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ABSTRACT
Existing e-learning competency standards such as the IMS Reusable Definition of Competency or Educational Objective (IMS RDCEO) specification and the HR-XML standard are not able to accommodate the level of a competency described separately from its narrative description; the grading scale of a competency; the success threshold of a competency; or the structure of competency trees or hierarchies. The proposed competency model addresses these problems and reflects all relevant features of the learner’s behaviour and their knowledge, skills, and attitudes that affect their learning and performance. Statements of competency are machine-readable. Machine processing can offer interoperable and reusable resources and applications that are pedagogically effective for e-learning and assessment. A competency statement which can be read, processed, and interpreted by machine contributes to the automatic generation of questions, distractors, and question sequences, and offers a semantic structure for further processing. 
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The aim of this paper is to illustrate some affordances of machine-processable competency modelling supported by relevant ontologies and taxonomies. Machine processing can offer interoperable and reusable resources and applications for e-learning and assessment; our interest here is to explore their pedagogical effectiveness. We consider the use of competency modelling named COMBA, ontologies, and the IMS Question and Test Interoperability specification (IMS QTI) to overcome limitations of interoperability, portability, and reusability in assessment. Finally, we present affordances of the competency model in generating questions, distractors, and adaptive question sequences. We have developed an improved competency model, named COMBA, informed by the results of comparing the competency standards against the desired taxonomy of competence (Sitthisak, Gilbert and Davis 2008). 
1.1 Generating question
In this section, we present the use of the model in automating question generation. Using question templates, the model enables an assessment item to be formulated directly from a competence structure (Sitthisak, Gilbert and Davis 2008). The templates are designed to have the structure of a well-constructed question, parameterized by the elements of a competency: capability, subject matter content, and other elements such as the situation. This enables the generation of a series of questions from the same template. The key contribution of this approach is that it demonstrates ways to generate questions automatically from a competency structure. It is suggested that automatic generation of questions using parameterised templates could exploit a competency ontology model which provides an alternative to the lengthy and demanding activity of manually developing effective questions.
1.2 Generating adaptive question sequence
A competency structure could support a variety of adaptive rules to adjust questions to the student’s capability and to the nature of their knowledge. Many methods of traversing the competency structure could be applied, involving different starting points and algorithms. These methods may lead to interesting issues which should be considered in adapting to the learners’ particular talents, strengths, weakness, and own learning preferences. Within a test constructed according to the IMS QTI specification, the sequencing and adaptive logic are expressed in branching rules. For example, an adaptive sequence may provide a question at a slightly higher level if a student succeeds or a question at a lower level otherwise. A key contribution of the COMBA system of a machine processable competency structure is its support for a variety of ways of developing adaptive sequences. For example, it is possible that students might have differing abilities in quite similar content areas, and in a ‘conventional’ learning and teaching situation learners may not achieve an appropriate level of their capability. New adaptive question sequences could employ different traversal algorithms. 
1.3 Generating distractors
One of the main challenges in generating multiple choice questions is the provision of plausible distractors. A competency structure allows the selection of a variety of distractors derived from nodes which are more or less semantically close to the ‘correct’ node. This would allow control of the ‘similarity’ of the distractors to the correct answer while maintaining consistency with the key concepts of the question. The methodology of selecting distractors can be based on pedagogical methods by adapting the traversal algorithm. For example, distractors can be selected from unfamiliar words in context, requiring students to make inferences.Each generated distractor may be constructed from nodes of the structure which can represent plausible and common errors that a student might make. When generated from the competency structure that reflects levels of content taxonomy and capability taxonomy, these distractors could enable the development of a rich breadth and depth of multiple choice questions. Using such questions, teachers can contribute to an analysis of a student’s pattern of misunderstanding in the subject area. The competency structure allows the question to have distractors spread across all level of a content taxonomy, thereby helping the teacher identify the student’s possible misunderstanding.

1. CONCLUSION 
The key contributions of this study are that the use of the competency model, ontologies, and IMS QTI overcomes limitations in interoperability, portability, and reusability. The model supports consistency checking, assessing differences in knowledge levels, and comparing achievement in related domains, which were essentially impractical previously. Using ontologies and Semantic Web technologies addresses many of the problems of extending and combining structured content in different formats from different schemas. The IMS QTI specification facilitates the sharing of questions and tests, enabling investment in the development of common tools such as web-based authoring and delivery applications. Future work could focus on automatically generating feedbacks which reflect levels of content taxonomy and capability taxonomy, encourage interaction and dialogue around learning, and support self-assessment and reflection in learning. This would allow learners to take more control of their learning and develop their reflective skills.
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