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Abstract: This paper reports on the development of an ontology-based framework for content repurposing.  In earlier work, we developed an ontology that formalizes structural aspects of learning objects. In this paper, we present a framework that uses this ontology and its underlying abstract content model to aggregate and disaggregate learning objects, more specifically slide presentations. The framework is a solid basis for an architecture that will enable on-the-fly access of learning object components and that will facilitate repurposing these components.
Introduction
Issues concerning learning object (LO) re-use and re-purposing are currently among the most important research topics in the learning technology community (Duval & Hodgins 2003). Research efforts are predominantly focused on a LO in its entirety, although we often need to reuse specific parts of a LO. Conventionally, a paragraph, a sentence or an illustration are re-used by copy and paste into new and different LOs. However, it is possible to re-use 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 for learning object components (Duval & Hodgins 2003). In earlier work, we developed an abstract learning object content model (ALOCoM) that defines a framework for learning objects and their components (Verbert & Duval 2004).  Furthermore, we developed an ontology for structural aspects of learning objects that is an extension of this content model (Jovanović et al. 2005).  The ontology provides an explicit definition of the LO content structure, formally specifying both LO component types and relationships between those components. The definition of LO component types is based on the Darwin Information Typing Architecture (DITA). DITA is an XML-based information architecture for authoring, producing and delivering technical information that is easy to reuse (Priestley 2001). Currently, the ontology fully covers content types defined in DITA as well as our extension type – the slide presentation. In this paper, we propose an architecture that uses the developed ontology and its underlying model for composing and decomposing slide presentations. Existing slide presentations contain useful components (e.g. definitions, examples, images and references) that we want to reuse in new contexts. In our approach, we disaggregate slide presentations into their individual components.  These components (text fragments, images, audio and video sequences) are then available when creating new LOs. Since most LOs are available in tool specific formats, we developed a framework that transforms tool-specific content (e.g. OpenOffice.org slide presentations) to ontology-aware content and vice versa, ontology-aware content to tool specific content. Our framework transforms, among others, OpenOffice.org slide presentations and SCORM content packages. In addition to these transformations, the framework provides export functions to HTML, PDF and PS files. Although the current implementation of the framework can only deal with slide presentations, its main objective is more general: to enable useful aggregations and disaggregations of different LOs types.

In the next section, we briefly outline our abstract learning object content model and the ontology that formalizes structural aspects of learning objects. In section 3, we present the transformation framework and section 4 illustrates the role of the framework in the process of authoring learning materials. Conclusions and remarks on future work conclude the paper.
The ALOCoM Ontology 
In earlier work, we developed an abstract learning object content model (ALOCoM) as a framework for learning objects and their components (Verbert & Duval 2004). Figure 1a illustrates the model. We distinguish between content fragments (CFs), content objects (COs), and learning objects (LOs). Content fragments are learning content elements in their most basic form, like text, audio and video. These elements can be regarded as raw digital resources and are uncombined with other elements. Content objects aggregate content fragments and add navigation. Navigation elements enable structuring of content fragments in a content object. Besides content fragments, content objects also include other content objects. Finally, LOs aggregate content objects and add a learning objective.
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Figure 1: The ALOCoM ontology 
The ALOCoM content model provides a common representation for learning objects and their components. Fine-grained descriptions of these learning objects are needed to allow for their interoperability and on-the-fly composition. An ontology can help us to more strictly define the LO components. Accordingly, we developed the ALOCoM ontology as an extension of the ALOCoM model (Jovanović et al. 2005). The ontology defines learning object component types as well as relationships between these components. The ontology (Fig. 1b, 1c), based on  ALOCoM concepts (CF, CO, LO) and DITA content types, is implemented in the W3C Web Ontology Language (OWL) (Bechhofer et al. 2004). OWL was chosen since its usage implies several benefits in terms of better semantics description of the ALOCoM content model (support for defining concept hierarchies, advanced ways for describing properties like the range of a property as a union of two or more other classes or the definition of cardinality restrictions, etc.) 

The ALOCoM ontology defines a number of component types:

1. Content fragment type: The distinction is made between continuous content fragments and discrete content fragments (Fig. 1b). Discrete content fragments are further specialized into text, images, graphics, and links. Continuous content fragments are subdivided into audio, video, animations, and simulations. 
2. Content object types: Besides content fragment types, the ALOCoM ontology defines a number of content object types (Fig. 1c). For defining content object types, we used the classification given in DITA. DITA has a generic topic type and the three core information types: concept, reference, and fact. We extended this model with a slide information type. Besides these information types, many of the DITA building blocks are included in the ontology as well. Examples of these building blocks are definitions, sections, paragraphs, lists and comments. 

