de-)composition and exchange of learning objects for reuse.
The TRIAL-SOLUTION System contains a splitter that decomposes do-
cument source files into a hierarchy of slices. For this decomposition, the
presentation style of a particular author is taken into account. Also, it
takes care of counters and key phrases assigned by the author. As such,
the methodology for decomposing learning objects is more accurate but
less scalable than the methodology presented in this paper.

9 Conclusions and Future Work

In this paper, we have shown how we can improve present learning ob-
ject authoring tools (e.g. MS PowerPoint) by integrating functionalities
that allow on-the-fly repurposing of learning object components. The de-
veloped prototype validates this approach for slide presentations. In the
next steps, the framework will be extended to support a broader range
of learning objects. Furthermore, the efficiency and effectiveness of this
approach for learning object repurposing will be evaluated. This work



will then result in a general framework for reusable learning objects,
that allows not only automatic repurposing of learning objects, but also
their components and that will enable the dynamic generation of learning
objects, adapted to the needs of learners.
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