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Abstract

The marriage of semantic web and educational technologies is said to hold answers to content and knowledge management deficiencies in e-learning solutions. Two of the areas in e-learning, which it is thought the semantic web movement could help with, are learning content creation and learning content personalization. 

In this paper, we will take a closer look at the affects a particular semantic web technology, the ontology, has had on educational software. We center our investigation around how ontologies can bring about a more precise domain model representation, allowing for learning content creation, and improved learning content personalization. The current limitations of using ontology-based domain models are explored, aswell as reasons for these limitations and how they can be overcome. Alternatives to the use of domain ontologies in learning content creation and learning content personalization are also explored. 

1. Introduction  

Many interesting areas of research have been identified by combining new technologies being developed as part of the semantic web movement, with existing e-learning and educational software problems. A particular technology that caught the imagination of many researchers was the ontology. 

Ontologies allow for the formal explicit representation of knowledge using well-defined semantics [16]. An ontology can be thought of as a conceptual graph, where each node in the graph is a concept, and relationships between the concepts are constructed using edges between nodes.

Ontologies can be grouped by what they are used for. Upper Ontologies are a type of ontology being produced by standards bodies such as IEEE (IEEE have produced the Suggested Upper Merged Ontology (SUMO) [4]) , These ontologies are general ontologies that go into little detail on any subject but provide a general view of the world and are a good starting point when creating a new ontology. Another type of ontology is the domain ontology, which is used in the engineering and scientific field to model and describe a problem domain. The NCI Oncology is one such ontology, used to catalog cancer research [5].

Domain models, expressed as domain ontologies, can be used in learning content creation and can also be used  in learning content personalization. Considerable research into the possibilities of using ontologies in these areas has been undertaken.

In this paper we will firstly examine the affect ontology technology has had on learning content creation. This section will cover achievements in the area and limitations of ontology based learning content creation. It will then go into the factors that will influence the future role of ontologies in leanring contnet creation and conclude the section by looking at other technologies that allow for learning content creation. how ontologies can be used in learning content creation. The next section will perform a similar styled analysis on the affect ontologies have had on learning content personalisation. We will then conclude the paper with our thoughts on future possible direction of ontology-based learning content creation and personalisation.

2. Ontologies and Learning Content Creation

Content creation is a costly and time-consuming task. It involves a variety of skills on the part of the content creator, from research skills to organizational skills. For this reason learning content creation tools have always been popular in the educational domain.

2.1. Achievements 

One of the first avenues of investigation that proved to be quite fruitful in learning content creation research was using a domain ontology to generate skeleton slides for lessons [2]. This was achieved by taking an ontology that represented the area to be taught and applying a teaching strategy to it producing a static skeleton slide show presentation, see Figure 1. Presentation editing tools can then be used to elaborate the slide details, and to cater for the presenter's personal presenting style.

Another type of static courseware that can be generated using ontologies is assessments, particularly multiple-choice questions. The QTI [17] question generator [14] allows for the creation of multiple-choice questions using a question template system. By combining the template with the ontology, and by taking advantage of the ontology's explicit conceptual relationships, multiple-choice assessments can be created. Using the QTI standard allows for the use of widely available QTI players for delivering questions to the learner.

The learning content creation approach taken by Verbert et. al. in [3], is to take existing learning content and index it using an ontology. This ontology is then used in the creation of new courseware using an ontology search tool that is built directly into the learning content creator’s normal courseware editing tools.
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Figure 1 

Static learning content creation (slideshow) 

Brady et. al. demonstrates how the iClass project is using a domain model, represented using an ontology [18], to create Learning Objects (LOs). This is done by firstly creating a sub-domain model of concepts to be taught from a domain ontology of interesting concepts. LOs are then located or generated for concepts in the sub-domain model. LO sequencing information is also captured using the popular IMS standards [18, 19].

2.2. Limitations 

Most ontology based learning content creation tools developed over the last few years use the ontology as the starting point. The presumption was that the Semantic Web movement would bring about an abundance of domain ontologies. We have found two key limitations of this assumption. 