3. Learning object types: For now, we only defined a slide presentation LO type. The idea is to extend LO types with a report type, an assessment type, etc. (Verbert et al. 2004). We first dealt with one of the simplest and most common LO types, the slide presentation. This LO type is the easiest because a lot of components of a slide presentation already have an explicitly defined structure.  

Further, the ALOCoM ontology defines a number of properties:

· A “hasPart” and inverse “isPartOf” property, which allow us to express aggregational relationships.
· A “next” and inverse “prev” property, which allow us to express navigational relationships.
A Transformation Framework 
Our goal is to develop an architecture that allows on-the-fly composition of new LOs out of the components of already available LOs. To realize such an architecture, we need to disaggregate existing LOs to low-level components like images, text fragments or audio/video clips. Since the ALOCoM ontology provides an explicit definition of the LO content structure, formally specifying both LO components and relationships between those components, this ontology can be regarded as a solid foundation for the disaggregation process. In order to profit from the benefits the ontology offers, we need to develop a transformation framework that maps tool-specific content into (ALOCoM) ontology-aware LO content and vice versa, ontology-aware LO content back to tool-specific content. We developed such a transformation framework for slide presentations. Figure 2 illustrates the framework. The framework supports importing and exporting different representations of slide presentations. 
So far, we have developed the following transformations: 

1. import of OpenOffice.org slide presentations

2. export to DITA (to HTML, PDF and PS)

3. export to SCORM

4. export to OpenOffice.org

We need to develop the following transformations in order to make the framework fully operational:

1. import of SCORM content packages
2. import of DITA-based content

In the rest of the section, we will describe the transformations that we developed until now. How we use the framework in the authoring process is illustrated in the next section. 
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Figure 2: The transformation framework
Transformation OpenOffice.org Slide Presentations to ALOCoM

The OpenOffice.org XML representation of text documents contains, among others, the following elements: headings and paragraphs, sections, bulleted and numbered lists, footnotes and endnotes, hyperlinks, and pages. Most of these elements map directly to elements of the ALOCoM ontology. For instance, a paragraph, represented by a <text:p> element, is mapped to the ALOCoM Paragraph element and a <page> element is mapped to the ALOCoM Slide element. Other elements, like for instance list items, are somewhat more difficult. Figure 3b represents a part of the OpenOffice.org XML binding of the slide shown in figure 3a. In this XML format, each list item is represented as a separate list. Nonetheless, we want these list items to be represented in a single list, since they form a logical unit. This is solved by annotating each list item with a level (for instance a list item that contains a sub list gets level 2) and joining list items with the same level that come straight after each other into a single list. 

Since not all ALOCoM elements are represented explicitly in the OpenOffice.org XML format, we need to mind some extra information out of this XML format. For instance, when extracting definitions, we search for keywords “definition” or “is defined as” and paragraphs containing these keywords are classified as definitions. 

The implementation of the transformation proceeds in two steps. In the first step, we parse the OpenOffice.org XML format of a slide presentation using a Java XML parser and create an ALOCoM-compliant Java Document Object Model (DOM) for the slide presentation (illustrated in figure 2). In the second step, we generate an instance of the ALOCoM (RDF/OWL) ontology out of the DOM. We use Jena – a HP Java-based framework for the Semantic Web (McBride, 2002) – for creating ontology-aware content. We generate instances of the ontology classes and connect them by properties, as defined in the ALOCoM ontology. For each object of the DOM, an RDF Resource is created and those Resources are connected with the properties from the ALOCoM namespace (“hasPart”, “isPartOf”, “next”, “prev”).  Figure 3c illustrates an example of the generated ontology instance in the form of an RDF graph.

We do not use XSLT style sheets for this transformation, since not all OpenOffice.org components map directly on our ALOCoM ontology. As illustrated with the OpenOffice.org list items, we need to process some additional steps to perform the mapping. A more powerful language like Java provides useful constructs that facilitate the transformation steps.
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Figure 3: Presenting a slide (a) using the OpenOffice.org XML format (b) using the ALOCoM ontology (c)
Transforming ALOCoM Instances to OpenOffice.org Slide Presentations

We use the OpenOffice.org Application Programming Interface (API), to generate OpenOffice.org (OO) slide presentations out of ALOCoM components. This API is a comprehensive specification that describes the programmable features of OpenOffice.org (http://api.openoffice.org). Impress is the OO application we use to generate OO slide presentations. This application is very presentation oriented, in the sense that every represented component is a kind of shape with presentation properties. Structure related information in ALOCoM components is mapped to these presentation elements in the OO format. For instance, the title and body of an ALOCoM slide are mapped to two different rectangles of an OO slide. Since we do not keep track of presentation related information, we use default presentation styles for the title of a slide, list items and others.

