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Introduction
Modelling a domain, a process, or data is a common way of understanding it. The purpose of modelling is simplification, so that the domain is easier to understand. Often, models are mathematical because they are predictable and repeatable. There are many teaching and learning theories such as behaviourism, cognitivisim, constructivism, and cybernetics. Modelling and validating these theories is problematic because of their inherent aspect of ambiguity and lack of repeatability. This paper constructed a model of a major aspect of teaching and learning that is machine‑processable. This provides repeatable, realistic, less ambiguous, and deterministic results for testing and validating. A machine‑processable representation may be expect to be able to validate such models to better understand teaching and learning situations.

Competency Model

The field of educational psychology has long been sensitive to the desirability of establishing learning objectives for instruction 1[]
. These learning objectives are variously called behavioural objectives, instructional objectives, performance objectives, or intended learning outcomes. Intended learning outcomes (ILOs) guide the learner and guide the teacher. The rationale is that learners will use ILOs to identify the skills and knowledge they must master, while teachers will use ILOs to create learning environments that support the learning activities entailed 2[]
. Instructional design may be taken as that process which designs teaching and learning activities in support of intended learning outcomes. 
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Figure 1: Competence conceptual model (modified from 3[]
)

A development of current ideas surrounding competences suggests a conceptual model of ITO augmented by contextual factors, as illustrated in Figure 1. Such augmented ITOs are called competences in this paper. While an ITO may be reasonably constrained by an agreed ontology of capability terms and an agreed subject matter topics list, context is in principle limitless and dependent upon particulars (if not peculiarities) of the target students, teachers, locations, times, tools, required mastery levels, available services, etc 4[]
.
Competence analysis is often referred to as pre-requisite analysis, and can be used to diagnose failures in learning by identifying the pre-requisites that learners failed to master. A competence structure depicts these pre-requisites in an ordered hierarchical relationship. The lowest skills in the structure are typically learned before the higher-level ones, up to the highest level ITO. The lower-level skills are pre-requisite to the higher-level skills. The structure represents what is expected to be a general pattern to be followed by the student: making sure that relevant lower-order skills are mastered before learning related higher-order skills. 
Implementing the Competency Model in the Design of Training Outcomes

The conceptual model of an ITO describes a statement of a capability, and a statement of the subject matter to which the capability applies. Subject matter refers to what the learners are expected to know and capability describes what the learners are expected to be able to do in relation to the subject matter 5[]
. This description of an ITO represents what the learner is to be able to do and whose achievement is capable of verification when learning has been accomplished. Figure 2 represents some rowing ITOs based on the competence model. 
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Figure 2: Example conceptual model of training outcomes

The simplest competence structure consists of a pair of procedural skills, one subordinate to the other. The competence structure describes what the learner must be able to do before something else can be learned. The learning relation is identified by the following sentence: “A learner must be able to ’X’ in order to be able to ’Y’”, where X and Y are ITOs. For example, in order to achieve C0 (athletes are able to perform automatically rowing), athletes should achieve C0.1 (athletes are able to perform automatically catch), C0.2 (athletes are able to perform automatically drive), and C1 (athletes are able to articulate rowing). In order to achieve C0.1 (athletes are able to perform automatically catch), athletes should be able to demonstrate both C0.1.1 (athletes are able to perform automatically grip handles) and C0.1.2 (athletes are able to perform automatically positioning shins).
Figure 2 also illustrates that the achievement of C0.1 (athletes are able to perform automatically catch) supports athletes in proceeding to C0.2 (athletes are able to perform automatically drive). Psychomotor skills are characteristically procedural, where the achievement of a higher-level skill involves the assembly of a set of lower-level skills into a sequence.

Figure 2 shows an effective mapping of ITOs using the competency model.

Future Implementation

Semantic technologies aim at giving information a well-defined meaning and better enabling humans and machines to work together 6[]
 through ontologies. Ontologies provide a controlled vocabulary of concepts, where each concept comes with explicitly defined and machine-processable semantics 7[]
. We suggest that future work could represent ILOs, ITOs, and statements of competence in the form of semantic networks. When transformed into ontologies such networks will maximize reusability and enhance their compatibility with other systems and environments. 
Future work could use the network to suggest training materials for the athletes. The system could suggest appropriate training material to the athletes depending upon their position in the network and their desire to achieve certain training outcomes. The system could integrate the athletes’ current competence level, required ITOs by the coaches, desired outcomes of the athletes, and the context of the training activities to provide more personalised training materials recommendations while at the same time taking into account the context of the athletes such as tools and resources.
Conclusion
Learning and training outcomes are at the heart of teaching and learning activities. This paper suggests machine-processable representations of training outcomes and statements of competence at a level of semantic and ontological content well beyond current representations such as RDCEO 8[]
and HRXML 9[]
. The syntax and notation of competences are defined explicitly so that they can be interpreted, instantiated, and automated by a machine. This allows the testing and validation of teaching and learning models which incorporate intended learning or training outcomes, skills, educational objectives, or competence statements.
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