Firstly, there has been a definite increase in the number of ontologies, but these ontologies are not suitable for learning content creation. An example of a type of ontology that has seen a notable increase in volume is upper level ontologies. Although these ontologies do provide a purpose, they do not have the depth required for learning content generation at any educational level except, perhaps, the most elementary. When the semantic web movement started there was a general presumption that well-defined domain areas, such as areas in the scientific and engineering fields, would be set out in an ontology by industry, this however has not happened. The lack of detailed domain ontologies is causing us to review our previous position stating domain ontology acquisition will not be a problem.

Secondly, the domain ontologies, which are being created, are not of sufficient quality to create courseware. For an ontology to be used in content creation it must be very detailed. It is not enough to just state one concept is related to another, for effective learning content creation we need to know a lot more about that concept. For example we need a definition for the concept, advantages and disadvantages of the concept, examples of the concept, the context the concept has been taken from and possibly even exercises and assessments which test the user on his or her knowledge of the concept. These details are lacking in the domain ontologies currently being produced.

2.3. Opportunities

Domain ontology production has been slower than expected due primarily to the slow uptake of the semantic web. Even if organizations start producing ontologies, they may not be shared with other organizations. It may even be in their interest not to share this information (Intellectual Property issues). A possible solution for course creators might be to come together as a community to create educational ontologies. To enable this, an educational ontology creation and management infrastructure might be a way to nurture communities of learning content developers to share, develop and alter communal ontologies for learning content creation.

If ontology quality becomes a problem, semi-automatic learning content creation tools could be used to aid the learning content creator. The ontology could be used to create skeleton content, which is fleshed out through interaction with the learning content creator.

We may have to adapt the tools we have created with the assumption of plentiful rich ontologies into something more flexible that can use other resources to create the ontologies that they are so reliant on. One possibility is to use existing, structured courseware such as e-books, which can be parsed using Natural Language Processing (NLP) technology to produce the ontology.

2.4. Other Learning Content Creation Technologies

Component software is where fine-grained software components are integrated together to fulfill user requirements [6]. The component software analogy can be used in learning content creation, by combining fine-grain learning objects to fulfill a learner requirement. Desire2Learn, a learning content creation tool suite, uses this analogy quite well by offering a Learning Object Repository (LOR) with an integrated learning content development tool [7]. The content development tool is specifically designed for integrating learning objects, stored in the LOR. This allows learning content creator to put together a sequence of learning objects that fulfill his or her teaching requirements with great efficiency.

3. Ontologies and Personalization

Personalization has become a very important aspect of e-learning research in recent times. We have come to recognize the fact that we must change educational software to mimic the way a traditional teacher adapts his or her learning style to suit an individual learner or a group of learners. 

E-learning personalization is a move away from the “one size fits all” traditional approach to e-learning to one that recognizes each learner as an individual.  Personalization is primarily something that happens at runtime when delivering learning content to the learner, by combining a personalization strategy with a user model. 

In this section of the paper we hope to demonstrate what ontologies have contributed to the development of adaptive e-learning tools. 

3.1. Achievements 

One of the main ways to personalise e-learning content is to use an overlay user model [8]. An overlay user model, is a subset of the domain knowledge, and can be mapped over the complete knowledge in a particular domain captured in a domain model. Ontologies can be used both for the user model and the domain model. As ontologies can be very precise and can capture a lot of detail, personalization can be very precise when used with ontologies. 

Ontologies can also be used for another popular personalization method, user stereotyping [8]. This is where personalization decisions are based on what stereotype the user fits into. Ontologies allow us to embed the stereotype information directly into the domain model, see Figure 2. The diagram further demonstrates how personalization can be achieved with ontologies at its very simplest level. Here the student is taking a course in birds, and is not interested in mammals. Therefore the course is set to his or her stereotype and does not produce any slides dedicated to mammals.
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Figure 2

Personalized lesson created using an ontology with learner-stereotype information

3.2. Limitations 

Using ontologies for the domain model and the user profile allows the LMS to record very detailed information about the user and also allows for very minute changes to different aspects of the user profile. The learning content creator can take advantage of the minute details captured in the user model by being very precise in alterations to the adaptivity strategy. 