Transformation ALOCoM Instances to DITA (to HTML, PDF and PS)
The mapping from the ALOCoM ontology to the DITA XML format is straightforward since we based our model on the DITA architecture. Figure 5 (left) shows the DITA XML structure. Most of the elements are predefined in the DITA architecture. For the elements that we added (slide, slidebody) we defined relevant DTDs according to the DITA extension recommendations. When exporting ALOCoM-aware content to DITA-aware content, we can use an XSLT engine along with the DITA XSL style sheets and transform, format, and publish our content as HTML pages and XSL formatting objects (XSL-FOs). When invoking FOP, a freely available XSL-FO processor (http://xml.apache.org/fop/), the XSL-FO files are rendered to specified output files, including PDF and PS files.
Transformation ALOCoM Instances to SCORM

ADL’s Sharable Content Object Reference Model (SCORM) provides a set of guidelines, specifications and standards based on the work of several distinct e-learning specifications and standard bodies (Dodds 2001). SCORM provides a content aggregation model that contains the following components: Assets, Sharable Content Objects (SCOs) and Content Aggregations. Assets are electronic representations of media, text, images, audio, web pages or other data that can be represented in a web client. SCOs represent a collection of one or more assets and a Content Aggregation aggregates resources (SCOs/Assets) into a defined structure. In earlier work, we argued that this model fits within the constraints of our Abstract Learning Object Content Model (Verbert & Duval 2004). Consequently, we can make mappings between the SCORM components and the components of the ALOCoM ontology. In this way, the ontology acts as an integration point for different LO content models. For now mappings from/to SCORM are supported; the idea is to extend the framework to also deal with other content models like the CISCO RLO/RIO model, the Learnativity Content Model and the NETg Learning Object Model. 
When transforming a slide presentation presented in the ALOCoM format to SCORM, a SCORM content package is generated. A SCORM Content Package contains two major components (Dodds 2001): 

1. A special XML document describing the content structure and associated resources of the package called the manifest file (imsmanifest.xml).
2. The physical files making up the content package.

The manifest file (Figure 4) represents the information needed to describe the contents of the package. The manifest is composed of four major sections: 

· Metadata: data describing the content package as a whole

· Organizations: contains the content structure of the learning resources making up a unit of instruction

· Resources: defines the learning resources bundled in the content package

· (sub)Manifest(s): describes logically nested units of instruction
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Figure 4: A SCORM Content Package (Dodds, 2001)
When transforming instances of the ALOCoM model, we generate a manifest file (imsmanifest.xml). The <manifest> element is the root of the imsmanifest.xml file. This element has a mandatory identifier attribute and contains child elements:  metadata, organizations, resources, and manifests.

The <metadata> element contains metadata describing the content package as a whole. To populate this element we make use of a framework for automatic metadata generation (http://ariadne.cs.kuleuven.ac.be/amg), which is made available as a web service (IndexingService). The idea behind the framework is to combine metadata, generated by different sources into one metadata instance (Cardinaels et al. 2005). In our case, we can write an extension or plugin to the framework, dealing particularly with documents in the ALOCoM format. This piece of software would make use of the structured information we have about the content to generate metadata like “title”. The advantage of using this framework is that it already contains components that generate other parts of a metadata instance, like the language of the document. The result of calling the IndexingService will therefore be an automatically generated (rich) metadata instance that contains as much metadata as possible.

The <organizations> element describes one or more structures or organizations for the content package. An organization element can contain a <title> element and an <item> element. An <item> element can contain other <item> elements.  Since this structure is simpler than our content structure, we can easily map our components to these organizations. Each component of the ALOCoM ontology (paragraph, example, list, list item…) is mapped to an <item> element. We can capture the type of a component in the metadata of the corresponding item. 

The <resources> element is a collection of references to resources. Sharable Content Objects (SCOs) and assets are the two primary types of resources defined within SCORM. We developed two approaches. In one approach we make a SCO resource for each slide. In another approach we make a resource for each asset (content fragment). The second approach is the most flexible, but generates a lot of files (one for each asset). The first approach generates a file for each slide, but has the disadvantage that we cannot directly access each of the slide components. Figure 5 (right) represents an example of a generated manifest file.
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Figure 5: DITA XML format (left) SCORM Manifest (right)

The Role of the Framework in the Authoring Process 

Figure 6 illustrates the role that the proposed framework and the underlying ontology have in the process of authoring learning materials. A teacher (or another kind of author) uses an authoring tool to produce learning materials for students. Since our objective is to facilitate the process of LO authoring, the teacher should be supplied with a technology that enables him/her to reuse existing LO components available on the Web or deposed in LO Repositories (LORs) on-the-fly. In our model, the LOR provides access not only to complete LOs, but also to smaller chunks of content (e.g. COs and CFs as defined in ALOCoM). Therefore, LOs are disaggregated to the level of a single image, text fragment or audio/video clip. The teacher can search the LOR for a particular image, graphic, table or definition and select the components (s)he wants to repurpose. These components are assembled into the new LO he/she is creating. Alternatively, the applied technology might pre-assemble such components into meaningful learning units. Finally, the teacher refines and fine-tunes the LO thus generates and adds his/her contribution in the form of a new learning content. The newly created LO can be exported to different formats. 

A typical usage scenario of the proposed framework goes as follows: Suppose an author is creating a slide presentation on differential equations. He/she wants to start with a definition, followed by three examples. The author enters “differential equations” as keywords and selects “definition” and “example” as types of components that he/she is interested in. The system then searches the LOR and retrieves all components of the selected types dealing with the selected topic. The author chooses the most relevant components from the set prepared for him/her. 

The author is free to choose the presentation form of the generated content assembly among OpenOffice.org, HTML PDF, PS and SCORM formats. The author enhances the automatically generated slide presentation with some additional information on the topic and the presentation is ready for in-class use.

The proposed framework is valuable in such a scenario in multiple ways. First, it enables the author to search for LO components and assembles the components into the new slide presentation on-the-fly. The alternative would be to browse entire learning objects and copy and paste components.  Further, it enables the author to automatically convert his/her LO into a SCORM content package and that way make it ready for use in any SCORM based Learning Management System. Finally, the teacher can take advantage of the automatic export facility of the framework to export LOs to HTML, PDF or PS and thus obtaining LOs ready for presentation on the Web. 
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Figure 6: The ALOCoM-based framework and its role in an authoring process

Conclusions 

In this paper, we proposed an ontology-based framework for repurposing LOs. The framework is based on the ALOCoM ontology for LO content structure that we developed earlier. The main idea is to benefit from the ontology’s capacity to provide both a formal and explicit representation of LO content structure, and hence automate the process of LO repurposing. Since the framework is our ongoing work, it currently supports only repurposing of OpenOffice.org slide presentations. OpenOffice.org slides are disaggregated into ALOCoM ontology-aware content. These components can be re-assembled into new OpenOffice.org slide presentations or can be  mapped into both SCORM and DITA XML bindings. As there are several publicly available XSLT-based tools for mapping DITA documents into PDF, PS, and HTML documents, slides originating from OpenOffice.org can be made available in one of those formats. To implement all those mappings, we used publicly available tools like an XML parser (i.e. DOM) and a Semantic Web framework (i.e. HP’s Jena). 

Although the current implementation of the framework deals only with a relatively simple LO type (i.e. slide presentations), we believe that it illustrates the usefulness of having one common model (i.e. the ALOCoM ontology) for repurposing LO components. Using the same principle, we can support other LO types like reports and assessments. We are currently working on the extension of the framework to support other LO formats like MS PowerPoint presentations, MS Word documents, HTML files, etc. Since the notion of a LO repository (LOR) is widely accepted as a solution for storing LOs, we have developed a LOR based on the ALOCoM ontology that provides storage and retrieval facilities for the proposed framework. On top of the LOR we intend to develop an authoring tool that would fully support the idea of repurposing LO components using both intelligent services and experience from the field of user modeling. 
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<manifest>


  <metadata>...</metadata>	


  <organizations default=“TOC1">


    <organization identifier=“TOC1”>


      <item identifier=“A1">


        <title>Overview</title>


        <item identifier=“A2">


          <title>List 1</title>


          <item identifier=“A3“ identifierref=“R1“>


            <title>List item 1</title>


           </item>


         </item>


       </item>


     </organization>


  </organizations>


  <resources>


    <resource href=“R1.txt” identifier=“R1” >


       <file href=“R1.txt”/></resource>


  </resources>


</manifest>
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    <slidebody>


      <ul>
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        <li>Ontological approach for structural aspects</li>                         
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           <ul>


              <li>Learning Object content types</li>


              <li>Relationships between components</li> 
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         <li>Conclusions and future work</li> 	
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