The Shareable Content Organizational Model (SCORM) [9] is the prevalent standard in learning content interoperability. SCORM allows the learning content creator move a course from one LMS (which contains a SCORM Runtime Environment (RTE)) to another (which also has a SCORM RTE). At present it is not possible to use an ontology-based domain model for adaptivity within SCORM. This limits the amount of adaptivity we can export using the SCORM standard. Presently the only way to export ontology-based adaptivity is to strip much of the adaptivity precision. Skeleton personalization rules can then be exported using SCORM’s Sequencing and Navigation (SCORM SN) standard. If the details of adaptivity have to be stripped every time the content is to be used on a SCORM-compliant LMS, there seems little point in using ontologies to set out adaptivity details in the first place.

3.3 Opportunities

Although, here we look at the benefits of using ontologies in the user model for the purpose of personalization, it is unlikely that SCORM will incorporate ontology technology for representing user models any time soon. The integration of more established user modeling standards such as IMS LIP [10] or IEEE PAPI [11] is much more probable. 

Even though ontology based user models are a long way off, there is a lot of interest in how ontologies and SCORM can co-relate, and how elements from SCORM can be mapped to ontologies [12]. Other SCORM elements like the domain model currently serialized in XML could be converted to an ontology-based standard to improve how expressive the domain model is, thus improving adaptivity precision. It is therefore important that research concentrates on using ontologies to represent the domain model, and how the ontology-based domain model interoperating with the prevalent user modeling standards.

3.4. Other Personalization Technologies

The idea of using ontologies in the personalization of delivering learning content is a relatively new one. There has been a range of other ways of creating and delivering adaptive learning content. Here we will look at one such adaptive learning system, the AHA system [13].

AHA showcases two types of personalization, personalized fragment variants [13] and personalized navigation. Personalized fragment variants is achieved using a pre-processor that filters content fragments using conditional statements encoded in HTML, as HTML comments. The pre-processor makes decisions on what HTML to use based on the user’s knowledge obtained from the user model. Navigational adaptivity is done in two main ways:

· Link Annotation, which was first demonstrated in Interbook [15], is achieved by setting classes for Hyperlinks within the learning content and using a Cascading Stylesheet (CSS) to control the colors of each link class to indicate to the learner the recommended hyperlink.

· Link hiding is done using the pre-processor. The link is surrounded with a conditional statement; the pre-processor decides whether or not to show the link based on the user model. This strategy can also be used to dictate the navigation. A next button is used, a pre-processor selection statement establishes  what page the “next” button links to.

4. Conclusion

What has become apparent through this investigation is that ontology quality, availability and interoperability may be a major challenge to anyone planning on using ontology technology for either learning content creation or personalization.

Researchers must consider the possibility of an insufficient quantity of ontologies and ontologies that lack the detail needed for learning content creation. Once these problems have been recognized, steps can be taken to adapt the ontology based content creation tools to an imperfect situation, where ontologies may have to be generated from other structured sources. 

There is a definite future for ontologies in learning content creation, with or without the uptake of the Semantic Web. The key to finding out the possibilities of using ontologies with educational software will be in innovative research. 

Although ontologies offer key advantages, in personalization, it is thought that their adoption will be slow. Key to the speed of adoption will be the evolution of standards, such as SCORM, PAPI and LIP, into ones that embrace the use of domain ontologies with user models.

Other tools such as AHA show how personalized delivery can be achieved without the need for ontologies. They offer a simple way of inserting adaptive logic into HTML code using a pre-processor. AHA is not as easy to maintain as ontology-based adaptivity, as there is no separation as the domain model is not separated from the learning content. 

If the standards mature and interoperate, ontologies and personalization could prove very effective in delivering highly adaptive and portable learning content to the learner.
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